




 

  

31st International Conference on Computers in Education Conference Proceedings 
Volume II 

 
Editors:  

Ju-Ling SHIH, Akihiro KASHIHARA, Weiqin  CHEN, Hiroaki OGATA 

 

Publisher:  

Asia-Pacific Society for Computers in Education (APSCE)  

Address: Center for Science and Technology for Learning,  

National Central University, No. 300, Jhongda Road, Zongli District, Taoyuan 
City 32001, Taiwan  

Telephone: +886-3-4227151 ext. 35407  

Fax: +886-3-4227151 ext. 35407 

Email: service@apsce.net  

Website: http://www.apsce.net 

 

Date of publication: December, 2023 

 

ISBN: 978-626-968-902-6 

 

Copyright 2023 Asia-Pacific Society for Computers in Education.  

 

All rights reserved. No part of this book may be reproduced, stored in a retrieval 
system, transmitted, in any forms or any means, without the prior permission of the 
Asia-Pacific Society for Computers in Education. Individual papers may be uploaded 
on to institutional repositories or other academic sites for self-archival purposes.  

 

 

 

 

 

 



i 

   

EDITORS 

 

Ju-Ling SHIH, National Central University, Taiwan 

Akihiro KASHIHARA, University of Electro-Communications, Japan 

Weiqin  CHEN, Oslo Metropolitan University and University of Bergen, Norway 

Hiroaki OGATA, Kyoto University, Japan 

  



ii 

   

ASSOCIATE EDITORS 

(in alphabetical order) 

 

Ryan BAKER University of Pennsylvania, USA 

Ben CHANG National Central University, Taiwan 

Seb DIANATI Charles Darwin University, Australia 

Jayakrishnan MADATHIL Indian Institute of Technology Madras, India 

Ahmed Mohamed Fahmy YOUSEF Fayoum University, Egypt 

Yuqin YANG Central China Normal University, China 

Hafed ZARZOUR Souk Ahras University, Algeria 

 

 

  



iii 

   

MESSAGE FROM THE CONFERENCE CHAIR 
 

 
 

Weiqin CHEN 
Conference Chair 

Oslo Metropolitan University and University of Bergen, Norway 

 
 
On behalf of the organizing committee, I would like to welcome 
all participants of the 31st International Conference on 
Computers in Education (ICCE) 2023, the flagship conference 
series of the Asia-Pacific Society for Computers in Education 
(APSCE). After the virtual conferences in 2020 and 2021 and the 
hybrid conference in 2022, we have come back to in-person 
conference this year.  
 
ICCE is no stranger to Japan. After having successfully hosted ICCE 1999, 2007 and 2014, Japan 
is once again the host for ICCE, this time in Matsue, the "City of Water". Matsue, with 
magnificent castle, beautiful gardens, and breath-taking sunset over Lake Shinji, will 
undoubtedly give participants a unique experience. The conference theme of ICCE 2023, 
“Designing new technologies for education in a big social change world” signifies the role of 
technological innovation and adoption in transforming education and addressing societal 
challenges.  
 
Four outstanding keynote speakers will share their insights across varying areas in the field of 
computers in education. Curtis J. Bonk from Indiana University, USA, will focus on achieving 
smarter and more innovative forms of learning where digital technologies provide learners of 
all ages with open, informal, adaptive, nontraditional, and self-directed learning opportunities. 
Tak-Wai Chan from National Central University, Taiwan, will share with us his vision of “Global 
Harwell” as the ultimate educational goal and how Seamless Interest-Driven Co-Creator 
Theory (SIDC) can contribute to achieving this goal. Davinia Hernández-Leo from Universitat 
Pompeu Fabra, Barcelona, Spain, will explicate how technology can support learning design 
and the orchestration of complex learning scenarios and thus improve the efficiency and 
effectiveness of teachers’ tasks. Masaru Kitsuregawa from the Research Organization of 
Information and Systems, Japan will talk about the research data management platform, 
GakuNin RDM, that provides support for publishing and sharing of big data including 
educational data, which has strong implications for learning analytics and educational 
datamining. There will also be three equally inspiring theme-based invited speeches. Kaushal 
Kumar Bhagat from Indian Institute of Technology Kharagpur, India, will present the potential 
benefits of game-based learning and how it can be used to create engaging and effective 
learning experiences. Brendan Flanagan from Kyoto University, Japan, will discuss challenges 
and opportunities of educational data science focusing on reading systems. Daner Sun from 
Education University of Hong Kong will talk about the evolution of mobile learning 
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environments and share insights gained from her experiences in research and teaching. These 
speeches connect with the essence of the conference theme in different ways and will 
stimulate reflections and inspire us to rethink the design of digital technologies and their 
impacts on education and the society. 
 
Indeed, organizing such a large-scale conference requires the orchestrated efforts and 

unwavering support from the conference organizing committee members and conference 

paper reviewers. I would like to express my sincere appreciations to all the individuals who 

have rendered their help in every possible way to make this conference a reality. The names 

of the hard-working Local Organizing Committee (LOC) chair and team members, International 

Program Coordination (IPC) chairs, Sub-conference chairs, Program Committee (PC) members 

and reviewers, chairs and organizers of Workshops, Interactive Events, Tutorials, Panels, 

Work-In-Progress Posters (WIPP), Doctoral Student Consortium (DSC), Early Career 

Workshops (ECW), Executive Summary (ES), APSCE Merit Scholarship, and Showcase of 

Advancements in Technology-Enhanced Learning in Underrepresented Countries (SATELUC) 

are enlisted in the proceedings. I am also grateful to all the paper authors and registered 

participants for their exciting academic contributions to the fruitful intellectual exchange in 

this conference. 

Last but not list, I would like to express my heartfelt appreciation to the Managing Secretary 

of APSCE Pham-Duc Tho for his support, the standing committee for being flexible and 

proactive, and the consultants for sharing their experiences and wisdom and advising us along 

the way. 

I hope all participants will have opportunities to renew friendships, forge new friendships and 

professional collaborations. I trust that you will have a productive and fun-filled time at this 

very special conference and leave Matsue —a picturesque city with rich and remarkable 

heritage—with beautiful, affectionate memories. 

 

Thank you! 
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MESSAGE FROM  

THE INT’L PROGRAM COORDINATION CHAIRS 

 

 
Ju-Ling SHIH 

Program Coordination Chair 
National Central University, Taiwan 

 
Akihiro KASHIHARA 

Program Coordination Co-Chair 
University of Electro-Communications, 

Japan 

 
The International Conference on Computers in Education (ICCE) is an annual conference series 

encompassing a broad range of issues related to using Information and Communication 

Technology (ICT) for education, organized by the Asia-Pacific Society for Computers in 

Education (APSCE). ICCE 2023 takes place at Matsue, Shimane prefecture, Japan from 

December 4-8, 2023. It aims to bring together researchers from all over the world to share 

and exchange research and to develop and deploy new ideas that span the field of Computers 

in Education.  

Following the tradition of previous conferences in this series, ICCE 2023 is organized as a meta-

conference, where there are seven Sub-Conferences, each of which focuses on specialized 

themes. Each Sub-Conference is organized by a program committee appointed by the 

respective Special Interest Group (SIG – see https://apsce.net/sigs). These Sub-Conferences 

are: 

⚫ C1: ICCE Sub-Conference on Artificial Intelligence in Education/Intelligent Tutoring 

System (AIED/ITS) 

⚫ C2: ICCE Sub-Conference on Computer-supported Collaborative Learning (CSCL) and 

Learning Sciences (LS) 

⚫ C3: ICCE Sub-Conference on Advanced Learning Technologies (ALT), Learning Analytics, 

Platforms and Infrastructure 

⚫ C4: ICCE Sub-Conference on Classroom, Ubiquitous, and Mobile Technologies Enhanced 

Learning (CUMTEL) 

⚫ C5: ICCE Sub-Conference on Educational Gamification and Game-based Learning (EGG) 
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⚫ C6: ICCE Sub-Conference on Technology Enhanced Language Learning (TELL) 

⚫ C7: ICCE Sub-Conference on Practice-driven Research, Teacher Professional 

Development and Policy of ICT in Education (PTP) 

The International Program Committee is led by a strong and dedicated team, which includes 

the Conference Chair, the Program Coordination Chair and Co-Chair, Sub-Conference Chairs 

and Co-Chairs and experts in the field of Computers in Education from many different 

countries or economies. Former ICCE local organizing and program coordination chairs have 

played important roles as consultants in overseeing the organization process of this 

conference. 

The conference received a total of 256 papers (192 full, 44 short, and 20 posters) from 26 

different countries or economies. Table 1 provides the submissions by the country of the first 

author in each paper. 

Table 1. Submission Statistics (based on first author’s country) 

Countries or Economies 

Japan 67 Thailand 5 France 1 

Taiwan 44 Poland 4 Germany 1 

China 41 Australia 2 Italy 1 

India 19 Indonesia 2 New Zealand 1 

Hong Kong 17 Spain 2 Nigeria 1 

Philippines 15 Tunisia 2 Norway 1 

Singapore 13 Canada 1 Turkey 1 

Malaysia 6 Croatia 1 Viet Nam 1 

United States 6 Ecuador 1   

 

All papers were subjected to a rigorous review process by 3 to 5 reviewers from the respective 

Sub-Conference program committees. After the reviews were completed, a meta-review was 

provided for each paper. In total, 740 reviews and meta-reviews were received. After a 

discussion period within the individual program committees led by the Sub-Conference 

Executive Chairs and Co-Chairs, recommendations were made to the Program Coordination 

Committee Chair and Co-Chair, who oversaw the review process and quality for all Sub-

Conferences.  

This resulted in 44 full, 67 short, and 48 poster acceptances across all of the seven Sub-

Conferences. The overall acceptance rate for full papers is 22.92%. The acceptance rate for 

the full papers in the individual Sub-Conference closely mirrored the overall acceptance rate. 

This is a testimony to the continued maintenance of the quality of presentations in our 

conference. The complete statistics of paper acceptance is shown in Table 2. 
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Table 2. Paper Acceptance Statistics 
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C1 - AIED/ITS 46 37 8 21.62% 5 12 54.35% 

C2 - CSCL/LS 36 26 6 23.08% 11 8 69.44% 

C3 - ALT/LA/PI 49 39 10 25.64% 13 8 63.27% 

C4 - CUMTEL 19 14 2 14.29% 5 3 52.63% 

C5 - EGG 33 29 7 24.14% 7 7 63.64% 

C6 - TELL 27 18 4 22.22% 12 4 74.07% 

C7 - PTP 46 29 7 24.14% 14 6 58.70% 

ICCE 2023 256 192 44 22.92% 67 48 62.11% 

 

In addition to full papers, short papers and posters, ICCE 2023 includes various program 

components, such as Keynote Speeches, Theme-based Invited Speeches, Workshops, 

Interactive Events, Panels, Work-in-Progress Posters (WIPP), Extended Summary (ES), 

Doctoral Student Consortia (DSC), and Early Career Workshop (ECW). All the papers in these 

program components are published in separate proceedings with their own ISBN numbers. 

Pre-conference events are held on the first two days of the conference, including 13 

workshops, 4 Interactive Events, DSC, ECW, and APSCE Student Wing Workshop. 

We would like to thank all who have contributed to making ICCE 2023 a successful conference. 

First of all, we would like to thank all paper authors for your contributions and for choosing 

ICCE 2023 as an outlet to present your research. We would also like to thank the IPC Executive 

Chairs/Co-Chairs and members, who undertook the responsibility of reviewing and selecting 

papers that represent research of high quality. Specially thanks to our Keynote and Invited 

Speakers for accepting our invitations and bring inspiring research to ICCE 2023 participants. 

The Local Organizing Committee deserves a big thank you for their hard work under the 

tremendous time pressure. 

We hope that all participants will find the activities in ICCE 2023 interesting and inspiring, and 

have opportunities to meet old friends and establish new professional collaborations. 

Furthermore, we hope that participants will enjoy not only the academic activities, but also 

the vibrant and exciting culture experience at Matsue, Shimane prefecture, Japan.
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MESSAGE FROM  
THE LOCAL ORGANIZING COMMITTEE CHAIR 

 

Hiroaki OGATA 
LOC Chair 
Kyoto University, Japan 

 

 

 

 

Kon’nichiwa 😊 (Hello!) 

On behalf of the local organising committee, I would like to extend my warm welcome to all 

delegates of the 31st International Conference on Computers in Education (ICCE 2023), held 

for the fourth time in Japan (the first time in Chiba in 1999, the second time in Hiroshima in 

2007, and the third time in Nara in 2014). It is my great pleasure and honor to host ICCE 2023 

as it takes place fully in-person this year. The theme of the conference, “Designing new 

technologies for education in a big social change world,” aptly reflects what we had 

experienced during COVID-19, and digital technologies adoption including AI and big data has 

taken an exponential leap for transforming education in the new norm. 

It is a great privilege to share our beautiful country with you. I hope you will be able to enjoy 

Matsue city, which is often referred to as Little Kyoto. Known as the “City of Water”, Matsue 

stands by the Sea of Japan where Lake Shinji and Nakaumi meet, in the middle of Shimane 

Peninsula. A former feudal stronghold, Matsue is a true castle town crossed with many canals 

and boasts one of the twelve remaining original castles in Japan, and famous for its beautiful 

sunsets over Lake Shinji. In addition, Matsue is the birthplace of Japanese culture and origin 

of conventions in Japanese Mythology. 

 I would like to thank the APSCE Executive Committee for giving us this wonderful opportunity. 

Our sincere thanks to the standing committee, the International Program Committee, 

reviewers, authors, participants and student volunteers. Especially, I would like to express my 

gratitude to all the local organizing committee members and sponsors: Uchida Yoko Co. Ltd., 

Photron Limited, Research Council of Evidence-Driven Education, and Learning and 

Educational Technologies Research Unit, Kyoto University, Japan. Also, this event is supported 

by Allied Telesis K.K., Digital Knowledge Co., Ltd., IPSJ, IEICE, JAEIS, JSAI, JSET, JSiSE, JASLA, and 

Shimane University, Japan. We trust all of you will enjoy the conference, and take home a lot 

of great memories from Matsue city in Shimane prefecture, Japan. 

Arigato! 😊 (Thank you!) 
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Lenka Schnaubert, University of Nottingham, United Kingdom 
Osman Tasdelen, Universität Duisburg-Essen de, Germany 
Yuyao Tong, University of Hong Kong, Hong Kong 
Daiyi Wang, Providence University, Taiwan 
Hongzhi Yang, The University of Sydney, Australia 
Gaoxia Zhu, National Institute of Education, Nanyang Technological University, Singapore 
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C3: ALT PC Member 

Vishwas Punjaji Badhe, Indian Institute of Technology Bombay, India 
Oluwafemi Samson Balogun, University of Eastern Finland, Finland 
Gaurang Belekar, Indian Institute of Technology, Bombay, India 
Manuel Caeiro Rodríguez, University of Vigo, Spain 
Liang Changhao, Kyoto University, Japan 
Weiqin Chen, Oslo Metropolitan University, Norway 
Yiling Dai, Kyoto University, Japan 
Syaamantak Das, Indian Institute of Technology Bombay, India 
Seb Dianati, Charles Darwin University, Australia 
Yoshiko Goda, Kumamoto University, Japan 
Carl Haas, University of Waterloo, Canada 
Marc Jansen, University of Applied Sciences Ruhr West, Germany 
Nisumba Soodhani K, Indian Institute of Technology Bombay, India 
Ulfa Khwaja, Indian Institute of Technology Bombay, India 
Mehmet Kokoç, Karadeniz Technical University, Turkey 
Siu Cheung Kong, The Education University of Hong Kong, Hong Kong 
Suman Laudari, Charles Darwin University, Australia 
Huiyong Li, Kyoto University, Japan 
Sonsoles López-Pernas, University of Eastern Finland, Finland 
Rwitajit Majumdar, Kyoto University, Japan 
Jon Mason, Charles Darwin University, Australia 
Ritayan Mitra, Indian Institute of Technology Bombay, India 
Regina Motz, Universidad de la República, Uruguay 
Shivsevak Negi, Don Bosco Institute of technology, Mumbai, India 
Indrayani Nishane, Indian Institute of Technology Bombay, India 
Rumana Pathan, Indian Institute of Technology Bombay, India 
Herold Pc, Indian Institute of Technology Bombay, India 
Zablon Pingo, university Of Technology, Sydney, Australia 
Antony Prakash, Indian Institute of Technology Bombay, India 
Ramkumar Rajendran, Indian Institute of Technology Bombay, India 
Nihar Sanda, Indian Institute of Technology Bombay, India 
Ismaila Temitayo Sanusi, University of Eastern Finland, Finland 
Bill Searle, Charles Darwin University, Australia 
Niusha Shafiabady, Charles Darwin University, Australia 
Jyoti Shaha, Indian Institute of Technology Bomaby, India 
Atsushi Shimada, Kyushu University, Japan 
Daevesh Singh, Indian Institute of Technology Bombay, India 
María Estrella Sousa Vieira, University of Vigo, Spain 
Ashwin T S, Indian Institute of Technology Bombay, India 
Kyosuke Takami, Education Data Science Center, National Institute for Educational Policy 
Research (NIER), Japan 
Manjunath K Vanahalli, National Institute of Technology, India 
Samarth Yadannavar, Indian Institute of Technology Bombay, India 
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C4: CUMTEL PC Member 

Kaushal Bhagat, Centre for Educational Technology, Indian Institute of Technology, 
Kharagpur, India 
Ivana Bosnic, University of Zagreb, Croatia 
Ivica Boticki, Fakultet elektrotehnike i računarstva, Croatia 
Huiying Cai, Jiangnan University, China 
Ben Chang, National Central University, Taiwan 
Guang Chen, Beijing Normal University, China 
Feng-Kuang Chiang, Shanghai Jiao Tong University, China 
Chi-Ming Chu, National Ilan University, Taiwan 
Haiguang Fang, Capital Normal University, China 
Xueqi Feng, Southern University of Science and Technology, China 
Maja Gligora Marković, University of Rijeka, Croatia 
Martina Holenko Dlab, University of Rijeka, Croatia 
Yih-Ruey Juang, Jinwen University of Science and Technology, Taiwan 
Tai-Chien Kao, National Dong Hwa University, Taiwan 
Chiu-Lin Lai, National Taipei Univeristy of Education, Taiwan 
Chen-Yu Lee, Ling Tung University, Taiwan 
Jing Leng, East China Normal University, China 
Xiuhan Li, Central China Normal University, China 
Ma Luo, East China Normal University, China 
Igor Mekterović, Fakultet elektrotehnike i računarstva, Croatia 
Kuo-Liang Ou, National Tsing Hua University, Taiwan 
Yanjie Song, The Education University of Hong Kong, Hong Kong 
Daner Sun, The Education University of Hong Kong, China 
Yuyao Tong, University of Hong Kong, China 
Zhihong Wan, The Education University of Hong Kong, China 
Xuefeng Wei, Ludong University, China 
Longkai Wu, National Institute of Education, Singapore 
Kai-Hsiang Yang, National Taipei University of Education, Taiwan 
Xianmin Yang, Jiangsu Normal University, China 
Yuqin Yang, Central China Normal Univerisity, China 
Ying Zhan, The Education University of Hong Kong, Hong Kong 
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C5: EGG PC Member 

Ahmed Ahmim, Faculty of Exact Sciences and Sciences of Nature and Life University of Larbi 
Tebessi, Algeria 
Alex Barrett, Florida State University, United States 
Abdelmalek Bouguettaya, CRTI, Algeria 
Chefrour, université badji mokhtar annaba, Algeria 
Chih-Pu Dai, Florida State University, United States 
Zhaihuan Dai, University of South Florida, United States 
Samia Drissi, univeristé de souk ahras, Algeria 
Maazouzi Faiz, Univ annaba, Algeria 
Zakaria Gheid, University of Souk Ahras, Algeria, Algeria 
Kamel Eddine Heraguemi, M'sila University, Algeria 
Hyangeun Ji, Temple University, United States 
Amine Khaldi, kasdi merbah university, Algeria 
Lukas Liu, The University of Hong Kong, Hong Kong 
Soltani Mohamed, Souk Ahras University, Algeria 
Yanjun Pan, Florida STATE UNIVERSITY, United States 
Marcela Sávia Pessoa, Universidade do Estado do Amazonas, Brazil 
Khedairia Soufiane, souk ahras university, Algeria 
Luke West, Florida State University, United States 
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C6: TELL PC Member 

Michael Adarkwah, Southwest University, China 
Ting Da, Beijing Normal University, China 
Reza Hadi Mogavi, Sharif University of Technology, Iran 
Feifei Han, Australian Catholic University, Australia 
Ahmed Hosny, Beijing Normal University, Egypt 
Muhammad Yasir Mostafa, Beijing Normal University, China 
Stylianos Mystakidis, University of Patras, Greece 
Michelle Siao-Cing Guo, National Taipei University of Business, Taiwan 
Wanwisa Wannapipat, Khon Kaen University, Thailand 
Vivian Wu, Asia University, Taiwan 
Dong Yang, Beijing Normal University, China 
Ahmed Mohamed Fahmy Yousef, Fayoum University, Egypt 
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C7: PTP PC Member 

Vishwas Badhe, Indian Institute of Technology Bombay, India 
Aparajita Biswal, B H Gardi College of engineering and technology, India 
Ivica Boticki, Fakultet elektrotehnike i računarstva, Croatia 
Arup  Chatterjee, Indian Institute of Technology Madras, India 
Rohan Dasgupta, Anjuman-I-Islam's Kalsekar Technical Campus, India 
Ajita Deshmukh, MIT-ADT University, Pune, India 
Anita Diwakar, Indian Institute of Technology Bombay, India 
Lakshmi Ganesh, Indian Institute of Technology Bombay, India 
Anchal Garg, University of Bolton, United Kingdom 
Arnon Hershkovitz, Tel Aviv University, Israel 
Martina Holenko Dlab, University of Rijeka, Croatia 
Sajna Jaleel, Mahatma Gandhi University, India 
Kapil  Kadam, Indian Institute of Technology Bombay, India 
Navneet Kaur, Indian Institute of Technology Bombay, India 
Najwan Khambari, Universiti Teknikal Malaysia Melaka, Malaysia 
Chen-Yu Lee, Ling Tung University, Taiwan 
Ganesh Lokhande, Symbiosis International (Deemed) University, India 
Jayakrishnan Madathil, Indian Institute of Technology–Madras, India 
Hagit Meishar Tal, Holon Institute of Technology (HIT), Israel 
Shitanshu Mishra, UNESCO Mahatma Gandhi Institute of Education for Peace and 
Sustainable Development, India 
Priscilla Moses , Universiti Tunku Abdul Rahman, Malaysia 
Soumya Narayana, Indian Institute of Technology Bombay, India 
Lucian Ngeze, Indian institute of Technology Bombay, India 
Yogendra Pal, NIIT University, India 
Mrinal Patwardhan, Indian Institute of Technology Bombay, India 
Prajish Prasad, FLAME University, India 
Rajashri Priyadarshini, Indian Institute of Technology Bombay, India 
Ashutosh Raina, Indian Institute of Technology Bombay, India 
Rekha Ramesh, Mumbai University, India 
Vivek Sabanwar, Indian Institute of Technology Bombay, India 
Sameer Sahasrabudhe, Indian Institute of Technology Bombay, India 
Charu Saini, UNESCO Mahatma Gandhi Institute of Education for Peace and Sustainable 
Development, India 
Madhuri Srinivas, SMIORE – Education, India 
Narasimha Swamy, Indian Institute of Technology Bombay, Mumbai, India 
Briju Thankachan, Indian Educational Technology Association, India 
Bindu Thirumalai, Tata Institute of Social Sciences in, India 
Vikram Vincent, Indian Institute of Technology Bombay, India 
Ying Zhan, The Education University of Hong Kong, Hong Kong 
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EARLY CAREER RESERCHER AWARD WINNER 

(2023) 

Dr. Rwitajit MAJUMDAR is an Associate Professor at the 

Research and Educational Institute for Semiconductors 

and Informatics at Kumamoto University. He is attached 

to the Graduate School of Social and Cultural Sciences in 

the Division of Instructional System Studies. Before joining 

Kumamoto University in September 2023, he was a senior 

lecturer at the Academic Center for Computing and Media 

Studies at Kyoto University since 2021. He joined as a 

post-doc researcher in Prof. Hiroaki Ogata's lab and 

moved to Japan in 2018.  

Rwitajit graduated from the Inter-disciplinary program (IDP) 

in Educational Technology at the Indian Institute of 

Technology Bombay in India, co-advised by Prof. Sridhar 

Iyer of the Computer Science and Engineering department and Prof. Aniruddha Joshi from the 

Design School. He did his undergraduate studies and master's from BITS Pilani, India, in 

Engineering Technology and Design Engineering. He attended doctoral coursework at the 

Indian Institute of Science in Bangalore before moving to Mumbai for doctoral research.  

Rwitajit's research interests include Learning Analytics, designing data-driven services, and 

studying human-data interactions in the context of education. In the last five years, he has 

received 3 national grants from JSPS as PI and 3 as co-PI for research related to the GOAL 

project for designing data-driven platforms to develop learners' self-direction skills and build 

knowledge model-based learning infrastructure.  At Ogata lab, over the years, Rwitajit worked 

directly with 7 Ph.D. and 7 master's students and other research members in various learning 

analytics research projects and has co-authored more than 100 international 

conference papers and 30 journal publications. He continues to bridge researchers from the 

East in Japan, India, Taiwan, and the West to share expertise and perspectives in different 

collaborative research projects. In 2023  

He has actively participated in the APSCE events, being co-chair for the Advanced Learning 

Technologies (ALT), Learning Analytics and Digital Infrastructure sub-conference track of ICCE, 

organizing workshops related to Learning Analytics as well as Embodied Learning in ICCE and 

contributing to RPTEL journal as an author as well as reviewer. Rwitajit was also awarded the 

IEEE TCLT Early Career Researcher Award in Learning Technologies during ICALT 2023. 

Along with research, Rwitajit likes to travel and experience local cultures and practices. His 

hobbies include photography, music, and mending broken potteries with the art of Kintsugi. 
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LAST TEN YEARS’ DISTINGUISHED RESEARCHER 

AWARD WINNERS 

 

2022 -APSCE Distinguished Researcher Award 

Maiga Chang, Athabasca University, Canada 

2021 -APSCE Distinguished Researcher Award 

Maria Mercedes T. Rodrigo,Ateneo de Manila University, Philippines 

2020 -APSCE Distinguished Researcher Award 

Wenli CHEN, Nanyang Technological University, Singapore 

2015 -APSCE Distinguished Researcher Award 

Lung-Hsiang WONG, Nanyang Technological University, Singapore 

2014 -APSCE Distinguished Researcher Award 

Hiroaki OGATA, Kyushu University, Japan 

2011 -APSCE Distinguished Researcher Award 

Antonija MITROVIC, University of Canterbury, New Zealand 

Chen-Chung LIU, National Central University, Taiwan 
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LAST TEN YEARS’ EARLY CAREER RESEARCHER 

AWARD WINNERS 

 

2022 - APSCE Early Career Researcher Award 

Daner Sun, The Education University of HongKong, HongKong 

2021 -APSCE Early Career Researcher Award 

Bo Jiang,East China Normal University, China 

2020 -APSCE Early Career Researcher Award 

Kaushal Kumar BHAGAT, Indian Institute of Technology, Kharagpur, India 

2019 -APSCE Early Career Researcher Award 

Cheng-Jiu YIN, Kobe University, Japan 

2018 -APSCE Early Career Researcher Award 

Ting-Chia HSU, National Taiwan Normal University, Taiwan 

2017 -APSCE Early Career Researcher Award 

Jon MASON, Charles Darwin University, Australia 

2015 -APSCE Early Career Researcher Award 

Morris Siu-Yung JONG, The Chinese University of Hong Kong, Hong Kong 
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SPEAKERS OF APSCE WEBINAR SERIES 
(December 2022 – November 2023) 

APSCE Webinar #30: The Metaverse and Language Learning 
Date: 16 December 2022 (Friday) 
Speaker: Prof. Yu-Ju LAN (National Taiwan Normal University, Taiwan) 
Moderator: Prof. Vivian Wen-Chi WU (Asia University, Taiwan) 
Curated by: APSCE Technology-Enhanced Language Learning (TELL) SIG 
 
APSCE Webinar #31 : Leveraging Deep NLP and Generative AI in Education 
Date: 10 March 2023 (Friday) 
Speaker: Dr. Michelle Banawan, Asian Institute of Management, Philippines 
Moderator: Dr. May Marie P. Talandron-Felipe, University of Science and Technology of 
Southern Philippines, Philippines 
Curated by: APSCE Artificial Intelligence in Education / Intelligent Tutoring Systems / 
Adaptive Learning (AI-Ed) SIG 
 
APSCE Webinar #32 : Graphical organizer-based in-field mobile learning 
Date: 21 April 2023 (Friday) 
Speaker: Prof. Hui-Chun CHU, Soochow University, Taiwan 
Moderator: Prof. Jerry Chih-Yuan SUN, National Yang Ming Chiao Tung University, Taiwan 
Curated by: APSCE Advanced Learning Technologies, Platforms & Infrastructures (ALT) SiG 
 
APSCE Webinar #33 : Institutional and Psychological Factors Affecting Online Distant 
Foreign Language Learning Behaviors 
Date: 5 May 2023 (Friday) 
Speaker: Prof. Yuichi ONO, University of Tsukuba, Japan 
Moderator: Prof. Vivian Wen-Chi WU (Asia University, Taiwan) 
Curated by: APSCE Technology-Enhanced Language Learning (TELL) SIG 
 
APSCE Webinar #34: Transforming Education with AI and Computational Action 
Date: 18 May 2023 
PANELIST: 
Natalie LAO, Massachusetts Institute of Technology, USA 
Mark FRIEDMAN, App Inventor Foundation, USA 
Keertan KINI, Stanford University, USA 
Chair: Ting-Chia HSU, National Taiwan Normal University, Taiwan 
Curated by: APSCE Computational Thinking in Education/STEM (CTE/STEM) SIG 
 
APSCE Webinar #35 : Three Challenges in Implementing Multimodal Learning Analytics in 
Real Learning Environments 
Date: 31 May 2023 (Wednesday) 
Speaker: Assoc. Prof. Bertrand Schneider, Harvard Graduate School of Education, USA 
Moderator: Dr. Elizabeth Koh, Nanyang Technological University, Singapore 
Curated by: APSE Computer-Supported Collaborative Learning / Learning Sciences (CSCL/LS) 
SIG 
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APSCE Webinar #36 (Postponed): Smart Technologies in Education: Policies for Effective 
and Ethical Use 
Date: 16 June 2023 
PANELIST: 
Habibah Ab Jalil, Universiti Putra Malaysia, Malaysia 
Vikas Kanungo, World Bank 
Lung Hsiang WONG, Nanyang Technological University, Singapore 
Moderator: Khaizer Omar Universti Putra Malaysia, Malaysia 
Curated by: APSCE Practice-Driven Research, Teachers’ Professional Development & ICT 
Policies (PTP) SIG 
 
APSCE Webinar #37: Moving Toward a Mobile Learning Landscape: Effective Device 
Integration 
Date: 3 July 2023 
Speaker: Dr. Helen Crompton, Old Dominion University, USA 
Moderator: Dr. Daner Sun, Education University of Hong Kong 
Curated by: APSCE Classroom, Mobile and Ubiquitous Technology Enhanced Learning 
(CUMTEL) SIG 
 
APSCE Webinar #36 (Re-scheduled): Smart Technologies in Education: Policies for Effective 
and Ethical Use 
Date: 31 July 2023 
PANELIST: 
Habibah Ab Jalil, Universiti Putra Malaysia, Malaysia 
Maiga Chang, Athabasca University, Canada 
Lung-Hsiang Wong, Nanyang Technological University, Singapore 
Moderator: Muhd Khaizer Omar, Universiti Putra Malaysia, Malaysia 
Curated by: SIG 7 – Practice-driven Research, Teacher Professional Development and Policy 
of ICT in Education (PTP) 
 
APSCE Webinar #38: Human-Centered Learning Technologies and Multimodal Data 
Date: 21 July 2023 
Speaker: Prof. Michail (Michalis) Giannakos 
Norwegian University of Science and Technology (NTNU), Norway 
Moderator:Dr. Ramkumar Rajendran, IIT Bombay, India 
Curated by: APSCE Learning Analytics and Educational Data Mining (LAEDM) SIG 
 
APSCE Webinar #39: Unlocking Potential: Leveraging Multimodal Learning Analytics for 
Collaborative Learning 
Date: 11 August 2023 
Speaker: Prof. Dragan Gašević, Monash University, Australia 
Moderator: Dr. Ramkumar Rajendran, IIT Bombay, India 
Curated by: APSCE Learning Analytics and Educational Data Mining (LAEDM) SIG 
 
APSCE Webinar #40: Where now for ‘Smart’? Consequent questions and the co-production 
of knowledge 
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Date: 6 September 2023 (Wednesday) 
Speaker: Assoc. Prof. Jon Mason, Charles Darwin University, Australia 
Moderator: Prof. Takahito Tomoto, Chiba lnstitute of Technology, Japan 
Curated by: APSCE Education Use of Problems/Questions in Technology-Enhanced Learning 
(EUPQ) SIG 
 
APSCE Webinar #41: Building In-Context Understanding of Learning Behaviors for 
Designing Game-Based Assessments 
Date: 3 October 2023 (Tuesday) 
Speaker: Assist. Prof. Zhichun “Lukas” Liu, The University of Hong Kong, Hong Kong SAR 
Moderator: Assoc. Prof. Ahmed Tlili, Beijing Normal University, China 
Curated by: APSCE Educational Gamification and Game-based Learning (EGG) SIG 
 

APSCE Webinar #42: Digital Transformation of Higher Education: Challenges and Insights 
Date: 25 October 2023 (Wednesday) 
Speaker: Prof. Merlin Teodosia Suarez, De La Salle University, The Philippines 
Moderator: Assoc. Prof. Patcharin Panjaburee, Khon Kaen University, Thailand 
Curated by: APSCE Development of Information and Communication Technology in the Asia-
Pacific Neighborhood (DIC TAP) SIG 
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KEYNOTE SPEAKERS 

 

 

 

Curtis J. BONK 

Indiana University, USA 

 

 

 

Time to Wake Up from Our Innovative Learning 

Dreams and Make Smarter Learning a Reality 

Abstract: For a half century, educators, psychologists, and researchers have been 

predicting that highly intensive, innovative, and individualized learning formats are 

only a few years away. Learners of all ages would enter enticing microworlds, highly 

engaging learning experience holodecks, fully immersive hands-on scenarios, high 

fidelity simulations and games, AI-based adaptive microlearning snippets, and 

completely free and open educational resources and courses on any topic. Massive 

open online classes were promised one day and then on demand microlearning 

snippets were delivered in the next. The learning related dreams we had in past 

decades were quickly forgotten as the next wave of learning technology came along. 

But all those dreams will prove pointless if they fail to address true problems or issues 

that some aspect of society is struggling with. It is time to wake up from such dreams 

of a glistening technological future and have our dream machines help us envision a 

world filled with open, informal, adaptive, nontraditional, and self-directed learning 

opportunities. When that happens, we will truly have arrived in the age of smarter and 

more innovative forms of learning where the learner is finally in charge of the dreams. 

 

Biography: Curtis J. Bonk is Professor in the School of Education at Indiana University 

(IU) teaching psychology and technology courses and Adjunct in the School of 

Informatics at IU. He is a former software entrepreneur, certified public accountant, 

corporate controller, and educational psychologist who presently is an educational 

technologist, award-winning writer, highly published researcher, statewide and 

national awardee in innovative teaching with technology, and internationally acclaimed 

presenter. Curt is the author of over 400 publications including 20 books such as the 

Handbook of Blended Learning: Global Perspectives, Local Designs, MOOCs and Open 

Education in the Global South, The World is Open: How Web Technology is 
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Revolutionizing Education, and Transformative Teaching Around the World. He has 

given close to 2,000 talks around the world, including over 300 keynote and plenary 

talks. In 2020, Curt was awarded the IU President’s Award for Excellence in Teaching 

and Learning Technology and in 2021, he received the David H. Jonassen Excellence in 

Research Award. Recently, the American Educational Research Association named him 

a 2022 AERA Fellow for his exceptional contributions to, and excellence in, education 

research, and the following week, he was honored with the International Engagement 

award from the IU School of Education. In 2022, he was also listed in the top 2% of 

scientists in the world based on publication citations for career. In 2023, AERA awarded 

Curt and his colleague Dr. Min Young Doo from Kangwon National University in Korea 

with the Outstanding International Research Collaboration Award. Curt Bonk co-hosts 

the weekly award-winning podcast show, Silver Lining for Learning 

(https://silverliningforlearning.org/). He can be contacted at  and his 

homepage is http://curtbonk.com/. 

https://silverliningforlearning.org/
http://curtbonk.com/
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KEYNOTE SPEAKERS 

 

 

 

Tak-Wai CHAN  

National Central University, Taiwan 

 

 

 

 

Global Harmony and Wellbeing 

——Should it be our Ultimate Educational Goal Worldwide? 

 

Abstract: More than 160 years ago, Dickens wrote in the first sentence of his A Tale of 

Two Cities: "It was the best of times, it was the worst of times, it was the age of wisdom, 

it was the age of foolishness, it was the epoch of belief, it was the epoch of incredulity, 

it was the season of Light, it was the season of Darkness, it was the spring of hope, it 

was the winter of despair...”. Today, the human lifespan has extended, but millions of 

people have deceased in a short time before our eyes due to COVID-19. Digitization 

enables all of us to connect and communicate, but we constantly quarrel over different 

beliefs; online games offer immersive experience, but the specter of children’s 

addiction looms large; artificial intelligence promises to enhance our lives, yet it harbors 

the potential of great harm to human beings; the advent of metaverse could herald a 

luminous future, but it may also signal a dark abyss to come; we cheer for technological 

advancement, but are simultaneously beset by concerns over environmental pollution, 

wealth disparity, and other daunting challenges. 

During my keynote address at AIED2007, I put forward my observation: our research 

community has been experiencing three orientations of research: dream-oriented, 

adoption-oriented, and humanity-oriented. Humanity-oriented research, which was 

emerging at the time, addresses that learning should go beyond knowledge acquisition, 

and hence it should cover cognitive, affective, social and attitudinal domains. For the 

sake of humanity, we should strive to lay the foundations for the future world by 

bettering yourself, nurturing a caring family, incubating a humane society, fostering a 

peaceful and collaborative world. 
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Furthermore, I posed 4 grand challenge problems. The first three were informed by my 

observation of research in artificial intelligence in education (AIED), computer-

supported collaborative learning, mobile learning, and game-based learning, as well as 

by the challenges of transforming education at that time. The fourth problem, the 

‘global educational goal problem’—rethinking the educational goal from the global 

perspective—was due to the threats such as nuclear holocaust, earth resource 

exhaustion, climate change, societal polarization, and mass extinction of species. These 

issues present profound risks to humanity and the planet's future. There is an increasing 

concern about whether our descendants will be able to survive on Earth, let alone live 

enjoyably. Recognizing the pressing need to address the global educational goal 

problem, I reordered the four problems in my last slide, placing it as the first grand 

challenge problem. 

I acknowledge that when I first posed the global educational goal problem, I didn't 

have any idea about the answer, and I believed that this was the case for most other 

researchers in our field as well. However, the problem is so fundamental that it 

underpins why we do what we do. 

Given the recent regrettable conflicts in the world, leaders in a prominent society in 

our field have recently raised questions and made statements: “Can we develop 

partnerships, processes, and learning environments that can reduce divisiveness and 

engender abilities to talk, work, and learn across differences? Can we design to disrupt 

othering and hate and to promote empathy and care? There is growing urgency to 

continue developing theory and practice to address this aim. We have expertise in our 

membership, we need to learn from each other, especially from those who have been 

thinking about this for a while now. This is where we can make a difference and take 

action as a Society.” The world truly stands on the brink of peril. Can we coexist 

harmoniously with our environment? What is the future of humankind? What role do 

we, as educators, play in shaping the world of tomorrow? 

What is education? It is said that at the end of World War II, a letter was found in a Nazi 

concentration camp. It is addressed to Teachers (Note 1). 

Dear Teachers: 

I am a survivor of a concentration camp. My eyes saw what no man should witness: gas 

chambers built by learned engineers, children poisoned by educated physicians, infants 

killed by trained nurses, women and babies shot and burned by high school and college 

graduates.  

So, I am suspicious of education.  

My request is: help your students become human. Your efforts must never produce 

learned monsters, skilled psychopaths, educated Eichmanns. Reading, writing, 

arithmetic are important only if they serve to make our children more human. 

If knowledge and human values are disconnected, can education lead to a more 

civilized world? If global society is not harmonious, can wellbeing be achievable? 

Mandela once said, “Education is the most powerful weapon which you can use to 

change the world.” Indeed, education stands as a beacon of hope for the future. The 

education we impart today will shape the destiny of all humans in the years to come. 
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In two decades or so, today's students in schools and universities will become the pillars 

of our society.  

Designing the future of education is equivalent to designing the future world. 

Educational researchers—particularly those in our community who are engaged with 

technology—bear an even greater responsibility to lead change through global 

collaboration. 

In this talk, I will share some thoughts based on years of ongoing discussions among a 

group of international researchers (Note 2). First, we may define the 'ultimate 

educational goal worldwide' as the final, most far-reaching aspiration that people 

envision, plan, and commit to achieving in education. It is designed to serve everyone 

across all societies and cultures, transcending individual and societal objectives to 

embrace humanity as a whole. For the sake of brevity, we will refer to the 'ultimate 

educational goal worldwide' simply as the 'ultimate educational goal' henceforth. 

Second, assuming the ‘ultimate educational goal’ exists, its realization would 

necessitate a form of ‘ultimate education.’ Perhaps we can formulate this ultimate 

education as follows:  

ultimate education = (ultimate educational goal, design theory, future digital world) 

In this formulation, the ‘ultimate educational goal’ represents 'why' and 'what' to learn; 

design theory informs 'how' to learn; and ‘future digital world’ addresses ‘who’ and 

'where' to learn, as well as how the ultimate education can be supported by and 

integrated into the digital future world, propelling the transformation of education 

toward that overarching goal. 

We propose 'Global Harmony and Wellbeing' (abbreviated as ‘Global Harwell’) as a 

candidate for the ultimate educational goal in this formulation (Note 3). We use 

'candidate' to acknowledge that, after thorough discussion, other superior options for 

the ultimate educational goal may emerge. Additionally, we introduce the Interest-

Driven Creator (IDC) Theory as a candidate for the design theory—a theory planned to 

be a revised version of its predecessor. Moreover, we suggest the term 'Seamless AI 

World' is a candidate concept (or notion) that succinctly and accurately captures the 

essence of the future digital world (Note 4).  

Once the ultimate educational goal is identified, to impact education significantly and 

accelerate its transformation, we may: 

1. Build global and local awareness of the goal, 

2. Establish experimental and model educational sites in various countries and 

regions, 

3. Create a ‘global ultimate educational park,’ and 

4. Disseminate the principles of ultimate education worldwide." 

Given its potential far-reaching impact on education, along with its inherent intricacy 

and the fast-paced nature of the digital world, establishing the ultimate education 

worldwide will require concerted efforts of several generations. There's an adage: “If 

you want to go fast, go alone; if you want to go far, go together.” In fact, if you go 

alone, you won't get anywhere. However, given the pressing urgency humanity faces 

and our planet teetering on the edge of catastrophe, we must unite to achieve swift 
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and substantial progress. We cordially invite you to join us in this fruitful dialogue. To 

facilitate this, we plan to host a series of forums, either online or in person, to deliberate 

the aforementioned issues at the website: globalharwellgoal.org. We have chosen 

'Global Harwell Goal' as the name for our website because the proposed goal can, at 

the very least, serve as a reference point and stimulate discussions until a more suitable 

name for the ultimate educational goal is agreed upon. 

 

Note 1: Chee-Kit Looi forwarded the story to me. The letter, often attributed to Haim 

Ginott, was published in his book ‘Teacher and Child.’ 

Note 2: Tak-Wai Chan, Chee-Kit Looi, Siu-Cheung Kong, Wenli Chen, Lung-Hsiang 

Wong, Su Luan Wong, Ben Chang, Ju-Ling Shih, Ying-Tien Wu, Fu-Yun Yu. 

Note 3: It is worth noting that most of us are researchers, not experts in philosophy, 

politics, or religion. Nevertheless, we can still propose possible candidates for the 

ultimate educational goal based on our knowledge and life experiences, without 

deliberately considering religious doctrines or ideological beliefs. Furthermore, if 

Global Harwell is our ultimate educational goal, its fulfillment would require what we 

might call Global Harwell Education. 

Note 4: If we accept Global Harwell as our ultimate educational goal, addressing the 

'why' and 'what'; IDC Theory as our activity design framework, explaining the 'how'; 

and Seamless AI World as the concept describing the digital future, outlining the 

'where' and 'who'; then 'Seamless IDC Theory' could be a theory for designing Global 

Harwell Education. 

Biography: Professor Tak-Wai Chan is a trailblazer in digital learning and a global 

leader in the field. Almost 40 years ago, at a time when computers and the internet 

were not yet mainstream in the mid-eighties, he began researching on AI supported 

learning for his doctoral dissertation, proposing a new genus of AI in education system 

called learning companion system in 1988. This virtual companion system, called 

Integration-Kid, was the first artificial companion in the world. In 1989, he and his 

students started to build the world’s first dedicated networked learning system for 

collaborative learning and learning through competition games, called Distributed 

West (1992). In early 2000s, he and his colleagues built the largest online learning 

community called EduCity (1.5 million learners with 1,700 schools involved in 2003), 

which was also referred as the first learning society in the world. In the same time 

period, his team conducted frontier research on mobile learning, intelligent classroom, 

future classroom, interactive clicker, e-schoolbag, one-to-one technology enhanced 

learning, and so forth. After this series of research, in 2006, working together with a 

large group of international researchers mainly from the Western countries, he 

proposed the concept of Seamless Learning. In 2010s, after some long-term 

experiments on reading (MSSR) and writing in one-to-one technology enhanced 

classroom, in collaboration with a group of Asian scholars, he proposed the Interest-
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Driven Creator (IDC) Theory. Again, he and his colleagues are now calling for building 

Seamless Interest-Driven Creator (SIDC) Theory with interested researchers. 

In addition to his research, Professor Chan has also been a major founder of two 

societies: the Asia-Pacific Society for Computers in Education (APSCE) and the Global 

Chinese Society for Computers in Education (GCSCE). These two societies respectively 

host annual conference series ICCEs and GCCCEs, as well as the journals RPTEL and 

JLCE. Moreover, to cope with the expanding research community of the field, he has 

been assisting the establishment of APSCE Theme-Based International Conference 

Series (TBICS), including CTE-STEM, ICFULL, MetaACES. 
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Davinia HERNÁNDEZ-LEO 

Universitat Pompeu Fabra, Barcelona, Spain 

  

 

 

 

 

Computers in Education: how can we support teachers? 

Abstract: While it is widely agreed that the role of teachers is key to achieve students’ 

learning, research on how technology can support teachers’ tasks is often 

underemphasized. In this talk I will summarise research results leading to practical 

implications in the design of technologies that improve the efficiency and effectiveness 

of teachers’ tasks, caring also for their wellbeing. In particular, I will focus on how 

technology can support learning design and the orchestration of complex learning 

scenarios, such as computer-supported collaborative learning in large classrooms. The 

technology presented will include authoring tools, teaching community platforms, 

enactment systems, orchestration dashboards and data-driven interventions based on 

learning analytics. I will also discuss synergies between technological solutions 

emphasizing human-in-control and machine-in-control perspectives. During the talk, 

participants will be able to experience some notions covered by interacting using the 

PyramidApp tool and the Integrated Learning Design Environment (ILDE). 

Biography: Davinia Hernandez-Leo is Full Professor, Serra Hunter and ICREA Academia 

Fellow at the Department of Information and Communications Technologies 

Department (DTIC) at Universitat Pompeu Fabra, Barcelona (Spain), where she is the 

director of the Interactive and Distributed Technologies for Education research group 

(TIDE). She obtained a Ph.D. at University of Valladolid, Spain, and has been visiting 

researcher at Open University of the Netherlands, Fulbright Scholar at Virginia Tech 

and visiting academic at the University of Sydney. She has published extensively and 

received several awards, including best and most cited scientific paper awards and 
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recognitions for technology contributions. Prof. Hernández-Leo has been Vice-

President of the European Association for Technology-Enhanced Learning, a Associate 

Editor of the IEEE Transactions of Learning Technologies, and is currently an elected 

member of the CSCL Committee within the International Society of the Learning 

Sciences and member of the Steering Committee of the European Conference on 

Technology-Enhanced Learning. She is very active in research supervision (PhD 

students, visitors, etc.), in participation and lead of European and national projects, and 

in collaborations with companies, non-profit organizations, policy makers and private 

foundations. Her research activity is broadly centered on the domain of learning 

technologies, spanning fields such as learning design technology, computer-supported 

collaborative learning (CSCL), community platforms and learning analytics. 
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Masaru KITSUREGAWA 

Research Organization of Information and Systems, 

Japan 

  

 

 

 

 

Building a Research Data Platform and Education 

Abstract: We have entered a highly uncertain, unpredictable age beset by natural 

disasters and wars around the world as well global-scale pandemics. However, we must 

not despair at this state of affairs and simply wait in hope of better circumstances. 

Rather, we must move forward with an eye to the future. The Research Organization of 

Information and Systems (ROIS), consisting of four distinguished research institutes, 

aims to solve complex phenomena and issues relating to life, the earth, the natural 

environment, and human society by reframing these issues from the perspective of 

information and systems while advancing data science to conduct integrated research 

that transcends disciplinary boundaries. In line with its mission to support resource-

sharing and joint research among all universities, ROIS promotes cutting-edge research 

in specialized fields through joint research that transcends university boundaries by 

providing researchers nationwide with access to large-scale, state-of-the-art 

equipment and facilities, big data, valuable materials, and analytical methods. 

Especially, the National Institute of Informatics replaced the previous Science 

Information NETwork (SINET) with the world’s fastest ultra-high-speed network 

infrastructure, SINET6, which provides transmission speeds of up to 400 Gbps. In 

addition to the over 1,000 institutions and universities currently being served, the 

network will soon be offered to elementary, junior high, and high schools as well. SINET 

is also expected to make substantial contributions to industry and continuing 

education. The full rollout of the GakuNin RDM research data management platform 

not only provides data management support for individual researchers but also 
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supports the development of open science by providing a platform for the proper 

release of research data including educational big data. 

Biography: Masaru Kitsuregawa graduated from the Electronics Engineering 

Department, Faculty of Engineering, the University of Tokyo in March 1978, completed 

his doctorate in information engineering at the same university and received a Ph.D. in 

1983. He became a lecturer at the Institute of Industrial Science in April 1983, an 

associate professor in 1984, and a professor in 1997, all at the same university. He has 

been director general of the National Institute of Informatics since 2013. Currently he 

is a president of Research Organization of Information and Systems in Japan. Dr. 

Kitsuregawa has made numerous distinguished achievements in the database field 

over a long period. He was a leading researcher on the high-speed operation of a 

hashed relational database. With a conventional simple method, the relational 

database operation cost is the square of the number of records. To solve this problem, 

he developed the GRACE hash method, which operates a database at a linear cost by 

combining a dynamic destaging method, bucket adjustment and different 

implementation methods. This method is referred to in Wikipedia as a basic method of 

operating a relational database. Today, all major database software programs use a 

hash algorithm. Dr. Kitsuregawa’s research established the foundation of this algorithm. 

In recognition of his achievements in enhancing database performance, including 

those mentioned above, he received the ACM SIGMOD E. F Codd Innovations Award, 

which is the most prestigious award in database system research. He was the first 

recipient from Asia. Also, he was designated a fellow by IEICE, IEEE, and ACM, and also 

received many awards, including Achievement Award from IEICE, Medal with Purple 

Ribbon, and Legion d’Honneur, Chevalier. 
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Kaushal Kumar BHAGAT 

Indian Institute of Technology Kharagpur, India 

 

 

 

 

 

Game On! Leveraging the Benefits of Game-Based Learning in the 

Digital Age 

Abstract: In today’s digital age, game-based learning has become an increasingly 

popular way to engage students and enhance their learning experiences. Game-based 

learning leverages the engaging and immersive nature of games to create a fun and 

interactive learning environment, which can help students to develop critical thinking, 

problem-solving, and collaboration skills. In this keynote presentation, we will explore 

the benefits of game-based learning and discuss how it can be used to meet the needs 

of today’s learners. We will discuss the importance of incorporating game-based 

learning into the classroom and explore some of the latest research on the 

effectiveness of this approach. We will also explore some fundamental design 

principles of successful game-based learning and highlight some of the best practices 

that educators can use to create engaging and effective games for their students. 

Finally, we will examine some of the challenges and limitations of game-based learning 

and discuss how educators can work to overcome these obstacles. Overall, this keynote 

presentation will provide attendees with a comprehensive overview of game-based 

learning and its potential to transform education in the digital age. Whether you are 

an educator, a curriculum developer, or a game designer, this presentation will provide 

valuable insights into how you can leverage the benefits of game-based learning to 

create engaging and effective learning experiences. 

Biography: Dr. Kaushal Kumar Bhagat is currently working as an assistant professor in 

the Advanced Technology Development Centre at the Indian Institute of Technology 

(IIT), Kharagpur, India. He received his Ph.D. from the National Taiwan Normal 
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University in September 2016. He then served a two-year postdoctoral position at the 

Smart Learning Institute at Beijing Normal University. In 2015, Dr. Bhagat received 

NTNU International Outstanding Achievement Award. He was also awarded the 2017 

IEEE TCLT Young Researcher award. In 2020, he received APSCE Early Career Researcher 

Award (ECRA) from the Asia-Pacific Society for Computers in Education. He was also 

awarded the 2022 Excellence in Distance Education Award (EDEA) by the 

Commonwealth of Learning (COL), Canada. He is an associate editor of the British 

Journal of Educational Technology (BJET), Regional Associate Editor (Asia) of the 

Journal of Learning for Development (JL4D), and editor-in-chief of Contemporary 

Educational Technology (CET). He is also an editorial board member of several reputed 

international journals. He is a consultant for international organizations like the 

Commonwealth of Learning, UNESCO, etc. His research area of interest includes 

augmented reality, virtual reality, game-based learning, online learning, and 

technology-enhanced learning. 
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Brendan FLANAGAN 

Kyoto University, Japan 

 

 

 

 

 

Challenges and Opportunities of Educational Data Science for 

Reading Systems 

Abstract: As educational systems are collecting an increasing amount of data on the 

learning behavior of students, its analysis has given rise to the fields of Educational 

Data Mining, and more recently Learning Analytics. As a result, educational AI that is 

constructed from and consumes learning behavior data has become more prevalent in 

learning systems and is fueling increased research attention in the field. While many 

datasets have been made public to promote research, important issues such as 

information privacy have also limited broader analysis and have resulted in data silos 

and hindered replication studies within the community. This talk will give an overview 

of educational data science focusing on reading systems and discuss important 

ongoing challenges including data analysis for niche learning contexts, data divide, and 

insights into methods for promoting collaboration through synthetic data and their 

possible limitations. 

Biography: Brendan Flanagan is an Associate Professor at the Center for Innovative 

Research and Education in Data Science, Institute for Liberal Arts and Sciences, and the 

Data Science Department at the Graduate School of Informatics, Kyoto University. His 

research interests include Learning Analytics, Educational Data Science, Computer 
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Assisted Language Learning, and the Application of Blockchain in Education. He has 

also hosted educational data challenges at prominent international conferences for 

more than 5 years to promote educational data science research. He is currently the 

Principle Investigator of several government-funded research projects that investigate 

knowledge and learning process analysis, and explainable predictions by learning 

systems, and is also part of a Japanese Cabinet Office (NEDO) funded large research 

project into educational symbiotic AI systems. 
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Daner SUN 

Education University of Hong Kong, Hong 

Kong 

 

 

 

Exploring the Evolution of Mobile Learning Environments 

Abstract: The rapid advancement of technology and the changing landscape of 

education have led to significant changes in technology-enabled learning 

environments. This presentation will explore the impact of changing situations on 

mobile technology-enabled learning environments, with the speaker sharing insights 

as both a researcher and an instructor. The talk will cover the evolving distribution and 

adjustment of components in these environments, as well as changes in pedagogy 

before, during, and after the Covid-19 pandemic. Additionally, the speaker will 

highlight the emerging dominance of new technologies in Hong Kong and worldwide, 

and propose future research directions for mobile learning. 

Biography: Dr Daner Sun is an assistant professor at the Department of Mathematics 

and Information Technology, the Education University of Hong Kong (EdUHK), Hong 

Kong. Her research interests are mobile learning, STEM education, and higher-order 

thinking in technology-supported learning. So far, Dr Sun has published more than 30 

SSCI journal papers. She serves as the editor/co-editor for conference proceedings and 

journal special issues and acts as a reviewer in the community. Besides being the 

awardee of the APSCE Early Career Researcher Award (ECRA) 2022, she is also the 

awardee of Outstanding Performance in Research 2023, Outstanding Performance in 

Knowledge Transfer (Team) 2020, and Dean’s Research Output Prize 2021 in EdUHK. 
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Abstract: This study explores the integration of artificial intelligence (AI) creation 
techniques and information and communication technology (ICT) into Mandarin 
teaching, through students' perceptions of AI creation content and their feedback on 
engaging with technology in the process. In this study, a total of 21 students described 
their perceptions of Mandarin teaching as AI creation images and textual descriptions. 
These images were analyzed by 7 categories of encoding, including people, places, 
activities, technical media, objects, electronic technologies, and emotional attitudes. 
According to the analysis results, most students' conception of Mandarin teaching is 
still based on "teacher lecture" and "hands-on practice" in the "activities", followed by 
"books" and "classroom equipment" in "objects", and "electronic "computer" and 
"screens" in the "technologies" categories. There were some challenges in AI creation 
like an inaccurate prompt that would result in an image generation error such as certain 
details being missing, images appearing cluttered, blurring of visual depictions, and the 
barcodes and technological devices also lead to misalignment. However, certain facial 
expressions and the overall teaching atmosphere are also a challenge to generate 
during the creation. During the interview, students realized privacy and copyright issues 
are also a challenge. The results reveal that AI technology offers diverse, engaging 
teaching methods despite these challenges. By shedding light on how AI creation can 
enhance language learning, the study contributes to the evolving landscape of 
technology-assisted education. As AI technologies continue to shape modern 
education, these findings offer crucial guidance for educators aiming to leverage AI's 
benefits while addressing its limitations. 

 
Keywords: AI creation, ICT-assisted Mandarin Teaching, Drawing analysis 

 
1. Introduction 
 
In the rapidly evolving era of information and communication technology (ICT), both society 
and education are encountering transformative shifts. All educators, regardless of subject 
areas or grade levels, need to be competent in integrating ICT effectively into their teaching 
methodologies. On the other hand, students require the cultivation of ICT skills to foster 
cultural competency, effective communication, collaborative aptitude, problem-solving 
prowess, as well as self-directed learning and personal growth (Tan & Liu, 2016). 

Previous research work on ICTs has focused on language teaching facilitated by 
electronic tools, platforms, and teaching aids, often employing interviews and surveys to 
solicit students’ perspectives (Čok, 2016; Le Thi, 2020; Abraham et al., 2022). While, some 
scholars have emphasized that drawing can generate ideas and values in non-verbal 
expressions (Nuora et al., 2019), which not only creates an environment that makes 
participants feel less constrained but also enables them are able to express ideas and 
concepts, no limited by the questionnaire item structure (Lai, 2021). Drawing as a research 
method has been used as an effective tool in analyzing different educational levels, including 
K-12 students (Hsieh & Tsai, 2018) as well as college students (Liou, 2017; Tu et al., 2017; 
Lai, 2021).  Within the realm of drawing research, this study selects one of the generative 
artificial intelligence (GAI) tools for analysis, i.e. Midjourney. This technique addresses 
limitations inherent in traditional hand-drawn illustrations, such as students' self-doubt, time 
consumption, and skill prerequisites. Utilizing GAI tools assists students in visualizing ideas, 
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enhancing efficiency, precision, and consistency. Furthermore, these tools adeptly handle 
complex concepts, facilitate easy image modifications, and maintain a lower threshold for 
use.  

Therefore, this study seeks to explore the integration of AI creation techniques within 
Mandarin teaching, with a dual focus. Firstly, it aimed to delve into students' perceptions of 
AI authoring in terms of various dimensions, such as people, places, activities, technical 
media, objects, electronic technologies, and emotional attitudes, as depicted through AI 
images. Secondly, it intended to collect feedback from students engaging with AI technology 
content within their learning experiences. Through this exploration, the study aspires to shed 
light on the potential synergies between AI creation and ICT-assisted Mandarin language 
teaching. 
 
2. Literature review 
 
2.1 The conception of ICT-assisted Mandarin language teaching. 
 
The concept of "ICT-assisted Mandarin teaching" entails integrating digital tools, platforms, 
and resources to enhance the quality of Mandarin language instruction (Čok, 2016). The 
appropriate use of ICT in teaching can create student-centered learning, and the role of the 
teacher changes to that of a navigator and co-learner, enabling diverse learners while 
meeting needs (Keengwe et al., 2008; Coleman et al., 2016). 

ICT has now expanded to many types, such as "interactive whiteboard", "camera, 
laptop computer", "VLE (Virtual Learning Environment)", "Blog", "PC", "Facebook", 
"YouTube", "Projectors", "podcasts", "various software", etc. are all in this range (Yang, 
2019). For example, Tan & Liu (2016) noted that ICT is strongly supported by the 
government in Singapore's Mandarin language teaching. The students can utilize Mandarin 
learning materials, software, and online translation tools to cultivate written language skills. 
They engage with platforms to create and share assignments, establish class websites and 
personalized e-learning profiles, and collaboratively build media content, with teachers 
taking on supervisory and facilitating roles. Additionally, many studies have shown that the 
incorporation of ICT in language teaching has many benefits, such as increasing 
engagement and active participation in learning, fostering learner interest and motivation, 
and expanding access to target languages (Golonka et al., 2014). However, there are still 
many challenges, such as students do not have computers at home, and are not self-
disciplined. Some schools are still in the early stages of online teaching, and teachers are 
not familiar with ICT operations, account management, and student privacy (Dedja, 2015; Le 
Thi, 2020).  

The impact of ICT-assisted teaching is transformative, influencing the pedagogical 
insights and language competencies of language educators. ICT provides abundant learning 
resources, enabling more diverse learning experiences where students can adjust according 
to their learning needs and pace, while also fostering their digital literacy and self-
management skills. Therefore, this study focus on students' perspectives on ICT-assisted 
Mandarin language teaching to further comprehend their conceptual differences in the actual 
learning contexts of ICT-assisted Mandarin language teaching (Abraham, Arficho & 
Habtemariam, 2022).  

 
2.2 Drawing as a research approach 
 
Generative AI, a subset of artificial intelligence, utilizes algorithms like generative adversarial 
networks (GANs) and variational autoencoders (VAEs) to produce diverse content, such as 
images and text, applicable in fields like education, advertising, entertainment, and digital art 
(Kaplan-Rakowski, Grotewold, Hartwick, Papin; 2023). Drawing functions as a valuable 
research tool in educational studies, providing an alternative avenue to access participants' 
perspectives. It vividly illustrates their conceptualizations, bridging gaps in verbal 
communication (Ehrlén, 2009). In this context, drawing complements AI technology by 
harmoniously integrating visual and textual elements, allowing for the easy sharing of 
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thoughts and efficient gathering of valuable insights (Nuora et al., 2019; Lai, 2021). Scholars 
in educational research not only stress drawing's role in nurturing students' thinking and 
enabling open expression but also recognize the potential of combining it with AI technology 
to enhance learning (Liou, 2017). For example, Lai (2021) used drawing and co-word 
analysis to explore AI-assisted learning preferences. Participants described their perceptions 
of AI images and words. The results showed the importance of robots in AI-assisted learning 
and what expect of students from professional teaching in AI education. In addition, the 
differences in students' conceptual cognition are analyzed through the drawing analysis 
method (Tu et al., 2021), for example, Tu et al. (2021) studied drawings of 156 
undergraduate students with textual descriptions illustrating their perceptions of a smart 
library. The results showed that the similarities and differences in library and information 
science (LIS) students prioritize technology-assisted patron services, while non-LIS students 
emphasize accessible resources, quiet reading, and freedom of library activity. Briefly, many 
studies have showcased that drawing analysis results are a valuable means to bolster 
learning. The research into the drawing approach aligns with the contemporary trend of 
technological tools, offering a means to analyze multifaceted aspects of pertinent learning 
concepts.   

In conclusion, based on the literature review, AI creation techniques are beneficial in 
enhancing students' creativity in learning Mandarin and facilitating self-expression and 
communication through artistic creation. Additionally, the teachers can utilize AI creation 
techniques to generate specific pictures for language practice and assess students' 
proficiency (Marrone, Taddeo & Hill, 2022). To assist Mandarin teachers in developing more 
effective teaching strategies to enhance learners' learning. 
 
3. Research Questions 
 
The study aims to answer the following research questions: What is the concept of utilizing 
AI creation and ICT-assisted Mandarin teaching as a means of providing technological 
support to students? What feedback did the students provide regarding their learning 
experience with AI technology? 

 
4. Study design 
 
4.1 Participants and the data collection procedure 
 
This study focuses on the concepts of AI creation and ICT-assisted Mandarin teaching for 
students, and students' feedback on AI technology learning. Twenty-one students 
participated in this study, including 4 males and 17 females. The range of age is 22 to 51 
years old, with an average age of 28. 

Before operating AI creation, participants participated in 3 hours of AI drawing 
technology courses for 2 weeks, totaling 6 hours. In the first week, the development, trends 
and teaching applications of AI drawing technology are introduced. In the second week, 
participants are asked to generate images based on prompts. Following this, they received a 
prompt. The prompt content asked participants to draw a "real" classroom scenario. With the 
support of AI creation techniques, Mandarin teachers use technology to assist teaching 
when preparing, teaching, guiding students, or participating in activities. Then, participants 
were also asked to describe the AI creation in 50 words or less, conveying what they hoped 
to express through their images. Finally, students are asked to give feedback on the activity. 
 
4.2 Data analysis 

 
4.2.1 Development of the coding scheme  

 
To understand how students use drawing skills to represent real scenes in the classroom, 
this study developed a coding scheme to analyze the characteristics of students' images. 
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In the first step, the researchers refer to the encoding schemes proposed by scholars Hsieh 
and Tsai (2017), Utley & Redmond Sanogo (2020), and Lai (2021) to design an encoding 
table that conforms to the drawing. In the second step, two experts in technology-enhanced 
language learning and an expert in AI creation research make adjustments and 
modifications. The third step is to encode and label the features of the generated image one 
by one. Through coding, images can be quantitatively analyzed to present a more complete 
and comprehensive analysis.  

Table 1 presents the coding scheme, which consists of 7 categories and 31 sub-
categories: people involved, locations, activities, technical media, objects, electronic 
technologies, and emotions and attitudes.  
 
Table 1. Coding scheme for coding participants’ AI creation images 

Categories Sub-categories 
1. People involved 1.1 Teacher 

1.2 Learner 
1.3 Peers/groups (student) 
1.4 Unspecified 

2. Locations 
 

2.1 Classroom  
2.2 Online 

2.3 Unspecified 

3. Activities 3.1 Teacher lecturing  
3.2 Student performing  
3.3 Student observing 
3.4 Group working 

3.5 Paperwork documenting 
3.6 Hands-on practicing 
3.7 Resource searching 
3.8 Assessment evaluating 

4. Technical media to 
support teaching/learning? 

4.1 VR / AR 
4.2 Technology devices 

4.3 Web-based platform 
4.4 Unspecified 

5. Objects 5.1 Technological devices   
5.2 Traditional classroom 
equipment  

5.3 Book/handouts 

6. Electronic technologies 6.1 Computer 
6.2 Screens 
6.3 Mobile devices 

6.4 Touch screen 
6.5 VR glasses 
6.6 Unspecified 

7. Emotions and attitudes  
 

7.1 Positive  
7.2 Negative 

7.3 Unspecified 

 
4.2.2 Data analysis procedure 

 
The study was analyzed in two parts: the AI creation images and their accompanying 
descriptions. A coding scheme with 7 dimensions was employed to identify specific attributes 
present or absent in the images. Each image could have multiple attributes, and the same 
index in an image was counted only once for the parts being assessed. Figure 1 provides a 
coded example of a participant's AI images, in which a classroom scenario with four students 
are situated. The context portrays an online teaching environment, with the teacher conducting 
a lecture virtually. The students are actively engaged in performing a task, while the scenario 
involves the use of a QR code on the whiteboard. They engaged in performing the task is 
utilizing their phone to scan the QR code, illustrating a hands-on approach to practicing the 
technology.  
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Figure 1. A coding example of a participant’s conception of AI creation image in 
Mandarin teaching. 

 
5. Results 
 
Referring to the coding scheme in Table 1, the AI creation images by 21 students were 
analyzed. Table 2 shows the frequencies and percentages of the coding results. Among the 
21 AI creation images, a total of 234 encodings were identified, with the distribution of 
proportions ranked from high to low as follows: activities (23.93%), people involved 
(17.95%), objects (17.09%), locations (10.68%), electronic technologies (11.54%), technical 
media (9.83%), and emotions and attitudes (8.97%). 
 
Table 2. Coding scheme for AI creation based on participants prompts  

 Frequency Percentage 
(% = N/21) 

 

People involved   
Teacher 20 95.24%  
Learner 16 76.19%  
Peers/groups (student) 4 19.05%  
Unspecified 2 9.52%  

Locations    
Classroom  18 85.71%  
Online  5 23.81%  
Unspecified 2 9.52%  

Activities    
Teacher lecturing  16 76.19%  
Student performing  7 33.33%  
Student observing 4 19.05%  
Group working 5 23.81%  
Paperwork documenting 9 42.86%  
Hands-on practicing 10 47.62%  
Resource searching 2 9.52%  
Assessment evaluating 3 14.29%  

Technical media to support teaching/learning?    
VR / AR 1 4.76%  
Technology devices 14 66.67%  
Web-based platform 1 4.76%  
Unspecified 7 33.33%  

Objects     
Technological devices   14 66.67%  
Traditional classroom equipment  10 47.62%  
Book/handouts 16 76.19%  

Electronic technologies     
Computer 8 38.10%  
Screens 7 33.33%  
Mobile devices 3 14.29%  
Touch screen 3 14.29%  
VR glasses 1 4.76%  
Unspecified 5 23.81%  
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Emotions and attitudes     
Positive  13 61.90%  
Negative 2 9.52%  
Unspecified 6 28.57%  

 
In Table 2, overall, regarding the people involved, teachers account for the highest 

proportion, at 95.24%, and there are 2 unspecified images (9.52%) showing a cat and a 
robot. This demonstrates that despite the involvement of technology in the teaching process, 
teachers still play a crucial role in language teaching. The majority of locations represents 
classrooms (85.71%). In the activity part, the teacher lecturing is the predominant theme 
(76.19%), followed by hands-on practicing (47.62%) and paperwork documenting (42.86%).  
The drawing on the left of Figure 2, for the “people involved”, shows that the teacher is 
providing a lecture, and students are engaging in completing paperwork, while on the right of 
Figure 2, for the “activities”, depicts students doing hands-on practice and discussing 
assignment content.   

 
Figure 2. Example of the AI creation in “People involved” and “Activities” categories. 

 
The technology devices, including mobile phones and tablets, are the primary means 

of supporting teaching (66.17%), and there is an AI creation of a student showing the use of 
VR and AR teaching equipment. This reflects the student's own experience with technology 
devices. The picture on the left of Figure 3 shows that the students are seated in the 
classroom, using laptops and iPads, while the teacher uses a projector to display slides. The 
objects of books/handouts are most prevalent (76.19%), followed by technological devices 
(66.67%) and traditional classroom equipment (47.62%). Regarding the “objects”, the 
students engage in Mandarin class with a cheerful teacher. Some students listen attentively 
to audio, while others are engrossed in reading digital books on iPads (see the picture on the 
right of Figure 3). 

 
Figure 3. Example of the AI creation in “Technology devices” and “Objects” categories. 
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In the category of electronic technologies, computers (38.10%) and screens (33.33%) 
are the main features, with one creation depicting students wearing VR glasses during the 
class. In terms of emotions and attitudes, a positive attitude was prevalent (61.90%), and 6 
AI images did not specify the characters' facial expressions or appearances. On the left of 
Figure 4, depicts four students seated in a classroom and all wearing VR glasses. The 
teacher is engaged in an online class. In the prompt of the AI creation generated by the 
students, the QR code pattern should be presented on the whiteboard, but it is not shown. It 
can be seen that the current AI creation technology has not yet presented the barcode. 
Then, it is difficult to judge the students whether emotions and attitudes are positive or 
negative because they are wearing the device. On the right of Figure 4, the students are 
actively engaged with computers, employing them for paperwork tasks, and the teacher 
guides by the side. 

 
Figure 4. Example of the AI creation in “Electronic technologies” categories. 

 
On the dimension of analyzing students’ interviews, most students expressed 

enthusiasm for using AI tools to motivate learners, one participant particularly mentioned that 
their introverted students may be more motivated by such GAI technologies.. Through 
hands-on activities, they gained comfort and understanding of new technology, especially 
using AI creation images to match learning topics. While students acknowledge the benefits 
of AI-generated creations, they also recognize the importance of addressing copyright and 
privacy issues. Additionally, they have observed that certain details are missing during 
image generation, images appear cluttered, and there are instances of unnecessary hands 
and actions. In conclusion, the students found AI creation techniques in education a future 
trend. AI creation helped improve creativity, offering diverse teaching materials, capturing 
learners' attention, and fostering a positive attitude and motivation toward language learning. 
 
6. Discussions and conclusions 
 
According to the coding and analysis of the drawing of AI creation in this study, it is found 
that the concept and cognition of ICT-assisted Mandarin teaching are multifaceted, and 
through interviews, the participants expressed that it is interesting and valuable for learning 
about AI technology applications. Among the 7 dimensions of AI creation technology, 
"activities" (23.93%) generated the most dimensions, followed by "people involved" 
(17.95%), and finally "technical media to support teaching/learning?" (9.83%) and "emotions 
and attitudes" (8.97%). In other words, when AI creation presents the Mandarin teaching 
picture, it is more able to present the “teacher lecture” and “hands-on practice” drawing 
according to the prompt, and it can also generate “books” and “traditional classroom 
equipment”. However, in the aspect of "technical media" there is a challenge in accurately 
representing elements like barcodes and technological devices, leading to misalignment and 
blurring of the visual depiction. Similarly, within the category of "emotions and attitudes," 
certain facial expressions and the overall teaching atmosphere might not be clearly 
conveyed. 

With the continuous emergence of artificial intelligence technology, teaching must 
become more intelligent and able to meet the different needs of students. Through the 
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development of the coding scheme, we can understand students' current understanding of 
concepts and provide teachers with a reference direction for combining teaching content. It 
also shows what AI creation can bring to education. Despite the discovery of AI-created 
images during the implementation process, there are still many biases and privacy 
challenges. From a pedagogical perspective, however, AI-authored technologies offer 
opportunities for diverse, fun, and engaging teaching experiences. The efficacy of 
incorporating AI creation into the classroom and its potential to truly improve learning 
outcomes depends on how proficient teachers are in its application and design. 
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Abstract: This research paper presents a comprehensive exploration of the application 
of Generative Artificial Intelligence (GAI) within the realm of language education. 
Through a systematic review of 20 empirical studies conducted within a structured 
three-step framework, this study elucidates the multifaceted integration of GAI in 
language learning. The examination encompasses various dimensions, including 
target languages, learners' educational levels, GAI applications, language skills, and 
practical outcomes. Additionally, the study critically assesses the key advantages and 
challenges inherent in GAI's role in language education. The paper provides valuable 
insights into human-technology interaction by delving into language learners' attitudes 
toward GAI. Notably, this research identifies three pivotal roles GAI assumes within the 
language learning process, and they are co-author, evaluator, and learning materials 
provider. The study concludes by charting a path toward future research endeavors 
within the evolving landscape of GAI-based language learning by implicating the future 
research direction of integrating the GAI into language education, including 
collaborations between humans and GAI, clarifying the definition of GAI-powered 
plagiarism, GAI-based language activities design, prompting strategies, and digital 
literacy. 

 
Keywords: Generative artificial intelligence, language education, technology-
enhanced language learning, ChatGPT 

 
 
1. Introduction 
 
The integration of Artificial Intelligence (AI) in language teaching and learning has become 
increasingly essential in today's educational landscape. On the one hand, the shift towards 
online education, particularly in the wake of the COVID-19 pandemic, necessitates the use 
of AI to provide effective, accessible, and flexible language learning tools that can be utilized 
anytime, anywhere (Jia et al., 2022). On the other hand, AI technology has found extensive 
applications in modern language education. These applications encompass automated 
writing assessments, intelligent tutoring systems for reading, computer-mediated 
communication, and personalized language learning (Huang et al., 2023; Liang et al., 2021). 
The latest advancements in GAI technology are poised to continually influence the 
landscape of language learning in today's digital age. 
GAI stands as a groundbreaking stride in the realm of artificial intelligence, characterized by 
its autonomous capability to craft coherent and contextually pertinent human-like text 
(Cooper, 2023). The transformative potential of GAI is progressively gaining recognition 
within the educational sphere, heralding the dawn of a novel epoch replete with dynamic and 
interactive learning encounters (Rahman & Watanobe, 2023; Wilson & Billam, 2023). In the 
context of language education, the integration of cutting-edge technological advancements 
holds a significant sway, and technology-enhanced language learning stands as a 
burgeoning focal point within this domain. This study embarks on a systematic review to 
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delve into the realm of GAI deployment in language education, seeking to unearth the 
present landscape of its integration and chart a course towards future research trajectories. 
 
 
2. Literature Review 
 
In technology-enhanced language learning (TELL), systematic reviews play a crucial role in 
advancing the field and informing educational practices. The systematic review is a rigorous 
and comprehensive approach to synthesizing and analyzing existing research on a specific 
topic by identifying the research trends and gaps (Zou et al., 2018), organizing diverse 
findings (Ghanizadeh et al., 2015; Shadiev & Yang, 2020) and providing insights for future 
research (Su & Zou, 2022). The current systematic review contributes to figuring out the 
applications of GAI in language learning based on existing empirical studies to investigate 
further where we start and where we could go. 

Few review articles have shared viewpoints on employing ChatGPT in education 
contexts. Wilson and Billam (2023) reviewed ten interesting articles published between 
January and May 2023 about using ChatGPT in educational practice, which included radio 
broadcasts, research articles, and government frameworks. These published articles 
discussed some cases of students using ChatGPT for academic assignments and academic 
integrity-related issues. Ethical issues on ChatGPT used in academic language and learning 
were also a concern (Wilson & Billam, 2023). Similarly, Rahman and Watanabe (2023) 
expressed the possibility of cheating in exams by using ChatGPT, which diminished 
students’ critical thinking capacity. Meanwhile, human teachers hardly differentiate the 
ChatGPT and students’ work. These threats brought by ChatGPT could transform traditional 
teaching and learning methods. However, ChatGPT offered opportunities for learners and 
educators by providing personalized feedback and interactive conversations (Rahman & 
Watanobe, 2023). Hence, the challenges and opportunities brought by ChatGPT, and more 
broadly, GAI, are worth further discussion.   

In specific subject education, including English language learning (Bin-Hady et al., 
2023), academia and libraries (Houston & Corrado, 2023), and medical education (Armitage, 
2023), ChatGPT had been first tried and discussed in the review articles. Regarding 
language education, ChatGPT could serve as a scaffolding to help language learners design 
learning plans, and ChatGPT’s immediate feedback acts as a partner in language practice 
(Bin-Hady et al., 2023). Regarding academia and libraries, ChatGPT influenced reference 
practices, collection development, and metadata creation and transformation (Houston & 
Corrado, 2023). Regarding medical education, the impacts of ChatGPT tend to be harmful 
as it threatens students’ ability to do clinical practice (Armitage, 2023).  

The existed literature review about GAI needs to be more systematic than viewpoint 
reports. At the same time, ChatGPT was the only GAI tool focused on by the previous 
reviewers, while other diverse GAI tools, such as Bard, POE, and DALL-E2, have been 
popularized now. Therefore, a systematic review of GAI tools used in the educational field is 
needed. The current review narrows the scope in the language education fields, which 
already have abundant empirical studies and lacks a systematic review of current research 
status, integration of GAI into language education, and future research trends. The research 
questions for the current review are: 

 What is the status of research on GAI-based language learning related to target 
languages, learners’ educational levels, GAI applications, language skills, and practical 
effects of GAI? 

 What are the main benefits and challenges of using GAI in language learning? 
 What are the learners’ attitudes toward using GAI in language learning? 
 What are the roles GAI plays in the language learning process? 
 What are the future directions for investigating GAI integration in language learning? 

 
 
3. Methods 
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To exam the above five research questions, we conducted a systematic review based on a 
three-step methodology which is commonly used in technology-enhanced language learning 
reviews (Ghanizadeh et al., 2015; Shadiev & Yang, 2020; Su & Zou, 2022). The three steps 
involve article searching, screening, and coding. The first step was identifying topic-related 
keywords and searching them in the database. Then, the primary search results were 
screened by specific exclusion and inclusion criteria. Finally, the authors had an intensive 
reading of the last included articles, had discussions, and labeled the contents together 
based on the article coding scheme. The details are illustrated in this section. 
 
3.1 Article Search 
 
The databases used in the current review were Web of Science (WoS) and Scopus, which 
were commonly employed in systematic reviews due to their comprehensive coverage and 
inclusion of high-quality journals (Celaya et al., 2020). Within these two databases, we enter 
the keywords related to GAI (“generative artificial intelligence” OR “GAI” OR “ChatGPT” OR 
“POE” OR “Bing Chat” OR “GPT-4” OR "GPT" OR “Bard” OR “DALL-E2”), language 
acquisition (language OR second language OR foreign language OR EFL OR ESL OR 
TESOL OR TEFL) and education (educat* OR acquisit* OR learn* OR teach* OR student* 
OR class*). We further refined the document type as “Article” and the language as “English”. 
The search strings in two databases and initial results retrieved in August 2023 were 
reported in Table 1. 
 
Table 1. Primary Search in WoS and Scopus  

Database Search Strings Search Results 
WoS “Generative artificial intelligence” OR 

“GAI” OR “ChatGPT” OR “POE” 
OR “Bing Chat” OR “GPT-4” OR 
"GPT" OR “Bard” OR “DALL-E2” 
(Topic) and language OR second 
language OR foreign language 
OR EFL OR ESL OR TESOL OR 
TEFL (Topic) and English 
(Language) and educat* OR 
acquisit* OR learn* OR teach* OR 
student* OR class* (Topic) 

231 

Scopus ( TITLE-ABS-KEY ( "generative 
artificial intelligence"  OR  "GAI"  
OR  "ChatGPT"  OR  "POE"  OR  
"Bing Chat"  OR  "GPT-4"  OR  
"Bard"  OR  "DALL-E2" )  AND  
TITLE-ABS-KEY ( language  OR  
second  AND  language  OR  
foreign  AND  language  OR  efl  
OR  esl  OR  tesol  OR  tefl )  AND  
TITLE-ABS-KEY ( educat*  OR  
acquisit*  OR  learn*  OR  teach*  
OR  student*  OR  class* ) )  AND  
( LIMIT-TO ( DOCTYPE ,  "ar" ) )  
AND  ( LIMIT-TO ( LANGUAGE ,  
"English" ) ) 

197 

 
3.2 Article Selection 

 
Based on the initial results, we still needed to select well-designed empirical studies in the 
next step systematically. To ensure a focused selection, we established exclusion and 
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inclusion criteria, which were reported in Table 2. At first, we removed 98 duplications from 
two databases. Subsequently, 49 articles of literature review, viewpoint, or report were 
excluded. Then, we carefully examined the remaining items' titles, sources, and abstracts. 
We further identified and excluded 217 articles that did not investigate language learning, 43 
that did not exploit GAI, and 1 that could not find full text. Through the selection process, 
shown in Figure 1, 20 articles that met the inclusion criteria were kept for further analysis.   
 
Table 1. Exclusion and Inclusion Criteria  

Exclusion Criteria Inclusion Criteria 
Review, viewpoint, or report Empirical study 
Does not investigate language learning Investigate language learning 
Irrelevant to generative artificial intelligence Implement generative artificial intelligence 

tools 
Full text unavailable Full text available 

 
 

 Figure 1. The article selection process. 
 
3.3 Article Coding Scheme 
 
The data extraction and coding procedure was based on previous systematic reviews in 
computer and education (Crompton & Burke, 2018; Yadegaridehkordi et al., 2019). The 
authors reviewed 20 articles one by one, assisted by reference management software 
Mendeley and recorded the necessary data in MS Excel spreadsheets. Regarding five 
research questions, the 20 articles were coded by the following tags: target language, 
educational level, GAI Applications, language skills, advantages, challenges, practical 
effects, learners’ attitudes, and the role of GAI in the learning process. Table 3 carefully 
presents the coding scheme.  
 
Table 3. Article Coding Scheme  

Tags Coding Examples Example References 
Target languages English (Perkins, 2023) 

Greek (Ross, 2023) 
Educational levels Higher education (Macdonald et al., 2023) 
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Elementary education (Lee et al., 2023) 
GAI applications ChatGPT-2 (Bulut & Yildirim-Erbasli, 

2022) 
ChatGPT-3.5 (Ahmed, 2023) 

Language skills Reading (Bulut & Yildirim-Erbasli, 
2022) 

Writing (Y. Su et al., 2023) 
Advantages Students were motivated in 

GAI-based reading activity 
(Lee et al., 2023) 

“ChatGPT could become a 
great help to researchers 
worldwide in designing their 
studies, conducting 
analyses and drafting their 
research articles” 

(Macdonald et al., 2023) 

Challenges The frequent use of 
ChatGPT 
leads to overly similar 
paragraphs and structure of 
many papers in the same 
field, leading to problems 
with 
plagiarism check 

(Macdonald et al., 2023) 

Lack of human connection 
and personalization 

(Mohamed, 2023) 

Practical effects Major effect (Macdonald et al., 2023) 
Minor effect (Ahmed, 2023) 

Learners’ attitudes Positive (Macdonald et al., 2023) 
Negative (Qasem, 2023) 

The role of GAI Work as a co-author (Macdonald et al., 2023) 
Learning content provider (Lee et al., 2023) 

 
 
4. Results 
 
4.1 Target Languages of GAI-based Language Learning 
 
Out of the total twenty reviewed articles, English emerged as the predominant target learning 
language, constituting 18 of the articles, whereas Greek and Arabic learning each accounted 
for a single research article. This distribution can be attributed to the extensive training of the 
large language model (LLM) on the English language corpus. Notably, one of the 
prominently used versions of ChatGPT, namely ChatGPT-3, was frequently employed in the 
research, exclusively generating outputs in English (Ross, 2023). Simultaneously, this 
linguistic bias resulted in varying output quality when students employed GAI to learn 
different target languages. Among the findings of this review, it became evident that the 
quality of English output surpassed that of Greek and Arabic outputs. Rose (2023) observed 
challenges with ChatGPT-3.5 in handling Ancient Greek, while its performance with classical 
Latin and Sanskrit was commendable. Conversely, Beheitt and HajHmida (2023) expressed 
dissatisfaction with the Arabic output. 
 
4.2 Educational Level of GAI-Based Language Learning 
 
GAI found its predominant application in higher education, as indicated by 16 articles that 
delved into its utilization within this context. Additionally, two articles integrated GAI into 
elementary education, while another piece of research explored its impact on secondary 

37



education. Furthermore, there was an article that does not specify the educational level 
under consideration.  
 
4.3 GAI Applications for GAI-Based Language Learning 
 
Figure 2 presents an overview of the GAI applications utilized in the reviewed articles. The 
most commonly employed platform was ChatGPT, which featured in 16 empirical studies. 
Within this set of 16 articles, various iterations of ChatGPT, namely ChatGPT-2, ChatGPT-3, 
ChatGPT-3.5, and ChatGPT-4, were scrutinized for their effectiveness in the language 
learning process. Notably, ChatGPT-3.5 garnered the highest frequency of adoption, 
featuring in 10 studies. Versions 3 and 2 were each applied in 4 and 3 articles, respectively, 
while the most recent iteration, ChatGPT 4, found application in two articles. However, one 
article did not specify the particular version of ChatGPT employed.  

Apart from ChatGPT, the review also examined other GAI applications, including 
Bard, Bing Chat, CopyAI, and Google T5, with each being the subject of investigation in a 
separate article. 
 

 
Figure 2. GAI applications used in the reviewed articles. 

 
4.4 Language Skills of GAI-Based Language Learning 

 
In the reviewed articles, GAI proves instrumental in fostering learners' acquisition of writing, 
reading, communication, and vocabulary skills. Twelve studies have harnessed GAI to 
facilitate writing practice, encompassing diverse tasks such as digital writing (Perkins, 2023), 
academic writing (Fyfe, 2022; Macdonald et al., 2023; Yan, 2023), reflective writing (Li et al., 
2023), poetry composition (Beheitt & HajHmida, 2023), and argumentative discourse (Hinton 
& Wagemans, 2023; Y. Su et al., 2023). Additionally, two studies utilized ChatGPT to 
generate reading materials (Bulut & Yildirim-Erbasli, 2022; Lee et al., 2023), while another 
pair employed the immediate feedback features of ChatGPT to cultivate learners' 
communication aptitude ((Mohamed, 2023; Young & Shishido, 2023)). One study recognized 
ChatGPT as an effective tool for language learners to enhance vocabulary acquisition (Ross, 
2023). However, three studies did not specify the particular learning skills that were intended 
to be enhanced through GAI.  
 
4.5 Advantages of Using GAI in Language Learning 

 
The integration of Generative Artificial Intelligence (GAI) into the language learning process 
confers significant benefits, leveraging its multifunctional capabilities, provision of immediate 
and personalized feedback, and user-friendly interface. 

Within the scope of the surveyed literature, GAI has showcased remarkable 
versatility, evidenced by its proficiency in executing diverse tasks. These tasks encompass a 
spectrum of activities, such as generating essays in numerous languages, crafting speeches 
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marked by a personalized style (Rudolph et al., 2023), succinctly summarizing complex 
documents (Yan, 2023), and, intriguingly, producing written content that surpasses the 
novelty observed in human-authored works. This achievement is attributed to GAI's 
extensive linguistic foundation (McCoy et al., 2023; Mohamed, 2023) An illustrative 
manifestation of GAI's efficacy is discerned in the realm of argumentative writing, where the 
arguments generated by GAI exhibit originality and potency, thereby augmenting the 
preparatory stages of language learners' writing endeavors (Kohnke et al., 2023; Y. Su et al., 
2023). Additionally, GAI emerges as a robust tool for vocabulary and grammar verification, 
notably aiding in the proofreading phase (Fyfe, 2022; Su et al., 2023). Noteworthy is the 
discernible enhancement of students' written output through GAI adoption, evidenced by a 
reduction in grammatical errors and a proliferation of lexical diversity (Yan, 2023). 

Concurrently, GAI substantiates its user-friendly disposition, catering to the requisites 
of both language educators and learners. This adaptability extends to the tailoring of outputs 
to align with the linguistic proficiency levels of the target audience. The intricate task of 
curating apt language learning materials, especially pertinent for elementary-level students, 
encounters a pragmatic solution in GAI's ability to swiftly generate contextually suitable 
texts. Educators can seamlessly elicit content suited to the cognitive capacity of young 
learners, enhancing the pedagogical experience (Ahmed, 2023; Bulut & Yildirim-Erbasli, 
2022; Lee et al., 2023). 

Moreover, empirical investigations underscore GAI's potential to engender 
heightened learner engagement, a facet facilitated by its interactive attributes. Immediate 
feedback emerges as a pivotal catalyst, invigorating students' proclivity to engage in 
meaningful language application, consequently fortifying their communicative self-assurance 
(Lee et al., 2023; Mohamed, 2023).  

 
4.6 Challenges of Using GAI in Language Learning 

 
The major defects of using GAI in language learning lie in the unstable output quality, ethical 
and plagiarism issues, the lack of human connection, and learners’ over-dependent on it.  

The poor quality of GAI output appeared in minority language conversations (Beheitt 
& HajHmida, 2023; Ross, 2023). On the other hand, the fake information produced by GAI 
had side effects on scientific research and academic writing (Bulut & Yildirim-Erbasli, 2022; 
Macdonald et al., 2023). Besides, for different task modalities, such as graphs and figures, 
GAI performed struggled with them (Li et al., 2023).  

In addition, the easy accessibility of GAI to students lead to massive similar work 
(Macdonald et al., 2023), and human teacher find it hard to differentiate between students’ 
work and GAI’s work (Li et al., 2023). It challenged traditional academic policies about 
ethical and plagiarism issues (Macdonald et al., 2023). 

Moreover, the fast generation lessened learners’ sense of participation, and 
compared to the GAI partners, students preferred to interact with teachers and classmates 
(Ahmed, 2023). Further, learners became lazy and did not check the GAI work because they 
were over-dependent on GAI. This situation had a high opportunity to appear in the low 
language proficiency level learners (Ahmed, 2023).   
 
4.7 Practical Effects of Using GAI in Language Learning 
 
In 20 reviewed articles, 15 suggested the practical effects of GAI. 12 studies indicated the 
GAI had excellent performance in completing the language learning tasks or significantly 
improved learners’ language learning performance. Other three studies indicate GAI had 
minor effects on promoting students’ performance. 
 
4.8 Learners’ Attitudes of Using GAI in Language Learning 

 
Nineteen articles investigated language learners’ attitudes toward GAI’s application. The 
participants from 13 studies held positive attitudes and highly rated GAI such as “good 
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learning tools” (Ross, 2023), “in favor of using GAI” (Lee et al., 2023), and “GPT architecture 
fits best for automatic poem generation” (Beheitt & HajHmida, 2023). Four studies kept 
neutral attitudes who admitted the advantages of GAI but were still concerned about its 
threats of plagiarism and ethical issues. Two studies expressed negative attitudes that 
consider the GAI cannot replace the classroom teaching modes (Ahmed, 2023; Qasem, 
2023). On the one hand, students hardly check ChatGPT’s output because they did not feel 
any sense of connect with the output they had, and instead of ChatGPT, the students 
preferred to cooperate with their classmates (Ahmed, 2023); On the other hand, the fake 
information produced by GAI made it untrustworthy in the academic writing process (Qasem, 
2023). 
 
4.9 The Roles of GAI in GAI-Based Language Learning 

 
We identified GAI's three roles in the language learning process: learning materials provider, 
co-author, and evaluator. As the learning materials provider, GAI could be an effective tool to 
gather learning information in vocabulary learning and practice with the definitions, 
translations, and grammar concepts (Ross, 2023). Meanwhile, GAI could generate reading 
materials to match different language proficiency levels of learners (Bulut & Yildirim-Erbasli, 
2022; Lee et al., 2023). As a co-author, GAI could provide a writing preparation plan and 
suggestions in completing writing tasks (Kohnke et al., 2023; McCoy et al., 2023; Su et al., 
2023), and it also worked as a grammar checker in the proofreading phase (Fyfe, 2022). 
Being an evaluator, GAI could provide feedback based on the input comment framework. 
However, the feedback quality depends crucially on the evaluative rubrics (Su et al., 2023). 
 
 
5. Discussions 
 
Compared with the related review, the present review had consistency in that the plagiarism 
and ethical issues were urgent to solve (Wilson & Billam, 2023). Meanwhile, within the 
educational domain, GAI's multifunctions could reduce learners' active learning (Rahman & 
Watanobe, 2023). Within the language education field, our results also agreed with Bin-Hady 
et al. (2023) that GAI could be an effective tool during the phase of language learning 
preparation. However, we also found that GAI could provide strong support for language 
learning through immediate feedback and a vast knowledge base during the learning 
process. GAI could be a practical tool for grammar checks and language rectification during 
the proofreading phase. In addition, the interactive feature of GAI unsatisfied the learners 
compared with traditional language classrooms, which is different from Rahman and 
Watanobe (2023), who highly commented on this feature. Furthermore, the current study 
identified the roles GAI played in the language learning process as an evaluator, co-author, 
and learning content provider, which extends the recognition to the GAI application in 
language education. 

We also propose future research directions in integrating GAI into language learning 
from five aspects (see Figure 3): 

 The methods of applying GAI in language education, as reviewed in previous studies, 
are limited and lack systematic approaches. Based on the three roles of GAI in 
language learning proposed by this study, the form of collaboration between humans 
and GAI warrants further exploration.   

 Redefine the GAI-based plagiarism and adjust academic integrity policy. This study 
proved that GAI has been a strong writing tool, and this factor challenged traditional 
academic integrity policy. The discussion of GAI-based plagiarism is necessary. 

 Examine the design of GAI-based language activities for learners with varying language 
proficiency levels. The current study discovered that the effectiveness of GAI-based 
learning methods is related to the language proficiency level of the learner. 
Consequently, the design of GAI-based language activities should take this into account 
and personalize the activities accordingly. 
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 Identify effective prompting strategies and attempt to incorporate student feedback into 
these prompts. The language proficiency level of students influences the quality of the 
prompts and the output quality of GAI. To enhance students' questioning skills and the 
output quality in GAI applications, further exploration of prompting strategies is required. 

 Boost the digital literacy of both language educators and learners by integrating GAI into 
language teacher education programs. The studies reviewed aim to incorporate GAI into 
educational practice, even teacher education programs. This requires both language 
learners and teachers to enhance their digital literacy. The methods to promote digital 
literacy among participants of different educational levels need further discussion. 
 

 
Figure 3. Future research directions of GAI in language education. 

 
 

6. Conclusions and Limitations 
 
With the aim of identifying how GAI could apply to the language education field, the current 
systematic review analyzed 20 related empirical studies strictly under the three-step 
framework. We reported the current research status of GAI in language learning related to 
target languages, learners' educational levels, GAI applications, language skills, and 
practical effects. Moreover, we combed the main benefits and challenges of using GAI in 
language learning. In addition, the language learners' attitudes toward GAI were concerned. 
And three roles of GAI played in the language learning process were identified as co-author, 
evaluator, and learning materials provider. We implicated future research directions in the 
GAI-based language learning field, referring to integrating the GAI into language education, 
including collaborations between humans and GAI, clarifying the definition of GAI-powered 
plagiarism, GAI-based language activities design, prompting strategies, and digital literacy.  

The limitation lies in the limited empirical studies that could be analyzed because GAI 
was the latest concept, which is still developed in the initial phase. 
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Abstract: Fetal appearance and proper position evaluation are crucial for
determining the best labor treatments. Healthcare or midwifery nurses, require
knowledge about the fetus's position and health to make decisions on whether to
induce labor. In addition, attending to the patient's needs throughout labor is
essential. The fetal positioning and monitoring process may be uncovered with the
use of Leopold's techniques. Students find it challenging to apply what they learn in
the classroom to real-world challenges since standard training lacks chances for
clinical experience and application. This study aims to investigate the impact of
integrating online game-based environments with gamification and a self-regulated
learning (SRL) strategy on nursing students' Leopold's maneuvers skills. The use of
games as a learning tool in education has gained popularity due to its ability to
provide a playful and motivating experience for students, as well as fostering
cooperation among them. However, the application of game-based learning and
gamification in nursing skill instruction remains understudied. The researchers
propose integrating an online game-based environment called Gather with
gamification features and a self-regulated learning strategy for nursing students. The
self-regulated learning approach in this study includes goal setting, performing tasks
with gamification elements such as points, badge, leaderboards, and self-evaluation.
An experiment will be conducted at a nursing school in a Taiwan university using a
quasi-experimental design to investigate the learning performance, motivation,
self-efficacy and perceptions.

Keywords: Gamification, online game-based environment, self-regulated learning,
Leopold’s maneuvers, nursing education.

1. Introduction

An accurate assessment of the fetus's presentation and position is crucial for determining
the exact time of birth (McFarlin et al., 1985). The four Leopold's maneuvers identify fetal
orientation (Mirghani et al., 2007). This technique gives expecting mothers a sense of their
child's position in the womb, promoting awareness of the growing fetus (Nishikawa &
Sakakibara, 2013). Nursing education emphasizes the importance of training in fundamental
competencies such as knowledge, skills, and attitudes (Hwang & Chang, 2020). Nurses
employ various interventions, such as Leopold's maneuvers, to strengthen maternal bonding
and increase fetal awareness (Brandon et al., 2009). However, recognizing an occiput
posterior fetus challenges traditional teaching and learning methods (Biancuzzo, 1993).
Traditional training lacks clinical practice and application opportunities, making it difficult for
students to apply classroom knowledge to real-world problems (Chang et al., 2020).

Furthermore, research has indicated that the implementation of successful
pedagogical approaches is imperative for improving academic performance among students
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(Chang et al., 2020). The researcher establishes a correlation between variances in
students' learning abilities and insufficiency in self-regulatory skills. This viewpoint prioritized
the identification of students' self-awareness to manage their boundaries and pursue their
academic pursuits effectively. While educators need to know their students' learning abilities,
their primary objective should be facilitating students' self-awareness of these differences.
According to Zimmerman (2002), if students encounter difficulty comprehending a particular
aspect of a course during class, it is incumbent upon them to exhibit self-awareness and
strategic understanding to implement corrective measures. Hence, it is imperative to
facilitate nursing students' learning through a self-regulated strategy.

The use of game-based learning and various forms of gamification is increasingly
gaining traction within the realm of education. One of the rationales behind utilizing games
as a learning tool is that it provides a playful experience that provides a source of motivation
for students. Another factor pertains to the games' social dimension, which fosters student
cooperation (Vidergor, 2021). However, this strategy has been investigated infrequently for
nursing skill instruction (Chang et al., 2022). Previous research has demonstrated the
effectiveness of online game-based learning (Yang et al., 2021). Using games as an
educational tool has had positive results, as evidenced by documented improvements in
academic performance, student motivation, and diligence across various fields of study
(Barata et al., 2017). Gamification is a new method that tries to motivate and engage people
(Bozkurt & Durak, 2018). To further understand the impact of certain gamification features or
designs, academic research is increasingly looking to motivation, behaviour, and learning
theories (Nacke & Deterding, 2017).

Therefore, its important to guide nursing students in a self-regulated learning strategy
with gamification inside. To this end, this study proposed an approach for integrating online
game-based environments using Gather with gamification inside with a self-regulated
learning strategy to investigate its impact on nursing students’ Leopold’s maneuvers skills.
Gamification with self-regulated learning is integrated in this study. The self-regulated
learning in this study included: goal setting, doing the task and having gamification inside;
the students can get the points, rewards, and leaderboard after finishing the task, and the
last step is self-evaluation. To investigate the potency of the proposed approach, an
experiment will be conducted at a school of nursing in a Taiwan university. We will use a
quasi-experimental design to answer the following research questions.

1.) How does gamification with a self-regulated approach improve the students'
learning performance compared to gamification without an SRL approach to
learning Leopold’s maneuvers skill?

2.) How does gamification with a self-regulated approach improve the students'
learning motivation compared to gamification without an SRL approach to
learning Leopold’s maneuvers skill?

3.) How does gamification with a self-regulated approach improve the students'
self-efficacy compared to gamification without an SRL approach to learning
Leopold’s maneuvers skill?

4.) What is students’ perception toward gamification with self-regulated learning?

2. Literature Review

2.1 Gamification in Nursing Education
The utilization of game-based learning and diverse forms of gamification is

progressively garnering momentum in the domain of education (Vidergor, 2021).
Gamification can enhance learning experiences by positively impacting various factors such
as extrinsic motivation, enjoyment, feedback, collaborative work, and active learning
(Ferriz-Valero et al., 2020). Several studies have explored the effectiveness of gamification
in various health care domains, such as clinical skills training and teaching learning in
medical education (Gentry, et al., 2019; Kim & Kim, 2022; Sardi et al., 2017). These studies
have demonstrated positive effect, including increased knowledge, skills, professional
attitudes, outcomes, and satisfaction attitude; was effective in helping students emphatize
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with their patients and improve their problem-solving skills; gamification of e-Health
frequently involves the utilization of rewards, feedback, and socialization elements. However,
the use of gamification in the context of promoting nursing students' performance in
Leopold’s maneuvers remains limited.

For instance, a study by Koivisto, et al., (2016) implemented experiences of learning
clinical reasoning processes by playing a 3D simulation game. The utilization of gamification
has the potential to facilitate the development of clinical reasoning, problem identification,
and the application of theoretical knowledge, as evidenced by the findings of this
investigation. The utilization of 3D patient scenarios in clinical reasoning, which incorporate
interactive patient and equipment features, can provide prompt feedback to healthcare
professionals.

Another study by Brull et al., (2017) implemented a gamified learning platform to
investigate the efficacy of three pedagogical approaches, namely didactic, online modules
and gamification, in the context of wound management, pain management, and fall
prevention during orientation. The platform integrates avatar-based gaming with educational
content accompanied by knowledge-based challenges and the opportunity to earn badges.
The results indicate that gamification is a viable instructional approach in contrast to
conventional pedagogical techniques. The incorporation of gaming elements in the learning
process was found to be positively received by staff and resulted in higher knowledge
retention. The findings indicate that gamification effectively increases the users attention,
elicits a sense of pleasure and foster the utilization of cognitive abilities. Therefore, to
increases nursing students performance, motivation, self-efficacy and perceptions,
researcher will conduct gamification elements during learning activity.

2.2 Self-Regulated Learning in Nursing Education
Self-regulated learning (SRL) is a construct that emphasizes learners active

engagement in planning, monitoring and evaluating their learning process (Zimmerman,
2002). The ability to engage in self-regulated learning (SRL) is an essential skill that
physicians must possess in order to pursue lifelong learning and provide superior healthcare
services (Bransen et al., 2022). According to (Yang et al., 2018), students may lose sight of
their learning objectives and performance if they don’t use proper learning tactics when
playing games. Several studies have explored the effectiveness of self-regulated learning in
various health care domains, including SRL in a competency-based, e-learning on patient
safety (Zheng et al., 2020; Gaupp et al., 2018). These studies examined the employment of
self-regulated learning (SRL) by students across their self-reported levels of academic
achievement. The findings revealed that students at all levels utilized planning and reflection
strategies.

Furthermore, the study by (Yoo & Jung, 2022) pointed out that self-regulated learning
was observed to manifest when individuals were provided with chances to engage in
self-regulated study and leadership activities, as well as when they established interpersonal
connections with their professors and peers. These methods have been acknowledged to
enhance the level of satisfaction in the process of learning. Based on the findings of this
investigation, it is imperative to devise pedagogical approaches that augment the degree of
contentment experienced by learners enrolled in remote nursing education curricula.
However the use of self-regulated learning in the context of Leopold’s maneuvers skills or
other clinical skills remains limited. Therefore, to enhance students self-regulated learning by
their own learning, this study will conducted its impact on nursing students clinical skills,
especially for Leopold’s maneuvers skills.

3. Methodology

3.1 Study design and participants

We will adopt a quasi-experimental design and use online game-based learning
environments using Gather and gamification inside with a self-regulated learning strategy to
know its impact on nursing students Leopold's maneuvers skills. First-year nursing students
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will be recruited as experiment participants, and the same teacher will teach all participants.
We will randomly assign 25 participants to the experimental group to conduct gamification
with a self-regulated learning strategy and 25 participants to the control group using
traditional course learning. The experimental group use Gather as an online game-based
learning environment.

3.2 Development gamification with self-regulated learning strategy through an online
game-based environment using Gather

The adoption of digital technology in teaching and learning has garnered significant
attention from educators, particularly those in higher education. The process of digitalized
learning entails incorporating technological tools to transform educational materials into
digital formats, which may include video recordings, audio files, and video conferencing
(Yow, 2022). We used Gather to develop an online game-based environment as an
interactive role-playing game to teach Leopold’s maneuvers skills. The tool facilitates the
creation of virtual spaces that accurately represent physical locations, with the added
capability of integrating game settings such as tables, offices, and classrooms into virtual
rooms. According to (Najjar et al., 2022), the tool facilitates the creation of virtual parts where
users can position their avatars and communicate with other participants who are also
present. They can also use video, audio, and chat to communicate.

By integrating gamification inside the Gather, we used a self-regulated learning
strategy to regulate their limit throughout their learning interests. Figure 1. illustrates
self-regulated learning with a gamification process through an online game-based
environment using Gather. There are three phases the students must follow after they enter
the learning game environment: forethought phase; goal setting, performance phase; doing
the task, and self-reflection phase; self-evaluation. During the "forethought phase" the
system prompts students to set learning objectives, including anticipated classification,
anticipated correct-answer rate, and anticipated learning duration. During the "performance
phase" students are instructed to observe and track their learning progress and rate of goal
attainment while participating in the game. Also, upon completion of each phase of the
game, the system provides feedback to students based on their game results. In the
"self-reflection phase", students are guided to assess and reflect on their learning outcomes.
They are then encouraged to modify their goal-setting approach for the next stage of the
game. Before starting the game or learning activities, the teacher will introduce the system
and learning material. To start the game, the students need to go in the direction in the first
phase; they set their learning goals by embedding Google Forms into Gather. Then, before
the students do the task, they can learn by watching a video about Leopold’s maneuvers in
Gather. After that, in the second phase, students do the task by following the directions in
the game; while students do the task, they can see their points, badge, and leaderboard and
other students' leaderboards. To end this game, in the third phase, students need to follow
the direction to fill self-evaluation form in Gather to evaluate their learning according to their
doing the task and goal-setting status.

The educational scenarios that were formulated within the game were derived from a
nursing textbook and a formal nursing protocol of fundamental nursing proficiencies
(Superville et al., 2023), especially in Leopold’s maneuvers skills (such as indications,
contraindications, preparations, technique, complications and clinical significance) which
were reviewed for content validity by two experts in the field of nursing education. The
storyline in this game is based on the development of Leopold’s maneuvers skills. Students
need to learn the process of four Leopold’s maneuvers by completing the five-step learning
task (i.e., indications, contraindications, preparation, procedure and complication). In the first
step, students need to understand what the indications are and the reasons or criteria that
make Leopold's maneuvers of action appropriate or necessary for a patient. In the second
step, students need to understand   what are the specific circumstances, conditions, or factors
that make a particular medical treatment, procedure, or intervention inadvisable or potentially
harmful for a patient, especially for Leopold's maneuvers intervention. In the third step,
nursing students need to be familiar with the specific equipment, instruments, and supplies
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required for a particular procedure. They must know how to operate the equipment, ensure
its proper functioning, and be aware of any specific considerations or precautions. In the
fourth step, that important step, students need to understand well about Leopold’s
maneuvers skills procedure and how to implement the intervention. In the last step, students
need to understand who can take risks, complications unexpected or undesirable outcomes
that may occur during or after a medical procedure. Complications can range from mild and
temporary side effects to severe and potentially life-threatening events.

Figure 1. Self-regulated learning with gamification process

3.3 Experimental procedure

Figure 2. illustrates the experimental procedure of this study. Before the learning activities,
the teacher introduces Leopold’s maneuvers skills syllabus and learning goals. All students
will take the learning performance pre-test and complete the learning motivation and
self-efficacy pre-questionnaire. The students will be divided into the experimental group and
control group to learn about Leopold’s maneuvers skills. More specifically, the experimental
group will complete gamification with a self-regulated learning strategy, while the control
group will complete this course using traditional classroom. The experimental group utilized
gamification with self-regulated learning strategy, which is gamification involves incorporating
gamification elements such as points, badge and leaderboard into the learning process to
enhance learning outcomes and motivation. And self-regulated learning involves the
students taking an active role in their learning process. They set their learning goals, watch
instructional video, complete task and then evaluate their learning performance. While the
control group follows a traditional approach to learning. Students in this group watch
instructional video, practice and complete learning sheets. Furthermore, the learning activity
will carry out once a week for 100 mins each time, for a total of 200 mins over two weeks.
The purpose of this study is to investigate whether the gamification and self-regulated
learning approach in the experimental group leads to better learning performance, increase
motivation and improved self-regulated learning compare to traditional classroom approach
in the control group. After the learning activities, all students will complete the learning
performance post-test and the post-questionnaire of learning motivation and self-efficacy.
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Figure 2. Experimental procedure

3.4 Instruments

The Leopold’s maneuvers test was created by two experienced nursing educators to
assess students' pre- and post-knowledge of Leopold's maneuvers. Each test had 20
multiple-choice questions about Leopold's maneuvers, with a total score of 100.

The learning motivation scale was adopted by Wang and Chen (2010). It consisted of
three items for intrinsic motivation such as “In this course, I prefer course material that really
challenges me so I can learn new things.”, “In this course, I prefer course material that
arouses my curiosity, even if it is difficult to learn.” and “When I have the opportunity, I
choose to do the quizzes in this course that I can learn from, even if they don’t guarantee a
good grade.” and three items for extrinsic motivation such as “Getting a good grade and
mastering Leopold’s maneuvers skills in this course are the most satisfying things for me.”,
“If I can, I want to get better grades in this course than most of the other students.” and “I
want to do well in this course because it is important to show my skills to my family, friends,
employer, and others.”. A 5-point Likert scale will be adopted in this measure, ranging from 1
(strongly disagree) to 5 (strongly agree).

The self-efficacy scale was adopted by Pintrich et al. (1991). It consisted of eight items,
such as “I believe I will receive an excellent grade in this class.”, “I’m certain I can
understand the most difficult learning material presented in this game.”, “I’m confident I can
understand the basic concepts taught in this course.”, “I’m confident I can understand the
most complex material presented in this game.”, “I’m confident I can do an excellent job on
the tasks in this game.”, “I expect to do well in this course.”, “I’m certain I can master
Leopold’s maneuvers skills being taught in this course.” and “Considering the difficulty of this
course, the teacher, and the Leopold’s maneuvers skills, I think I will do well in this course.”.
A 5-point Likert scale will be adopted in this measure, ranging from 1 (strongly disagree) to 5
(strongly agree).

The online game-based environment using Gather.town was developed in this study.
This is capable of running on individual personal computers. The students can choose their
avatar and sign in to the game map and enable to open the video, audio and chat with other
students. By embedding learning strategies into Gather and gamification inside the task.
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Furthermore, a set of questions was adopted by Chang et al. (2020) to interview to
know the students' perceptions after using this system: 1.) What was the difference between
this kind of instruction and the way you expected? 2.) As a whole, what were the advantages
of this learning approach from your perspectives? 3.) In which part did you gain the most by
using this approach? In which part did you learn the most? 4.) What should be improved with
regard to the function or interface design of the system? 5.) Do you look forward to learning
with this learning approach again? What kind of subject? Why? Why are these subjects
suitable for this type of learning? 6.) Would you recommend that your classmates learn by
using this system or this kind of method? Do you think they need to learn using this kind of
approach? Or, do you think they would like to learn using this method? 7.) Would you
recommend that your teachers teach using this system or this kind of method? Do you think
they need to teach in this way? Or, do you think they would like to teach using this method?

4. Expected Results

The study aims to examine the impact of a gamified learning intervention with a
self-regulated approach on nursing students' performance in conducting Leopold's
maneuvers. It is anticipated that gamification and self-regulated learning strategies will lead
to several positive outcomes. To begin, nursing students engaging in the intervention are
required to exhibit enhanced skill in completing Leopold's maneuvers. Gamified learning and
self-regulation approaches are expected to improve students' performance, motivation, and
self-efficacy due to their interactive and engaging character. Second, the intervention is
intended to improve information retention among nursing students since gamification and
self-regulated learning promote deeper comprehension and memory consolidation. Third,
implementing self-regulatory skills inside the gamified learning is expected to boost students'
development of self-regulatory abilities such as goal-setting and self-evaluation. This may
result in enhanced self-awareness, self-efficacy, and the capacity to recognize and address
areas for improvement in performing Leopold's maneuvers. Finally, the intervention is
projected to elicit positive student feedback and satisfaction since the engaging and
immersive character of gamification, combined with the autonomy and control offered by
self-regulated learning, is likely to promote a good learning experience.

5. Conclusions

While gamification and self-regulated learning have each shown favorable impacts in nursing
education, their combined influence on enhancing nursing students' performance in
Leopold's maneuvers is unknown. As a result, future research should focus on designing
gamified learning procedures that combine self-regulated learning principles in order to
increase nursing students' knowledge of Leopold's maneuvers.

Nursing educators may improve the efficacy of teaching and learning approaches,
thereby boosting the quality of care offered by future nurses, by exploiting the potential of
gamification and self-regulated learning. Interactive simulations, virtual reality settings, or
instructional games that involve students in practicing and implementing Leopold's
maneuvers in a controlled and immersive environment are examples of gamified learning
interventions.

Integrating self-regulated learning into these gamified interventions might help
nursing students take responsibility of their learning experience even more. Students may
improve their metacognitive abilities and gain a better comprehension of Leopold's skills by
encouraging goal-setting and self-evaluation. The purpose of this study is to improve nursing
students' motivation, self-efficacy, and perceptions of competence.

Furthermore, the use of gamified learning interventions can help to bridge the gap
between theoretical knowledge and practical application. Students can obtain vital
experience and confidence in completing Leopold's maneuvers by imitating real-world
conditions and offering instant feedback. This method not only increases students' learning
performance but also prepares them for the difficulties they may face in clinical settings.

69



Finally, the combination of gamification and self-regulated learning has significant
promise for increasing nursing education and nursing students' competency in completing
Leopold's maneuvers. More study in this area might give useful insights into creating and
implementing successful gamified learning interventions that increase skill development,
motivation, and self-efficacy among nursing students. Finally, these improvements have the
potential to improve the overall quality of care offered by future nurses.
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Abstract: Pitch accuracy and rhythm errors are the most common problems 
encountered by erhu beginners. The traditional way of learning the erhu involves using 
a tuner and a metronome to improve these two issues. However, for erhu beginners, 
without the assistance of a teacher, it is often difficult to address these problems 
effectively. Therefore, this study has developed an "Intelligent Personalized Erhu Pitch 
and Rhythm Learning System" to help erhu learners learn to pitch and rhythm anytime 
and anywhere without the presence of a teacher while providing professional feedback. 
This system included pitch and rhythm training features. In addition to automatically 
generating sheet music in the MML (Music Macro Language) format, it allows the erhu 
learners to play along with the sheet music. After each performance, the system 
provides learners with expert-like comments on pitch and rhythm, respectively. The 
system also keeps a record of learners' practice sessions and provides appropriate 
encouragement and guidance based on their learning progress by creating an 
intelligent and personalized learning scaffold. After the development of the system, this 
study conducted a usability evaluation and investigated the relationship between 
usability and erhu playing experience. The results showed that the average for all 
usability dimensions was above 4.6, indicating that the system is acceptable for erhu 
learners. Moreover, learners with more erhu playing experience showed higher 
acceptance of the system compared to those with less experience in erhu. 

 
Keywords: Intelligent, personalized, erhu, pitch learning, rhythm learning, usability 
evaluation 

 
 
1. Introduction 
 
1.1 Background 
 
Erhu is popular among the Chinese community because of its cultural identity and 
expressiveness. Erhu lessons can be conducted in both one-on-one and group classes. 
Although the quality and progress of group classes may not be as good as one-on-one 
teaching lessons, most amateur learners prefer group classes because of the low price, the 
ease of making friends, and the relaxed learning environment. 
 
1.2 Motivation and Purpose 
 
Erhu is not easy to learn because it needs proficient skills to control the tone color, pitch, and 
rhythm. Beginners will need to rely on a teacher for a long time to master those skills. However, 
it takes more time for a teacher to demonstrate and explain in group classes, which makes it 
impossible to correct every problem with rhythm or pitch (Hwang, Chen, Sung, & Kuo, 2015). 
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In traditional erhu group teaching, students practice pitch and rhythm with the teacher and 
using a tuner and metronome to correct pitch and rhythm. Learners are often unable to 
remember the mistakes they have made. The metronome stabilizes the rhythm, but it is less 
likely to be used as a tool for learning rhythm. Therefore, this study has developed an 
"Intelligent Personalized Erhu Pitch and Rhythm Learning System" to address the above 
problems of erhu learning to improve erhu learners' pitch and rhythm. 
 
 
2. Literature Review 
 
2.1 Technology-Assisted Pitch Learning 
 
The sound of a bowed string instrument is controlled by pressing the strings, which is difficult 
for beginners because they need to control fingering, bowing posture, and develop pitch 
listening skills. Therefore, Wang, Wang, Chen, Chang, and Chen (2012, July) developed a 
violin pitch detection system that provides scales and arpeggio scores as teaching materials. 
Violin learners can choose different rhythms to practice according to their level. Unlike the 
violin, the erhu does not have a fingerboard to press, and all pitches need to be pressed with 
the left hand floating in the air. 
 Previous research has developed two erhu learning systems to improve finger position, 
pitch (Kikukawa, Ishihara, & Soga, 2013), and bowing (Kikukawa & Soga, 2014) using 
magnetic position sensors and display interface. Although these systems for erhu beginners 
are accompanied by a visualized interface, the device is still too complicated for those who 
need to practice constantly. Each time they wear the device, they may become less willing to 
learn. Therefore, there is a need for a more convenient erhu learning system that allows 
learners to learn anytime and anywhere without wearing any equipment, as long as they have 
a tablet. 
 
2.2  Technology-Assisted Rhythm Learning 
 
Another important element of playing an instrument is rhythm. It is very important to have a 
correct and stable rhythm when playing music. However, beginners are often influenced by 
their own senses, resulting in a fast or slow rhythm that affects their overall performance. 
Therefore, learners usually use a metronome to stabilize their instruments. 

Many studies have used body postures and beats to improve learners' rhythms, either 
indirectly or directly. For example, Fonteles and Rodrigues (2021) proposed a Kinect-based 
conducting system that allows students to imitate a conductor and thus train rhythm stability. 
At the same time, the system proved to be effective, simple and flexible. As another example, 
Dos Santos, Loke, Yacef and Martinez-Maldonado (2022) proposed a method for modeling 
rhythmic movements through smartphones. The smartphone's motion sensor enhanced the 
dance teachers' assessment of rhythm-related dance skills. These two studies were 
conducted to generate and evaluate music-related motion features and to enhance rhythm 
evaluation through dance teacher examination. 

Although these systems are helpful for learners' rhythm, they are not suitable for erhu 
learners because the erhu requires the coordination of left and right hands. Therefore, we 
developed the “Intelligent Personalized Erhu Pitch and Rhythm Learning System” to help 
learners learn how to play the erhu. 
 
2.3  Intelligent Personalization Systems 
 
In order to achieve personalized teaching and learning, an assisted learning system should 
not only provide learning resources and a learning environment for learners, but also actively 
interact with them to understand their learning situation and imitate the teaching style of real 
teachers to provide different teaching materials for different users. For example, Desmarais 
and Baker (2012) suggested that intelligent learning systems should embed learner models 
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that effectively deal with uncertainty and partial evidence. This helps students know more 
about their learning progress. In addition, Zhe (2021) designed an Intelligent Guided Learning 
System (IGLS) model for music sight-reading, which not only combines the characteristics of 
the music sight-singing subject in teaching contents and teaching methods but also proposes 
a difficulty feature-based score recommendation algorithm and the sight-singing scoring 
algorithm.  
 Therefore, the system developed in this study incorporated the concept of intelligent 
personalized learning, allowing learners to learn on their own at any time and from anywhere, 
as well as incorporating comments from real erhu teachers and recording their learning history 
to provide a personalized learning guide. 
 
 
3. System Design 
 
3.1 System Architecture 
 
The system architecture diagram is shown in the left of Figure 1. After entering the system, 
the learners can first tune and then choose to practice the pitch or rhythm. The system will 
generate the corresponding sheet music for the learners. It will analyze and provide a score 
and suggestions for each pitch after the learner completes their performance according to the 
instructions. The results will be recorded for learners to check at any time. 
 
3.2 Tuning Mode 
 
The system has a built-in tuner for learners to tune before practicing. The screenshot of the 
built-in tuner is shown in the right of Figure 1. Before using the tuner, learners can choose to 
adjust the A4 frequency. Although the international standard for A4 is 440 Hz, some 
performers or orchestras will adjust the A4 frequency from 436 Hz to 444 Hz in order to achieve 
the best performance. When the learner adjusts the A4 frequency of the tuner of this system, 
the system will update the A4 frequency of the practice mode at the same time. 

 

 
Figure 1. System Architecture Diagram and Screenshot of the Built-in Tuner. 

 
3.3 Pitch Training Diagnostic Mode  
 
Since a semitone is equal to 100 cents, a reasonable range for a pitch is plus or minus 50 
cents, i.e., a frequency exceeding plus or minus 50 cents is considered out of tune. The human 
ear can distinguish at least 25 cents (Peretz & Hyde, 2003), so when comparing, the exact 
pitch can be set at about 20–25 cents, and when the detected frequency falls within plus or 
minus 20 cents after the cents calculation, it can be judged as the correct pitch. The detailed 
phonetic score judging criteria are shown in Table 1. 
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Table 1. Tone Division Judgment Standard 
Judgment Judgment Criteria 
Correct |cent|<20 
Too high 20<|cent|<50 & cent>0 
Too low 20<|cent|<50 & cent<0 
Out of tune |cent| 50 
Not played f = 0 

 
 The pitch training mode, as shown on the left of Figure 2, allows learners to choose 
the level they want to practice at. There are descriptions of the topic below each level's button 
so that learners can choose the appropriate level according to their ability. 
 The sheet music produced by the pitch training mode includes scale exercises based 
on the commonly used keys of the erhu (D, G, C, F, A, bB) and three positions (two octaves). 
The note will be marked during the performance to guide the learner. The correct frequency 
waveform (black) and detected frequency waveform (red) will be displayed on the top of the 
interface so that the learners can instantly check their performance status, as shown in the 
right of Figure 2. 

 

 
Figure 2. Screenshot of Level Selection and During Performance. 

 
 After playing, the system will analyze the learner's performance and display the 
detection results for each note below the corresponding note, as shown in Figure 3. There are 
four judgment levels, each represented by a color, and each judgment level is scored 
according to the judgment level. In the performance results, learners can click on a note on 
the score to enter the individual diagnosis interface. The individual diagnosis interface of the 
pitch mode (Figure 4) shows information about the performance judgment (correct, high, low, 
severely high, and severely low), the judgment problem, and suggestions for correction. 

 

 
Figure 3. Screenshot of the End of Performance. 
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Figure 4. Individual Diagnostic Screenshot of the Pitch Training Diagnostic Mode. 

 
3.4 Rhythm Training Diagnostic Mode 
 
The criteria for detecting rhythm is to compare the detected start time, end time and duration 
with the correct start time, end time and duration, respectively. The threshold value for both 
start and end times is TH, and the threshold value for the duration is 20% of the correct time. 
There are four judgments for start time, end time, and duration. The four judgments for start 
time are "not played", "beat rush", "beat drop", and "correct"; the four judgments for end time 
are "not played", "beat rush", "beat drag", and "correct"; and the four judgments for duration 
are "not played", "too short", "too long", and "correct". The criteria for calculating the rhythm 
score are shown in Table 2. 
 
Table 2. Rhythm Score Calculation Criteria 

Status Judgment criteria Score Weight 

Pitch Exact string 1 1 Wrong string 0 

Start time Time Difference < TH 1 1 Time Difference > TH 0 

End time Time Difference< TH 1 1 Time Difference > TH 0 

Duration Time Difference < 20% 1 1 Time Difference > 20% 0 

Rhythm coverage rate 
Coverage rate >80% 2 

4 50%< Coverage rate <80% 1 
Coverage rate <50% 0 

The number of points obtained = Score x Weight 
Rhythm score = (Total number of points obtained / 12) x 100 

 
 The rhythm training diagnostic mode generates sheet music in different rhythms, 
including the common erhu rhythms (4 beats, 3 beats, 2 beats, 1 beat, half beat, etc.), and the 
rhythm practice is in D major. The notes are composed of the inner string and the outer string 
played together. The individual diagnostic interface of the Rhythm mode (Figure 5) shows 
information about the correctness of the empty strings (inner and outer strings), the error time 
of the entry point, the error time of the breakpoint, the error of the playing length, the rhythm 
coverage, and the rhythm score, with the criteria shown in Table 3. 

 

76



 
Figure 5. Rhythm Mode Individual Diagnosis Interface. 

 
Table 3. Judgment Levels and Scoring Criteria 

Color Sound level mode Rhythm mode Score Weight 
Blue |Cent| ≤ 20 Rhythm Score ≥ 90 1 3 

Green 20 < |Cent| ≤ 50 60 ≤ Rhythm Score < 90 0.5 2 
Orange |Cent|>50 0 < Rhythm Score < 60 0 1 

red Not played Rhythm Score = 0 0 0 
 
3.5 Intelligent Personalized History Analysis and Guidance Model 
 
After each performance, the system will record the results of the performance. In the history 
analysis interface, each record will show the serial number, user name, selected practice 
mode, level, score, and performance date. The history analysis interface is shown in Figure 6. 
 After playing, the learner can click on the button in the upper right corner for history 
analysis to view past performances and compare the accuracy of each month's performance. 
 

 
Figure 6. History Analysis. 

 
 The system will analyze the learner's learning history by month, mainly divided into 
three analysis modes: "Analysis of this month", "Comparison of specified months" and "Trend 
of performance accuracy". Learners can click on the upper-right corner button to check their 
past record in the History Analysis and use the drop-down menus to select the items they want 
to view: 
 Analysis of this month: The analysis for this month is shown on the left of Figure 7. The 
system first collects all the records of the learner's performance at the specified level in this 
month and then calculates the accuracy (percentage) of each item in the level (pitch training 
mode is the pitch that appears in the track, rhythm training mode is the beat that appears in 
the track) according to the weights in Table 3. The system calculates the sum of the weights 
of each item in the month and the total number of items and then divides the sum and the total 
number by 3 (the weight is 3) to calculate the accuracy of the item in the month. At last, the 
accuracy of every item will be presented in a bar chart. 
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 Specified month comparison: The schematic diagram of the specified month 
comparison is shown on the right of Figure 7. The calculation method is the same as the 
"analysis of this month". Learners can compare whether they have progressed or regressed 
in playing the item this month with previous months. 
 

 
Figure 7. Analysis of the Month (Rhythm Mode) and Comparison of Specified Months. 

 
 Performance Accuracy Trend: The performance accuracy trend graph is shown in 
Figure 8. This mode analyzes the average accuracy of the learner for each month at the 
specified level. The system lists the months in which the learner played the specified level 
from the oldest to the newest, calculates the average accuracy for each month, and then 
presents the average accuracy trend for the specified level as a line graph. 
 

 
Figure 8. Performance Accuracy Trend. 

 
 
4. Experimental Results and Analysis 
 
4.1 System Availability Evaluation  
 
After the system was developed, in order to investigate whether the interface and operation of 
the system are suitable for erhu learners, erhu students and teachers were invited to try out 
and operate the "Intelligent Personalized Erhu Pitch and Rhythm Learning System" developed 
by this study. They need to fill out the usability evaluation questionnaire, and an interview will 
be conducted to find out their thoughts after operating the system. 

The usability evaluation questionnaire used in this study was planned and designed 
according to the 10 user interface usability evaluation criteria of the system proposed by 
Nielsen (1994) and Nielsen (1994, April) and was designed using Likert (1932) five-point 
scales. Each question has 5 options: "Strongly agree (5 points)", "Agree (4 points)", " Neither 
agree nor disagree (3 points)", "Disagree (2 points)" and "Strongly disagree (1 point) ". Each 
dimension has three questions according to the system design, and the entire questionnaire 
has a total of 30 questions. 
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4.2 Experimental Subjects  
 
The subjects of this study were 34 erhu learners from a music classroom in central Taiwan 
and erhu majors from the Department of Chinese Music at a university of the art in southern 
Taiwan. The age distribution ranges from 9 to 74 years old, from 1 to 10 hours of erhu practice 
per week, and from less than 1 year to more than 10 years of erhu playing experience. 
 
4.3 Experimental Process  
 
The experimental procedure for system usability evaluation in this study is shown in Figure 9. 
Before the experiment starts, the experimental subjects will be informed of the experimental 
precautions and asked to fill out the informed consent form for 10 minutes. After that, the 
experimental subjects were introduced to the functions of the system and explained the 
system’s operation procedure for about 10 minutes. Each experimental subject performed the 
system operation according to the learning sheet. The experimental subjects will be allowed 
to use the tuner of the system to tune the erhu for about 5 minutes after the explanation of the 
system operation. Then, the experimental subjects will be allowed to practice pitch and rhythm, 
respectively. They can check the sheet music for each mode and choose two of them to 
practice for about 15 minutes. After all the tracks are practiced, the experimental subjects will 
be allowed to view the performance records and analysis of the performance for about 5 
minutes. Lastly, a 15-minute usability evaluation questionnaire and a post-use interview were 
conducted to find out what they thought of the system. The experiments are shown in Figure 
10. 
 

 
Figure 9. The Experimental Procedure. 

 

 
Figure 10. Usability Evaluation Experiments. 

 
4.4 Data Collection and Analysis  
 
After all the subjects had completed the experiment and filled out the questionnaires, all the 
data were analyzed using SPSS statistical software. First, a reliability analysis was carried out. 
The results showed that the Cronbach's Alpha values of each facet were greater than 0.7 
(between 0.755 and 0.906), indicating that all questionnaires reached an acceptable level. 
 After analyzing the reliability of the questionnaire, we then analyze the average of each 
dimension. The usability evaluation results can be seen in Table 4. The average of all 
dimensions is greater than 4.6. The results show that the system developed by this research 
is suitable for erhu learners. Among them, the top three with higher averages are H4, H7 and 
H5. 
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Table 4. Result of Usability Evaluation 

Usability evaluation dimensions Count Min Max Ave SD Ranking 
H1 Visibility of system status  34 3.0 5.0 4.690 0.478 5 
H2 Match between system and the real world 34 3.0 5.0 4.618 0.520 10 
H3 User control and freedom 34 3.0 5.0 4.710 0.448 4 
H4 Consistency and standards 34 4.0 5.0 4.770 0.374 1 
H5 Error prevention 34 3.0 5.0 4.740 0.433 3 
H6 Recognition rather than recall 34 3.0 5.0 4.670 0.519 8 
H7 Flexibility and efficiency of use 34 3.0 5.0 4.750 0.421 2 
H8 Aesthetic and minimalist design 34 3.0 5.0 4.680 0.522 6 
H9 Help users recognize, diagnose, and 
 recover from errors 34 4.0 5.0 4.670 0.512 9 

H10 Help and documentation 34 3.0 5.0 4.680 0.522 7 
Average of the dimensions 34 3.4 5.0 4.696 0.437  

 
 In Table 5, erhu learners with more erhu playing experience had significantly higher 
averages in H6, H7, H8, and H9 than erhu learners with less experience, which means they 
have higher acceptance of the system. 
 
Table 5. Impact of Erhu Playing Experience on Usability Evaluation 

Usability evaluation dimensions Erhu playing 
experience Count Ave SD t 

H1 Visibility of system status >=8 years 16 4.792 0.382 1.221 <=7 years 18 4.593 0.543 

H2 Match between system and the real world >=8 years 16 4.688 0.412 0.734 <=7 years 18 4.556 0.605 

H3 User control and freedom >=8 years 16 4.854 0.344 1.891 <=7 years 18 4.574 0.496 

H4 Consistency and standards >=8 years 16 4.854 0.344 1.179 <=7 years 18 4.704 0.394 

H5 Error prevention >=8 years 16 4.875 0.295 1.894 <=7 years 18 4.611 0.502 

H6 Recognition rather than recall >=8 years 16 4.875 0.342 2.425* <=7 years 18 4.481 0.585 

H7 Flexibility and efficiency of use >=8 years 16 4.917 0.258 2.315* <=7 years 18 4.611 0.488 

H8 Aesthetic and minimalist design >=8 years 16 4.896 0.264 2.590* <=7 years 18 4.481 0.618 
H9 Help users recognize, diagnose, and 
recover from errors 

>=8 years 16 4.875 0.363 2.450* <=7 years 18 4.481 0.563 

H10 Help and documentation >=8 years 16 4.854 0.344 2.010 <=7 years 18 4.519 0.607 

Average of the dimensions >=8 years 16 4.848 0.307 2.048* <=7 years 18 4.561 0.497 
*p<.05 
 
 
5. Conclusion and Future Prospects 
 
5.1 Conclusion  
 
In this study, an "Intelligent Personalized Erhu Pitch and Rhythm Learning System" was 
developed using Unity. We evaluated the usability of the system and investigated the impact 
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of erhu playing experience on the usability evaluation. According to the experimental result, 
the average of each usability dimension is higher than 4.6, which means the system is 
acceptable for erhu learners. Learners who have more erhu playing experience have higher 
acceptance of the system. In other words, the more experienced erhu learners will be more 
receptive to this system than the less experienced erhu learners. 
 
5.2 Future Works 
 
After the usability evaluation experiment, post-experimental interviews were conducted with 
all subjects in order to find out what they really thought about the system developed in this 
study. In terms of advantages, we hope to add some functions such as tempo customization, 
voice control, etc. In terms of system planning, we hope to diversify the topics or allow users 
to decide their own sheet music so that the practice will not be limited by the system. In the 
future, we will continue to modify the system according to the suggestions above and improve 
the stability of the system. We expect to conduct more complete teaching experiments on the 
learning effectiveness of erhu learners to investigate whether the system can improve their 
accuracy and stability of pitch and rhythm. In addition, in the future, the influence of learners 
of different ages on the acceptance of this system and the learning effect can also be explored. 
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Abstract: There have been obstacles for individual students to participate in project-
based learning, such as the lack of learning engagement and the frustration of 
encountering difficulties. Therefore, this study proposed a collaborative project-based 
learning approach with SVVR technology to enhance students' project-based learning 
outcomes. A quasi-experimental design was conducted to show the effectiveness of 
the proposed approach. Two classes students in a university participated in the 
experiment. On class with 25 students were in the experimental group, and 20 students 
were in the control group. The experimental group experienced collaborative project-
based learning with SVVR, while the control group underwent individual project-based 
learning with SVVR. The results of this study revealed that the experimental group 
outperformed the control group in terms of students' computational thinking and the 
SVVR project quality. This study highlights the effectiveness of collaborative project-
based learning in enhancing students’ computational thinking and creativity. 
 

 
Keywords: PBL, SVVR, project-based, creativity, collaborative 

 
 
1. Introduction 
 

Project-based learning (PBL) has become increasingly popular as a way to adapt to a 
changing world, and it allows students to learn by doing through a project (Oguz-Unver & 
Arabacioglu, 2014; Thomas, 2000). This approach has been shown to have a positive impact 
on students' deep learning and to develop their higher-order skills (Baran et al., 2018; 
Kızkapan & Bektaş 2017). Despite these benefits, there have been obstacles and skepticism 
in implementing project-based learning successfully. For example, if the design of a project-
based learning activity is not engaging, students may lose focus and waste time during the 
project (Huang et al., 2023). Additionally, evaluating the results of project-based learning can 
be challenging, as most assessments are group-based (Loertscher, 2008). To address these 
challenges, virtual reality (VR) technology is proposed as an alternative solution for project-
based learning. This technology can serve as an effective learning medium for both individual 
and group projects, and it offers a more engaging and immersive experience for students. 

Over the past ten years, virtual reality has become a commonly used tool in both 
research and teaching, particularly in the PBL approach (Won et al., 2022). For instance, a 
qualitative case analysis conducted by Morales et al. (2013) showed that project-based 
learning in virtual reality classrooms can be effective, even with minimal teacher guidance, 
and has great potential for independent and peer-mentored learning. Hou et al. (2023) 
conducted a project-based learning approach for virtual reality-aided green building education, 
which demonstrated the effectiveness of this novel approach in delivering green building 
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education. Additionally, Zang et al. (2022) linked project-based learning and semi-immersive 
virtual reality to improve learning performance, providing valuable insights for educational 
institutions looking to enhance student performance through project-based learning 
opportunities. 

On the other hand, scholars have pointed out that creating realistic 3D interactive VR 
content can be expensive and time-consuming, making it difficult for many schools to afford 
(McFaul & FitzGerald, 2019). Additionally, designing VR content can be challenging for most 
teachers (Merchant et al., 2014). Furthermore, teachers require user-friendly tools and 
materials to use as learning resources for PBL (Gerhátová et al., 2021). To address these 
challenges, spherical video-based virtual reality (SVVR) is an excellent option as it reduces 
the cost and time required to create VR content. Importantly, creating SVVR content does not 
require advanced technical skills (Chien et al., 2020), making it a suitable option for students' 
PBL activities. 

To improve students' computational thinking skills and promote innovative thinking in 
a project, it is essential to encourage teamwork and the exchange of ideas with peers, as 
suggested by Baser et al. (2017) and Kerimbayev et al. (2023). Vasileva et al. (2011) also 
support this idea by using project-based collaborative learning in a web-based virtual 
environment to facilitate synchronous and asynchronous communication among students. 
Computer-supported collaborative learning (CSCL) environments, as noted by Chan (2012) 
and Sidek et al. (2020), can assist students in self-regulated learning, sharing ideas, and 
enhancing their creativity. Therefore, this study proposed a collaborative project-based 
learning approach with SVVR technology to improve students' computational thinking and 
creativity. The research questions were proposed as follows: 

 
1. Is there any difference between the SVVR-collaborative project-based learning approach 

and the SVVR-individual project-based learning approach in terms of the students’ 
computational thinking? 

2. Is there any difference between the SVVR-collaborative project-based learning approach 
and the SVVR-individual project-based learning approach in terms of the students’ SVVR 
project? 

 
 

2. Literature review 
 

In the rapidly evolving digital era, characterized by rapid technological advancements 
and an increasing reliance on information technology, computational thinking has emerged as 
a crucial skill to navigate the complexities of modern life effectively. This cognitive skill 
encompasses a multifaceted approach to problem-solving, enabling individuals to analyze, 
and synthesize complex problems into manageable components, ultimately arriving at 
innovative and efficient solutions (Wing, 2006). Collaborative project-based learning, 
integrated with SVVR technology, has been identified as a promising approach to foster and 
apply computational thinking skills among students (Saad & Zainudin, 2022). Engaging in 
collaborative tasks within virtual environments allows students to practice problem-solving, 
enhancing their ability to tackle complex challenges in a systematic manner (Esteves et al., 
2006). In addition, collaborative project-based learning with SVVR has garnered considerable 
attention as an effective means to promote deeper learning and teamwork among students 
(Baran et al., 2018; Kızkapan & Bektaş, 2017).  

The integration of SVVR technology into collaborative project-based learning has 
demonstrated significant benefits, leading to improved computational thinking and creativity 
among students. The experiences within virtual environments equip students with practical 
skills and the confidence to apply their knowledge effectively (Hou et al., 2023). Collaborating 
in SVVR environments fosters creativity by encouraging students to share ideas, explore 
diverse perspectives, and experiment with innovative solutions (Bilyatdinova et al., 2016; 
Guan et al., 2023). The nature of SVVR technology provides a fertile ground for students to 
explore their creative potential and express their ideas through unique content creation 
(Parmaxi, 2023). 
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3. Methodology 
 
3.1 Participant 
 

This study adopted a quasi-experimental design, with a total of participants were 45 
freshmen in a university. These students were from two classes, which were randomly treated 
in the experimental group (n = 25) and the control group (n = 20). The experimental group 
received instruction through a collaborative project-based learning approach with the use of 
spherical video-based virtual reality, while the control group received instruction through an 
individual project-based learning approach with the use of spherical video-based virtual reality. 
 
3.2 Experimental procedure 
 

The experimental procedure of this study is shown in Figure 1. Both the experimental 
and control groups participated in classes and activities that lasted for four weeks, meeting 
once a week for 100 minutes each time. In the first week, both groups received an introduction 
to project-based learning activities and SVVR technology to learn how to use the technology, 
and pre-questionnaire of students’ computational thinking. The same instructor taught both 
groups during the learning activities, and they used the same SVVR app, specifically the 
iStaging app. The interface of the iStaging app is shown in Figure 2. This application allowed 
students to practice creating content, designing the interface, organizing information, and 
sharing their creations. Both groups used the same learning material for two weeks. The 
learning activities process is shown in Figure 3. The major difference between the two groups 
was the treatment of student activities (collaborative and individual). For the experimental 
group, students used a collaborative project-based learning approach with spherical video-
based virtual reality. While in the control group, students used an individual project-based 
learning approach with spherical video-based virtual reality. After that, the teacher gave 
students a project assignment and a post-questionnaire of students’ computational thinking to 
evaluate the impact of the treatment individually. 

 

 
Figure 1. The experimental procedure 
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Figure 2. The interface of SVVR in the iStaging app 
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Figure 3. PBL activities process 

 
3.3 Instrument  
 

A questionnaire was utilized to evaluate the students’ computational thinking. The item 
in the questionnaire was presented with a 5-point Likert scale, ranging from 1 as strongly 
disagree to 5 as strongly agree. The students’ computational thinking questionnaire was 
adopted from Hwang et al. (2020), which consisted of six items with a Cronbach’s alpha of .77.  

To examine students' SVVR projects, two instructors was developed a rubric by 
referring to Chang and Hwang (2018), Fegely and Cherner (2021), and Hwang et al. (2018). 
The rubric consists of four dimensions: content knowledge, complexity, appearance, and 
creativity, as presented in Table 1. Each criterion is rated on a five-point scale ranging from 0 
(lowest) to 5 (highest). The first dimension, content knowledge, evaluates students' ability to 
provide accurate, detailed, and appropriate information. The second dimension, complexity, 
measures students' proficiency in using the iStaging app to include various components, such 
as 360 images, immersed pictures, notes, voices, and videos. The third dimension, 
appearance, assesses students' ability to organize the content effectively and create a visually 
appealing layout for easy viewing. Lastly, the dimension of creativity measures students' level 
of creativity in developing their SVVR projects. 

 
Table 1. The rubric of SVVR project 

Dimension 
Scale 

1 2 3 4 5 
Content 
knowledge  

No 
information 

Simple 
information, 
but not 
appropriate 

Lots of 
information, 
but not 
appropriate 

Simple and 
appropriate 
information 

Detailed and 
appropriate 
information 
(such as, 
video, voice, 
link, etc.) 

Complexity Only 360 
image 

Two 
components 
(360 image 

Three 
components 
(360 image, 

Four 
components 
(360 image, 

Five or more 
components 
(360 image, 
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Dimension 
Scale 

1 2 3 4 5 
and 
immersed 
picture) 

immersed 
picture, and 
note) 

immersed 
picture, 
note, and 
voice) 

immersed 
picture, note, 
voice, video, 
etc.) 

Appearance  Uncomforta
ble to 
watch and 
poor layout 

Uncomfortabl
e to watch 
and normal 
layout 

Comfortable 
to watch, but 
poor layout 

Comfortable 
to watch 
and normal 
layout 

Comfortable to 
watch and 
good layout 
with a neat 
structure 

Creativity The work 
creativity is 
extremely 
poor 

The work 
creativity is 
poor 

The work 
creativity is 
mediocre 

The work 
creativity is 
good 

The work 
creativity is 
excellent 

 
 
4. Result  
 

To analyze the prior competence of students’ computational thinking in the two groups 
was used the independent sample t-test, and the result showed that there was no significant 
level was found (t = 0.64, p >.05), indicating that the prior students’ computational thinking of 
the two groups was equivalent before the learning activity. Subsequently, a within-group 
homogeneity regression analysis indicated no significant difference between the two groups 
(F = 0.001, p > .05), confirming the homogeneity test passed. Then, Analysis of Covariance 
(ANCOVA) was employed to analyze the post-questionnaire scores of the two groups by 
excluding the effect of the pre-questionnaire. Table 2 shows the ANCOVA result. The adjusted 
scores of the experimental and control groups are 4.25 and 3.71, and the F score is 9.57 (p < 
.01, η2 = 0.19), showing a high effect size (Cohen, 1988). Consequently, it was concluded that 
the students who learned with a collaborative project-based learning approach had 
significantly better computational thinking than those who learned with an individual project-
based learning approach.  
 
Table 2. The ANCOVA result of computational thinking students 

Variable Group N Mean SD Adjusted 
mean SE F η2 

Computational 
thinking 

Experimental 25 4.26 0.51 4.25 0.12 9.57** 0.19 
Control 20 3.69 0.68 3.71 0.13   

**p < .01. 
 

The students’ SVVR project score in this study was analyzed by independent sample 
t-test. For the first dimension, content knowledge, was evaluated using Levene's test of error 
variance, which showed that the two groups were homogeneous (F = 0.12, p = 0.73 > 0.05). 
Table 3 shows the mean and standard deviation for the experimental group were 3.88 and 
1.13, respectively, while the mean and standard deviation for the control group were 3.00 and 
1.17. A t-test revealed a significant difference in content knowledge dimension between the 
two groups (t = 2.56, p < 0.05), indicating that the use of the SVVR-collaborative project-based 
learning approach improved students' competence in this dimension. 

Similarly, for the complexity dimension, Levene's test for error variance showed that 
the two groups were homogeneous (F = 1.45, p = 0.24 > 0.05). The mean and standard 
deviation for the experimental group were 3.76 and 1.01, respectively, while the mean and 
standard deviation for the control group were 2.90 and 1.45. A t-test showed a significant 
difference in complexity between the two groups (t = 2.34, p < 0.05), it means that the use of 
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SVVR-collaborative project-based learning enhanced students' capability in the complexity 
dimension. 

However, for the appearance dimension, Levene's test for error variance indicated that 
the two groups were also homogeneous (F = 0.73, p = 0.40 > 0.05). The mean and standard 
deviation for the experimental group were 3.80 and 0.87, respectively, while the mean and 
standard deviation for the control group were 3.40 and 0.94. A t-test showed no significant 
difference in appearance dimension between the two groups (t = 1.48, p > 0.05), suggesting 
that the use of SVVR-collaborative project-based learning did not significantly enhance 
students' capability in this dimension. 

For the creativity dimension, Levene's test for error variance also showed that the two 
groups were homogeneous (F = 0.08, p = 0.78 > 0.05). The mean and standard deviation for 
the experimental group were 4.04 and 0.89, respectively, while the mean and standard 
deviation for the control group were 3.10 and 0.97. A t-test revealed a significant difference in 
creativity between the two groups (t = 3.39, p < 0.01), indicating that the use of SVVR-
collaborative project-based learning enhanced students' creativity. 

When considering the average for all four dimensions, Levene's test for error variance 
indicated that the two groups were homogeneous (F = 0.09, p = 0.77 > 0.05). The mean and 
standard deviation for the experimental group were 3.87 and 0.87, respectively, while the 
mean and standard deviation for the control group were 3.10 and 0.98. A t-test showed a 
significant difference in the average dimension between the two groups (t = 2.79, p < 0.01), it 
shows that the use of SVVR-collaborative project-based learning enhanced students' 
capability in each dimension. 
 
Table 3. Independent sample t test of students’ SVVR project 

Test Group N Mean SD t d 
Content 
knowledge 

Experimental 25 3.88 1.13 2.56* 0.76 
Control 20 3.00 1.17   

Complexity Experimental 25 3.76 1.01 2.34* 0.69 
Control 20 2.90 1.45   

Appearance Experimental 25 3.80 0.87 1.48  
Control 20 3.40 0.94   

Creativity Experimental 25 4.04 0.89 3.39** 1.01 
Control 20 3.10 0.97   

Average Experimental 25 3.87 0.87 2.79** 0.83 
Control 20 3.10 0.98   

*p < .05, **p < .01. 
 
 
5. Discussion and conclusion 
 

This study proposed a collaborative project-based learning approach with SVVR 
technology to improve students' computational thinking and creativity in SVVR content 
creation. According to the results of the study, the students’ computational thinking and the 
average dimension of the SVVR project revealed that students in the experimental group have 
significant differences compared to students in the control group. This shows that the 
collaborative project-based learning approach can be effective in enhancing productivity and 
positive feelings in facing challenges (Song, 2018; Spoelstra, 2014) and improve students’ 
computational thinking (Li et al., 2023; Zhou & Tsai, 2022). 

The study found a significant difference between the two groups in terms of content 
knowledge, complexity, and creativity dimensions. This finding supports the previous research 
indicating that collaborative project-based learning improves students' creativity and 
communication skills to discuss project ideas (Sidek et al., 2020; Vasileva et al., 2011). To 
produce exceptional and engaging content, one idea is often not enough, and teamwork is 
crucial for sharing ideas and complementing each other's strengths. The collaborative project-
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based learning approach is a way to train students in teamwork and communication, 
particularly in project creation (Lee et al., 2017). 

However, no significant difference was found in the appearance dimension between 
the two groups. Although the experimental group had a higher score than the control group, 
researchers consider that the collaborative project-based learning approach did not really 
affect organizing the layout of the SVVR project. Because the SVVR technology is user-
friendly and does not require high-tech capabilities (Chien et al., 2020). 

Additionally, to enrich the learning experience further, future studies could incorporate 
multiple learning strategies in conjunction with collaborative project-based learning. 
Techniques such as mind mapping, question prompts, and metacognitive strategies have 
shown promise in augmenting students' critical thinking and problem-solving abilities. By 
integrating these strategies into the SVVR project creation process, teachers may unlock 
additional potential for students to tap into their creative thinking and collaborative skills, 
propelling the learning experience to new heights. 

In conclusion, the investigation of the collaborative project-based learning approach 
with SVVR technology has shed light on its multifaceted benefits. The findings support the 
notion that this pedagogical approach enhances students' computational thinking and 
creativity skills while fostering a positive and collaborative learning environment. While the 
appearance dimension did not exhibit significant differences, the overall impact on students' 
learning experiences and content creation was evident. The potential of SVVR technology 
coupled with collaborative project-based learning to revolutionize education is promising, and 
with further research and refinement, this approach could open up exciting possibilities for 
transforming how students engage with learning content and collaborate with their peers. 
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Abstract: In the media industry, there is a high demand for animation films, leading to 
the establishment of animation film courses in various universities to train future 
animators. However, writing animation scripts poses challenges for students, as it 
requires critical thinking skills to craft captivating and coherent story ideas, akin to other 
creative works that adhere to general principles for a complete and logical narrative. 
To solve this issue, we developed a tool as part of our project to help students 
systematically organize the essential components of a story based on the fundamental 
principles of animation, consisting of three acts. This tool creates a conducive learning 
environment by breaking down crucial elements into clear sections, prompting students 
to reflect on their own ideas about animation stories. Additionally, the tool encourages 
collaboration between students and instructors, enabling constructive feedback and 
reflections through error corrections. The results of our experiments showed significant 
improvements in students' development after using the tool. Notably, the recurring 
errors in omitting vital parts of the script did not reoccur after the initial use of the tool. 
Its implementation heightened students' awareness of the importance of each 
component. Furthermore, the assessment scores of all students demonstrated a 
significant improvement, with 34% of students displaying increased awareness in 
scriptwriting. The elements that students commonly missed were 'conflict' and 
'progression of complications,' respectively. 

 
Keywords: scriptwriting theory, learning supporting tool, awareness of thought 

 
 
1. Introduction 

 
Animation is one of the creative media that can engage audiences with interesting 

stories and expressions of imagination (Redvall, 2009). Because animated films are more 
visually appealing and reach more imaginative possibilities than movies at a lower cost. In 
addition to the above, animated films are important in other areas such as education or 
marketing and advertising. By education, animation is used extensively in educational 
materials and e-learning platforms. It helps simplify complex concepts, making learning 
engaging and accessible for students of all ages or animation is widely used in marketing and 
advertising campaigns. For marketing and advertising, animated advertisements, explainer 
videos, and animated graphics help capture the attention of consumers. Additionally, animated 
media effectively communicates messages to consumers. 

Currently, teaching and learning in the field of animation and digital media are popular 
among university students in Thailand. Learning about animation development in classrooms 
involves teaching from creating digital media to scriptwriting for animation films. Upon 
evaluating the teaching and learning in the aforementioned field between teachers and 
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students. We found that in the subjects of theory and scriptwriting, they are among the most 
challenging topics for students to comprehend. Because it requires creative thinking coupled 
with a theoretical understanding of the essential elements of writing, including narrative 
techniques to captivate and engage the audience. Including creating an interesting story with 
clear elements is also important for screenplays and animated screenplays. It's important to 
keep the plot running smoothly and logically. 

In this work, we develop a tool to help students to conceptualize components in their 
animation scripts into explicit objects. With the use of an ontology, conceptualized components 
are connected following script theory (Demorest & Alexander, 1992). This will help both 
students to recheck their idea and instructors to point out the mistakes. Moreover, the students 
will become more aware of necessary script elements and train their story composing for 
improvement. 

 
2. Background 
2.1 Basic Theory in Animation Script Writing 

 
Fundamentally, a script for an animation is similar to a screenplay of other medias 

including movie and theater play as they share common elements (Scott, 2003). An animation 
script is a form of literary as it is intended to be interpreted by other such as producer, graphic 
designer, illustrator, and voice actor. Therefore, an animation script is not an end-product that 
audiences can directly enjoy. Apparently, an animation script is written using technical jargon 
and tight, spare prose when describing stage directions. Unlike a novel or short story (Marx, 
2021), an animation script focuses on describing the literal, visual aspects of the story, rather 
than on the internal thoughts of its characters.  Hence, the aim of script writing is to evoke 
thoughts and emotions through subtext, action, and symbolism. 

The general script writing theory is an approach to organize the structure, goals and 
techniques of writing a script in a systematic fashion. The common and widely used structure 
of a script is a ‘three act structure’ (Ladopoulou and Dimitriadis, 2022). The three acts include 
a setup (first act), a confrontation (second act) and a resolution (third act) (Khalili, 2018)  . 
Ratio of the acts is 25:50:25 percent for setup act, confrontation act, and resolution act, 
respectively.  

• The setup act is to establish and to introduce the main characters, their 
relationships to other characters, and the world and its setting. In the later of first act, an inciting 
incident, known as the first plot point, is launched to raise a dramatic question that will be 
answered in a later act for the climax.  

• The confrontation act features the main characters and their attempt to resolve 
the problem from the first turning point. In this act, a character development is introduced with 
the aid of other characters.  

• The resolution act gives the resolution of the story.  In this act, climax is 
mentioned as a sequence of the story are brought to the most intense point and an answer to 
the given dramatic question.  
Besides the common ‘three act structure’, four or five acts are also proposed, but they are 
more complex and not suitable for novice script writers. Hence, this work focuses on gathering 
concepts related to the ‘three act structure’. 

For elements in an animation script, this depends on the respective act. However, the 
common elements are such as characters and their characteristics, locations of the stage, 
time of the scene, and major incidents of the story. These elements should not be in conflict 
to prevent a mazy viewpoint, and they should be carefully designed to logically relate to one 
another. The quality of a script is normally assessed by scriptwriting rubric (Gutierrez, 2014). 
Components in 3-act script paradigm is shown in Figure 1. 
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Figure 1. Components in 3-act script paradigm

2.2 Writing Supporting System

To assist on education, several researchers developed a tool on supporting writing 
learning. They design a tool with the environment to help students and instructors on improving 
writing expertise. We survey writing supporting systems and found the information given in 
Table 1.

Table. 1 Related work on supporting tool for improving a writing skill

Tool Correction Suggestion Environment Criteria Collaborative

Eagle Grammar
Error 
Location, 
Error Type

- Teacher hints the 
error location
- Students consider 
error type and 
correct them

Error Type 
Structure 
based on 
“mistake” or 
“missing” type

Yes

SWAN Content Rewriting 
Sentence

- Apply NLP Parser 
to understand 
sentence structure
- Highlight color to 
represent Fluidity

Fluidity
(Connect, 
Inverted 
Topic, Out-of-
Sync, 
Disconnected)

No

ArgRewrite Content/
Grammar

Rewriting 
Sentences
which 
labeled type

- Give statistics of 
document
composition
- Students 
reconsider the 
suggested 
sentence

Revision Type 
:Text
based/Surface 
based type

No

TBeW Content/
Thinkingg

Writing 
Sentence 
which 
Content 
Type and 
Relational 
Sentence 

- Write Sentence
- Connect 
Sentence
Declare Sentence 
Rational

Assist learner 
to understand 
their own 
thinking

Yes

TBeR Analyze/
Thinking

Reading 
good 
academic 
articles 

- Reading 
Sentence 
- Analyzing logical 
content 
- Analyzing 
relations between 
content

Assist learner 
to understand 
author's 
thinking 
systematically

Yes
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In summary, Eagle (Takhom et al., 2011) is a tool for learning English as a foreign 
language for Thai students. It aims to improve understanding of English gramma with a 
collaboration between teachers and students. The tool allows teacher users to point out 
mistakes in written essays by assigning types of error for students to realize the mistake as 
well as keeping a log of editions made by students. SWAN (Kinnunen et al., 2012) is an 
assisting tool for writing scientific English content by providing an interface to guide the 
separation of content into required sections. The tool aims to help novice writers to understand 
purposes and relevant information of each section. ArgRewrite (Zhang et al., 2016)  is a tool 
for learning a writing skill. It provides grammatical structure and vocabulary checking 
assistance to label errors in a English written sentence. It allows users to rewrite based on 
found errors by aiming to change writing behavior for the better. TBeW (Na Chai et al., 2017)  
and TBeR (Na Chai et al., 2019) is a framework that allows user to write and read content 
regardless of language used to understand the intention of content. This will help users to train 
their cognitive skills to think about thinking (metacognitive skill). The framework focuses on 
the awareness of how to represent the idea correctly in writing and how to determine the 
strategy to represent thought of author in reading. 

From the review, we found that the tools can be categorized into two types. First type is 
a tool that allows student to learn how to write while the tool provides supportive functions to 
assist on learning. Second type is a tool providing environment for students to collaborate with 
peers for sharing opinions and written content to inspire each other and learn from other’s 
examples. The key concepts of these supporting tools are to let students become aware of 
their own mistakes and improve from it by getting instructor comment or realizing them from 
examples. These tools thus assist students to learn more effectively than traditional lectures. 
Furthermore, most of the tools are online-based application and can be accessed flexibly via 
a personal computer, smart phones, and tablets. The tools hence help to promote learning 
from anywhere-anytime and life-long learning.   
 
3. Methodology 
3.1 Design of the animation script writing tool 

 
In this work, we design a tool to help on a task of animation script writing for students 

(WriterDuet, 2022). The tool allows students to describe the components in an animation script 
into distinguished objects and assigns relationship among them freely. The tool applies the 
existing ontology called animation script ontology to control semantic meaning of the script 
components. An overview of the tool is shown in Figure 2. 

Based on the illustrated overview, the core components of the tool are the ontology, the 
database to store conceptualized objects of an animation script, and user interface for users 
to provide and retrieve script information. The tool is designed for 2 user roles as students and 
instructors. The students are to provide the idea of the animation story in details in the provided 
user interface while the instructors play a role to explore the given information to detect issues 
regarding theoretical details of script writing and give comments for students to correct the 
mistakes. 
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Figure 2. An overview of the proposed tool

3.1.1 Ontology as a knowledge base

The chosen ontology consists of ontological concepts about animation script 
components and relations among them. The core concepts are listed in Table 2. The ontology 
component type include a class and a property. The components must be named differently. 
As an ontology provides the knowledge regarding of animation script components, we gain a 
privilege of ontology benefits  including ontology axioms to describe how concepts are related 
and connected semantically. However, we selected some part of knowledge from the ontology 
that matches the focus of this work. In this work, we focus on the common paradigm of 
animation scripts which consists of 3 acts according to the knowledge from the applied 
ontology as illustrated in Figure 1. From the figure mentioned, the 3 acts are a phase of the 
story while there are specific events which exist for a certain purpose in each phase. In 
summary, there are 7 essential components shown in Table 3 (Panadda et al., 2023). 

Table. 2 Details of the applied ontology and its classes

Component Name Type Definition Properties

Script Class
A main division of 
a script following 
structural theory

- OP: has_incident [Event]
- OP: has_setting [Setting]

Character Class a live form in an 
animation

- DP: has_name {string}
- OP: has_characteristic 

[Characteristic]
- OP: has_family-relation to 

[Character]
- OP: has_relation_to 

[Character] …

Setting Class

Place, Time, 
Condition, and 

Environment of a 
story

-None-

Event Class
a noteworthy 

happening in a 
story

- OP: involved_character 
[character]

- DP: located_in {string}
- OP: 

caused_by_prior_event 
[Event]

•

• Type

Student UI
Student

/

D

Instructor UI

•

•
r

Instructor

c
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has_family-
relation_to Property

Familial 
relationship 

among character
-None-

has_relation_to Property Relationship 
among character -None-

Table. 3 Animation script components and their specification

As shown in Figure 1, the acts are in sequence; hence, the relation of the acts 
are important to relay the story, especially for students who are yet excel in composing 
story. Furthermore, another important aspect in this study is to appropriateness of using 
the benefit of being animation movie. Thus, aside for completeness of the script details 
based on components, the soundness of each components part and aspect of animation 
appropriateness are also considered as essential in this work. 

3.1.2 User interface

With the aforementioned aspects, we design the user interface (UI) for students to 
fill in information of their scripts. The information includes title, story theme, character 
details, setting, and script components. The UI provides slots for each type of 
components separately, so each piece of information is objectified and differentiated. 
This will help students to become aware of the flaw of ideas while using the tool as well 
as realizing of their own thought. The screen-captured UI for script components is 
exemplified in Figure 3. 

Figure 3. Screen-captured UI of the tool for providing script components

Script component Description

Act 1
Introduction of the story including location 
setting, main characters, and specific conditions 
of the created story

Begin
The inciting incident

A starting of the story
An event that stimulates the story

Act 2 Provision of details of problems and solutions
Progressive Complication
Crisis

An event that increases more issues in the story
An event that leads to the critical issue

Act 3 Solving issue and Conclusion
Climax
Solution
End

The most intensive decisive moment of the story 
An event that solves the issues
Conclusion of the story
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From the screen captured UI, the (1) part is where students provide a theme of a 
script with additional information including summary and image (optional). The (2) part 
is where students give script details including the content (B) of each part and assigning 
the script component (C) to indicate the type of the given content of each slot roll. The 
list of components for selection follows the information given in Table 2. Students are 
also asked to assign relationship (A) of each content. Last, students can reach an 
instructor’s comment from (D). 
 The information given in each slot is collected in a database and able to be 
retrieved for self-corrected and examined by instructors. For the instructor role, the tool 
provides a space for commenting on each component, and the comments are shown to 
users to reflect on mistakes. 
 
3.2 Providing Goal of the animation scriptwriting 
 

The tool is used in lecturing in a course of training writing an animation script. 
According to the design, instructors can examine the completeness of script components, 
soundness of each component, and appropriateness of being animation movie. For 
details, description of each examining is given in Table 4. 
 
Table. 4 Animation script components and their specification 
 
Examining aspect Criteria 
Completeness of script components Checking if an animation script is completed 

according to theory of 7 components  
Soundness of each component Checking if each component is correct to its 

description or not  
Interestingness of the script Checking understanding of the theory and how it 

can be applied to creativity 

Appropriateness of being animation movie Checking overall story that it takes benefit of 
being animation into account or not 

 
3.3 Feedback from Coach 
 

From the criteria, instructors can realize that what mistakes students make and 
provide a comment sufficient for students to correct them accordingly. Moreover, the 
collected information of scripts is stored in a database which can be used further in 
understanding the issue in teaching material or finding what needs to be focused for 
different groups of students.The coach is asked to provide feedback on the annotations. 
The options for the feedback ‘agree’ and ‘disagree’ while the ‘disagree’ has the option to 
provide additional comment on how the coach disagrees on the annotation. Particularly, 
the coaches are not suggested to give the correct answer directly, but the guidance on 
how to think to reach that conclusion. This will help to instill the correct cognitive process 
and the chance for learners to think about their way of thinking. 

 
4. Experiment 
4.1 Experimental Results 

 
To evaluate the effect of the tool, we set up participants in this experiment were 42 

students who studied in a course of principles of animation and directing animation. The 
participants were asked to write 3 short animation scripts using the tool. For each script, there 
were 2 rounds for providing information. Each round allotted for 4 hours per round, and there 
were 7-day interval time from previous round. For each script information providing, the first 
round was an initial round where the participants provided the script information by 
themselves, and 3 instructors as evaluators examined the information and provided feedback 
to students. The second round was a reflected round which was for students to correct the 
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mistakes following the comment and allowed to edit the script components by their free will.  
In this experiment, there were 3 evaluators who evaluated the given information 

independently based on criteria given in Table 3. For evaluators, evaluation measurement 
metric of information was as given in Table 5. 

 
Table. 5 Evaluation measurement metric for each aspect 
 
Aspect Measurement 
Completeness of script components Range of 1 to 7 according to existing components 

in the given information from students 

Soundness of each component (7 components) 1 to 5 where 1 is lowest and 5 is highest 
(subjective to evaluators) 

Interestingness of the script 1 to 5 where 1 is poor and 5 is excellent 
(subjective to evaluators) 

Appropriateness of being animation movie yes or no 
 

From 3 evaluators, the voting method was used to finalize the evaluation for aspect of 
completeness of script components, and appropriateness of being animation movie. For 
soundness of each component, the mode score was used to represent the final score of each 
of 7 elements. The evaluation results are split in 6 rounds as given in Table 6. 
 
Table. 6 The evaluation results 
 Round of first script Round of second script Round of third script 

Initial I-1 I-2 I-3 
Reflected R-1 R-2 R-3 

 
The evaluation results of the aspect of completeness of script components, soundness 

of each component, and appropriateness of being animation movie are given in Table 7 and 
Table 8, respectively. 

From the results, we found that students show noticeable improvement after using the 
tool, especially on aspect of completeness. By comparing results of I-1, I-2 and I-3, the result 
of all aspects indicate that students realized the mistakes in their prior attempts and stably 
improved the score. For the aspect of soundness of component, the score of students were 
separated into 3 groups based on total score where score group of 29-35 indicated students 
who did at least 4 points in average in all components. The results showed that the number of 
students who were in this group was increased in ‘reflected round’ comparing to its own initial 
round. Furthermore, the number of students in higher point group were increased when 
comparing between first script, second script and third script. The results of the aspect of 
appropriateness of being animation also showed improvement. 
 
Table. 7 Evaluation results of the aspect of soundness of component based on rounds 
 
 Rating Score I-1 R-1 I-2 R-2 I-3 R-3 

 
Act 1 

Begin 1-5 2 3 3 4 3 4 
The Inciting 
Incident 1-5 2 3 2 3 3 4 

 
Act 2 

Progressive 
Complication 1-5 1 2 2 3 3 4 

Crisis 1-5 0 2 0 3 3 3 

 
Act 3 

Climax 1-5 1 3 2 3 3 4 
Resolution 1-5 2 3 2 4 3 4 
End 1-5 1 3 2 4 3 4 

Total score 
(0-35 points) Overall 

0-21 
22-28 
29-35 

39 
3 
0 

12 
24 
6 

33 
9 
0 

9 
25 
8 

7 
33 
2 

6 
21 
15 
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Table. 8 Evaluation results of the aspect of completeness of script components based 
on rounds 
 

Number of missing 
components I-1 R-1 I-2 R-2 I-3 R-3 

Missing 2 or more 5 2 3 0 1 0 

Missing 1 9 3 5 0 2 0 

No-missing 28 37 34 42 39 42 
 
 
4.2 Discussion 
 

F rom the experimental results, we can conclude that the tool helps students to 
improve their understanding and scope their thoughts/idea on script details. Thus, we aim 
to see how much students improved. We thus compare the score of the same students from 
the initial test (I) and reflect (R). By analyzing, we found the improvement rate of students 
in writing the first script and second script via the proposed tool as shown in Figure 4 and 
5 respectively. 

 
 

 
 

Figure 4. Comparison graph of score improvement between 1st, 2nd and 3rd written script 
 
 

The improvement of students from Figure.4 show that all students improved from the 
initial round to the reflect round in the first, the second and the third script, but the improved 
score varied individually. These students were mostly in 0-21 score group and made the 
improvement to the mid-score group (22-28 score) and high score group (29-35 score) after 
reflection. The highest improved score was 18 higher score in the first script. The score 
improvement on the second script was averagely lower than the first script since the score initial 
round of the second script was noticeably higher than the first script. 

In terms of common mistakes, the experimental results show that most missing 
components were components in Act2 including ‘Crisis’ and ‘Progressive Complication’, 
respectively. However, the tool helped to clearly see the required components, and students did 
not make this missing component again in the later round. This issue was hard to teach in 
traditional lectures since it is difficult to point out the missing part. This thus shows that the 
tool can help students to realize what is required as the basis of script writing. 
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5. Conclusion 
 

This work proposes a tool to support the learning of animation script writing. By 
developing an environment with clear requirements of script components based on related 
theory, students can realize what is needed to compose a complete and sound script. The 
tool allows students to systematically design the story and them of a script by 
decomposing the thought/idea into distinguished parts and assigning relations among 
them. Instructors can hence examine the part separately to find mistakes and give 
feedback for students to correct and reflect on their issues. This will help students to 
remember how to design with error examples so they would not make such mistakes 
again. From the experiment results, the students showed improvement in all focused 
aspects including completeness of script components, soundness of each component, and 
appropriateness of being animation movie. All students show progressive improvement 
as the evaluated score on the second script was averagely higher than the first script. 
Moreover, the issue of missing mandatory components has been improved significantly 
as 34% of participating students who made these mistakes did not make the mistakes after 
the first time they use the tool. 
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Abstract: Computer-supported collaborative learning (CSCL) has undergone 
significant advancements in the past two decades, revolutionizing the way learners 
engage with educational content and peers. This abstract explores key trends in CSCL, 
including the evolution of online communication and collaboration platforms, the impact 
of mobile technologies, the integration of data analytics, and the emergence of virtual 
reality (VR) and augmented reality (AR) environments. Additionally, the ongoing 
pandemic has accelerated the adoption of online and blended learning models, further 
shaping CSCL. These trends have transformed collaborative learning, allowing 
learners to exchange ideas, co-create knowledge, and engage in meaningful 
discussions. The utilization of data analytics enables personalized instruction and 
targeted support, enhancing learners' engagement and motivation. Immersive VR/AR 
environments promote active participation and deeper learning. Looking ahead, hybrid 
models combining face-to-face and online collaboration are likely to shape the future 
of CSCL. As instructional practices adapt and technology advances, creating engaging 
and effective learning environments remains a crucial focus in CSCL. 
 
Keywords: Collaborative learning, Computer-supported collaborative learning 
(CSCL), Cooperative learning, learning environments. 

 
 
1. Introduction 
 
Computer-supported collaborative learning (CSCL) is a prominent research area in 21st-
century education. It emphasizes using computer technologies to enhance collaborative 
learning among learners (Hod & Sagy, 2019). Through computer-based tools like online 
discussion forums, wikis, and virtual environments, learners engage in collaborative activities 
such as problem-solving and knowledge sharing (Jung, Shin, & Zumbach, 2021; Lämsä et al., 
2021). CSCL recognizes the vital role of social communication and collaboration in effective 
learning and leverages technology to facilitate these processes (Hernández-Sellés, Muñoz-
Carril, & González-Sanmamed, 2019). Drawing from education, psychology, and computer 
science, CSCL is implemented in diverse educational settings, including traditional 
classrooms and online platforms across various education levels (Radkowitsch, Vogel, & 
Fischer, 2020). 
 
Technological advancements have underscored the significance of CSCL environments in 
education (Wang & Hwang, 2012). This has led to new research questions and perspectives 
in areas such as higher education, K-12 instruction, special education, and workplace training 
(Lämsä et al., 2021). CSCL in programming education, for example, promotes teamwork, 
communication, autonomous learning, and problem-solving skills, while acknowledging 
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challenges like technical limitations and students' social and learning abilities (Cheng et al., 
2022). 
 
2. Research results 

 
By analyzing the top CSCL articles spanning from 1995 to 2023, this study has unveiled 
substantial findings, encompassing a total of 1068 studies. Notably, Ertmer et al. (2012) 
authored the most cited articles. The United States emerged as the leading contributor in 
terms of the number of publications, as depicted in Figure 1. Springer Nature stood out as the 
most prominent publisher, as indicated in Figure 2. The International Journal of Computer-
Supported Collaborative Learning featured prominently with the highest number of studies, as 
illustrated in Figure 3. Within the realm of authors, Frank Fischer held the distinction of being 
the most cited, with co-authors such as Karsten Stegmann and Armin Weinberger also making 
notable contributions, as highlighted in Figure 4. The University of Hong Kong emerged as the 
most frequently affiliated institution, alongside co-affiliated institutions like Open University 
Netherlands, University of Oulu, and NTUST, as demonstrated in Figure 5. Notable keywords 
that gained popularity included computer-supported collaboration, cooperative learning, 
collaborative learning, computer-mediated communication, and interactive learning 
environments, as showcased in Figure 6. Quantitative research methods predominated 
throughout the analyzed articles. The primary focus of the studies was on higher education 
students as the most studied participants. Notably explored were collaborative learning 
strategies for curriculum design, while the prevalence of tablet computers as a subject of 
discussion was also evident across the articles. 
 

 
Figure 1. The leading countries. 
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Figure 2. The most publisher. 

 

 
Figure 3. The most published Journal. 
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Figure 4. The most published authors. 

 

 
Figure 5. The most published institution. 
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Figure 6. The most published key topics. 

 
 
3. Discussion and conclusion 
 
Recent CSCL research has focused on the use of learning devices, particularly tablet 
computers, to enhance CSCL competencies and learning outcomes. It has also emphasized 
leveraging computer-mediated communication and various tools for collaboration and 
interactive education. Educational institutions must adapt to technological advancements to 
equip learners with the necessary information and communication technology skills. CSCL 
research in education highlights the importance of collaboration, technology, and the broader 
impact of CSCL across different disciplines. 
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Abstract: In the era of globalization, teachers primarily assist students in applying 
realistic learning environments, helping them integrate the knowledge acquired from 
textbooks with clinical practical issues and develop problem-solving skills. The 
advancement of mobile technology allows students to access learning resources and 
receive accurate guidance in a virtual environment, promoting safe and effective 
learning. This research proposes a computer-supported collaborative learning 
environment to support the learning of obstetrics and gynecology four-stage palpation 
professional courses. A quasi-experimental design is conducted to validate the impact 
of this method on students' learning achievements, engagement, and satisfaction. The 
experimental results demonstrate that the proposed approach enhances students' 
learning achievement, critical thinking, and problem-solving competence. Moreover, 
students engaged in scenario-based learning show more proactive learning behavior 
compared to the control group. Based on these findings, specific recommendations for 
developing effective learning strategies and incorporating computer-supported 
collaborative learning environments in medical and healthcare educational materials 
are suggested. 
 
Keywords: Computer-supported collaborative learning environment, computer-
supported, collaborative, learning environment. 

 
 
1. Introduction 
 
In the era of globalization, the purpose and educational mission of nursing curriculum training 
is to cultivate nursing students with core competencies in professionalism, knowledge, skills, 
and information abilities. Adapting to the challenges of teaching during the pandemic and 
accurately addressing students' learning needs in real time has become a pressing issue for 
all educators worldwide. To mitigate the impact of the pandemic on education, many fields in 
education have turned to managing digital interactive learning platforms as an alternative 
solution to meet learners' needs. Teachers have been forced to transform their teaching 
approaches in response to the pandemic, and scholars Nuangchalerm, Prachagool, and 
Dostál (2020) suggested incorporating more interactive educational courses through digital 
platforms. 
 
Creating a digital learning environment offers several advantages, including meeting the 
learning needs of students regardless of time and geographical limitations, addressing 
interdisciplinary learning needs, and fostering opportunities for interactive learning and a 
sense of achievement. Modern digitized educational materials should be diverse, 
incorporating technology options, interactivity, and high-quality content to demonstrate the 
specific value of specialized fields in digital textbooks. Cultivating nursing students through 
digital learning materials allows for learning in a safe environment, enhancing students' 
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professionalism, knowledge, skills, and information literacy, ultimately improving healthcare 
quality, which is the current educational goal. Moreover, guiding students to prioritize patient 
and learner safety and facilitating repetitive learning in a secure environment can enhance 
learning outcomes and make digital platform materials more appealing and appreciated. 
 
Given the demand for digital education and the pandemic's impact, it has been observed that 
the main issue in nursing teaching lies in the lack of effective interactive teaching materials 
that allow students to learn anywhere and anytime (Geng, Huang, & Huang, 2021). Analyzing 
relevant empirical research literature both domestically and internationally, it is worth noting 
that apart from imparting professional knowledge, meeting learners' needs and using digital 
learning platforms to teach students to practice and master nursing basic skills through 
interactive learning strategies can foster students' engagement and improve learning 
outcomes, making it a crucial topic for teachers to continue researching and addressing 
(Supriatin, Rithpho, Asiah, & Hikhmat, 2022). 
 
Nevertheless, the amalgamation of interactive learning strategies into education for obstetric 
assisting nursing skills, commonly referred to as the four-stage palpation education, remains 
an area that has garnered only minimal research attention. Thus, this study proposes a 
learning activity that applies the digital learning platform in combination with the computer-
supported collaborative learning environment learning model to create an interactive learning 
environment, incorporating the situational learning theory. Additionally, Salminen et al. (2021) 
mentioned that the educational goals of the nursing curriculum include cultivating students' 
professional knowledge, skills, and attitudes. To evaluate the effectiveness of the proposed 
method, the computer-supported collaborative learning environment learning system is 
applied to the obstetrics four-stage palpation education course, and its impact on students' 
learning achievements, critical thinking, and problem-solving competence is examined. 
Therefore, the following research questions are proposed to verify and assess the 
effectiveness of the method: 
 
(1) Does the computer-supported collaborative learning environment learning method 
significantly improve students' learning achievement compared to traditional educational 
methods? 
(2) Does the computer-supported collaborative learning environment learning method 
enhance students' critical thinking more effectively than traditional teaching methods? 
(3) Does the computer-supported collaborative learning environment learning method improve 
students' problem-solving competence more effectively than traditional teaching methods? 
 
2. Method 
2.1 Experimental design 
The purpose of this course is to train students in the basic skills of learning obstetric 
professional knowledge through computer-supported collaborative learning environment and 
scenario-based learning for the four-stage palpation. To validate the effectiveness of this 
method, a quasi-experimental design is employed to assess students' learning outcomes, 
critical thinking, and problem-solving abilities through questionnaires. 
 
2.2 Participants 
The participants of this experiment were second-year students from a specialized nursing 
school. Two classes, each consisting of 20 students, were used as the experimental group 
and the control group, respectively. The same teacher, who had 20 years of experience in 
obstetric clinical practice and teaching, conducted the instruction. To prevent potential mutual 
influence between students from different classes, the two classes received the instruction at 
different time points. During the learning process, the teacher provided obstetric learning tasks 
for the four-stage palpation, supplemented with teaching materials and assessment items. 
Additionally, the teacher addressed any relevant questions about the learning tasks raised by 
the students during the instructional sessions. 
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2.3 Experimental procedure 
The experimental design of this study lasted for five weeks. In the first week, the students 
received instructions on basic knowledge related to maternal and infant care. Subsequently, 
they underwent pre-tests and questionnaire surveys. In the second week, the experimental 
group received guidance on the four-stage palpation, utilizing computer-supported 
collaborative learning environment to facilitate scenario-based learning and understanding the 
objectives of the learning activities. On the other hand, the control group used traditional video 
learning for the relevant knowledge on the four-stage palpation. All participating students 
completed post-tests and questionnaires on their learning outcomes, critical thinking, and 
problem-solving abilities in the fifth week to validate their learning effectiveness, as shown in 
Figure 1. 

 

 
Figure 1. Experimental procedure. 

 
2.4 Measuring tools 
The measurement tools used in this study included learning achievement tests and 
questionnaires to assess the learning status. The test questionnaires were designed by the 
obstetric course teacher and their validity was evaluated by two obstetric education experts. 
These tests aimed to understand the learning outcomes of the two groups of students. The 
pre-test was conducted to assess students' prior knowledge of the four-stage palpation in 
obstetrics before the learning activities. It consisted of 20 multiple-choice questions, with a 
maximum score of 100. The post-test included obstetric assessment skill tests derived from 
obstetric assessment performance proposed by two experienced teachers. It comprised 10 
dimensions.  
 
The Critical Thinking Scale was developed by Lai and Hwang (2014) and consisted of 6 items, 
using a Likert 5-point rating scale, with a Cronbach's alpha value of 0.80. One of the items 
was "I like to ask some questions that others do not think of."  
 
The Problem-Solving Competence Scale, also proposed by Lai and Hwang (2014), consisted 
of 6 items, using a Likert 5-point rating scale, with a Cronbach's alpha value of 0.81. One of 
the items was "I believe that I have the ability to solve the problems I encounter," and "I believe 
that I can solve problems on my own." 
 
3. Results 
 
3.1. Learning achievement 
The ACONVA analysis was used to compare the learning achievements of the experimental 
group and the control group, and to test the homogeneity assumption of ACONVA. The results 
showed that the pre-test F = 5.02 (p > 0.05) and the post-test F = 0.21 (p > 0.05), indicating 
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that ACONVA could be used to compare the learning achievements of the two groups before 
and after the intervention. The ACONVA analysis results also indicated that there was no 
significant difference in prior knowledge between the two groups, with F = 0.48 (p = 0.52). 
 
Furthermore, there was a significant difference in the post-test scores between the two groups 
(F = 3.57, p < 0.05). The experimental group had an average score of 86.08 (standard error = 
0.95), which was higher than the control group's average score of 80.80 (standard error = 
0.95). This indicates that the learning method based on computer supported collaborative 
learning environment in the experimental group significantly improved students' learning 
achievement compared to the traditional learning method in the control group. 
 
3.2. Critical thinking tendency 
To validate the rationality of ANCOVA analysis between the experimental and control groups' 
critical thinking tendency, the homogeneity of regression coefficients within each group was 
examined. The result showed that F = 0.58 did not violate the homogeneity assumption (p > 
0.05). Subsequently, ANCOVA was used to analyze the variables, with the post-test 
questionnaire scores as the dependent variable and the pre-test questionnaire scores as the 
covariate. Table 2 presents the ANCOVA results for the critical thinking tendency after the 
questionnaire survey in both groups. 
 
After controlling for the influence of pre-test scores, there was a significant difference in the 
post-test scores between the two groups (F = 3.35, p < 0.05). The adjusted mean for the 
experimental group was 4.69 (standard error = 0.69), which was higher than the control 
group's mean of 4.66 (standard error = 0.69). These results indicate that students in the 
experimental group, who adopted the learning method based on computer supported 
collaborative learning environment, demonstrated a significant improvement in critical thinking 
tendency. 
 
3.3. Problem-solving tendency 
This study utilized a pre-questionnaire to measure whether the experimental and control 
groups had similar experiences in the classroom. The mean and standard deviation of the pre-
test scores for the experimental group were 4.64 and 0.32, respectively, while the mean and 
standard deviation of the pre-test scores for the control group were 4.63 and 0.37, 
respectively. The results of the t-test indicated that there was no significant difference between 
the two groups in the pre-test scores (t = 1.03, p > 0.05). Therefore, it can be inferred that both 
groups had similar learning experiences. 
 
After the learning activities concluded, a problem-solving competence questionnaire survey 
was conducted to measure the learning satisfaction of both groups. As shown in Table 3, the 
t-test results revealed that the problem-solving competence scores in the experimental group 
were higher than those in the control group (t = 2.78, p < 0.05). Based on these results, it can 
be concluded that students using the learning method based on computer supported 
collaborative learning environment demonstrated an effective improvement in their problem-
solving tendency. 
 
4. Discussion and conclusion 
 
Within the context of this investigation, with the aim of elevating the proficiency of nursing 
students in the domain of obstetric nursing skills, we introduced an innovative computer-
supported collaborative learning system. This pioneering approach was subsequently 
subjected to a quasi-experimental study conducted within a specialized obstetric course, 
serving as the foundation for an in-depth assessment of the efficacy of this novel pedagogical 
technique. The empirical outcomes of this study unequivocally demonstrated that the 
utilization of the computer-supported collaborative context learning method resulted in a 
noteworthy enhancement of students' learning accomplishments, heightened critical thinking 
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capacities, and an augmented inclination toward effective problem-solving, all of which stood 
in marked contrast to the outcomes associated with traditional learning methodologies. 
 
We integrated the clinical learning environment of prenatal care into the computer-supported 
collaborative learning environment system and designed obstetric context learning, 
highlighting the key learning activities in the clinical setting. Students in the experimental group 
were able to practice the learning tasks repeatedly and build essential knowledge and 
operational skills through the computer-supported collaborative learning environment-based 
context learning system. As a result, the students in the experimental group demonstrated 
more concrete nursing concepts and better interaction with the teacher during the learning 
process. In contrast, students in the control group, who had not experienced obstetric context 
learning, found the context and operational skills more abstract in the classroom. Therefore, 
the results indicated that the students who used the computer-supported collaborative learning 
environment-based context learning method achieved better learning outcomes, learning 
participation, and overall satisfaction with the teaching. 
 
Based on the findings, we suggest that future research on computer-supported collaborative 
learning environment-based context learning should incorporate not only context-specific 
questions, tests, or concepts but also interactive and engaging guidance. These questions 
should include essential concepts and learning units related to the course. Additionally, 
educators can present core questions related to the learning units for further exploration and 
discussion in the classroom. 
 
Nevertheless, this study has some limitations. Firstly, it employed the computer-supported 
collaborative learning environment-based context learning technology, and its generalizability 
may be affected by the actual cases in the specialized field. Secondly, the experiment was 
conducted in a specific school and for a particular course, which may limit the generalizability 
of the research results to students with different professional backgrounds or in other medical 
fields. Thirdly, the sample size of this study was limited, and the statistical differences in the 
results may not be sufficient for inference. Future research could consider implementing 
additional learning behavior assessments or learning strategies in the computer-supported 
collaborative learning environment context learning and conducting interviews to understand 
the impact on student's performance and learning experiences. 
 
In conclusion, the primary contribution of this study is the proposal of the computer-supported 
collaborative learning environment-based context learning method and its integration with the 
context-promoting mechanism in the computer-supported collaborative learning environment 
learning system, which innovatively transforms traditional obstetric teaching design. The 
experimental results further demonstrate that the learning strategy of guiding students to face 
contextual problems and seek answers according to the context is applicable to other medical 
and health education fields, educators, or researchers to promote teaching objectives in 
various clinical contexts and develop innovative digital teaching materials tailored to different 
professional medical and health education contexts. 
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Abstract: This study developed an online discussion forum that motivate students’ 
knowledge seeking and sharing. The forum enables students post questions 
anonymously and provides a question or response prompt that invite students to 
engage in the discussion after completing a quiz. A quasi-experimental approach was 
conducted with a sample of 100 students. The results indicated that the students in the 
experimental group exhibited more active participation in knowledge seeking and 
sharing, as well as showed a higher density of group’s social network. The findings 
provide some evidence for the value of the motivational design, in terms of anonymous 
questioning and prompt features, to address the challenge of under-contribution in 
online discussion forums. 
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1. Introduction 
 
With the advancement of information and communication technology, the Internet now 
provides students new channels such as email, search engines to seek academic help online. 
Online discussion forums have already demonstrated their potential to facilitate collaborative 
problem-solving among students. However, the effectiveness of these forums is intrinsically 
tied to how actively students participate and how deeply they engage with one another. 
Additionally, previous research has shown that only a minority of students would like to post 
their questions or to respond to others’ queries (Chao et al., 2018). As a result, it is essential 
to create a supportive environment for online discussions in order to motivate student 
engagement in actively seeking and sharing knowledge. 
 
 
2. Literature Review 
 
2.1 Knowledge Seeking and Sharing Behavior in the Online Discussion forum 
 
Online discussion forums provide a place where students and teachers can have discussions 
regarding course materials and assignments online, regardless of time and place (Demir et 
al., 2023). In these forums, students interact with peers and teachers to seek and share 
knowledge. Knowledge seeking behaviors involve looking for information, help, or advice in 
response to a need. It’s like learning from what others have experienced. Knowledge sharing 
behaviors include offering information and/or knowledge about personal experiences and 
making it available to others (Kumi & Sabherwal, 2019). Active participation and engagement 
in these discussions are crucial for facilitating effective knowledge exchange (Arazy et al., 
2016). However, the well-known dilemma of the “tragedy of commons” manifests in online 
discussion forums, where many individuals tend to free ride or under-contribute rather than 
take the time to continually share their knowledge (Chen et al., 2019), leading to a decrease 
in participants posting questions. Therefore, motivating students to participate in and 
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contribute to online discussions for the purpose of seeking and sharing knowledge is 
challenging. 
 
2.2 Motivation to Seek and Share Knowledge 
 
Motivation refers to those methods that attribute efforts, direction, or purpose to the requisite 
behaviors, and plays an important role in the knowledge seeking and sharing process (Ergün 
& Avcı, 2018). In such situation, the self-determination theory differentiates two primary types 
of motivations: intrinsic motivation, driven by inherent satisfaction and enjoyment, and extrinsic 
motivation, characterized by the inclination to perform for external rewards. 

Previous studies have explored the internal and external motivating factors that support 
individuals’ engagement in knowledge seeking and sharing in various contexts. For example, 
Kwahk and Park (2016) underscored the positive correlation between knowledge self-efficacy 
and knowledge sharing, as well as continued sharing. Individuals with high knowledge self-
efficacy demonstrate a heightened sense of responsibility, motivating them contribute high-
quality contents to the online discussions (Zhang et al., 2019). Therefore, considering 
interventions that invite individuals with high knowledge self-efficacy, such as students with 
extensive experience or a profound grasp of the subject to engage in knowledge-seeking 
processes, may enhance the value of knowledge exchange and improve students’ willingness 
to actively participate in knowledge acquisition in an online discussion forum.  

Additionally, reputation serves as a significant motivator for active engagement in 
online discussions. Karabenick and Dembo (2011) proposed that the absence or avoidance 
of knowledge seeking may not be directly related to the degree of help a student may need. 
Instead, when students refrain from seeking help, it may mean that they are embarrassed to 
seek academic help (Koc & Liu, 2016). Hence, it is recommended that the fundamental design 
of any online discussion forum should consider concealing the questioners’ identities to 
safeguard self-esteem and thereby enhance students’ participation in knowledge seeking. 

Based on the aforementioned concerns, the design of an online discussion forum 
system for enhancing knowledge seeking and sharing should consider the motivational factors 
that encourage meaningful interaction among students. To address this need, the current 
study modified an online discussion forum to enable students to post questions anonymously 
and actively engage in online discussions. Furthermore, this study investigates the impact of 
the modified online discussion forum on students’ engagement in both knowledge seeking and 
sharing activities. The research questions in this study are as follows: (1) What impact does 
the modified online discussion forum have on students’ engagement in knowledge seeking 
and sharing? (2) What impact does the online discussion forum have on students’ social 
network? 
 
 
3. Methods 
 
3.1 Participants 
 
The study included 100 graduate students (24 males and 76 females) enrolled in the C 
programming course at a university in Beijing. All students are all non-computer majors, 
including psychology, physics, and other majors. Each participant was assigned to either the 
experimental or control group at random.  
 
3.2 Online Discussion Forum 
 
Daily Quiz is a practice system that offers a sequence of multiple-choice questions and 
supports distributed practice for novice programming (Li et al., 2021). This system enables 
students to take quizzes, view correct answers, as well as read the related materials. Below 
each daily quiz is an online discussion area where students can post their questions or provide 
responses to others’ queries. As a question is posted, the system generates timely 
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notifications to inform the students of any comments from peers or teachers, facilitating rapid 
checking and response to the received messages. Furthermore, they can also express their 
perspectives on the replies received using the ‘like’ feature. 

Daily Quiz provides two discussion forum-related features exclusively for the 
experimental group. The first feature is the anonymous questioning, which allows students to 
post questions without revealing their identities (see Figure 1.). The second is a question or 
response prompt that invite students to engage in the discussion. For example, after 
successfully completing a quiz, the system creates a prompt encouraging participation in the 
discussion forum, along with a message like “Congratulations! Please enter the discussion 
forum to help the 5 students who are experiencing trouble with this quiz.”   
 

 
Figure 1. The Online Discussion Forum for Experimental Group 

 
3.3 Procedure  
 
The study lasted for eight weeks. In the first week, the teacher introduced students to the Daily 
Quiz and provided them a video tutorial outlining the basic features of the system. Students 
were encouraged to use the discussion forum to post their questions or provide comments to 
the questioners. In the remaining weeks, the teacher continued teaching the C programming 
course, and students used Daily Quiz for practice and engaging in interaction during their 
available spare time. Notably, students in the experimental group would remain anonymous 
when they ask questions and receive the prompt after completing a quiz. In contrast, the 
functions of anonymous questioning feature and prompts were turned off for the control group 
within Daily Quiz.  
 
3.4 Data Collection and Analysis 
 
During the course, the two groups of students were free to use the features of Daily Quiz to 
do quizzes and resolve their questions in a convenient location and at a convenient time. All 
students’ activities of taking quizzes, posting questions, making comments on questions, 
giving likes were collected. To address the research questions raised in this study, the 
frequency of these activities was computed to compare the differences between the 
experimental group and the control group.  
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Social network could represent social connections between people and reflect the 
qualitative aspect of participation in collective activities. Social Network Analysis (SNA) is a 
valuable method for revealing relationship patterns among members of social systems. 
Various studies have indicated that SNA can map interactions in text-based asynchronous 
online discussions in an effective and analyzable manner (Norz et al., 2023). For example,  
Lim (2023) used SNA to investigate the features and patterns of student interactions on online 
discussion boards during a course and found the critical role of social presence in enhancing 
students’ online learning experiences and outcomes. Through SNA, we could gain insight into 
students’ activity levels and participation patterns participation patterns in online discussions. 
Thus, SNA was employed to explore the degree of student participation in interaction in this 
study. The network data which comprise a set of nodes and ties was derived from the 
interactions among students through exchanged postings. SNA was then created with 
UCINET 6.0 software and visualized with Netdraw (Borgatti et al., 2002). 
 
 
4. Results 
 
4.1 The Differences in Knowledge Seeking and Sharing Behavior 
 
A series of independent sample t-tests was used to examine the difference between the 
experimental and control groups in terms of students’ behavior in the online discussion forum, 
as shown in Table 1. The results revealed significant differences in the participation of asking 
questions, answering, and liking responses. Specifically, students in the experimental group 
had significantly higher frequencies than those in the control group for posting questions (t = 
6.585, p < 0.001). In terms of answering questions, the experimental group made significantly 
more comments on others’ questions (t = 9.969, p < 0.001) than the control group did. 
Moreover, there was significant differences in giving likes on the responses with the 
experimental group had higher frequencies of liking than the control group (t = 4,362, p < 
0.001). These results indicate that the modified online discussion forum could potentially 
facilitate students’ knowledge seeking and sharing activities as well as motivate them to 
interact with others. 
 
Table 1. Comparison of Students’ Behavior of the Experimental and Control Groups 

Variables Experimental group 
(N=52) 

Control group 
(N=48) 

t 

Questioning 4.44±5.09 0.00±0.00 6.585*** 
Answering 23.79±17.33 0.67±0.58 9.969*** 
Liking 4.96±7.86 0.15±0.55 4.362*** 

Note. ***p<0.001, **p<0.01, *p<0.05. 
 
4.2 The Differences in Social Network 
 
SNA was employed in this study to explore the social connections within both experimental 
and control groups. Figure 2. illustrates the social network of the control group, which has just 
3 nodes (students) and 2 ties (connections between students), showing that there is little 
interaction among them. As shown in Figure 3., the social network of the experimental group 
exhibits a higher density and increased connectivity. A significant majority of students in the 
experimental group actively engaged in the online discussions and responded to peers’ 
questions. These findings demonstrate that the value of the design strategy that prompt 
students to enter the discussion forum to post or answer questions. This strategy not only 
facilitate their engagement in meaningful conversations but also serve as a motivation for their 
knowledge seeking and sharing behaviors. 
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Figure 2. The Social Network of the Control Group 

 

 
Figure 3. The Social Network of the Experimental Group 

 
 
5. Conclusion 
 
This study introduced an online discussion forum to motivate students’ active engagement in 
knowledge seeking and sharing activities. The effectiveness of this forum was further explored 
by analyzing students’ participation in knowledge seeking and sharing, as well as the social 
network of student groups. The results indicated that the students in the experimental group 
have significant higher frequencies than the those in the control group for questioning, 
answering and giving positive feedback on those valuable comments. Knowledge construction 
mainly happens in reading and commenting on others’ posts by internalizing and integrating 
external useful information from others(Ye & Pennisi, 2022). The active participation of 
students in the experimental group in the discussion forum may help them achieve better 
knowledge construction. In terms of the social network, the experimental group exhibited a 
closer relationship among students than the control group. The overall results revealed the 
efficacy of the modified online discussion forum in promoting active participation and 
knowledge exchange. The anonymous questioning feature in the online discussion forum 
fostered a comfortable environment where students felt at ease posting their queries publicly. 
Moreover, the prompt inviting students to participate in the discussions instilled a sense of 
responsibility among those proficient in the quiz content, motivating their help to peers in need. 
Consequently, this study provides innovative approach to address the challenge of under-
contribution in online discussion forums from the motivational perspective. 

 This study has some limitations that offer opportunities for future research. Specifically, 
the current study explored the combined effects of two features. Future research could adopt 
a segmentation approach, segregating participants into distinct groups to investigate specific 
impacts on knowledge seeking and sharing. Furthermore, it should be noted that a minority of 
students displayed limited engagement in discussions, with some forming only minimal ties (2 
or 3) in the social network of the experimental group. Future studies can explore strategies 
more adept at stimulating students’ participation and engagement in knowledge exchange in 
the online discussion forums.  
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Abstract: In this paper, we propose a student-centered hybrid intelligent teacher 
system, and show how this system advances in a case study in teaching robotics. The 
key innovation of this system is to focus on the combination of a human teacher and a 
cloud teacher, which is a textual-based conversational agent for answering the 
questions from students in Mechanical Engineering via machine learning technologies. 
The basic underlying idea is to train the agent by utilizing open-source artificial 
intelligence tools from Google’s DeepMind, such that the agent can understand and 
answer the questions raised by students with an acceptable confidence value. 
Specifically, it is expected to customize a training database combining VEX hardware 
assembling, Auduino and Solidworks programming. Moreover, Big Data Analytics can 
be conducted accordingly based on students’ historical questions. An Android-based 
mobile application is produced. As a result, students can raise their questions 
conveniently and get instantaneous feedback with a 24-7 service. The method has 
demonstrated its effectiveness in a university general education course (UGEB2303 
Robots in Action). 

 
Keywords: Personalized education, Chatbot development, Big data analytics, 
Robotics teaching 

 
1. Introduction 
 
Nowadays, technology in education is playing a growingly essential role in teaching and 
learning. Many studies have demonstrated that machines perform better in modern 
education than human teachers in certain areas, like automatic assessment, functional 
chatting services, and big data analysis (Selwyn, N., 2019). Technology in education is 
expected to bring fundamental changes to the relationship between students and teachers, 
and to promote learning outputs. 

Still, it is important to note that technology is a tool used in education and not an end 
in itself. The promise of educational technology lies in what educators do with it and how it is 
used to best support their students’ needs. Although machines surpass human teachers in 
some specific tasks, they need to be carefully placed by their designer (Wajcman, J., 2017). 
Thus, an optimal teaching and learning system relies on an elegant collaboration of 
technologies, their designer, and the executor. 
 
2. Hybrid Intelligent Teacher System 
 
2.1 System Description and Main Component 
 
As a teacher of engineering, I firmly believe in a superlative combination of teacher and 
technology, which enables students to take a more active role in learning, interacting with 
their peers, and creatively making their contributions to society. Based on the Johnson’s 
Technology Integration Model (Johnson, D. L., and Liu, L., 2000) and the Technology Team-
Teaching Model (Jong, J. S., 2008), a student-centered hybrid teacher system is innovatively 
developed with students as the centre (see Figure 1) 
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In the proposed system, the following features are worth clarifying: 
 Human teacher: A real person helps students acquire knowledge and competence 

effectively and efficiently. S/he could develop or apply various educational 
technologies and devices to accelerate students’ learning. The role of a teacher can 
go beyond teaching, such as being a counsellor, mentor, role model, and so on. 
His/Her basic functions include: 1) Design and manage the cloud teacher; 2) Maintain 
a desirable relationship between students and the cloud teacher; 3) Breed curiosity 
and cultivate creativity; 4) Provide nuanced feedback; 5) Expedite students’ access to 
innovations, knowledge, experience, peers, and community; and 6) Supply humanistic 
care such as empathy, trust, inspiration, and encouragement. 

 Cloud teacher: The instrumental element or educational technologies could be any 
format of carriers that facilitate teaching and learning, bringing cause-effect results 
through its implementations in the system. Basic features of the cloud teacher include: 
1) 24/7 functional Q&A service to students; 2) Big data analysis for individualized 
education (hence, precision education) (Zhang, K., and Ayse, B. A., 2021); 3) Accessible 
and online experiential training; 4) Automatic assessment and invigilation; 5) Intelligent 
teaching assistance based on robots and AI; and 6) Related software like APPs, 
websites, micro-modules, or integration with hardware. 

 Collaboration between human teacher and cloud teacher in a hybrid mode: 1) Human 
teacher designs and manages cloud teacher; 2) Cloud teacher gives human teacher a 
better way of teaching and learning in various aspects, like automatic and formative 
assessments; 3) Cloud teacher is able to establish students’ profiling and helps human 
teacher in making predictions and course preparation; 4) Cloud teacher analyzes 
students’ on-the-spot inputs, and provides instant feedback to human teacher, who 
can give timely interventions to students; 5) Cloud teacher saves time and energy of 
human teacher such that s/he can perform more effectively; 6) Human teacher fine-
tunes cloud teacher based on user experience and feedbacks. 

 
Figure 1: A diagram of the student-centered hybrid intelligent teacher system 

 Creativity: The capacity of students to produce original ideas or objects. The created 
item may be intangible (such as an idea, a scientific theory, a musical composition, or 
a joke) or a physical object (such as an invention, a printed literary work, or a painting). 

 Experience: Personal reflection or skills students learn by doing. Acquisition of 
experience entails a hands-on approach to learning. It makes learning an experience 
that moves beyond the classroom and strives to bring a more involved way of learning 
(Vosniadou, S., and Brewer, W. F., 1987). 
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 Knowledge: It is the combination of data and information, in addition to expert opinion, 
skills, and apprehension, which results in a valuable asset that aids decision making.  

 Peers: A social group of people with similar background, social status and learning 
objectives. Members of the group are likely to influence each other’s beliefs, behavior 
and learning efficiency (Scardamalia, M., and Bereiter, C., 1994). 

 Community: A group of people who share common academic goals, and collaborate 
on learning materials. In a learning community, the goal is to advance collective 
knowledge, and meanwhile, support the growth of individual knowledge (Martin Nunezi, 
J. L., and Lantada, A. D., 2020). 

 
2.2 The goal of Hybrid Intelligent Teacher System 
 
The main idea of this system is to take advantages of both human teacher and cloud teacher 
to maximize students’ learning outcomes. Our efforts are devoted to achieving the following 
objectives: 

 to boost students’ self-motivation, engagement, curiosity and passion for learning; 
 to bridge the gap amongst knowledge, creativity, and real implementations; 
 to establish an ecosystem for multi-dimensional theoretical and experiential peer 

learning with individual-to-individual, individual-to-group, group-to-group learning; 
 to enhance learning outcomes and train passionate professionals who can contribute 

to the community and society. 
The effectiveness of this system will be illustrated by a real case study in teaching robotics in 
the following section. 
 
3. Individualized Hands-on Training in Computer Programming 
 
3.1 Chatbot Development for Arduino Programming in Teaching Robotics 
 
We have built a “cloud teacher”, which is a textual-based conversational agent for answering 
questions from students in Mechanical Engineering via machine learning technologies. The 
main idea is to train the agent by utilizing open-source artificial intelligence tools from 
Google’s DeepMind, such that the agent can understand and answer questions raised by 
students with an acceptable confidence value (Figure 2). In addition, the answers with 
associated confidence value will be reviewed by a panel of teachers in Mechanical 
Engineering while further training on the agent could be launched based on review results. 
Big Data Analytics can be conducted accordingly based on students’ historical questions, 
and prescribed teaching can be provided. Specifically, different reading references and 
exercise quiz questions will be provided according to students’ historical questions. In this 
way, personalized hands-on training materials are obtained such that each student could 
learn the computer language Arduino in a suitable way.  

We combined the cloud teacher with the flipped online laboratory in teaching robotics 
(General Education Course UGEB2303 Robots in Action in the academic year 2020-2021, 
2021-2022, and 2021-2023, 30 students per a semester). 
 

     
Figure 2: Front-end and flow editing of “cloud teacher” in answering different questions for 

Arduino programming 
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3.2 Impact on Teaching and Learning 
 
To show the positive influence on the hands-on learning, we have conducted the following 
methods as evaluation plan: 

a) Survey on the online laboratory learning experience towards the end of the course 
UGEB2303.  

b) Survey on the user-experience on the conversational intelligent agent towards the end 
of the course UGEB2303. 

c) Focus group interview with a small group of volunteer students of the courses 
UGEB2303. 

d) Feedbacks and discussions from course website of UGEB2303 and small group forum. 
e) Weekly reflection meetings with technicians and student helpers to monitor the 

progress and propose future developments and improvements.  
f) Presentation of the project and summarized feedbacks at seminars and conferences.  

 
The monitoring data have been collected by the evaluation methods above and 

illustrates the usefulness of this work: 
a) The results of feedback from students have been collected. Rate of positive feedback is 

83.3% (25/30) in the Survey on the online laboratory learning experience for the course 
UGEB2303.  

b) Rate of positive feedback is 77.4% in the Survey on the user-experience with the 
conversational intelligent agent towards the end of the courses UGEB2303. 

 
The following table shows the elevated learning outcome of UGEB2303 by using the 
proposed method. It provides 21.2%, 33.8%, and 11% boost of performance in Quiz1, Quiz2 
and Final project.  
 
Table 1. Impact on the Learning Outcomes in UGEB2303 Robots in Actions 

 Quiz1 Quiz2 Final Project 
UGEB2303 in 2019-20 

without the hybrid 
teacher system 

9.72/15 9.13/15 34.79/50 

UGEB2303 in 2022-23 
with the hybrid 
teacher system 

11.78/15 12.22/15 38.62/50 

 
3.3 Influence and Sustainability of this Work 
The ability of programming with C, MATLAB and Arduino is assumed and required in a wide 
range of courses across different engineering programmes. The developed mobile app can 
be used directly in these courses such that the course instructors do not need to review or 
re-teach basic computer programming. The general approach of AI-powered conversational 
agent can also be explored in other subject areas across different faculties for sustaining 
effective virtual teaching and learning in the new normal. 
 

a) Impact in the Department of Mechanical and Automation Engineering: Besides the 
course UGEB2303 that already adopted the cloud teacher, more colleagues and 
courses will try the innovative pedagogy in the coming semester, including some 
courses in the same department: MAEG3080 (expected 30 students) and EEEN2020 
(expected 40 students). 

b) Impact in the Faculty of Engineering: Some Faculty foundation courses with computer 
language programming training would adopt this pedagogy, like programming with C, 
MATLAB, SolidWork, etc. ENGG1110 Problem Solving By Programming will be one of 
the first Faculty foundation course adopt this method in the following semester.  
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c) Local impact in Hong Kong: The Center for Artificial intelligence Research (CAiRe), 
Hong Kong University of Science and Technology, displayed interests in 
implementation of the developed cloud teacher in some courses for possible 
collaboration. 

d) Impact worldwide: Based on the developed cloud teacher, we further collaborate with 
Cardiff Metropolitan University and made a proposal together called “AI-assisted 
Automated assessment system for remote robot laboratory platform”.  

e) Prize received: Poster Silver Award – Pedagogical Innovation in CUHK Teaching and 
Learning Innovation Expo. 
 

4. Conclusion 
 
A student-centered hybrid intelligent teacher system is proposed and illustrated in this paper. 
It shows how this system displays its advantages in teaching robotics. The key innovation of 
this system is to fuse a human teacher and a cloud teacher, which is a textual-based 
conversational agent for answering the questions from students in Mechanical Engineering 
via machine learning technologies. The basic underlying idea is to train the agent by utilizing 
open-source artificial intelligence tools from Google’s DeepMind, such that the agent can 
understand and answer the questions raised by students with an acceptable confidence 
value. Specifically, it is expected to customize a training database combining VEX hardware 
assembling, Auduino and Solidworks programming. Moreover, Big Data Analytics can be 
conducted accordingly based on students’ historical questions. An Android-based mobile 
application is produced. As a result, students can raise their questions conveniently and get 
instantaneous feedback with a 24-7 service. The effectiveness of this method is given by a 
case study in a university general education course. 
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Abstract: The inquiry-based learning model is an instructional approach tailored to 
students' exploration of both the natural world and society. By integrating prominent 
Sustainable Development Goals (SDGs) and leveraging open data, this approach 
nurtures students' scientific literacy and data analysis proficiencies. In this context, the 
current study devised an online inquiry learning system named <City Auncel>, enabling 
students to engage with data and independently delve into socioscientific issues 
through an open inquiry learning model. The findings underscore that students 
exhibited a high level of immersion throughout the activity, along with adept data 
collection and summarization skills.  
Keywords: Open-ended inquiry, Inquiry-based learning, Real open data, Action 
Decisions, Sustainable Development Goals (SDGs)   

  
  
1. Introduction  

  
<City Auncel> is a web system for inquiry-based learning embedded with real open data, 
which promotes inquiry learning in students' action decisions towards the Sustainable 
Development Goals (SDGs). Bangura and Ally (2020) highlighted that online learning has the 
potential to significantly broaden educational access, thereby contributing to the realization 
of the SDG's objective of achieving universal education. The main purpose of this study is to 
promote the inquiry-based learning to the interdisciplinary socioscientific issues. It aims to 
improve the problem of physical activities' inability to expand knowledge content and course 
resources in a timely manner. On the contrary, although the <City Auncel> system already 
has designated data from the real open data, the advantage of online learning allows 
students to freely explore related knowledge beyond the data offered in the system. 
Therefore, through promoting scientific literacy and active learning strategies, an 
inquirybased learning model was developed to encourage students for free exploration of 
problems, unimpeded collection, analysis and interpretation of exploratory content, and 
writing their ideas about social issues. In the end, students present their exploration results 
and content in the system.  

This study utilizes the background of socioscientific issues to generate open-ended 
questions, serving as a guide for students to engage in initial open-ended inquiry activities. 
The system provides students with various forms of data, such as images, text, and data 
visualization, to facilitate an in-depth exploration of social science issues related to Taiwan. 
This allows students to actively explore and discover the complex relationships inherent in 
social science issues. The purpose of this study is to investigate how students can conduct 
open-ended inquiries in social science issues and what the content and outcomes of such 
inquiries are.  
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2. Related Work  
  

2.1 Inquiry-Based Learning  
  

Inquiry-based learning is a learning method based on problem-solving and exploration. This 
approach encourages active student engagement in the learning process through steps such 
as posing questions, gathering data, conducting experiments, analyzing, and evaluating to 
gain a deeper understanding of the subject matter. According to Prince (2004), inquiry-based 
learning enhances students' learning motivation and interest, encouraging them to explore 
the learned knowledge in depth. Banchi and Bell (2008) also suggest that inquiry-based 
learning is a teaching model designed around students' exploration of the natural world and 
society, aiming to help them construct their own knowledge by encouraging questioning, 
investigation, knowledge discovery, and application. Research by Kuhn (2007) indicates the 
benefits of inquiry-based learning for developing students' critical thinking and 
problemsolving abilities. It has also been shown to increase students' learning motivation 
and interest (Blumenfeld et al., 1991; Prince, 2004). However, implementing inquiry-based 
learning requires teachers to have sufficient time and resources for design and 
implementation, as well as continuous assessment and adjustment of instructional strategies 
to ensure that students achieve the learning goals (Banchi & Bell, 2008). While some 
scholars believe that inquiry-based learning is less effective than direct instruction, in 
practice, the effectiveness and applicability of inquiry-based learning largely depend on 
specific contexts and learning objectives, the extent of students' foundational learning skills 
and background knowledge, and the need for teachers to provide appropriate guidance and 
support. Therefore, further exploration and research are needed to fully understand the 
effectiveness and applicability of inquiry-based learning.  

Based on the variations in the structure, guidance, and level of student and teacher 
involvement, inquiry-based learning can be categorized into structured, guided, and open 
inquiry learning models.  
1. Structured Inquiry: Structured inquiry refers to the explicit definition and explanation of 

learning objectives by the teacher, who provides specific guidance and support to assist 
students in their inquiries. According to Hmelo-Silver et al. (2007), structured inquiry 
helps students grasp learning objectives and improves learning outcomes. Furthermore, 
structured inquiry can enhance students' learning outcomes and efficiency, enabling 
them to quickly master learning content and skills. However, structured inquiry may limit 
students' creativity and autonomy in learning (Kirschner et al., 2006).  

2. Guided Inquiry: Guided inquiry involves the teacher providing a certain degree of 
guidance and support while allowing students some autonomy in their investigations. 
Research by Hung et al. (2005) indicates that guided inquiry helps students discover 
problems, enhance learning motivation and interest, and engage in interesting and 
challenging learning activities. Guided inquiry also promotes students' critical thinking 
and problem-solving abilities. However, guided inquiry may require teachers to invest 
more time and effort in designing and guiding learning activities.  

3. Open inquiry: Open inquiry refers to the teacher not explicitly defining or explaining 
learning objectives, but instead allowing students to freely explore and discover 
knowledge. Studies by Hmelo-Silver et al. (2007) show that open inquiry enhances 
students' autonomy and creativity in learning. Students are free to explore and discover 
new knowledge, and it helps them develop critical thinking and problem-solving skills. 
However, open inquiry may require more time and resources to support students' 
learning.  

However, in inquiry-based learning, structured, guided, and open inquiry are 
commonly used approaches, each with its own advantages, disadvantages, and suitable 
contexts. According to Kirschner et al. (2006), structured inquiry emphasizes students 
learning in a structured environment, where teachers provide clear learning objectives, 
guidance, and detailed learning paths. This approach helps students acquire important 
knowledge and skills but may limit their creativity and independent thinking abilities.  
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On the other hand, guided inquiry offers more freedom and flexibility while providing 
students with appropriate guidance and support. Hung et al. (2005) found that guided inquiry 
emphasizes students discovering and solving problems during the inquiry process. Teachers 
provide relatively ambiguous learning objectives and guidance to stimulate students' learning 
motivation and creativity. This approach enhances students' autonomy and sense of 
responsibility in learning but may require them to face more challenges and difficulties. 
According to Lazonder & Harmsen (2016), guided inquiry often leads to higher learning 
effectiveness because it provides appropriate guidance, making it easier for students to 
understand the goals and process of inquiry. It is suitable for relatively simple and clear-cut 
problems.  

Lastly, open inquiry is a completely independent learning approach suitable for 
complex problems that require students to engage in deeper exploration and analysis. 
Students have the freedom to choose problems and solutions and independently explore 
and learn during the process. Hmelo-Silver et al. (2007) found that open inquiry can 
stimulate students' learning interests and motivation, enhance their creativity and 
independent thinking abilities, as well as improve their autonomy and sense of responsibility 
in learning (Hung et al., 2005). However, open inquiry may also present challenges and 
difficulties. It requires students to have sufficient prior knowledge and skills; otherwise, it may 
lead to poor learning outcomes. Hmelo-Silver et al. (2007) noted that open inquiry can be 
challenging for students, particularly when they lack the necessary prior knowledge and 
skills. Therefore, teachers need to provide appropriate support and guidance in open inquiry 
to help students overcome difficulties and improve learning outcomes.  
  
2.2 Real Open Data  

  
Real open data can facilitate the effective utilization and management of resources. As 
highlighted by Davies et al. (2017), real open data can provide valuable information on 
energy, water resources, land use, waste management, and other aspects, thereby assisting 
governments and businesses in better managing these resources. Governments can gain a 
better understanding of energy consumption in each region through open data, enabling 
them to formulate more effective energy-saving policies. Real open data also promotes 
knowledge sharing and technological innovation. As articulated by Giest et al. (2017), real 
open data supports communication and collaboration among different knowledge domains, 
thereby fostering technological innovation and development. For example, open data allows 
scientists and researchers from various fields to share and utilize data, advancing scientific 
research. It can even drive sustainable investment and the development of a green 
economy. Pandey et al. (2017) underscore that real open data can provide information on 
environmental and social benefits, helping investors and businesses make more informed 
investment decisions. Additionally, it can promote green industries and innovation, thus 
propelling the growth of a green economy.  

In addition to these issues, open data also has profound social and economic 
impacts. Firstly, open data can enhance transparency and trust in government and other 
institutions. Open data can increase public trust in the government, leading to increased 
public participation and support (Bertot et al., 2010). Secondly, open data can foster 
innovation and economic growth. Research by Kuk et al. (2016) suggests that open data can 
generate new business models and employment opportunities, thus promoting economic 
growth and innovation. Lastly, open data can also facilitate citizen science and social 
engagement. Wiggins and Crowston (2011) found that open data can enhance citizen 
science and social participation, increasing public understanding and involvement in 
scientific and social issues. It can even help governments and businesses better understand 
the problems they face and find more effective solutions (Janssen et al., 2012). In urban 
planning, real open data can provide valuable information on city traffic flow, pollution, water 
usage, and other aspects, helping urban planners gain a better understanding of the city's 
situation and make more informed decisions.  

Furthermore, real open data can also promote public engagement and social 
innovation. Hui et al. (2014) stated that real open data enables the public to have a better 
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understanding of the operations of governments and businesses, thus facilitating public 
participation and oversight. Additionally, real open data can foster social innovation, such as 
through the innovative use of open data for new products and services.  

In today's society, sustainable development has become a global issue due to the 
significant impact of human lifestyles and economic activities on the Earth's environment. To 
achieve sustainable development, innovation and improvement are required in various fields. 
In this regard, real open data has been proven to be a highly valuable tool with significant 
application value and advantages in the context of sustainable development.  

However, there are also challenges that need to be addressed, such as privacy and 
security concerns, as well as potential shortcomings in data quality and reliability. The 
research of Halevy et al. (2009) found that many open datasets suffer from missing values, 
errors, and inconsistencies with reality, which can negatively impact data analysis and 
applications, affecting data effectiveness. Additionally, issues related to privacy and security 
may lead to the exposure of personal identities and sensitive information, as well as potential 
misuse. Moreover, open data can potentially have negative social impacts, such as 
perpetuating racial discrimination and implicit biases. Therefore, effective measures need to 
be implemented in the application and promotion of real open data to address these issues 
and achieve more effective and sustainable development.  

Although open data is a powerful tool that can play a crucial role in various domains, 
but there are also challenges and issues that need to be addressed. To maximize the value 
of open data, efforts should be focused on resolving privacy and security concerns, 
improving data quality and reliability. Additionally, further exploration is needed to understand 
the social and economic impacts of open data better, in order to grasp its value and potential 
more effectively.  
  
2.3 Action Decision  
  
Action decision is a situation that humans often face in daily life, and many scholars have 
conducted in-depth research on this type of decision-making. For example, Dawes and 
Corrigan (1974) pointed out that "in action decision-making, individuals typically refer to their 
experience and knowledge, but at the same time are also influenced by non-rational factors 
such as emotions, motives, and situations." In other words, when individuals make decisions, 
they not only consider their own knowledge and experience but also are influenced by non-
rational factors such as emotions and motives. In the actual decisionmaking process, people 
can use various methods. For example, Simon (1956) proposed the concept of "bounded 
rationality," stating that people only consider local factors when making decisions and cannot 
consider all possible choices. In addition, people can also use heuristics and rules to simplify 
the decision-making process (Tversky & Kahneman, 1974).  

In the field of education, action decision refers to the action choices made by learners 
when facing various situations, which is an important process of self-adjustment and 
reflection for learners. Action decision refers to the action choices made by learners in a 
specific context and is made after considering multiple factors (Muis et al., 2015). These 
factors can be the learner's learning goals, understanding of the task, time constraints, 
learning experience, and so on. Zimmerman and Risemberg (1997) pointed out in their 
research that learners' action decisions can reflect their learning motivation and learning 
strategies. At the same time, action decisions can also affect learners' learning outcomes. If 
learners can choose the most suitable action plan, their learning effect may be better. 
Helping learners improve their ability to make action decisions is an important teaching goal.   

  
  

3. Online System Design and Activity Process for Socioscientific Issues  
  

This study focuses on the socioscientific issue of the "Endangered Status of The Leopard 
Cat," encompassing SDGs 11 (Sustainable Cities and Communities), 13 (Climate Action), 
and 15 (Life on Land). The study's exploration data primarily originates from the Miaoli area 
of Taiwan, where the leopard cat's survival and activity rates are relatively high. Students 
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utilize the <City Auncel> system to access data pertaining to designated land based on 
information about the leopard cat's endangered status. They gather information from diverse 
sources to address this socioscientific issue. 

The system categorizes the data into five sections (Figure 1): (1) Water resources 
(latest & historical river water quality monitoring data, river distribution, etc.). (2) Land 
information (1984-2015 land use change, contour lines, terrain distribution, slope, etc.). (3) 
Introduction to the leopard cat (characteristics, habits, habitat, observed locations, road kill 
records, etc.). (4) Forestland (forest type and distribution), and (5) Demographics (population 
distribution, age distribution, etc.).  

The online system offers a diverse array of data and records the outcomes of 
students' explorations, facilitating the review of each student's findings post-exploration. 
Through the online system, various forms of data presentation are available, including 
interactive images, text, and statistical data tables. These aids help learners quickly 
comprehend the activity content and engage in a comprehensive inquiry-based learning 
process. The insights gained from the inquiry can also be incorporated back into the learning 
materials. 

Figure 1. Real Open Data Domains <City Auncel> 

This activity is structured around three roles, each representing a country's 
government, conservation groups, and corporations. Through role-playing, students initially 
delve into the endangered status of leopard cats and subsequently analyze appropriate 
regions for development or conservation efforts. They then engage in discussions and 
coordination to determine potential overlaps between areas earmarked for development and 
those requiring conservation, ultimately crafting a cohesive national plan. In this activity, 
students encounter three open-ended questions presented from distinct role perspectives 
(Figure 2). This approach empowers them to engage in open-ended inquiry, fostering the 
generation of distinct insights into socioscientific matters. Through meaningful discussions 
and thoughtful reflections, they gain exposure to their peers' research findings and 
outcomes, thereby enhancing their comprehension of the significance and intricacy inherent 
in socioscientific issues. 

Figure 2. Inquiry of respective role 

The activity comprises four stages (Figure 3) During Step 1, students receive a 
15minute introduction to the activity's theme and system operation. In Step 2, students delve 
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into answering three open-ended questions: (1) the survival crisis of the leopard cats, (2) 
identifying suitable areas for development or conservation, and (3) examining whether areas 
chosen for development and conservation align across different roles. This stage takes
approximately 90 minutes. Moving to Step 3, students explore the reasons behind 
overlapping areas for development and conservation and propose potential solutions. Lastly, 
Step 4 involves voluntary sharing of exploration content, reflections on the topic, and overall 
sentiments about the activity. 

Figure 3. Activity Process 

4. Research Design 

The study's experimental subjects consisted of students from a university's in-service 
graduate program in Taiwan. The participants were grouped randomly, with each group 
comprising 3 students, resulting in a total of 18 students divided among 6 groups. The 
majority of these students possessed educational and information backgrounds. Their ages 
ranged from 24 to 50 years on average. 
The open-ended inquiry process and the content of <City Auncel> are presented in Table 1. 
The initial step aims to help students comprehend the issue's significance and the 
contributing factors to the survival crisis. For this purpose, the question "What causes the 
survival crisis of the leopard cat?" is posed. In <City Auncel>, students have the opportunity 
to explore the central topic and pinpoint the factors that have led to the crisis. 

The second question caters to the unique inquiries from different roles, specifically 
addressing the need for conservation or development in certain areas. This question 
encourages students to generate their own crisis factors, requiring them to focus on their 
designated roles and explore outcomes that align with their interests as corporations, 
government representatives, or conservation groups. 

The third question is strategically designed to stimulate collaboration and discussions 
among students. It centers on determining whether any overlap exists between the areas 
targeted for conservation by conservation groups and those earmarked for development by 
corporations. To accomplish this, the query "Is there an overlap between areas that can be 
developed and areas that need to be conserved?" is presented. 

Through the formulation of these three open-ended questions, students are prompted 
to delve deeper into investigating and addressing the issues at hand. 
Table 1. Open Inquiry Model

Step Purpose Question Type <City Auncel> example

Step 1 Discover 
Problems

open-ended

What causes the survival crisis of the leopard 
cat?

Step 2 Solve / Generate
Crisis

Which area need to be conserved/developed?
Why does it need?

Step 3 Consultations
Is there an overlap between areas that can be 
developed and areas that need to be 
conserved? How to solve it?

Considering the previously outlined design of open-ended questions, this study 
examines students' textual responses to these three inquiries. The hypothesis posits that 
students derive their answers from the data made available through the system. Table 2 
presents analyzed sample sentences extracted from student responses. The categorization 
of students' answers is structured around five dimensions: (1) Water Resources, (2) Land 
Information, (3) Animal Conservation, (4) Vegetation Distribution, (5) Population, and (6) 
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Other Aspects. In cases where a student's writing addresses multiple dimensions, their text 
is subjected to a multidimensional textual analysis approach.  
Table 2 Text Analysis Example  

Role  Example Sentences  Data Domain  Multiple 
or Single  

Consortium  

Water quality: RPI=7.25, severe pollution 
(6+10+3+10). Land use map: Mostly 
developed area. The region is an important 
habitat for leopard cats.  

Water Resources 
Land Information 

Animal Conservation 
multiple  

Consortium  

According to water quality detection, the 
data indicates that the pollution index of the 
“Nangang Creek Bridge River” reaches a 
high level of 7.25, classified as severe 
pollution.  

Water Resources single  

Conservation 
Groups  

From the roadkill statistics of leopard cats in 
various sections of Miaoli County, it can be 
observed that Section 128 of the county is a 
high-risk roadkill zone for the leopard cats.   
Furthermore, based on the highway 
network map of the Miaoli region, it is 
evident that this section constitutes an 
expressway. Consequently, the construction 
of this expressway would place the leopard 
cats at a heightened risk.  

Land Information 

Animal 
Conservation 

multiple  

  
  

5. Results  
  

While exploring the question "What causes the survival crisis of the leopard cat?", 18 
students divided into six groups undertook diverse perspectives, yielding 56 distinct inquiry 
outcomes (Table 3). Upon analyzing and categorizing phrases and statements featured in 
students' reports, it becomes evident that a significant portion of the students centered their 
inquiries around water resources, land resources, and animal data.  
Upon analyzing the textual results of students' inquiries, it was evident that nearly all students 
recognized the significant issue of roadkill as a primary contributor to the leopard cats' survival 
crisis. Moreover, students identified areas affected by water pollution and acknowledged the 
consequences of historical land development changes on the survival of leopard cats. These 
factors collectively led to extensive habitat destruction for the leopard cats, resulting in a 
continual decline in population and worsening living conditions.  

However, aspects such as vegetation distribution and population structure were less 
frequently acknowledged in the students' inquiry outcomes. The researcher of this study 
suggests that students might have encountered challenges in linking data related to 
vegetation and population structure with the leopard cats' survival crisis. This discrepancy 
could arise from the fact that, within the system, issues concerning water resources, land 
information, and animal data were more immediate and easily discernible matters that could 
be addressed using accessible data. On the other hand, comprehending the correlation 
between vegetation and population structure required more intricate connections with other 
data points. Put simply, students may have identified issues stemming from land 
development but perhaps did not extend their thoughts to encompass the relationship 
between these issues and population structure. The same logic applies to vegetation data, 
where although vegetation holds relevance for the leopard cats' habitat, its connection to the 
specific question might not have been as apparent.  
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Consequently, the students' inquiry results indicate that during the discussion phase 
of the inquiry process, students predominantly emphasized interpreting data tied to pivotal 
factors. Essentially, within the context of the inquiry question, students gravitated towards 
interpreting and investigating data directly pertinent to water, land, and animal information. 
This encompassed addressing concerns such as roadkill, water quality pollution, and 
modifications in land development. These factors stood out as the most directly influential 
elements affecting the survival environment of the leopard cats.  

Table 3. Total Frequencies of Inquiry Items in Data Categories  
Data Domain  Total Frequencies of Inquiry Content Items  

Water Resources  13  
Land Information  17  

Animal Conservation  21  
Vegetation Distribution  2  

Population  3  
Total Items  56  

  
Regarding the second question, "Which area needs to be conserved/developed?" 

The outcomes derived from students' inquiries reveal that, upon analyzing content items 
mentioned in their reports and categorizing them by different roles, the Conservation group 
generated 23 inquiry results, while the Consortium produced 27, resulting in a total of 50 
(refer to Table 4). In comparison to the first question, students' responses to this question 
exhibit greater depth and diversity. However, the overall focus of inquiry remains aligned with 
that of the first question, with a higher emphasis on land data and animal information in 
contrast to other data aspects.  

Additionally, when inspecting the outcomes through the lens of role differentiation, 
students assuming the role of Conservation groups predominantly concentrated on animal 
data for this question. Most Conservation groups cited areas marked by pronounced leopard 
cat roadkill and habitat concerns as key areas for conservation.  

Conversely, drawing from the outcomes of students in the Consortium role, it 
becomes apparent that their exploration and explanation of answers to this question 
unfolded in a more multifaceted manner. Their primary inquiries revolved around 
geographical location and population distribution driving the tourism sector, among other 
factors. This diverges from the content of the first question, thereby displaying a lower 
degree of similarity. Textual analysis outcomes demonstrate that the primary basis for 
development centered on the convenience of transportation due to geographical location or 
population distribution. These research results underscore a high level of engagement 
among students and reveal distinctly varied inquiry focuses based on the roles they 
undertook.  

Table 1. Differences in Content of the Inquiry 

Data Domain Conservation Groups Consortium Total 
Water Resources 4 3 7 
Land Information 5 9 14 

Animal Conservation 10 5 15 
Vegetation Distribution 4 0 4 

Population 0 7 7 
Others 0 3 3 

Total Items 23 27 50 
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6. Conclusion  
 

This study developed an online platform <City Auncel> for exploring social issues utilizing 
real data. Through an inquiry-based learning approach, it aims to foster students' scientific 
literacy and underscore sustainability concerns tied to the Sustainable Development Goals 
(SDGs). The platform offers a variety of interactive visualized data. Educators can craft 
learning materials or activities to facilitate three modes of inquiry-based learning: structured, 
guided, and open-ended.  

Within this study, an open-ended inquiry-based learning model was introduced, 
affording students the autonomy to explore a range of authentic and open data. Throughout 
the inquiry-based learning process, spanning from content investigation and data collection 
to final deduction and interpretation, students construct their own knowledge to address 
socioscientific issues.  

The study's outcomes demonstrate that on the whole, students adeptly executed 
inquiries using the system. They identified multiple factors contributing to the survival crisis of 
the leopard cats. Textual analysis unveiled that students' inquiry directions tended to 
concentrate on key data closely linked to the issue. However, data with weaker associations 
were less likely to emerge in students' inquiries. This matter warrants further investigation 
and analysis. Researchers could classify the multidimensional data provided into levels of 
simplicity, moderate complexity, and challenge, thus better gauging students' inquiry 
capabilities.  

Moreover, whether evaluating the overall inquiry outcomes or individual student 
inquiries, uneven distributions in data exploration were observed. This suggests that while 
the data and inquiry questions formulated in this study were open-ended, students' 
roleplaying potentially constrained their comprehensive data exploration and interpretation. 
This bias might result from incomplete data exploration dimensions. Despite presenting 
diverse data for student exploration, the study uncovered skewed outcomes in the broader 
inquiry process. To broaden students' access to data and information, the relevance of role-
playing needs consideration. Alternatively, enhancing interactions and debates among roles 
could help counteract bias in data exploration.  

Nonetheless, the study highlights a high level of engagement among students. Each 
role exhibited distinct inquiry foci, and students made logical action decisions based on their 
inquiry findings. However, situations requiring physical coordination and interaction were 
influenced by real interpersonal relationships, impacting assessment outcomes. From these 
findings, it's evident that online open-ended inquiry, shaped by role-playing, can guide 
students' attention toward specific key data while providing them with an immersive learning 
experience.  

  
Acknowledgements  

  
This study is supported in part by the National Science and Technology Council (previously 
known as Ministry of Science and Technology) of Taiwan, under MOST 108-2511-H-008 -016 
-MY4 and NSTC 112-2410-H-008 -010 -MY3.  
 
References  
  
Banchi, H., & Bell, R. (2008). The many levels of inquiry. Science and children, 46(2), 26.  
Bertot, J. C., Jaeger, P. T., & Grimes, J. M. (2010). Using ICTs to create a culture of 

transparency: E-government and social media as openness and anti-corruption tools for 
societies. Government information quarterly, 27(3), 264-271.  

Blumenfeld, P. C., Soloway, E., Marx, R. W., Krajcik, J. S., Guzdial, M., & Palincsar, A. 
(1991). Motivating project-based learning: Sustaining the doing, supporting the learning. 
Educational psychologist, 26(3-4), 369-398.  

Dawes, R. M., & Corrigan, B. (1974). Linear models in decision making. Psychological 
bulletin, 81(2), 95.  

143



Gaulton, A., Hersey, A., Nowotka, M., Bento, A. P., Chambers, J., Mendez, D., ... & Leach, 
A. R. (2017). The ChEMBL database in 2017. Nucleic acids research, 45(D1), 
D945D954.  

Giest, S. (2017). Big data for policymaking: fad or fasttrack? Policy Sciences, 50(3), 367382.  
Halevy, A., Norvig, P., & Pereira, F. (2009). The unreasonable effectiveness of data. IEEE 

intelligent systems, 24(2), 8-12.  
Hmelo-Silver, C. E., Duncan, R. G., & Chinn, C. A. (2007). Scaffolding and achievement in 

problem-based and inquiry learning: a response to Kirschner, Sweller, and. Educational 
psychologist, 42(2), 99-107.  

Hmelo-Silver, C. E., Duncan, R. G., & Chinn, C. A. (2007). Scaffolding and achievement in 
problem-based and inquiry learning: a response to Kirschner, Sweller, and. Educational 
psychologist, 42(2), 99-107.  

Hung, W., Jonassen, D. H., & Liu, R. (2008). Problem-based learning. In Handbook of 
research on educational communications and technology (pp. 485-506). Routledge.  

Janssen, M., & Kuk, G. (2016). The challenges and limits of big data algorithms in 
technocratic governance. Government Information Quarterly, 33(3), 371-377.  

Janssen, M., Charalabidis, Y., & Zuiderwijk, A. (2012). Benefits, adoption barriers and myths 
of open data and open government. Information systems management, 29(4), 258-268.  

Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why minimal guidance during instruction 
does not work: An analysis of the failure of constructivist, discovery, problem-based, 
experiential, and inquiry-based teaching. Educational psychologist, 41(2), 75-86.  

Kuhn, D. (2007). Is direct instruction an answer to the right question? Educational 
psychologist, 42(2), 109-113.  

Lazonder, A. W., & Harmsen, R. (2016). Meta-analysis of inquiry-based learning: Effects of 
guidance. Review of educational research, 86(3), 681-718.  

Muis, K. R., Pekrun, R., Sinatra, G. M., Azevedo, R., Trevors, G., Meier, E., & Heddy, B. C. 
(2015). The curious case of climate change: Testing a theoretical model of epistemic 
beliefs, epistemic emotions, and complex learning. Learning and Instruction, 39, 168183.  

Prince, M. (2004). Does active learning work? A review of the research. Journal of 
engineering education, 93(3), 223-231.  

Simon, H. A. (1956). Rational choice and the structure of the environment. Psychological 
review, 63(2), 129.  

Tversky, A., & Kahneman, D. (1974). Judgment under Uncertainty: Heuristics and Biases: 
Biases in judgments reveal some heuristics of thinking under uncertainty. science, 
185(4157), 1124-1131.  

Wiggins, A., & Crowston, K. (2011, January). From conservation to crowdsourcing: A 
typology of citizen science. In 2011 44th Hawaii international conference on system 
sciences (pp. 1-10). IEEE.  

Zimmerman, B. J., & Risemberg, R. (1997). Becoming a self-regulated writer: A social 
cognitive perspective. Contemporary educational psychology.  

144



Shih, JL. et al. (Eds.) (2023). Proceedings of the 31st International Conference on Computers in 
Education. Asia-Pacific Society for Computers in Education 

 

Empowering Language Learners: 
Harnessing Computer-Based Writing for 
Enhanced Chinese Language Proficiency 

 
Lung-Hsiang WONGa*, Guat Poh AWa, Wenli Chena, Yin Ling CHEUNGa, & Seok Hwa 

SIMb 
aNational Institute of Education, Nanyang Technological University, Singapore 

bCurriculum Planning and Development Division, Ministry of Education, Singapore 
*lhwong.acad@gmail.com 

 
Abstract: Computer-based writing (CBW) has become integral in language education, 
enabling personalised learning and online collaboration. In Singapore, CBW is being 
introduced in Chinese Language (CL) classes, yet challenges persist, particularly for 
students using the phonetic-based pinyin input method. This study investigated the 
impact of partially replacing paper-and-pen-based writing (PPBW) with CBW in primary 
schools. Using mixed-effects modeling, we compared post-CBW and post-PPBW 
scores, considering CL achievement levels. Results indicated CBW's positive influence 
on writing quality regardless of prior competence. Furthermore, CBW significantly 
benefits low and medium-achieving students' performance. Typing speed and 
handwriting speed are influential for these students, while different writing strategies 
play distinct roles. Informed by the findings, we propose an online writing community 
platform, WeeWrite, incorporating generative AI to enhance CL CBW skills, offering 
personalised and collaborative learning experiences. 
 
Keywords: Computer-assisted language learning; Computer-based writing; Chinese 
as a second language; ChatGPT in language learning 

 
 
1. Introduction 
 
Computer-based writing (CBW) has become the primary mode of writing in our daily life. The 
proliferation of Information and Communication Technology (ICT) has also opened up 
opportunities for language students to leverage digital tools that can personalise their 
learning and join online collaborative learning communities with text-based communication. 
This implies the need for them to be adept in CBW skills to optimise their technology-
enhanced learning experience and outcomes. In Singapore, CBW is gradually being infused 
into the Chinese Language (CL) classes n primary and secondary schools, as well as 
national examinations  in secondary schools (Tushara, 2023). Yet the students, most having 
a second language (L2) standard, continue to grapple with the challenge of making the 
‘indirect’ keyboard-based input method (the phonetic-based pinyin) an efficient alternative to 
paper-and-pen-based writing (PPBW). Furthermore, decades of comparative studies in CBW 
versus PPBW in L2 classrooms have yielded inconsistent findings on which writing mode 
would be more conducive for young students to produce writing of higher quality (Cheung, 
2012). While we do not advocate a full replacement of PPBW with CBW in L2 classes, we 
see the need to infuse more CBW activities, not only to reflect the real-world use of CBW, 
but also to prepare students to communicate electronically when they grow up. 
 The purpose of this baseline study is to discover the conditions under which students 
can benefit from infusing more CBW in primary school classrooms. Conditions may vary for 
students with different CL achievement levels and characteristics. We intend to derive 
differentiated ICT-aided means from the research findings to support students of different 
profiles in improving CL CBW competences. Informed by the findings, we propose a design 
model of an online writing community platform, WeeWrite (We e-Write ). The 
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proposed platform will harness generative Artificial Intelligence (AI) and other advanced 
technologies to deliver writing pedagogy and facilitate individual, personalised and 
collaborative learning out of class. 
 
2. Literature Review 
 
2.1 Rationale and challenges for promoting CBW in language classes 
 
E-writing is replacing PPBW to become our primary mode of writing (Li, 2006). Authoring for 
the purpose of connecting with people and sharing knowledge is becoming part of digital 
natives’ way of life and they exert subtle influences on learners’ holistic development 
(Greenhow et al., 2009). Thus, a necessary language pedagogical shift, without hindering 
the development of basic handwriting and PPBW skills, is to situate learners more 
intensively in the e-writing space (Bolter, 1991). However, as CL scripts are not based on the 
Latin alphabet system but are logographic, there are barriers for students to adopt the 
‘indirect’ phonetic-based pinyin input method. The use of pinyin input requires L2 writers’ 
additional mental processing (Xie, 2001), on top of the “double translation” effect (Wolfe & 
Manalo, 2004; Wong et al., 2011) where they may perform a mental translation from their 
first language to L2, and then translate from L2 into keystrokes. 
 
2.1.1 Prior Studies on CBW versus PPBW for compositions in language classes 
 
Prior research comparing CBW and PPBW in English Language (EL) classes has yielded 
inconsistent findings. The mixed results may be due to variations in sample sizes, students’ 
age groups and language and computer proficiencies, task types and software used, etc. 
(Cheung, 2012). the quality of CBW compositions has been found to be higher than PPBW 
compositions in some studies (e.g., Bernhardt et al., 1989; Lam & Pennington, 1995; Li, 
2006). Other researchers, however, have found no significant differences in this aspect (e.g., 
Burley, 1994; Dalton & Hannafin, 1987; Wolfe & Manalo, 2004). 
 Some studies collected (e.g., with screen capturing tools) and analysed the writing 
process data to unveil the students’ writing patterns in both modes. For example, Li (2006) 
discovered that during PPBW, adult English as second language (ESL) learners spent more 
time in pre-planning; whereas for CBW, they carried out more higher-order thinking activities 
while evaluating their written texts. Zoghi and Reshadi (2013) unpacked ESL students’ 
writing process and found that those engaged in CBW and PPBW did not show significant 
differences in the employment of rhetorical, metacognitive, cognitive, communicative and 
social/affective strategies. Yet students in the CBW group had tapped on the technological 
affordances to either perform certain productive strategies more frequently (e.g., 
formatting/modelling, which is made easy by the technology), or be offloaded from 
performing unproductive strategies (e.g., less rehearsing, due to the ease of editing). 
Elsewhere, focusing on analysing L2 learners’ revision behaviour in CBW, Barkaoui (2016) 
discovered that it was L2 proficiency and task type, not keyboarding skills, that affected such 
behaviour. The subjects with low L2 proficiency performed more low-level (e.g., typographic) 
revisions at the expense of higher-level revisions. 
 Scattered research investigated student perceptions on CBW versus PPBW. For 
example, three studies focused on measuring the students’ writing anxiety through 
administering Second Language Writing Anxiety Inventory (L2WAI) (Cheng, 2004) to their 
respective samples (college ESL students) in CBW and PPBW groups before and after the 
writing tasks. L2WAI encompasses three sub-components: cognitive anxiety (mental aspect 
of anxiety, i.e., negative expectations, preoccupation with performance, etc.), somatic 
anxiety (autonomic responses, i.e., nervousness and tensions), and behavioural anxiety 
(procrastination, withdrawal, and avoidance behaviour). Bailey et al. (2017) found that the 
students in the CBW group increased significantly in behavioural anxiety, and the students in 
PPBW group increased significantly in somatic anxiety, while there is no decrease in any 
form of anxiety. The results contradicted the findings of Kurt and Atay (2007), and Foroutan 
and Noordin (2012), which indicated significant decreases in such anxiety. 
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 Compared to the abundant prior research in EL CBW, the research on Chinese CBW 
(particularly in comparison with those of PPBW) is relatively scarce. For example, Kang 
(2011) and Zhu et al. (2015) studied Chinese as Foreign Language college students in 
China respectively. Kang et al. (2011) found that CBW helped intermediate students more 
(compared to beginners) as they produced longer articles and in shorter time. Zhu et al.’s 
(2015) study, on the contrary, showed that CBW benefited students of low proficiency more 
as the scores and lengths of their CBW compositions were significantly greater than those of 
their PPBW compositions. Instead, the differences between the CBW and PPBW 
compositions written by students of high proficiency were not significant. 
 Again, all these conflicting findings have shown that the research evidence on CBW 
versus PPBW is context dependent. Thus, Chinese as L2 educators would be baffled should 
they consult the literature on how and to what extent they could employ CBW in writing 
classrooms. Our study is intended to overcome most of the limitations in the prior research, 
especially that our focus is on younger CL as L2 students. 
 
3. Method 
 
3.1 Participants and data collection 
 
This study aimed to investigate the impacts of partially incorporating CBW compared to 
PPBW (status quo) in CL classes in primary schools in Singapore. The focus was to 
compare the effects of the writing media used, not the writing pedagogy. This was 
accomplished through measuring project participants’ writing products and relevant 
perceptions. 127 Primary 5 (11-year-old) students from four public primary schools 
participated in this study. All students began writing full compositions with paper and pen in 
CL classes a year ago. Yet they had no prior experience in writing full compositions on 
computer. The research questions (RQs) are:  

(RQ1) What is the comparative performance of students in the post-CBW test when 
accounting for the influence of the pre-CBW test? 

(RQ2) Is there a significant performance disparity between the students’ post-CBW test 
and their post-PPBW test?  

(RQ3) What factors predict the post-CBW scores of high-achieving (HA), medium-
achieving (MA), and low-achieving (LA) students, regardless of the treatment conditions? 

Three types of data were collected over one academic year, namely, CL compositions, 
pre- and post-surveys, and computer writing and handwriting speed tests. 

(1) CL compositions 
We tapped on regular CL in-class composition sessions to collect CBW and PPBW 

artefacts across an entire year. The participating students were randomly assigned to two 
treatment groups with varied ratios of CBW and PPBW sessions, namely, (G1) 5 CBW + 3 
PPBW sessions; (G2) 3 CBW + 5 PPBW sessions. The total number of students (randomly) 
assigned to G1 and G2 across the participating schools were 63 and 64 respectively. 
Notebook computers with Microsoft Word installed were used for the sessions. All schools 
conducted each writing session for 50 minutes, with the task type (pictorial compositions / 
narrative essays) and teacher scaffolding designs modelled on the national CL syllabus. 
However, as each school has its own school-based elements in their writing curriculum, we 
were not able to control their writing prompts (the pictures) across the sessions. 

To mitigate the order effect, the PPBW and CBW sessions in each group were evenly 
spread across the academic year. The first and the last (eighth) sessions were PPBW 
sessions and were treated as pre-PPBW and post-PPBW tests respectively. The second 
and the seventh sessions were CBW sessions and were treated as pre-CBW and post-CBW 
tests respectively. We randomly selected 10% (52) of the compositions collected from these 
four sessions and asked two raters (who were retired CL master teachers) to score them 
independently using a validated rubric derived from the Ministry of Education’s teachers’ 
guide to primary school CL curriculum. Each composition was scored by the following 
dimensions (in the Likert scale of 1 (poor) to 5 (excellent)): material, theme, narration, 
grammar, structure, and vocabulary. Interrater reliabilities were then computed, with the 
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absolute agreement average measures of intraclass consistency coefficients (ICC) ranging 
from .86 to .90 (i.e., all >.75), indicating excellent reliability across all dimensions (Cicchetti, 
1994). The rest of the compositions were divided in half and assigned to the raters to score. 

(2) Pre- and post-surveys 
All participants were administered pre- and post-surveys before the first writing session 

and after the last writing session respectively. The survey, in a Likert scale of 1 to 5, 
combines three validated instruments, namely, Motivation and Learning Strategy 
Questionnaire (MSLQ) (Pintrich et al., 1991) (to measure their intrinsic goal orientation, 
extrinsic goal orientation, and task value in CL writing), L2 Writing Anxiety Inventory (L2WAI) 
(Cheng, 2004) (to measure their cognitive anxiety, somatic anxiety, and avoidance 
behaviour in CL writing), and Writing strategy questionnaire (Bai et al., 2014) (to measure 
their frequencies of applying planning, monitoring/evaluation, revising, text-generating, and 
resourcing strategies in their CL PPBW). There are additional items the in post-survey to 
measure their strategies in CL CBW. 

(3) Pre- and post-computer input or handwriting speed test 
All participants were administered pre- and post-CL input speed tests and EL input 

speed tests. The EL input speed is a proxy for their general keyboarding speed as EL typing 
is more direct, compared to the indirect pinyin input. In each test, they were required to copy 
a recently taught CL or EL textbook passage. The time limit of each test was two minutes. 
The correct number of Chinese character or English words input per minute was determined. 

 
Furthermore, we are interested in identifying the varied conditions that may affect HA, 

MA and LA students’ post-CBW test scores. The results may derive differentiated, 
personalised writing instruction for each student band. Thus, we used the pre-PPBW score 
as a proxy for their CL writing achievement level and divided them into the three bands (HA 
– 39 students; MA – 48 students; LA – 40 students; the uneven student counts are due to 
the same scores of “borderline” students).  
 
3.2 Data analysis 
 
For the statistical analysis, the post-CBW test scores are the dependent variable to address 
all three RQs. The pre-CBW scores are the covariate to address RQ1. The post-PPBW 
scores are the predictor to address RQ2. All the variables related to the pre- and post-survey 
and speed tests are predictors to address RQ3. 

Mixed-effects modeling (Laird & Ware, 1982) was used for most of our analyses. 
Compared to traditional approaches such as t-test and ANCOVA, mixed-effects modelling is 
more flexible as we can combine and analyse data collected from multiple schools into a 
single model while accounting for the inherent variability and dependencies within each 
school. In essence, a mixed-effects model consists of fixed effects and random effects. 
Fixed effects represent the variables that are of primary interest in our analysis, while 
random effects capture the variability across the different schools. In addition, we performed 
stepwise regression analysis to determine the best fit models of the three student bands. 

 
4. Findings and Preliminary Discussion 
 
4.1 Comparison of pre- and post-test scores (to address RQ1 and RQ2) 
 
We performed mixed effects modelling on the pre- and post-CBW scores and the post-
PPBW score in place of paired t-tests or ANCOVA to account for the school factor as the 
random effects. Tables 1 and 2 show the descriptive statistics and the results of the 
analyses respectively. Due to the space limit, only the t-values or the F-values, and the 
statistical significance of the score differences, are presented in Table 2. We excluded pre-
PPBW test score from the analysis as it was only treated as the proxy for the students’ prior 
CL competence and was used for dividing them into the three bands. 
 
Table 1. Descriptive statistics (mean (standard deviation)) 
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 All students G1 G2 HA MA LA 
Pre-CBW 16.44 (4.68) 16.64 (4.48) 16.24 (4.90) 20.13 (3.47) 16.56 (3.77) 12.70 (3.71) 
Post-CBW 17.69 (3.81) 17.91 (3.32) 17.46 (4.26) 20.33 (3.56) 17.75 (2.56) 15.03 (3.52) 
Post-PPBW 17.11 (3.34) 17.06 (3.64) 17.02 (3.23) 18.85 (2.93) 17.25 (2.73) 14.89 (2.89) 

 
Table 2. Mixed effects modeling analyses to compare the test scores 

 Comparison of the two scores within each group/band (t-value) 
 

Comparison of the two 
scores across groups or 

bands (F-value) 
All 

students 
G1 G2 HA MA LA G1 vs G2 HA vs MA 

vs LA 
Pre- vs post-
CBW 

13.308** 10.042** 12.406** 4.413** 6.770** 5.445** .855 .477 

Post-CBW vs 
post-PPBW 

-1.488 -.912 -1.848 -.825 -2.250 -1.700 .967 27.167** 

* p<.05; ** p<.001 
 
 According to Table 2, all students improved significantly in the post-CBW scores 
compared to the pre-CBW scores, regardless of treatment conditions/groups, or student 
bands. No significant difference was observed when comparing post-CBW score across the 
groups or bands while controlling for their pre-CBW score. 
 On the contrary, there was no significant difference in the students’ post-CBW and 
post-PPBW scores across the treatment conditions or student bands. When comparing post-
CBW scores across treatment groups, no significant difference was found either. However, a 
significant difference emerged when comparing post-CBW scores across student bands. A 
post-hoc test of pairwise comparison with Bonferroni correction indicates that the HA 
students showed a significantly larger difference in scores between post-CBW and post-
PPBW compared to both MA and LA students. Additionally, LA students exhibited a 
significantly greater difference in scores between the two tests than the MA students. 
 These findings seem to contradict early common assumptions that the “unnatural” CL 
typing would hinder beginners’ CL writing performance and writing skill development (Zhang, 
2021). By the end of the study, we not only observed students’ significant improvement in 
their CBW writing regardless of their prior CL competences and CL typing experience, they 
produced CBW and PPBW artefacts with similar quality. Henceforth, the concern about the 
possible detrimental effect on students’ writing development of partially replacing PPBW with 
CBW in CL classes may be less pertinent. 
 
4.2 The predictors of post-CBW scores of individual student bands (to address RQ3) 
 
We conducted stepwise regression analyses to yield the best-fit models for predicting post-
CBW scores within each student band. Due to the space limit and for ease of comparison, 
we present the three models in Table 3 in a summarising view

Table 3: Best-fit models for predicting post-CBW scores within each student band (t-values) 
 HA MA LA 
Pre-CBW score 2.524* 5.074** 3.652* 
Pre-PPBW score   -3.120* 
Post-PPBW score  4.109** 10.125** 
CL typing speed  2.648*  
CL handwriting speed   10.760* 
Somatic anxiety (post-survey) -9.402*   
Avoidance behaviour (post-survey) -3.737*   
Planning strategies in PPBW (post-survey)  2.723*  
Planning strategies in CBW (post-survey)   -6.601** 
Monitoring/evaluation strategies in PPBW (post-survey) 5.009**   
Text generation strategies in CBW (post-survey)  4.476**  
Resourcing strategies in CBW (post-survey)   8.244** 
* p<.05; ** p<.001 
 

Based on the respective predictor sets of the three models, we determined the 
characteristics of the students’ CL competences in each band, which are triangulated by the 
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feedback from participating CL teachers of the study and our own extensive relevant 
experience and observations (three of the co-authors are educational researchers and 
teacher educators with vast experience in conducting school-based research in authentic CL 
classes; two of them are former teachers). 
 
4.2.1 The CL typing speed and handwriting speed 
 
Do the students’ CL handwriting and typing speeds affect their CBW performance? 
According to the models, both variables did not predict HA students’ post-CBW scores, while 
MA and LA students’ post-CBW scores were positively predicted by their CL typing speed 
and handwriting speed respectively. The plausible explanation is as follows. 

For HA students, the switching of writing modes did not affect their general CL writing 
performance – they were likely to perform equally well when writing in both modes. 

For LA students, based on the teachers’ feedback and our team members’ 
experience, we posit that they were generally weaker in vocabulary, grammar and content 
development. Furthermore, they often encountered the challenges of recalling the visual 
structure of individual CL characters to handwrite, after subvocalising the text internally (i.e., 
silently articulating the text in their mind, simulating the act of speaking without vocalising 
words aloud). We posit that these were likely to be the more prominent factors affecting their 
writing performance compared to their CL typing speed. The handwriting speed as a 
predictor of their CBW performance is seemingly counter-intuitive. Yet this can be explained 
as follows: slower handwriting speed may indeed reflect their difficulties in both composing 
the text in their heads and recalling character ‘shapes’. 

For MA students, their CL typing speed did matter. A possible reason is that they also 
faced the difficulty of recalling character ‘shapes’, whereas their overall linguistic skills were 
stronger than LA students (i.e., less challenging in subvocalising the text before transcribing 
it on computer). During CBW, pinyin input did help them get around the former difficulty.  

Henceforth, we posit that switching to CBW would benefit both LA and MA students 
more in terms of producing higher quality written artefacts. The key is to provide them with 
further training in CL typing. We posit that if they are more adept at CL typing, their cognitive 
load in recalling character 'shapes' could be reduced. They could then devote more cognitive 
effort to subvocalising the text when writing (or developing the skills to do so). LA students 
are generally also weaker in the pinyin scheme. Additional training is needed in this area. 
For HA students, CL typing training may also be helpful, but need not be the focus. 

 
4.2.2 The writing strategies 
 
In both the pre- and post-surveys, students were asked to indicate the frequency with which 
they used planning, monitoring/evaluation, resourcing, revising, and text generation 
strategies in PPBW. In the post-survey, they also indicated the frequency with which they 
used these strategies in CBW. Our analysis showed that not all the strategies could predict 
their post-CBW scores. 

The frequency of using resourcing strategies (checking e-dictionary or other 
language references when encountering difficulties in writing) during CBW positively 
predicted LA students’ scores. In Singapore’s CL composition classes and examinations, 
students are allowed to check e-dictionary. Resourcing strategies as a predictor could mean 
that some LA students did not bother to make good use of the e-dictionary to compensate 
for their linguistic deficits, thus affecting their CBW performance.  

The frequency of using text generation strategies (recalling segments of text or 
content ideas in other reading materials for use in their own writing) during CBW positively 
predicted MA students’ scores. There is indeed a writing strategy known as “utilising 
impressive phrases and sentences” which has been a common strategy 
promoted by many Singapore primary CL teachers for composition writing. Some students 
deliberately memorise such phrases/sentences from other sources for this purpose. While 
we are cautious about using this strategy in the long term, we recognise that it is helpful for 
beginners, as it can be seen as a basis for imitation and modelling before they gain 
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confidence and move on to producing text largely in their own words. Combining this finding 
with the discussion of MA students' challenges in PPBW in section 4.2.1, we posit that MA 
students who produced better CBW articles may have had prior knowledge of writing, such 
as “impressive phrases and sentences”, but were not confident in handwriting them because 
of the difficulty of retrieving the character 'shapes'. Switching from PPBW to CBW would 
optimise the effect of text generation strategies, as they would retrieve characters by 
pronunciation through pinyin input, which is directly linked to their subvocalised text. 

A surprising finding is that the frequency of applying planning strategies (e.g., 
outlining, thinking or discussing with others before starting to write) in CBW negatively 
predicted LA students’ post-CBW scores. A possible explanation is that LA students’ ability 
to comprehend the writing instructions and the writing prompts (pictures for pictorial 
composition) is weaker. Thus, those who used the strategies tended to plan for content that 
was off-topic or of lower linguistic quality. 

Two PPBW strategies emerged as predictors of post-CBW scores (planning 
strategies for MA students, and monitoring/evaluation strategies for HA students). We 
suspect that this is because the students filled out the PPBW-related survey items before the 
CBW items, and some of them did not consciously distinguish between the strategies they 
used in PPBW and in CBW. With the expectation that the PPBW strategies can be 
transferred to CBW when students are given more CBW opportunities, we can assume that 
these strategies are also conducive to CBW for the respective student bands.  
 All in all, the five categories of strategies could be effective for improving writing 
quality if they are properly used. However, it may be a tall order for young students to pick all 
of them up at once. Our findings might suggest strategies to prioritise the development of 
these strategies for students of different bands – monitoring/evaluation strategies for HA 
students, planning strategies and text generation strategies for MA students, and resourcing 
strategies for LA students. Also, given that some LA students may need to be rectified in 
their planning strategies (as these are a negative predictor), it may also be beneficial to 
provide explicit coaching to LA students to help them use such strategies in the right way. 
 
4.2.3 Other predictors (and non-predictors) 
 
Somatic anxiety (e.g., nervousness and tensions) and avoidance behaviour in CL writing 
negatively predicted the post-CBW scores of HA students, but not students in other bands. 
However, cognitive anxiety (e.g., worrying about being evaluated or getting bad grades), 
related to the anxiety caused by extrinsic goal orientation, did not predict the scores. The 
three learning motivation subscales taken from the MSLQ instrument, namely, intrinsic goal 
orientation, extrinsic goal orientation, and task value in CL writing, also did not predict 
scores. Thus, the students’ level of motivation to learn CL writing might not have played a 
notable role in their CBW performance. 

The group factor (with varying numbers of CBW sessions over the year) is not a 
predictor of the post-CBW scores of any student band. This finding echoes the results of our 
analysis in section 4.1, implying that the assumption that "(more) practice makes perfect 
(better scores)" does not hold. It is more important to practice under the right conditions - 
and these conditions should be determined holistically, for example through our analyses to 
identify the right combination of predictors of eventual CBW performance. 

 
5. Proposed design model for an online writing community platform 
 
Informed by our findings, we propose a design model for an online writing community 
platform known as WeeWrite . We envision an online learning environment that 
provides systematic coaching and opportunities for CL e-writing for communication. The 
proposed platform will harness generative AI (particularly chatbots empowered by Large 
Language Models (LLMs)) and other technologies to deliver writing pedagogy and facilitate 
personalised and collaborative learning.  
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 The WeeWrite design model consists of a personal learning space and a social 
learning space. A natural class of students (or beyond) can form a learning community, 
which is configurable by their teacher. When a student registers for an account, a chatbot 
known as MeWrite pal is created for them, and will keep them company when they stay on 
the platform. The MeWrite pal is an educational version of an LLM-empowered chatbot such 
as ChatGPT, which is reconfigured to be proactive in coaching and supporting the student to 
learn and e-write in the platform (rather than ChatGPT or alike which always “sit back” and 
wait for user’s next prompt), and providing instant evaluation on their e-writing. Furthermore, 
it is reconfigured in the way that it will only respond to student’s prompts written in CL (with a 
grace period at the beginning which allows students to occasionally “switch code” to EL 
while building their motivation to stay in the environment), and might refuse to entertain 
certain types of student requests which do not conducive to their learning of e-writing, such 
as auto-generating a composition from scratch. 
 The personal learning space is meant for the student to be coached in various skills 
involved in e-writing and for them to draft their e-essays or e-messages with the MeWrite 
pal’s guidance or support. For example, amid the student’s e-writing process, the MeWrite 
pal could recommend relevant words to include based on the writing context (akin to such 
affordances in Microsoft Office CoPilot) – this can be considered as an automated version of 
text generation strategies, which may be most beneficial to MA students according to our 
findings. Yet such recommendations should not be too frequent (or they will prevent the 
student from developing the ability to e-write in their own words) and should be treated as a 
scaffold that should fade out when the student’s e-writing competence has improved.  
 Furthermore, various e-coaching modules for the pinyin scheme, CL typing, and the 
five types of writing strategies will be developed and incorporated into the platform. Yet they 
will be activated by the MeWrite pal to the student based on different priorities and orders 
according to the student’s band (given the implications drawn in section 4.2, informed by our 
findings). For example, a LA student might first be tested in the pinyin scheme and CL 
typing speed. If the results indicate that additional coaching and practice are needed, the 
MeWrite pal will activate the corresponding e-coaching packages. Next, the student will be 
coached in resourcing strategies (and the coaching package will be linked to an online 
dictionary with the same content as the e-dictionary device they use in their physical 
composition sessions) and followed by planning strategies in e-writing. For example, they 
might be asked to draft a short email by applying specific strategies, and instant formative 
feedback on their draft (e.g., in terms of the six criteria in the rubric we used for scoring 
student compositions in our study) will be given; and they will be encouraged to improve it 
accordingly. Additionally, the MeWrite pal could be their vocabulary and grammar coach, 
helping them catch up with their peers in other bands in these areas. 

For MA students, the learning pathway could start with CL typing, followed by text 
generation and planning strategies. For HA students, the initial focus could be placed on 
monitoring/evaluation strategies. 

Depending on their learning progress, all students may eventually be coached in all 
strategy types, but the learning pathways could be personalised. Furthermore, as HA 
students are adept at e-writing as suggested by our findings, we advocate going one step 
further by developing their critical and creative e-writing skills – which can be guided by the 
meWrite pal with more advanced coaching modules. 
 Social learning activities can take place and be intertwined with individual learning 
tasks. Students can enter the social learning space at any time to read and comment on 
their peers’ e-writing. They can create and share social media, perhaps with a requirement 
to use certain target words or sentence structures, or on certain topics – such requirements 
could be set by the teacher to link to the formal teaching; and the requirements would be 
delivered by the MeWrite pal to individual students. Furthermore, after being evaluated by 
the MeWrite pal, students' practice write-up in their individual spaces may be selected for 
sharing in a special spotlight bulletin in the social space. The goal is to foster their sense of 
pride and create a 'reader effect' that encourages them to further enhance their e-writing 
skills. The MeWrite pal may also alert the student to check the social learning space when 
there are interesting posts or teacher-facilitated collaborative e-writing events going on.  
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 The proposed online platform is not meant to replace the formal writing instruction in 
CL lessons but to complement it. It serves the purpose of extending the students’ learning to 
e-write beyond the school sessions, and offering more opportunities for students to access a 
greater range of ICT affordances, many of which are adaptive, thus facilitating self-directed 
and personalised learning (as well as collaborative learning in the social learning space). We 
envisage that such a platform will realise what the negative predictors of “avoidance 
behaviour” and “somatic anxiety” imply, as the environment is low-stakes – their e-writing 
products on the platform are not formally assessed, and they have no time pressure to write, 
unlike in time-limited class composition sessions or examinations. 
 
 
6. Conclusion and future directions 
 
This study advances our understanding of the impact of incorporating CBW in CL education 
and sheds light on the varying conditions under which students benefit from such integration. 
Our findings suggest that CBW can significantly improve writing quality, challenging 
traditional assumptions. For MA and LA students, enhancing CL typing skills is crucial to 
harness CBW's potential. Different writing strategies are vital for distinct student bands, 
offering a roadmap for targeted instructional strategies. 
 Moreover, our proposed design model for WeeWrite as an online writing community 
platform capitalises on advanced technologies, particularly generative AI, to provide a 
personalised and collaborative learning environment. By leveraging AI-driven chatbots, 
students can engage in continuous practice, receive real-time feedback, and collaborate with 
peers. This platform aligns with the 21st-century learning landscape, fostering CL CBW 
competences that extend beyond the classroom. 
 The study, however, is not without limitations. Firstly, it was conducted within specific 
schools in Singapore, resulting in relatively limited sample sizes when the subjects were split 
into the three student bands for analyses. Factors beyond our scope, such as variations in 
teaching methods, teacher expertise, and students' individual writing practice outside class, 
were not addressed. Thus, the generalisability of the findings may be constrained, both in 
terms of the research context and the extent to which the results can be extrapolated. 
 Moreover, the study did not control the writing prompts, which could have exerted 
diverse influences on students' performance. A critical challenge arose from the reluctance 
of participating schools to relinquish their school-based components of the writing 
curriculum. This precluded us from controlling year-round composition sessions. The schools 
would likely have shown greater willingness to follow our design if data collection were 
confined to one or two CBW sessions. 

Nonetheless, the study's merits lie in demonstrating that young students can perform 
well in both CBW and PPBW given exposure to the former. As a result, future investigations 
should shift their focus from comparing CBW and PPBW to exploring the conditions 
(predictors) conducive to improved CBW performance. Instead of pursuing longitudinal 
interventions, an alternative approach could involve a substantially larger sample size, 
encompassing students with varying levels of competence in CL typing or CBW skills, across 
more schools. This modified strategy, incorporating only one or two rigorously controlled 
composition sessions, would circumvent schools' resistance to year-round control. Such an 
approach would offer an avenue to verify or refine our findings concerning the optimal 
conditions for enhanced CBW performance among different student bands. 
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Abstract: Emotion plays an important role in online reading and self-regulated 
learning. It could influence reading processing and even the outcomes through 
motivation functions. Since previous studies mostly adopted questionnaires to access 
readers’ emotions, research that applied facial emotion detection non-intrusively during 
reading process is still limited. Therefore, the purpose of this study was to investigate 
how readers’ on-going emotions fluctuated under different reading conditions, i.e., with 
different reader characteristics and reading orders, using a facial emotion analysis 
system. 21 participants were recruited and presented with four conflicting scientific 
texts that included positive or negative arguments on genome editing. These 
participants were divided into the high and low engagements and then were assigned 
different reading orders of positive-first or negative-first articles. The results showed 
that participants who read negative-first expressed more sadness and less happiness. 
Meanwhile, the high engagements showed more anger when reading positive-first, but 
the low-engagements showed more anger when reading the negative-first. Reading 
negative-first performed better, but writing performance did not differ according to the 
group membership or reading order. These findings suggest that (1) the influence of 
emotions on online reading multiple and conflict science texts and performance is 
complex; negative activating emotions like sadness and anger could be beneficial to 
reading performance, while positive activating emotions like happiness could be 
harmful for reproductive performance. (2) Using facial expression to non-intrusively 
detect readers’ momentary emotions provides meaningful insights into the fluctuation 
of emotion during reading science texts. With only six basic emotions, it may not be 
enough to fully show the motivational transitions in reading process. The interpretation 
of these facial emotions should be considered beyond their surface meaning. 

 
Keywords: Facial expressions, emotions, reader characteristics, reading order, 
scientific article 

 
 
1. Introduction 
 

Self-regulated learning (SRL) has been found an important element in distance or 
online learning situations (You & Kang, 2014). Reading multiple texts online was also one of 
these situations that required learners’ self-regulation to persist and to overcome challenges 
during learning processes. Emotions, which was relating to learners’ goal setting, motivation, 
and cognitive strategies used, can be vital to self-regulation and persistence in SRL (Muis et 
al, 2018). Meanwhile, when reading multiple scientific articles with conflicting arguments and 
controversial topics, emotion also profoundly influence learners’ understanding through the 
allocation of cognition resources during processing (Danielson et al., 2022; Pekrun, 2022; 
Trevors, 2021). Thus, in this study, we aimed to understand how students’ emotional states 
change during a scientific reading task in an online environment. 

Traditionally, emotions could be categorized according to two dimensions: valence 
(positive or negative) and activation (activating or deactivating). Believed to be a subjective 
experience, previous studies adopted self-report questionnaires to investigate students’ 
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emotions in learning situations. For instance, the Achievement Emotions Questionnaire (AEQ) 
as well as the Epistemically-Related Emotion Scales (EES) both developed by Pekrun and 
colleagues (Pekrun et al., 2005; Pekrun et al., 2017b) were two renowned and frequently used 
questionnaires. Based on self-report data of emotions, previous research found an average 
positive effect of positive emotions on learning outcomes, and effect of negative emotions 
were generally negative (Lajoie et al., 2021; Pekrun, 2022).  

However, despite the numerous findings, self-report questionnaires have several 
limitations. On the one hand, although questionnaires are able to measure students’ 
anticipatory and retrospective feelings, their on-going emotion states and the changes of 
emotions during the tasks were hard to collect. On the other hand, sometimes participants 
may not be able to tell how they feel or they may conceal their real opinion, so there may be 
discrepancies between the data we obtained and the real situations (Mason et al., 2018; Wang 
et al, 2021). While some researchers incorporated multiple time point measurement to capture 
the changes of emotions through questionnaire (Tulis & Fulmer, 2013), others adopted 
physiological or behavioral measures like hart rate (HR) and facial expression recognition tools 
to collect participants’ expressive emotional states (Mason et al., 2018; Lajoie et al., 2021; 
Wang et al, 2021). Through these multi-modal data, different patterns of emotion fluctuations 
have been observed. For example, in Tulis & Fulmer (2013), they found that a moderate level 
of anxiety may motivate learners to exert more effort and to persist in a challenge task, which 
suggested that negative emotions could also be beneficial in learning process. Meanwhile, 
research also found that positive emotions may be harmful in some situations. Experiencing 
happy mood may distract students from the contents, but rather focused on irrelevant aspects 
of the learning task (Mensink, 2021; Trevors et al., 2017). That is to say, to examine how 
exactly emotions change during students’ learning process, as well as to understand its 
relation with students’ motivation and learning outcomes, tools that could capture on-going 
emotional data were essential. Previous research suggested that facial expressions were 
significantly correlated to students’ real emotion, which could further be use to recognize their 
comprehension toward the learning content (Sathik & Jonathan, 2013).  

Thus, in this study by combining multimodal analytic tools that can reveal temporal 
changes with those that could compare group differences, we aimed for a closer look at the 
roles of emotions playing in reading conflict scientific articles. Specifically, we utilized an 
automated facial emotion recognition system, the Facial Emotion Analysis Tool (FEAT, Lin et 
al., 2019; Wu & Lin, 2018) to record participants’ emotions during reading tasks. FEAT detects 
different facial muscle movements to identify facial expressions based on the Facial Action 
Coding System (FACS, Ekman and Friesen, 1978) and categorized these expressions into six 
basic emotions (i.e., happiness, sadness, anger, disgust, fear, and surprise, Ekman, 1992). 
Readers were grouped according to their characteristics (reading interest and self-efficacy) 
and were assigned with articles of various orders (negative argument first or positive first) so 
that group comparisons could be observed. 

We proposed the following two research questions to examine the interplay of students’ 
characteristics, their expressed emotions, and text features. The relations between 
participants’ expressed emotion and post reading performance will also be discussed. 

RQ1: When reading positive or negative texts in different order, what types and 
patterns of emotions do readers with different characteristics exhibit?  

RQ2: Do readers’ expressed emotions differ significantly while reading negative or 
positive argument articles, according to their personal characteristics and the reading order? 
 
 
2. Methods 
 
2.1 Participants 
 

Twenty-one undergraduate and graduate students (16 female, 76%, Mage = 24, SD = 
2.55) in a university in the northern part of Taiwan participated in the study. Participants were 
instructed to read four articles about genome editing babies. A facial expression analysis tool 
(FEAT) was used to record participants’ emotion during reading task. Two participants’ data 
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were excluded from the following analysis since their emotional responses were too low (most 
of the intensity of emotion were below the 0.1 criteria). The final sample consisted of three 
male and 16 female participants with an average age of 23.89 (SD = 2.66).  The age of the 
participants followed a normal distribution and there was no significant difference between the 
ages of the four groups (F(3,15) = 1.905, p = 0.17). 
 
2.2 Procedures 
 

The entire experiment was consisted of four sessions. In the first session, participants’ 
prior knowledge, interest toward genome editing technologies, self-efficacy in reading multiple 
documents, and basic demographic information were accessed. Then, the camera was 
calibrated to ensure that participants’ facial expression could be captured before they started 
reading the articles on a computer. Each article could only be read once. Participants were 
allowed to read each article according to their speed. While they were reading, their facial 
expressions were collected automatically. In the next session, participants completed a writing 
task and a multiple-choice questions test. Finally, an interview has been conducted to explore 
the cause of participants' emotional changes during the reading task. Line graphs depicting 
participant’s emotional changes during the reading task were presented to participants, and 
they were asked to recall retrospectively what they were thinking or feeling during the task. 
Participants also reported the difficulty of each article in the interview. 
 
2.3 Reading Materials 
 

All participants need to read four articles about genome editing technology, including 
two expository texts, and two stories. In the expository texts, benefits and drawbacks of 
applying genome editing were discussed; while successful and failed cases of genome editing 
babies were presented in stories. The words in each text were around 351 words. Participants 
were randomly assigned to two groups which read these articles with different orders. The PN 
group read the positive expository or positive story first, and the NP group were first presented 
with negative expository or negative story.  
 
2.4 Measures 
 
2.4.1 Interest 
 

Participant’s interest was measured with self-developed questionnaire. Participants 
responded to statements from 1 (strongly disagree) to 6 (strongly agree). A higher score 
indicated a stronger interest/ higher self-efficacy. The interest questionnaire contains six 
questions (e.g., “I am interested in genome editing related topics”, and “learning more about 
genome editing related topics is meaningful to me”). The reliability coefficients for overall 
questionnaire was acceptable (Cronbach α = .79).  
 
2.4.2 Self-efficacy 
 

Participant’s self-efficacy was measured with self-developed questionnaire. 
Participants responded to statements from 1 (strongly disagree) to 6 (strongly agree). A higher 
score indicated a higher self-efficacy. The self-efficacy questionnaire contains eight questions 
(e.g., “I can understand the hardest part while reading multiple documents”, “I am confident 
that I can understand the contents of article from different sources”). The internal consistency 
for the self-efficacy questionnaire was good (Cronbach α = .93). 
 
2.4.3 Behavioral Emotion Responses 
 

Participants’ facial expression were recorded and analyzed using Facial Emotion 
Analysis Tool (FEAT) (Lin et al., 2019; Wu & Lin, 2018). FEAT is a non-intrusive tool which 
can detect participants’ facial expressions and automatically classify them into one of the six 
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basic emotions. Since it could learn in batches, this facial recognition tool was appropriate for 
real-time systems. The average accuracy of FEAT is around 90%. While comparing with other 
deep learning architectures (i.e., GoogLeNet, AlexNet, and CNN), our recognition model had 
better performance (Wu & Lin, 2018). 

The sampling rate of FEAT was 30 frames per second, which means that emotion data 
would be generated once every 30 milliseconds. The log data generated by the system that 
has been used in this study includes (1) timestamp, and (2) intensity of six emotions. The 
intensity of the six emotions ranged from 0 to 1.  
 
2.4.4 Reading Comprehension Performance 
 

In this study, two post reading assessments, including a multiple-choice test (post-test) 
and a writing task, were used. The post-test contains six multiple-choice questions, through 
which participants’ memory toward articles were accessed. The writing task ask the 
participants to summarize what they have read about genome editing babies, whether they 
support or is against the use of genome editing technics and provide arguments for their 
position. Three researchers separately rated the written responses considering whether they 
demonstrated two-sided reasoning, elaborated from personal point of view, integrated points 
from different articles, and the evidences used. A total score was provided to each participant’s 
writing response. The inter-rater reliability (the Kendall’s coefficient of concordance; W) of the 
ratings was 0.93. The discrepancies in ratings were discussed to reach a consensus.  
 
2.5 Statistical Analysis 
 

Data analysis was performed in R environment (version 4.1.0; R Core Team, 2021) 
and divided into four phases. Firstly, the hierarchical cluster analysis with Ward method was 
used to group participants based on their characteristics. The dendrogram and elbow method 
were employed to determine the number of the groups. In the second phase, participants’ 
emotion data generated by FEAT were examined and cleaned to form main dataset. Next, 
emotion states from main dataset have been used to draw line graphs according to article 
types and participants’ characteristics. From the line graph, changes of participants’ emotion 
during reading task can been seen. Although FEAT identified six basic emotions (i.e., 
happiness, sadness, anger, surprise, disgust, and fear), the intensity for surprise, disgust and 
fear were low in this study, which means participants rarely showed these emotions while 
reading. Therefore, in the following sessions, the results presented and the discussion would 
focus on happiness, sadness, and anger. Finally, we used the ‘lme4’ package (Bates et al., 
2015) to analyzed the intensity of emotion because LMM could include the random effects and 
fixed effects. In this study, the participants were regarded as random effect while the emotion, 
different groups and reading order were regard as fixed effects (Baayen et al., 2008). All the 
fixed effects were categorical variables. The ‘anova’ function was used to get F test result and 
the ‘emmeans’ package was used to conduct post-hoc comparison for simple main effect 
(Lenth, 2021). 
 
3. Results 
 
3.1 Cluster Analysis to Group Readers as the High and Low Engagements 
 

Participants were divided into two clusters through the hierarchical cluster analysis with 
Ward method according to two variables, i.e., participants’ interest and self-efficacy. Based on 
elbow method and dendrogram (see Figure 1 and Figure 2), the results suggested a solution 
of two clusters. The first cluster was made up of 11 participants who have lower interest toward 
the topic of genome editing and lower self-efficacy on reading multiple documents. The second 
cluster consisted of 8 participants who showed higher interest and self-efficacy. Therefore, the 
first cluster was named low engagement group while the second cluster was named high 
engagement group. 
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Figure 1. Elbow method for selection of optimal clusters

Figure 2. Dendrogram for clusters

Except for interest and self-efficacy (Finterest(1,17) = 19.68, p < .01; Fself-efficacy(1,17) = 
25.04, p < .01), participants’ age, prior knowledge, and performance in post-test did not differ 
between the two groups. Descriptive statistics were presented in Table 1.

Table 1. Descriptive statistics results by cluster
Clusters of Reader Characteristics

ANOVACluster 1 (N = 11)
Low engagement group

Cluster 2 (N = 8)
High engagement group

Variables Mean SD Mean SD F p
Age 24.45 2.91 23.12 2.23 1.16 = .30
Interest 16.00 3.13 22.00 2.56 19.68 < .01
Self-efficacy 28.91 4.37 38.25 3.45 25.04 < .01
Prior Knowledge 41.82 14.01 47.50 10.35 0.94 = .35
Writing task 46.36 12.06 46.25 10.61 0.00 = .98
Post-test 7.64 2.16 8.38 2.67 0.45 = .51

Moreover, participants were also compared according to their reading order, 
participants who read negative article first (i.e., negative expository/story) were labeled NP 
group (N = 8), while participants who read positive article first (i.e., positive expository/story) 
were labeled PN group (N = 11). Participants from different reading order groups did not differ 
in terms of their interest, self-efficacy, prior knowledge and performance on writing task, but 
they differed significantly on post-test score (F(1,14) = 10.93, p < .01). Descriptive statistics 
were presented in Table 2.

Table 2. Descriptive statistics results by reading order
Reading order

Negative article first
NP (N = 8)

Positive article first
PN (N = 11) ANOVA

Variables Mean SD Mean SD F p
Age 24.00 3.30 23.82 2.27 0.08 = .79
Interest 20.25 3.65 17.27 4.20 2.59 = .13
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Self-efficacy 34.50 5.15 31.64 6.74 1.01 = .33 
Prior Knowledge 43.75 11.88 44.55 13.68 0.02 = .90 
Writing task 8.12 2.64 7.82 2.23 0.08 = .79 
Post-test 53.75 5.18 40.91 11.36 10.96 < .01 

 

 
Figure 3. Over Time Changes of Six Basic Emotions (in Various Colors) for the Low and 

High Engagements in the Reading Order of NP (Negative Argument Article First) versus PN 
(Positive Argument Article First). 

 
3.2 Emotion Transitions Shown During Reading 
 

In order to explore what kinds of emotions do reader expressed during reading task, 
and the fluctuation of these emotions, participants’ emotion states were aggregated by groups 
and presented with time and intensity. Different patterns of emotion changes shown by 
different groups were shown in Figure 1. Reading order were labeled NP and PN, presented 
on the left vs. right side. The low engagement group (low interest/self-efficacy) was presented 
at the upper part while the high engagement group (high interest/self-efficacy) was presented 
at the lower part in Figure 3.  

If we compare the differences between reading order (i.e., NP or PN), participants who 
read negative articles first exhibited greater fluctuation in their emotions. To be more specific, 
readers from NP group showed emotions with intensity greater than 0.25, while PN group 
readers’ emotion states were within the level of 0.25. In addition, readers from NP group 
expressed obviously more sadness and less happiness while reading.  

On the other hand, if readers with different characteristics were compared, low 
engagement group showed more anger and less happiness. Specifically, these readers 
continued to show anger throughout the experiment, and the intensity of their anger was above 
0.1 thresholds at most of the time; on the contrary, they rarely showed happiness, and the 
intensity was mostly within the level of 0.1. 
 
3.3 Group Differences on Expressed Anger, Happiness, and Sadness   
 

To further investigate whether participants’ expressed emotion significantly differed 
with each other, a linear mixed model was conducted with reader characteristics (2: high vs. 
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low engagement), reading order (2: Negative first, NP vs. Positive first, PN), and emotions (6: 
happiness, sadness, anger, surprise, disgust, and fear) as independent variables. The three-
way interaction effect was significant (F = 1414.87, p < .01). Table 3~5 shows the simple main 
effect for each emotion.  

As indicated in Table 3, when fixing the level of reading order, low engagement group 
reading the order of NP expressed more anger than high engagement group (b = -0.127, z = 
-10.48, p < .01). However, if reading positive article first (PN), the result shows the opposite: 
high engagement group showed more anger than low engagement group (b = 0.024, z = 2.15, 
p < .05). On the other hand, when fixing the level of reader characteristics, high engagement 
group showed more anger in reading the positive article first compared to reading the negative 
article first (b = -0.070, z = -5.75, p < .01); while low engagement group expressed more anger 
when the reading order was NP (b = 0.081, z = 7.22, p < .01). 
 
Table 3. Model of 3-factor interactions on Anger 

Fixed level Comparison Anger 
  b SE z p 
NP (Negative article first) High-Low -0.127 0.012 -10.48 < .01 
PN (Positive article first) High-Low 0.024 0.011 2.15 < .05 
High engagement group NP-PN -0.070 0.012 -5.75 < .01 
Low engagement group NP-PN 0.081 0.011 7.22 < .01 

 
Statistic results of participants’ expressed happiness were presented in Table 4. When 

fixing the reading order as NP, high engagement group showed more happiness than low 
engagement group (b = 0.026, z = 2.16, p = .03). Similarly, high engagement group also 
showed more happiness when the reading order was PN (b = 0.202, z = 17.86, p < .01).  In 
addition, for both high and low engagement readers showed more expression of happiness 
when reading positive article first (bhigh = -0.235, z = -19.21, p < .01; blow = -0.059, z = -5.34, p 
< .01). 
 
Table 4. Model of 3-factor interactions on Happiness 

Fixed level Comparison Happiness 
  b SE z p 
NP (Negative article first) High-Low 0.026 0.012 2.16 < .05 
PN (Positive article first) High-Low 0.202 0.011 17.86 < .01 
High engagement group NP-PN -0.235 0.012 -19.21 < .01 
Low engagement group NP-PN -0.059 0.011 -5.34 < .01 

 
Finally, Table 5 shows the results of participants’ expressed sadness. When reading 

negative article first, low engagement group showed more sadness (b = -0.025, z = -2.02, p 
= .04). Likewise, they also showed more sadness than the high engagement group when the 
reading order was PN (b = -0.132, z = -11.76, p < .01). Meanwhile, both student groups showed 
more sadness when they read negative article first (bhigh = 0.149, z = 12.23, p < .01; blow = 
0.041, z = 3.68, p < .01). 
 
Table 5. Model of 3-factor interactions on Sadness 

Fixed level Comparison Sadness 
b SE z p 

NP (Negative article first) High-Low -0.025 0.012 -2.02 < .05 
PN (Positive article first) High-Low -0.132 0.011 -11.76  < .01 
High engagement group NP-PN 0.149 0.012 12.23 < .01 
Low engagement group NP-PN 0.041 0.011 3.68 < .01 
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4. Discussion and Conclusion 
 
4.1 The Interplay of Reader Characteristics, Reading Order, and Emotions   
 

In this study, we aimed to investigate how students’ emotional states changed during 
self-regulated reading process. Self-directed learning in an online situation has become more 
and more common for today’s learners. Thus, understanding how students’ emotion fluctuated 
during learning task is important since emotion was critical to students’ persistence and self-
regulation in online learning environments. Moreover, in an online situation, students usually 
found controversial information with conflicting arguments. Learners’ emotion toward these 
different articles, especially the scientific ones, largely influence how they construct meaning.  

In our first research question, we examined the types and patterns of emotion changes 
caused by the interplay between reader characteristics and reading order, while the text topic 
was “genome editing.” The text encompassed two subtexts: some descriptions and arguments 
to positively support the genome editing and others, negatively. An interesting result regarding 
reading order has been found. Readers who read negative articles first tended to exhibit a 
larger fluctuation in their emotions, especially in sadness. As reported in the interview session, 
when readers were suddenly exposed to the overwhelming negative impact of genome editing 
techniques, they felt “worried” about the applications to new generation. Some also reported 
that they felt an incongruence between their previous knowledge and the new information 
presented in the text, which made them “confused.” Thus, the fluctuation may be due to the 
negative descriptions and arguments from the article. Previous studies (Mason, 2018; Mensink, 
2021; Pekrun, 2022) suggested that the types of emotions, levels of arousal (intensity of these 
emotions), as well as the number of emotions experienced, all influence students’ reading 
process and reading performance. Participants’ performance in this study was partially 
confirmed with the previous results. On the one hand, the PN group, which experienced a 
higher number of emotions, performed lower than the participants in the NP group. On the 
other hand, the NP group, which experienced more intense negative emotions, outperformed 
the PN group. Our results confirmed the results of previous epistemic emotion studies. For 
example, Pekrun et al. (2017b) found that negative activating epistemic emotions such as 
anxiety, confusion, and frustration were positively correlated with learning strategies (e.g., 
critical thinking, metacognitive self-regulation, etc.). In addition, Tulis & Fulmer (2013) found 
that both positive and negative emotions could be beneficial for learning outcomes. That is, 
experiencing a low to moderate level of negative activating emotions may contribute to 
continuous engagement during difficult tasks. In contrast, Dever and colleagues (2022) found 
that experiencing more emotions during reading and assessment was associated with lower 
performance in reproductive tests due to the limited resources that have been spent to 
manage emotions. Thus, although the NP group experienced intense negative emotions, it 
could be that they adopted more analytical strategies, and since they spent less cognitive 
resources on emotion management, they performed better in the post test. 

In our second research question, we compared whether the emotions expressed by 
participants differed by student group. As the result suggested, readers who read negative 
text first expressed more sadness and less happiness. It's probable that, after being exposed 
to the terrible outcomes caused by genome technology, readers would read the subsequent 
paragraphs with more worries, which would be portrayed as sadness. In the meantime, 
readers' happiness can decrease because of concerns about the application of this technique. 
On the contrary, readers who read positive texts first may maintain a neutral or even positive 
attitude toward the reading task and the genome editing technique; thus, they may be relaxed 
while reading, and their emotional states would also fluctuate with the ups and downs in the 
texts. As for anger, participants in the low engagement group expressed more anger if they 
read negative text first, while readers in the high engagement group expressed more anger 
when they read positive text first. According to participants’ reflections in the interview, most 
of them reported that they did not feel angry but were concentrated on the reading task. Based 
on this interpretation, it’s reasonable to see that readers from the low engagement group 
showed more anger if the reading order is NP, since they were prompted to be more serious. 
However, readers with high interest and self-efficacy showed more anger when the reading 
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order was PN. This result was contrary to our expectations. A possible explanation could be 
that high engagement readers in the PN group were relatively conservative when talking about 
the application of genome editing to humans. When reading articles on the benefits of this 
technique, they may feel more serious since the content is against their beliefs. 

According to the results of this study, one thing could be inferred is that maybe the 
interpretation of facial expression should be done with more caution. As suggested above, 
participants’ anger and sadness should not be explained literally. Most of the time, participants 
did not feel anger or sadness, although the facial expression has been identified as that. 
According to the reports in the interviews with participants, anger was more like a focused 
state or feeling serious about the reading task, while sadness could be interpreted as 
participants’ reflection on the content of the reading. A distinctive difference between facial 
expression and participants’ feelings showed in anger. Anger was usually categorized as a 
negative activating emotion, but seriousness was a relatively positive deactivating emotion. 
The function of these emotions in learning was also absolutely different. Thus, when using 
facial emotion detection tools, multi-modal data is highly recommended. By combining self-
report questionnaires with physiological mechanisms (e.g., pupil dilation, skin response, heart 
rate, etc.) or behavioral responses (facial expressions, body position, etc.), a clearer and more 
accurate understanding of the emotions expressed by the participants could be gained. 
 
4.2 Conclusion and Limitations   
 

Overall, this study addressed students’ momentary emotions during reading conflicting 
scientific articles. Line graphs were used to depict the fluctuations of emotions in temporal 
dynamics. We discovered that reader characteristics (interest and self-efficacy) would interact 
with text features (positive-negative argument order), causing different patterns of emotional 
responses. By combining the multimodal analytic tools that can reveal temporal changes with 
those that could compare group differences, we can have a closer look at the roles of emotions 
playing in reading conflict science articles. Despite the findings of this study, there are several 
limitations to be considered. 

On the one hand, the sample size of this study is small, and most of them were 
graduate students. This may be the main reason why we did not find a significant difference 
in readers’ writing performance, since graduate students were familiar with the process of 
integrating new information with prior knowledge and creating arguments to support their 
position. Future research can expand the participants to a more diverse sample and, with a 
larger sample size, reexamine whether the results still hold true. On the other hand, according 
to readers’ reports in the interview session, the articles used in this study were not very difficult. 
Most of the participants only gave 1~2 points on a 6-point scale. Future research should adopt 
material with different levels of difficulty to see if students’ emotion patterns are more apparent 
or if there is a different pattern when it comes to challenging tasks. 

Finally, in this study, we found that techniques that can automatically capture students’ 
facial expressions and record their emotion changes can provide unique insights into students’ 
learning processes. The Facial Emotion Analysis Tool (FEAT) is one of these tools. However, 
the limitation of FEAT is that it currently only identifies the six basic emotions. The recognition 
of emotions should at least be expanded to include concentration and confusion. By doing so, 
we can get a clear picture of students’ learning processes. 
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Abstract: To assess junior high school students' engagement in collaborative STEM 
project-based learning courses, this study employed a web-based observation protocol 
called COPIE-STEM to collect classroom observation data. This protocol coded data 
based on the ICAP theory and teacher instructional approaches. Over the course of six 
weeks, data on student engagement behaviors and teacher behaviors were gathered. 
In addition to using coding and counting methods, Epistemic Network Analysis (ENA) 
was employed to explore the trajectory of the STEM-PBL course during these six 
weeks. The results revealed that passive student engagement behaviors and teacher-
centered behaviors clustered on the left side, while active student engagement 
behaviors and student-centered teacher behaviors clustered on the right side. 
Furthermore, examining the network graphs for each week's courses showed that as 
the course progressed, instruction shifted from teacher-centered to student-centered, 
and students exhibited higher levels of engagement. These findings provided insights 
into the dynamics of STEM-PBL classrooms. 

 
keywords: STEM project-based learning, student engagement,instructional approach, 
Epistemic Network Analysis 
 
 

1. Introduction  
 

STEM project-based learning (STEM-PBL) is an educational approach that involves 
engaging students in real-world problems and encouraging them to investigate and solve 
these problems through multidisciplinary knowledge integration. By working collaboratively in 
groups, students can develop their problem-solving and critical-thinking skills while 
producing solutions or works (El Sayary et al., 2015). The effectiveness of STEM-PBL has 
been proven, and using this model for teaching can enhance learning outcomes (Saraç, 
2018). In order to better understand the behavior of teachers and students, many classroom 
observation protocols have been developed for STEM-PBL courses (e.g., Smith et al., 2013; 
Hsiao et al., 2022). An important next step is analyzing data and depict a realistic picture that 
reflects what is happening in the classroom, assisting teachers and students to adapt in the 
PBL environment. 

In the past, most of the data collected in classroom observation were coded and 
counted for descriptive analysis that unfortunately omits critical insights into how variables 
interacted and evolved (Csanadi et al., 2018; Rojas-Drummond et al., 2013). The dynamic 
aspect of how teachers conduct their teaching and how students engage in learning was not 
explored much. Therefore, this case study adopted the epistemic network analysis (ENA; 
Shaffer et al. 2009; Shaffer, 2017), which is an analytical method modeling behaviors in 
temporal framework, to understand STEM-PBL, particularly the interplay between 
instructional approaches and learning engagements.  
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2. Literature Review 
 
2.1 Student Engagement and Instructional Approach 

 
Student engagement includes behavioral, cognitive, and emotional involvement 

(Fredricks et al., 2004). Among various theories of student engagement, we find the ICAP 
theory (Chi, 2009; Chi & Wylie, 2014) to be the most suitable for characterizing student 
participation in classrooms. The ICAP theory pertains to students' cognitive engagement in 
learning activities, encompassing Interactive, Constructive, Active, and Passive modes, with 
a hierarchy of I > C > A > P. Chi et al. (2018) used this theory to design professional 
development programs for teachers, demonstrating that ICAP is relevant not only to students 
but also as a guide for teacher behaviors. 

Based on the instructional design, the interactions between teachers and students 
can manifest as either teacher-centered or student-centered. Distinct student responses 
seem to emerge aligned with each instructional approach. In teacher-centered classrooms, 
the teacher serves as the transmitter of knowledge, while students are primarily passive 
listeners. In contrast, student-centered classrooms foster more active student engagement, 
with teachers playing a role in assisting students' learning (Serin, 2018). To sum up, this 
taxonomy of instructional approach and the ICAP framework form the foundation for 
categorizing student behaviors and teacher behaviors in this study. 
 
2.2 Epistemic Network Analysis in Education 
 

In previous related research, coding and counting were commonly used, with coding 
frequency as the basis of analysis. This approach treats behavior captured in a time interval 
as independent entities, thereby overlooking the connections between them (Swiecki et al., 
2020). As a result, the sequential relationships between interactions among participants 
cannot be discerned. In contrast, Epistemic Network Analysis (ENA) combines qualitative 
and quantitative analyses, enabling to examine complex processes of human interaction. 
ENA's theoretical foundation originally lies in the epistemic frame theory (Shaffer, 2017), 
which views learning as the transformation of an individual's epistemic network manifested in 
discourse. This network evolves over time during and after the learning process.  
 

Lately, the technique of ENA has been applied in different research domains. The 
most relevant to our study is the research of collaboration in classroom. For instance, 
Nachtigall & Sung (2019) conducted a study in an environment characterized by productive 
failure. In this study, students attempted to solve problems on their own before receiving 
delayed instruction. Subsequently, ENA was employed to compare the differences in 
problem-solving approaches between high quality (HQ) solution groups and low quality (LQ) 
solution groups. The HQ group engaged in debates concerning the problems, while the LQ 
group focused more on the instructions provided on the worksheet. Peng, Wu, & Hu (2020) 
conducted an Epistemic Network Analysis (ENA) on the discussion process of pre-service 
STEM teachers regarding how to design STEM lesson plans in an online context. Their 
analysis indicated that, despite tutor providing assistance to the low-performing group, the 
objectives within the lesson plans designed by this group were inconsistent. On the other 
hand, the high-performing group systematically designed their lesson plans based on the 
objectives, following a step-by-step approach to intricately incorporate the content relevant to 
what students were expected to learn. These examples have showcased how this innovative 
analysis method offers a distinct perspective on the data, surpassing the traditional approach 
by providing valuable insights. 

 
In most studies, information is collected through methods such as audio recordings, 

video recordings, or recording interactions via online learning platforms (Elmoazen et al., 
2022), followed by additional coding. However, in our research, we employ a classroom 
observation protocol to collect data in a physical environment. We observe the teaching and 
learning processes in STEM-PBL courses over the span of six weeks, with each week 

174



focusing on a different theme. Using ENA, we seek to comprehend the overall behaviors of 
teachers and students across this series of sessions, as well as the variations in behaviors 
between teachers and students from week to week. Therefore, the following research 
questions are posed: 
 
RQ1: What is the distribution of individual behavior code frequencies for teachers and 
students in each week? 
RQ2: What does ENA portray in the overall contextual relationship between teacher and 
student behaviors throughout the six-week course? 
RQ3: Does the ENA method identify subtle differences in teacher and student behaviors 
across the six-week course? 
 
 
3. Methods 

 
3.1 Study Context and the Participants 
 

This is a case study focusing on a school in southern Taiwan that adopts a STEM-
PBL curriculum emphasizing on Sustainable Development Goals (SDGs) related challenges. 
Because the hot and humid summers and mosquito issues in the region, the project-based 
curriculum aims to equip 8th-grade students with relevant knowledge to develop a mosquito 
prevention product. According to the course plan, the development of the anti-mosquito 
sprayer was carried out step by step. The observation period lasted for six weeks, with each 
class lasting 45 minutes. There was a total of 30 students in the class, divided into groups of 
6 students each.  
 
3.2 Data Collection 
 
3.2.1 COPIE-STEM Protocol and Coding Framework 
 

To collect behavioral data, we adopted COPIE-STEM, an observational protocol 
developed by Hsiao et al. (2022) which is operated on a web-based platform called the 
"Generalized Observation and Reflection Platform" (GORP; University of California-Davis, 
n.d.). The protocol was divided into two parts: student behaviors and teacher behaviors. The 
coding framework for the student behaviors (Table 1) is based on the ICAP theory (Chi, 
2009; Chi & Wylie, 2014), while the coding framework for teacher behaviors (Table 2) 
classified into three categories: teacher-centered, student-centered, or transitional. The raw 
data, as presented in Figure 1, are collected at 1-minute intervals. A "1" indicates the 
occurrence of a specific coded behavior, while "0" signifies the absence of that behavior. 
Finally, a total of 857 student and teacher behavior data were collected in this study, which 
will be used for subsequent analysis. 
 
Table 1. A Coding Framework for Student Engagement Behavior in the Classroom 
 
Code Definition EXAMPLE 
Passive 
behavior (PA) 

Students simply listen and read or 
browse the content of the 
textbook. 

Simply listening and watching the 
teacher. 

Active behavior 
(A) 

Students do some writing on the 
learning sheet or can follow the 
instructions to complete the 
teaching task. 

Students begin to think about and 
briefly discuss marking suitable 
locations for anti-mosquito sprayer 
on their learning sheets. 

Active 
discussion 
(AD) 

Students participate in group or 
class discussions, such as allotting 
jobs and checking procedures 

Student A: Who is responsible for 
giving the presentation on stage? 
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following the instruction of the 
teacher. 

Student B: I can 

Constructive 
behavior (C) 

Students go online to search for 
and analyze information, assemble 
needed parts, or write programs. 

Students think about how to write 
a program and search for 
information on the Internet. 

Constructive  
discussion 
(CD) 

While students participate or 
discus in group, they work and 
think deeply or integrate 
information. 

Student A: Do we need to add a 
timed automatic spraying device to 
the anti-mosquito sprayer? 
 
Student B: "I think we can. But 
how often should it be set to 
spray?" 

Interactive 
behavior (I) 

When students participate 
constructively in group activities, 
they may discuss more complex 
learning materials with specific 
group members or the teacher. 

Student's Question: "Teacher, can 
I use this method to write the 
program?"  
 
Teacher's Response: "Sure! 
Coming up with your own ideas is 
impressive." 

None (N) Students doing something 
unrelated to the classroom 

Chatting about non-course related 
content 

 
Table 2. A Coding Framework for Teacher Behavior in the Classroom 
 
Code Definition EXAMPLE 
Teacher-centered 
Showing (T.S) Teacher shows slides or products. Teacher showing finished products 

or parts 
Teaching (T.T) Teacher explains concepts or 

principles to the class. 
Explain what the five steps of 
design thinking are 

Student-centered 
Answering 
questions (T.A) 

Teacher answers students’ 
questions. 

Student's Question: "Teacher, is 
this assembly correct?" 
 
Teacher's Response: "You've got it 
the wrong way, flip it over and it'll 
be right." 

Giving 
feedback (T.F) 

Teacher gives feedback to the 
class, a group or a student for their 
works or ideas. 

The teacher provides 
encouragement for the project 
reported by the student, along with 
areas that can be improved. 

Asking 
questions (T.Q) 

Teacher asks students questions 
and expects them to respond. 

Teachers ask: Where is the 
suitable place to put anti-mosquito 
sprayer in the school? 

Seeing & 
Listening 
(T.SL) 

Teacher observes students or 
listens to their discussion 

Teacher observing students 
assembling parts 

Transitional 
Instruct (T.I) Teacher instructs to illicit certain 

student behaviors or offer general 
principles about how to process 
tasks. 

Teacher says, "Now you have five 
minutes to come up with three 
solutions for each group. 
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Figure 1. Presented through the data table recorded by COPIE-STEM 
 
3.2.2 Observer Training 
 

Prior to formal observation, each observer needed to undergo a two-hour training 
session focused on familiarizing themselves with the coding behaviors of both teachers and 
students. The inter-rater reliability between observers, measured using Sokal and Michener 
coefficients (SMC), is 0.92 (Hsiao et al.,2022). A total of three observers were responsible 
for collecting the student-teacher data for this study. Each observer primarily recorded the 
behaviors of a target student and the teacher every minute using COPIE-STEM (see Figure 
2). 
 

 
 

Figure 2. An Example of the Classroom Observation 
 

3.3 Data Analysis 
 

This study firstly utilized a coding and counting approach to calculate the proportional 
distribution of student and teacher behaviors over the course of six weeks. Subsequently, for 
the second question, we utilized ENA web tool (http://www.epistemicnetwork.org/) to 
investigate the network models for the data of teachers and students throughout these six 
weeks of instruction. ENA uses a sliding window to segment content-related behavioral data 
into sections called "stanza". By calculating the co-occurrence of behavioral data, ENA 
constructs epistemic networks to comprehend the interactions between these behaviors. In 
ENA, coded elements serve as nodes within the epistemic network. The thickness of inter-
nodal links in these networks represents the frequency of co-occurrence between elements. 
A thicker link indicates a higher frequency of co-occurrence between elements. For our 
second research question, we have chosen "student" as the analytical unit. The stanza size 
is set at 4, and the codes encompass student behaviors and teacher behaviors. This 
configuration allows us to observe the epistemic network model summarizing the behavioral 
interaction in the course. As for the third research question, we have selected "week" and 
"student" as the analytical units with the other settings remaining unchanged. In this context, 
we focus on observing and comparing the trends and changes in the centroids of the course 
each week. 
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4. Results 

 
4.1 RQ1: What is the distribution of individual behavior code frequencies for teachers 

and students in each week? 
 

Table 3 presents the frequency distribution of student and teacher behaviors over the 
six weeks of the course, in which W1 represents the first week and so forth. Passive 
behavior (PA) constituted the highest proportion almost every week (63%, 40%, 61%, 41%, 
38%, 26% for W1 to W6, respectively), except for the last week (W6) where the proportion of 
Constructive behavior (C) slightly surpassed that of Passive behavior (PA). Based on the 
results for the first three weeks, we found that most behaviors concentrated on Passive 
behavior (PA), Active behavior (A), and Active discussion (AD). In contrast, during the last 
three weeks, Constructive behavior (C) had notably increased compared to the previous 
weeks. Finally, throughout the six weeks, Interactive behavior (I) consistently remained the 
lowest proportion among all the behaviors observed across six weeks (0%, 3%, 1%, 3%, 
2%, 8% for each respective week). 
 
Table 3. Frequency Distribution of Student Engagement Behavior 
  

W1 W2 W3 W4 W5 W6 
 (F) (%) (F) (%) (F) (%) (F) (%) (F) (%) (F) (%) 

PA 83 63% 59 40% 83 61% 55 41% 62 38% 37 26% 
A 26 20% 24 16% 15 11% 7 5% 26 16% 9 6% 

AD 7 5% 36 24% 15 11% 28 21% 15 9% 18 13% 
C 1 1% 3 2% 8 6% 24 18% 37 23% 38 27% 

CD 3 2% 3 2% 3 2% 9 7% 16 10% 15 11% 
I 0 0% 4 3% 2 1% 4 3% 4 2% 12 8% 
N 12 9% 19 13% 10 7% 8 6% 4 2% 13 9% 

Total 132 100% 148 100% 136 100% 135 100% 164 100% 142 100% 
 

Table 4 shows the frequency and proportion of teacher behaviors during the six 
weeks. In the first and third weeks, the most frequently occurring teacher behavior was 
Teaching (T.T), accounting for 42% and 38% respectively. The remaining weeks 
predominantly featured the teacher behavior of Seeing & Listening (T.SL), with proportions 
of 24%, 44%, 36%, and 35% across the respective weeks. Notably, the behavior of 
Answering questions (T.A) was nearly negligible, approaching 0% for all six weeks. As 
frequencies and percentages alone cannot explain complex co-occurrences (Csanadi, 
2018), we subsequently employed ENA to gain a deeper understanding of the relationship 
between student and teacher behaviors within the six weeks of the course. 
 
Table 4. Frequency Distribution of Teacher Behavior 
  

W1 W2 W3 W4 W5 W6 
 (F) (%) (F) (%) (F) (%) (F) (%) (F) (%) (F) (%) 
T.A 0 0% 1 0% 1 0% 0 0% 1 0% 0 0% 
T.F 3 2% 54 21% 19 8% 36 15% 15 6% 46 19% 
T.Q 7 4% 40 16% 21 9% 31 13% 11 4% 11 4% 
T.SL 2 1% 60 24% 53 22% 102 44% 87 36% 87 35% 
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T.I 53 29% 51 20% 50 21% 39 17% 49 20% 39 16% 
T.S 39 22% 15 6% 5 2% 6 3% 11 4% 9 4% 
T.T 76 42% 31 12% 90 38% 20 9% 71 29% 56 23% 
Total 180 100% 252 100% 239 100% 234 100% 245 100% 248 100% 

 
4.2 RQ2: What does ENA portray in the overall contextual relationship between 

teacher and student behaviors throughout the six-week course? 
 
From Figure 3, the epistemic network graph of all the student and teacher behaviors 

during the six weeks is presented. Singular Value Decomposition (SVD) was utilized to 
project nodes onto a space with two-orthogonal dimensions (SVD1 and SVD2) by 
maximizing variance within the data. The positions of nodes in the SVD1 x SVD2 space 
explain the relationship of the behaviors of interest and the meaing of the dimensions or 
quadrants (Shaffer et al., 2016).  

 
The first dimension (SVD1) of the ENA space explained 30.8% of the variance within 

the ENA space, while the second dimension (SVD2) explained 21.6% of the variance. In the 
first quadrant, there were Constructive behavior (C), Constructive discussion (CD), and 
Interactive behavior (I), alongside the teacher behavior Seeing & Listening (T.SL). The 
second quadrant encompassed teacher behaviors Answering questions (T.A), Teaching 
(T.T), and Instruct (T.I). The third quadrant featured Active behavior (A), Passive behavior 
(PA), None (N), as well as two teacher behaviors, Showing (T.S) and Asking questions 
(T.Q). Lastly, the fourth quadrant contained Active discussion (AD) and Giving feedback 
(T.F). 

 
Overall, the left half of the space predominantly featured teacher-centered behaviors 

(e.g., T.T and T.S) and passive engagement behaviors (e.g., PA), whereas the right half 
showcased more active engagement behaviors (e.g., AD, CD, C, etc.) and student-centered 
teacher behaviors (e.g., T.SL and T.F). We also found that higher level engagement 
behaviors concentrated on the upper part the space, while lower level engagement 
behaviors concentrated on the lower part of the space. Continuing, by observing the node 
sizes, we identified that the more frequently occurring behaviors were T.T, T.I, T.SL, and PA. 
The connection coefficients between these four nodes were as follows: PA-T.T (0.27), PA-T.I 
(0.24), PA-T.SL (0.24), T.I-T.SL (0.22), T.I-T.T (0.21), and T.SL-T.T (0.21). Lastly, it's 
noticeable from Figure 3 that T.A had minimal associations with other behaviors. 
 

 
 

Figure 3. Epistemic Network for the Six-Week Course 
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4.3 RQ3: Does the ENA method identify subtle differences in teacher and student 
behaviors across the six-week course?

In order to further understand the differences between each week's courses, we 
utilized ENA to display where the centroids of each week are distributed within the overall 
epistemic network (Figure 4). Each week was represented using a different color with an 
arrow indicating the temporal development. Notably, there was a gradual shift from the lower 
left to the upper right. 

Figure 4. Epistemic Network Centroids of the Each Week 

Figure 5 presents the network graph for each week's course. It's noticeable that the 
courses in W1, W2, and W3 were more associated with passive and active student 
behaviors, while W4, W5, and W6 exhibited an increased proportion of constructive and 
interactive behaviors. The strength of connections between nodes evolved from the initial 
prominent PA-T.T link to the subsequent more pronounced links of various behaviors and 
T.SL, partialy confirming the developmental trace that ended at the first quadrant (see Figure 
4).

Figure 5. Epistemic Networks of the Each Week Course
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5. Discussion & Conclusion 
 

Our study investigates the relationship between student engagement and teacher 
instructional approaches in a six-week STEM-PBL course. We used coding and counting 
techniques to analyze student and teacher behaviors, and we applied ENA for in-depth class 
analysis. Initially, we observed that Passive behaviors(PA) are prevalent in the course, 
indicating students' primarily passive engagement. Additionally, we identified strong 
associations between specific behaviors via ENA analysis. For instance, when teachers 
delivered content and demonstrated materials, students tended to passively listen, reflecting 
traditional teacher-centered classroom dynamics (Serin, 2018). 

 
Using ENA to track weekly student and teacher behaviors, our study identified a shift 

from the lower left to the upper right on the graphs. A closer look at individual network 
graphs revealed an initial focus on student passive engagement behavior and teacher-
centered instruction, gradually evolving into increased constructive engagement and 
student-centered approaches. This indicates a growing diversity in classroom dynamics over 
time, with teachers adjusting their instructional approaches, and students moving to different 
levels of cognitive engagement accordingly. These findings are consistent with our 
expectations and parallel the results observed by Akiha et al. (2018) in their study of 
secondary school STEM courses. The reduction in teacher-centered practices like lecturing 
and increased emphasis on active learning practices such as teacher guidance and student 
group collaboration align with their findings as well. 

 
In summary, regardless of whether the instruction is teacher-centered or student-

centered, passive student engagement behavior is surprisingly prevalent. In order to 
diminish passive student engagement, teachers can find a balance between teacher-
centered and student-centered instruction while incorporating thoughtfully crafted activities. 
Implementing impactful instructional techniques, such as actively questioning students about 
high-level thinking, can result in improved student learning outcomes (Hsiao & Chang, 
2023). Furthermore, the insights gained from ENA analysis results can assist educators in 
evaluating whether their courses are proceeding as planned or expected, thereby enhancing 
student learning outcomes. 

 
This study also has some limitations. We collected data using the COPIE-STEM 

classroom observation protocol, which records data every minute, possibly missing some 
details. Additionally, our research covered only the first six weeks of the STEM-PBL course, 
which may not apply universally. Future studies should observe more extended programs for 
a broader perspective. Furthermore, while ENA helped explore teacher-student behavior 
relationships, we haven't fully explained why certain behaviors correlate strongly. Future 
investigations may require video analysis or course plan examination to clarify these 
associations. Overall, this study employed ENA to analyze STEM-PBL course dynamics but 
offers room for refinement and deeper exploration due to the mentioned limitations. 
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Abstract: With the rise of online learning, multiple-text reading has become a 
prevailing trend and involves complex cognitive processes. Previous research often 
employed controversial socio-scientific issues in the form of expository texts to examine 
reading processes and comprehension. However, the story is relatively accessible, 
which can enhance learners’ interest in reading. Moreover, the reading order could 
affect how learners integrate multiple texts. Therefore, in this study, we employed eye-
tracking technology to investigate how different genres and reading orders of conflicting 
texts influence readers' change of interest, learning performance, and eye movement 
patterns. The study included 21 participants who were divided into two groups: 
expository text first and story first. Each participant was provided with two stories and 
two expository texts to read. Their interests were recorded before and after reading, 
alongside their eye movements were recorded during the reading. After completing the 
reading, participants were required to write an essay and take a multiple-choice test to 
assess their comprehension. The findings revealed that, regardless of reading order, 
participants’ interest heightened after reading. however, the expository-text-first group 
had higher writing scores than the story-first group. As for the eye movement 
measures, this study showed that although the first-pass reading time was not affected 
by reading order and genre, the rereading time was. Specifically, the expository-text-
first group spent more rereading time on the expository text compared to the story-first 
group, indicating that these readers devote more rereading time to the expository text, 
focusing on taking its basic concepts and theories, resulting in greater integrated 
comprehension. Therefore, they exhibit superior performance in deep-level reading 
comprehension. This study demonstrates that reading order influences readers' 
reading comprehension, providing useful insights for future scientific topic education 
and discussions. 
 
Keywords: Scientific controversial multiple texts, genre, reading order, eye movement, 
reading comprehension performance 

 
 
1. Introduction 
 

With the onset of COVID, persons must quarantine themselves at home. It caused at-
home online learning to become more commonplace. (Fewella, 2023). The process of 
consuming online information frequently entails navigating through interconnected multiple-
text resources (Liu et al., 2008). Consequently, engaging with multiple texts has become a 
crucial aspect of contemporary life. In this circumstance, the impacts of online learning are 
mostly influenced by students' self-directed learning (SDL). Students often face difficulties in 
overcoming challenges and persevering during the learning process (Zhu, 2021). Teachers' 
direction and instruction are important in students' learning. 

Reading multiple texts occurs in a dynamic interplay between several top-down and 
bottom-up processes (Britt & Rouet, 2012). This intricate process involves the iterative 
construction of propositions based on textual information, the assessment of reliability and 
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relevance among the texts, and the subsequent integration of acquired information with 
preexisting knowledge and personal experiences. This integration culminates in the creation 
of a coherent mental representation, facilitating a comprehensive understanding of the text 
(Kintsch, 1988; Richter, 2011). 

Prior research has often employed controversial socio-scientific issues written in an 
expository style as reading materials (Bråten et al., 2018; Stadtler et al., 2020; Yen & Wu, 
2017). Recently, the topics of gene editing, nuclear power generation, and ecological 
conservation have gained significant attention. The texts on this issue often are conflicting, 
which means that supporting and opposing perspectives exist on this issue. After reading 
these texts, learners usually need to evaluate the two-side positions and decide to stand for 
one of the positions. This behavior made readers overwhelmed because readers not only 
might lack interest in reading this issue (List & Alexander, 2017), but they also might confront 
difficulty in understanding the expository texts (Clinton et al., 2020). Chambliss & Calfee 
(1998) pointed out that expository texts are often used to express opinions, state facts, or 
describe and explain various phenomena, which lead readers to generate more inferences 
and can be more challenging to read than stories (Clinton et al., 2020). Compared to 
expository texts, stories that emphasize characters, storylines, and storytelling can help 
students understand the text's overall meaning. In sum, it is possible to use stories and 
expository texts simultaneously to evoke readers’ interest to read. Given this situation, 
teachers should carefully consider each student's unique capabilities, reading skills, and prior 
knowledge while planning the material design and setting the reading order. 

Similar research conducted by McCrudden et al. (2022) showed that if the reading order 
was a principal text first, followed by presenting with pertinent exemplar-based texts, the 
reading performance could be better than the pertinent exemplar-based texts first. In other 
words, the reading order would affect how learners process the texts. However, the reading 
process between exemplar-based text and principal text remains unclear. Moreover, the study 
did not observe a significant interest difference between groups reading the exemplar-based 
text first or principal text first. Yet, promoting learners’ interest is important in reading multiple 
texts, which could lead readers to apply more reading strategies to reach deep-level 
comprehension (List & Alexander, 2017) and need more research.  

Previous studies used the think-aloud method to collect reading process data, which 
might interfere with deep learning results (Cerdán & Vidal-Abarca, 2008). Eye-tracking 
technology is one of the non-intrusive methodologies and can provide rich and moment-to-
moment cognitive processes (Rayner, 1998). Therefore, more and more multiple-text reading 
research adopt eye-tracking technology to collect reading process data (Salmerón et al., 2018; 
Stadtler et al., 2020). Given this, the purpose of this study is to use eye-tracking technology to 
record readers' reading processes when engaging with various genres and reading orders of 
conflicting socio-scientific multiple-texts. Additionally, we also explore the impact of reading 
orders on the reading process, comprehension, and changes in interest before and after 
reading. The research findings will be used as a reference for teacher instruction and material 
design. Three research questions of this study were as the following: 

RQ1: Do different reading orders affect readers' change of interest? 
RQ2: Is there a difference in learning performance between different reading orders? 
RQ3: How do readers' eye movement patterns differ with various reading orders? 
 
 

2. Method 
 
2.1 Participants 
 

21 (16 females and 5 males) postgraduates and undergraduates in northern Taiwan 
participated in this study. Their ages were between 18 to 30 years old (M = 24, SD = 2.55). 
They were randomly assigned into two groups: the “expository-text-first group” (N = 11) and 
the “story-first group” (N = 10). The expository-text-first group involved reading the expository 
text first and then reading the story, while the story-first group was the reverse.  
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2.2 Materials 
 
2.2.1 Reading materials  
 

All participants needed to read four texts designed by the researchers. The topic was 
Gene-Edited Babies in Biology. The reading materials were categorized into two types of texts: 
"expository text" and "story." Two arguments were generated for each type. One was on the 
opposing side, and the other was on the supporting side. The length of the articles ranged 
from 351 to 353 words. The presentation order was manipulated into two versions: one with 
the expository text preceding the story and the other with the story preceding the expository 
text. This was done using counterbalancing. To maintain the experiment's simplicity, the 
reading sequence of the participants will be controlled, and they will not be allowed to 
backtrack during their reading (McCrudden et al., 2022). 
 
2.2.2 Apparatus 
 

An EyeLink 1000 desktop remote eye-tracker system (SR Research Ltd., Canada) with 
a sampling rate of 1000 Hz and an accuracy of 0.5 degrees recorded participants’ eye 
movement. Two monitors were used. One was for monitoring the eye movement information, 
and the other was for displaying the stimulus. The participant’s head position was fixed using 
a chinrest placed 60 cm away from the screen. The eye movement measures used in this 
study were first-pass reading time and rereading time. The first-passing reading time indicated 
the cumulative time that readers spend on their initial fixation on areas of interest within the 
text, reflecting the early processing of words and the construction of meaning, such as the 
extraction of word meanings, decoding, and syntax analysis. The rereading time indicated the 
cumulative time that readers spent on their subsequent fixations on areas of interest within 
the text, reflecting the processing difficulties encountered after the first reading or the process 
of integrating the article with previous information or relevant knowledge (Hyönä et al., 2002; 
Zhang et al., 2019). 

 
2.2.3 Topic interest measure 

 
Topic interest measure was a self-report scale that was developed by researchers to 

measure readers’ interest in genome editing. The scale was given to participants to fill out 
before and after reading. This scale included six items with a 6-Likert scale (1 = very not agree, 
6 = very agree). The coefficient alpha reliabilities for this scale before and after reading were 
0.79 and 0.84. 

 
2.2.4 Prior knowledge 
 

The prior knowledge test is multiple choice and includes six items selected from the 
entrance exam to test participants’ prior knowledge. These six items were related to the topic 
of genome editing. Each item scored 10 points. The total score was 60 points. 

 
2.2.5 Reading comprehension performance 
 

Reading comprehension performance included two tests: multiple-choice and writing 
essay tasks. Multiple-choice was designed to evaluate students' memory of the reading 
material by directly extracting information from the text. On the other hand, writing essays 
assessed students' ability to integrate information from multiple texts. The participants 
received the following instruction: "After reading the texts, synthesize and compare different 
viewpoints presented in the articles, and finally, present and support your stance." Our rubric 
to score students' written responses was divided into four dimensions: two-sided reasoning, 
elaboration, integration, and evidence use. Description and examples of the dimensions are 
detailed in Table 1. We also calculated the scores of all the dimensions as total scores (Lee & 
List, 2021). Two raters coded all student responses. The inter-rater reliability for each was 
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higher than 0.8. For the disagreement, a discussion was conducted until two raters reached a 
consensus. 
 
Table 1. Description and examples of the rubric dimensions 
Dimensions  Description Example 

Two-sides 
reasoning 

Whether readers respond to 
opposing views, present 
instances, and make 
refutations. 

“…If everyone may select their desired 
genes, it appears that biological variety may 
be lost…” 

Elaboration Whether readers articulate 
their own perspectives. 

“…I think gene editing has a lot of potential 
in terms of treating human disorders. 
However, there are still a lot of technological 
and moral issues to think about…” 

Integration 
Whether readers integrate 
information across different 
articles. 

“…People who favor gene editing believe 
that it has the potential to change a child's 
DNA so they can fend off the effects of AIDS. 
However, it is also evident that unrestricted 
gene editing may result in problems that 
cannot be fixed…” 

Evidence 
use 

Whether readers cite content 
from the articles. 

“…As mentioned in the last article, even if 
one matches their children's genes to exhibit 
desirable physical attributes and 
intelligence,…” 

 
2.3 Procedure 
 

This study employed eye-tracking technology to gain insights into the reading 
processes of the subjects and consisted of three main parts. Firstly, participants were told the 
experiment procedure and completed the topic interest measure. During the second part, a 
nine-point calibration was conducted before participants started reading the texts. While 
reading, participants determined the pace themselves; however, revisiting previous pages was 
not permitted. After the experiment, participants underwent the writing essay task and the 
multiple-choice test, followed by an interview to ascertain whether the narrative articles 
assisted them in constructing a comprehensive understanding of the text during the reading 
process. 
 
2.4 Statistical Method 
 

As for the RQ1, we used mixed-design ANOVA to examine the change of interest (pre- 
and post-test) between two groups (Expository-Story and Story-Expository). As for the RQ2, 
we ran the linear regression to examine whether the differences in the writing essay task (four 
dimensions and total scores) existed between the two groups after including the number of 
words as a control variable. We also used the independent t-test to compare the score of the 
multiple-choice test between the two groups. As for the RQ3, we analyzed the eye-movement 
measures by using linear mixed model with the reading order and genres as fixed effects while 
the participants and the sentence as random effects. The eye-movement measures (first-pass 
reading time and rereading time) were dependent variables. The sentence length was also 
included in the models as a control variable. 
 
 
3. Result 
 
3.1 Pre-test and post-test interest performance of each group 
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To understand the impact of different reading orders on readers’ interest (RQ1). Mixed-
design ANOVA was conducted with pre-post as within variable and reading order as the 
between variable. As shown in Table 2, readers' interest increased after reading the texts in 
both groups (F(1,19) = 14.75, p = .001). Nevertheless, the main effect of reading order and the 
interaction effect did not reach a significant level (reading order: F(1,19) = 0.01, p = .92; 
interaction effect: F(1,19) = 0.03, p = .85). These findings suggest that readers in both groups 
exhibited heightened interest after reading the texts, but there was no difference in interest 
between groups. 

 
Table 2. Results of descriptive statistics for pre-test and post-test interest performance, prior  
knowledge test and reading comprehension performance of each group 

Group Pre-test 
interest  

 Post-test 
interest  

 Prior 
knowledge  

 Multiple-choice 
test 

 M (SD)  M (SD)  M (SD)  M(SD) 
Expository text first 
(N=11) 

18.45 
(4.01) 

 22.09 
(6.06) 

 41.82 
(13.28) 

 48.18 
(9.82) 

Story first 
(N=10) 

18.80 
(4.16) 

 22.10 
(3.21) 

 48.00 
(11.35) 

 46.00 
(12.65) 

 
3.2 Reading comprehension performance of each group 
 

To comprehend the differences in learning performance between readers who read 
different text orders (RQ2), linear regression was used for the writing essay tasks with the 
reading order as the independent variable, and the word count as the control variable. Besides, 
the t-test was used to compare the multiple-choice score between the two groups. Before the 
main analysis, the prior knowledge between the two groups was examined. The result of 
descriptive statistics has shown in Table 2. The result of the t-test showed that there was no 
significant difference in the multiple-choice scores between the two groups (t(19) = -1.14, p 
= .26). Therefore, the following analysis didn’t consider prior knowledge.  

In the case of the writing essay task, a significant difference was found between the two 
groups. As shown in Table 3, the results of regression demonstrated that students with longer 
writing lengths achieved higher scores (b = 0.03, SE = 0.01, t = 4.44, p < .001). After controlling 
for word count, the group that read the expository text first outperformed the group that read 
the story first (b = 2.46, SE = 0.75, t = 3.30, p = .003).  

Furthermore, when comparing the performance of different groups across various 
dimensions of the writing task, the results showed that the group reading the expository text 
first performed better in the dimension of “two-sides reasoning” and “integration” than the 
group reading the story first (two-sides reasoning: b = 0.91, SE = 0.40, t = 2.30, p = .03; 
integration: b = 0.84, SE = 0.35, t = 2.42, p = .003). However, as shown in Table 4, there were 
no significant differences between the two groups in the dimensions of “elaboration” and 
“evidence use” (elaboration: b = 0.28, SE = 0.20, t = 1.41, p = .17; evidence use: b = 0.43, SE 
= 0.34, t = 1.25, p = 0.23). 
 
Table 3. Results of regression analyses for variables predicting performance on total score, 
two-sides reasoning, and integration 

Predictor  Total scores  Two-sides reasoning  Integration 
 B SE B   B SE B   B SE B  

Number of words 0.03 0.01 0.69***  0.01 0.00 0.55**  0.01 0.00 0.58** 

Reading order 2.46 0.75 0.51***  0.91 0.40 0.43**  0.84 0.35 0.44** 
*p < .05, **p < .01, ***p < .001 
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Table 4. Results of regression analyses for variables predicting performance on the 
elaboration and evidence use 

Predictor  Elaboration  Evidence use 
 B SE B   B SE B  

Number of words 0.00 0.00 0.33  0.01 0.00 0.47* 

Reading order 0.28 0.20 0.31  0.43 0.34 0.26* 
*p < .05, **p < .01, ***p < .001 
 
3.3 Analysis of eye movement data of each group 
 

To comprehend the process of eye-movement patterns between different reading orders 
(RQ3). The linear mixed model was used in this study. The fixed effects included genre with 
two levels (story and expository text) and reading order with two levels (story first and 
expository text first). Besides, the sentence length was entered into models as a control 
variable. The mean and standard deviation are presented in Table 5, and the statistical results 
are summarized in Table 6. 
 
Table 5. Mean and standard deviation for eye-movement measure 

 Expository text first Story first 

 
Expository text 

M (SD) 
Story 

M (SD) 
Expository text  

M (SD) 
Story 

M (SD) 

First-pass reading time 
777.73 

(754.22) 
703.49 

(654.26) 
621.08 

(675.19) 
588.62 

(603.09) 

Rereading time 
595.80 

(908.57) 
499.69 

(744.71) 
326.62 

(616.83) 
414.78 

(622.20) 
 

For the first-pass reading time, the sentence length was significant (b = 47.49, SE = 3.73, 
t = 12.74, p < .001). However, the main effects and interaction effect were not significant 
(Reading order: b = -135.76, SE = 120.48, t = -1.13, p = .27; Genre: b = -64.11, SE = 38.44, t 
= -1.67, p = .10; Reading order × Genre: b = 41.79, SE = 46.77, t = 0.89, p = .37). These 
results indicated that readers spent the equal time constructing the semantic process (such 
as extracting word meanings, decoding, and syntactic analysis) regardless of genres or 
reading order they encountered. 

For the rereading time, the sentence length was significant (b = 38.13, SE = 3.40, t = 
11.24, p < .001). Besides, although the two main effects were not significant (Reading order: 
b =-177.04, SE = 121.04, t = -1.46, p = 0.16; Genre: b = -12.62, SE = 35.00, t = -0.36, p = 
0.72), the interaction effect was significant (b =184.24, SE = 55.30, t = 3.33, p < .001), as 
shown in Figure 1. 
 
Table 6. Results of linear mixed model for first-pass reading time and rereading time 

 First-pass reading time Rereading time 

 b SE t p b SE t p 

Sentence length 47.49 3.73 12.74 < .001  38.13 3.40 11.24 < .001 
Reading order -135.76 120.48 -1.13 .27  -177.04 121.04 -1.46 .16 
Genre -64.11 38.44 -1.67 .10  -12.62 35.00 -0.36 .72 
Reading Order × Genre 41.79 46.77 0.89 .37  184.24 55.30 3.33 < .001 
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Figure 1. The interaction effect of reading order and genre on rereading time.

 
Table 7 shows the result of the simple main effect of rereading time. When reading the 

expository text, the group reading the expository text first had significantly longer rereading 
time on the expository test than the group reading story first (b =269.2, SE = 124, t = 2.17, p 
= .04); while this effect was not found when reading the story (b =84.9, SE = 124, t = 0.68, p 
= .50). Additionally, the group reading the expository text first significantly spent more 
rereading time on the expository text than on the story (b =104.7, SE = 43.8, t = 2.39, p = .01). 
However, the group reading story first slightly spent less rereading time on expository texts 
compared to story which only reach marginal significant (b =-79.5, SE = 45.4, t = -1.75, p 
= .08). 
 
Table 7. The simple main effect of the interaction effect on rereading time 

Fixed level Compare 
Rereading time  

b SE t p  

Expository text Expository text first - Story first 269.2 124 2.17 .04  

Story Expository text first - Story first 84.9 124 0.68 .50  

Expository text first Expository text - Story 104.7 43.8 2.39 .01  

Story first Expository text - Story -79.5 45.4 -1.75 .08  

 
 
4. Discussion and Conclusion 
 

The purpose of this study was to investigate the effect of reading order (story first or 
expository text first) on multiple-text reading comprehension and the process reflected by eye 
movement measures. Besides, we also examine the effect of reading order on the change of 
interest. We proposed the following research findings. First, regardless of the reading order, 
readers’ interest increased after reading the texts compared to before reading the texts. This 
result is inspiring because after reading such a conflicting topic, the readers promote their 
interest in this topic instead of decreasing it, which implies that readers might change their 
original attitude after reading the texts and search for more information to read beyond 
experimental texts. As a result, when creating materials, teachers can take into account the 
different abilities and prior knowledge of their students. This may increase students' interest 
in reading and promote their self-directed reading. 
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Secondly, the comprehension performance of multiple-choice was not different 
between reading the story first and reading the expository text first. However, as for the writing 
essay task, the group reading the expository text first performed better than the group reading 
story first. In this study, the multiple-choice test was regarded as the surface-level 
representation, whereas the writing essay task represented deeper-level understanding (Chen 
et al., 2014). In other words, readers in this study had no difficulty in understanding and 
remembering the basic information the texts provided. However, their deep-level 
representation was influenced by the reading orders, especially for the “two-sides reasoning” 
and “integration.” These results can be explained by the eye-movement data.  

Specifically, the two groups with different reading orders had no significant difference 
in first-pass reading time. These results showed that readers spend equal time establishing 
semantic understanding regardless of the reading order, which seems consistent with the 
impact of the multiple-choice test because readers could remember as much as possible and 
were not affected by the reading orders. As for the rereading time, readers in the expository 
first group spent more time on the expository to integrate information than readers in the story 
first group. This behavior entailed readers to understand the expository text better; therefore, 
they could make more integrate with the following stories and provide more arguments to 
justify their positions, which led to better two-sides reasoning scores. However, readers in the 
reading story first group did not demonstrate this cognitive process which implied that after 
reading the story, they could not integrate the following expository text better and spent almost 
equal time on these two genres. This result was consistent with the previous study conducted 
by McCrudden et al. (2022), who also found that the principal text first promoted readers to 
have more cross-text integration. 

In conclusion, our study yielded several significant insights. As for the interest, we 
found that readers’ interest increased after reading multiple texts, which led the educators to 
have confidence in using socio-scientific issues as materials to teach judging the information 
and writing a convincing argumentation. As for the reading process and comprehension, 
readers might use diverse reading strategies in different reading orders. Although readers had 
satisfying learning outcomes in surface-level reading comprehension; however, the group that 
read the expository text first had better deeper-level reading comprehension involving two-
side reasoning and integration. The reason for this is that readers spent more time reading 
the expository text in order to integrate and infer understanding, then they used the story to 
validate what they had learned, leading to increased deep-level comprehension. 

Our study suggests two instructive implications. Firstly, educators can use a teaching 
method that mixes expository and story genres in computer-assisted instruction, including 
scientific multiple-text to increase learners' interest and knowledge of the topics. Secondly, 
teachers can also teach students reading strategies for scientific multiple-text, such as reading 
the expository part first to understand the issue and then using the story as an illustrative 
example to achieve better integration and comprehensive reading comprehension. 
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Abstract: This study investigated the impact of digital game-based learning on cultural 
cognition among upper-grade primary school students by developing a tabletop game 
combining augmented reality (AR) based on the theme of the Silk Road. The game 
aimed to enhance learning outcomes through multiple media and interdisciplinary 
integration, promoting multiculturalism, aesthetics education, and technological 
information. AR technology is used as an assisted learning tool to design game 
activities that enabled learners to role-play, trade, construct, and experience historical 
events along the Silk Road, reducing learning pressure while learning in a fun and 
interactive way. Results showed that <The Golden Silk Road> game activity 
significantly improved participants' understanding of Silk Road culture and related 
knowledge. The overall survey indicated that <The Golden Silk Road>  could arouse 
students' interest, stimulate their internal motivation to learn and encourage active 
participation, with positive feedback from participants. 

 
Keywords: Digital Game-Based Learning, Cultural Cognition, Augmented Reality, 
Tabletop Games. 

 
1. Introduction 
 
The 21st century emphasizes diverse learning and technology's role in transforming 
education. Philosopher Dewey promoted "learning by doing," advocating practical, hands-on 
problem-solving (Williams, 2017). Integrating education into physical board games helps 
students grow in knowledge, social skills, and emotions. Combining tabletop games with 
digital tech is a recent trend, providing information, social interaction, competition, and 
sensory stimulation, bridging gaps in traditional education. Augmented Reality (AR) breaks 
down barriers, offering a richer learning experience. This study explores "Cultural Cognition" 
changes in elementary students using the educational board game <The Golden Silk Road> 
and assesses satisfaction and feedback on incorporating AR into cultural aesthetics 
education board games.  
 
2. Related work 
 
2.1 DGBL tabletop game with AR integration 
 
Digital game-based learning (DGBL) combines technology and games with educational 
learning to assist individuals in achieving ideal learning outcomes. It utilizes a reward 
system, visual imagery, auditory or interesting elements to attract students and immerse 
them in the learning process, which is a trend in modern education (Deubel, 2006). Tabletop 
games, combined with diverse learning fields, not only enhance learning outcomes but also 
help students to develop a spirit of self-initiation, independent thinking, and mutual growth 
(Dyson et al., 2016). With the increasing number of cases utilizing technology-assisted 
game-based learning, smart mobile devices, tablets, or multi-touch screens are commonly 
used as media. Compared to the traditional desktop computers, smart mobile devices are 
more lightweight, flexible, and cost-effective (Behnamnia et al., 2022). These new learning 
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methods deviate from traditional classroom teaching methods. Firstly, students are easily 
attracted to novel technologies, which arouses their interest. Secondly, the rendering power 
among peers and the classroom atmosphere can infect everyone's emotions, becoming a 
driving force. When students immerse themselves in games, their concentration naturally 
increases, which can improve their absorption of knowledge. These factors are considered in 
this study. 
 
2.2 Silk Road Cultural Cognition 
 
The Silk Road served as a vital transportation route connecting the East and the West, 
stretching from Xi'an, China to the Mediterranean coast of Europe. The diverse terrain along 
the route, including deserts, oases, desolate regions, and towering mountains, enriched the 
multiculturalism of the Silk Road. Early on, missionaries used the Silk Road to spread their 
faith, while in the 19th century, explorers, geographers, and archaeologists conducted a 
series of investigations along the Silk Road (Wood, 2002). Human commerce and business 
transactions were accompanied by the transmission of knowledge, ideas, religions, 
languages, and customs (Andrea, 2014). 

Cognitive psychologist Neisser (1967) defined "cognition" as a series of processes 
that occur internally, including transformation, deletion, modification, addition, storage, 
regeneration, and application of sensory input, even in the absence of external stimuli. The 
result of participating in a way of life that has been passed down by a particular ethnic group 
or region is species-unique cultural cognition (Tomasello, 2005). Cultural cognition refers to 
the cognitive behaviors in two forms, external forms such as architecture, daily utensils, 
artistic creations, entertainment, and internal forms such as social civilization, language, 
norms, religion, and class, which have been formed by various ethnic groups. 

The impact of the Silk Road on historical culture was profound, with trades and 
resources exchanges serving as mediums. This study allows players to act as the 
representative of a nation with the goal of promoting national prosperity and experiencing the 
beauty of the Silk Road. 
 
3. Game design 
 
3.1 Game Object  
 
Taking into consideration the literacy and reading capabilities of upper-grade elementary 
students and adjusting for an appropriate level, the visual and interface design of the game 
<The Golden Silk Road> primarily focuses on graphics, with text serving as a supplementary 
element to ensure intuitive and easy differentiation. Throughout gameplay, players engage in 
role-playing, enabling them to witness the historical traces of cultural exchanges, fusion, and 
coexistence along the Silk Road. <The Golden Silk Road> features four types of game 
objects: (1) the Silk Road Map, (2) Civilization Map Cards, (3) Tokens, and (4) Mobile 
Devices.  
 
3.1.1 Silk Road Map  
 
Game map of <The Golden Silk Road> (as shown in Figure 1) is modeled after the ancient 
Silk Road, with Chang'an in the east end and Constantinople in the west end as the main 
representative cities. Three kinds of geological features are simulated: a) high mountains 
(brown), which will take two steps pre move; plains (green), which takes one step per move; 
and deserts (yellow), which takes one step per move and require a camel mount card. The 
map also lists the major cities (dark red) and small cities (blue) and sacred places (orange) 
that the Silk Road passed through. The four nations are represented by different colors and 
are divided into four territorial areas by colored lines: Chang'an area as red outline for Tang 
Dynasty, Dunhuang area as blue outline for Gupta, Samarkand area as yellow outline for 
Arab Empire, and Constantinople area as purple outline for Byzantine Empire. 
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Figure 1. Map of <The Golden Silk Road> 

 
3.1.2  Civilization Map Cards 
 
Each nation has its own civilization card (as shown in Figure 2), which describes the 
country's background, mission details, and abilities, divided into three stages from left to 
right. After completing the missions as instructed, players can upgrade to the next dynasty 
and gain special abilities. Missions are divided into three categories: politics, economy, and 
religion. The second mission of each categories involve exchanging the obtained cultural 
relics from mission one with the designated nation. Once all three categories are completed, 
players can use the special abilities listed in the third stage of the civilization card in the next 
round to help them become the winner of the game. 
 

 
Figure 2. The Civilization Card for Arab Empire 

 
3.1.3 Tokens 
 
There are four types of tokens: a) pawns, b) mounts, c) local treasures, and d) buildings. a) 
Each nation has a pawn for Silk Road navigation. b) Mount cards are available in major 
cities, limited to one per nation. c) Each nation has unique regional products, distributed as 
local treasures at round's end, increasing in value with distance. d) Players can build 
Waystations, Fortresses, and Temples for their nation each round. 
 
3.1.4 Mobile Device 
 
<The Golden Silk Road> has incorporated augmented reality (AR) app technology to add 
human-computer interaction to game-based learning using the Artivive application. Artivive is 
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an augmented reality tool designed by a Viennese team in Austria (www.artivive.com), which 
can display dynamic or static information in a tablet device when scanning key surfaces, 
explaining which unique artifacts were produced in the local area at the moment of time and 
space. Players can view ancient artifacts and stories with the mobile device. The visual 
imagery is segmented into puzzle pieces, requiring players to adjust the tablet's angle to 
piece together the appearance of the artifacts, thereby increasing the fun and impact of the 
gameplay. When players move to a city, they can open the Artivive app and point the 
camera towards the city to display the corresponding information. The scanning reward (as 
shown in ! ) can also be found in the displayed image, with a total of 
32 scanning points included in the entire map. 
 
3.2 Game Flow 
 
In <The Golden Silk Road>, four to eight players represent the Tang Dynasty, the Arab 
Empire, the Byzantine Empire, and the Kingdom of Gupta, guided by a game master. 
Sessions last 60 to 90 minutes. Players collect coins through AR-aided relic exploration and 
missions. They choose a nation, receiving nation-specific items. Each turn, players can 
navigate, trade, build, or raid. Scanning cities with tablets reveals historical events, offering 
rewards for comprehension, combining learning with gameplay. At round's end, the game 
master disperses treasure tokens and coins. Participants journey along the Silk Road map, 
fulfilling tasks at waypoints. The game concludes after two rounds following all players' 
dynasty advancements. Victory is determined by total coins. 
 
4. Research Design 
 
This study involved 50 sixth-grade students (aged 11-12) from a Taiwanese primary school, 
comprising 24 males and 26 females. Data collection included pre- and post-tests, 
questionnaires, and interviews. The pre- and post-tests consisted of 10 questions on cultural 
cognition. Results were analyzed quantitatively and qualitatively. Interviews were coded as 
country-question number-student (e.g., AR-01-S1 for an Arab Empire student answering 
question 1). The test assessed Silk Road cultural knowledge with 9 multiple-choice 
questions and 1 matching question (split into 5 sub-questions). It covered geography, 
history, cultural integration, and artifact identification to evaluate learning from <The Golden 
Silk Road> board game. Students completed the pre-test, followed by game rules 
explanation and gameplay. (as shown in Figure 3). 
 

  
Figure 3. Game Master leads the students to play <The Golden Silk Road>. 

 
After the conclusion of the game, students are required to complete the post-test and 

the questionnaire. The questionnaire examines five factors: "Game Motivation", "Visual 
Interface", "Learning Knowledge", "Game Mechanism Design", and "AR design". Finally, 
interviews were conducted to support and explained the results of the questionnaires. 
Research Process is as shown in Figure 4. 
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Figure 4. Research Process of <The Golden Silk Road> Game Activity 

 
5. Result 
 
This study investigates the effects of digital game-based learning on cultural cognition, and 
analyzes the differences in "Cultural Cognition" for elementary school students before and 
after using the educational board game <The Golden Silk Road>. A satisfaction 
questionnaire and group interviews were conducted after the tests to understand the 
students' opinions and suggestions on game design. The effective number of students is 50. 
 
5.1 Cultural Cognition 
 
The paired-sample t-test results of pre- and post-tests for cultural cognition were examined. 
Table 1 shows the overall paired t-test results of the pre-test and post-test scores of cultural 
cognition for 50 participants. The post-test scores were higher than the pre-test scores in 
average, and has a significant improvement in culture cognition. During the game process, 
participants would decide where buildings should be constructed for the most favorable 
outcome or for completing the mission, thus recognizing the geographical location 
relationship between different cities. The cultural integration was presented in visual images, 
and the use of AR technology to read artifact descriptions with artifact imaging in the game 
process was helpful. Participants acquired historical knowledge in the process of using AR 
technology and game activities, indicating their familiarity and engagement with board 
games. They could see artifacts and their details in the game but also experience the Silk 
Road's methods, and learn about the history of "Cultural Integrations". The participants 
stated, "Through <The Golden Silk Road>, I can learn more about the culture on the Silk 
Road and navigate for trading (GU-04-S3)." It proved that participants could learn knowledge 
through peer cooperation and competition in the game, simulate the situation of the Silk 
Road by playing roles, and enhance their learning effectiveness and motivation. 
 
Table 1 Results of Players' Cultural Cognition of Playing <The Golden Silk Road> 
(QN=Numbers of Questions) 

Cultural 
Cognition  N Means  SD  t p 

Pre-test 50 29.08 18.121 -6.356*** .000 Post-test  50 47.92 19.111 
***p<.001 

 
5.2 Overall Satisfactions 
 
According to Table 2, the overall satisfaction of the participants from both classes towards 
the board game <The Golden Silk Road> was reasonably high. The participants were able to 
learn cultural knowledge and aesthetic literacy through the game activity. The overall 
satisfaction of the participants were 3.99 points. This could be due to the fact that the 
participants are engaged with the game mechanics (M=3.58) and the integration of AR 
technology (M=3.99) is novelty for six grade elementary students. They also responded 
positively to the game: "Need to use strategy and have discussions during the game (TA-06-
S2)" and "Using AR technology can have more interactivity (TA-06-S2)". Participants 
believed that the game had clear mission instructions and that the interface design and 
configuration were beautiful and attractive, which could help enhance learning motivation 
and interest in participating in the game (M=4.14). They also believed that the game 
materials were clearly and reasonably presented and could deepen their understanding of 
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the Silk Road culture (M=4.11). Participants stated that they would recommend it to their 
friends, but they thought that the game mechanism and rules were slightly complicated to 
understand (M=3.58). 
 
Table 2 Overall Results of Players' Satisfactions  

Aspects Numbers of Questions Means 

Game Motivation 3 4.15 
Visual Interface 3 4.14 

Learning Knowledge 2 4.11 
Game Mechanism Design 6 3.58 

AR design 6 3.99 
Overall Satisfaction 20 3.99 

 
6. Conclusion 
 
 
This study developed a physical board game infused with AR technology to enhance history, 
geography, and humanities education. The game featured visually appealing elements, 
including vibrant colors, cultural themes, and regional landscapes, making learning 
interactive and engaging. "The Golden Silk Road" board game was used to assess the 
impact on elementary students' "Cultural Cognition" and their satisfaction. The results 
demonstrated a significant enhancement in cultural cognition, highlighting the effectiveness 
of well-designed educational games in stimulating learning. Both classes averaged 14 AR 
interactions, indicating user-friendliness and encouraging exploration of Silk Road culture. 
The integration of AR with game-based learning immersed students in historical and 
geographical knowledge. For future game-based learning, simplifying game mechanics and 
rules explanations for elementary students could enhance their participation and learning 
experience. This study showcases the potential of combining AR technology with 
educational games to foster immersive learning. 
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Abstract: Knowledge-Building pedagogy emphasizes engaged learning, with students 
collaboratively working towards advancing shared ideas within a community. This study 
explored the relationship between students’ perceptions of the knowledge-building 
learning environment and their learning engagement in Knowledge Forum activities. A 
total of 259 undergraduate students from courses that used Knowledge Forum 
participated in this study. The study employed partial least squares structural equation 
modeling (PLS-SEM) analysis to examine the relationship. The findings revealed that 
assuming agency positively influenced students’ cognitive, emotional, and social 
engagement, indicating that students who exhibited a sense of autonomy and 
enjoyment demonstrated higher levels of engagement. Additionally, students’ 
perceptions of fostering community positively predicted cognitive and social 
engagement, underscoring the importance of students’ sense of identification with the 
community. These results provide potential insights for designing or refining 
knowledge-building learning environments and activities, highlighting the significance 
of promoting student agency and fostering a sense of community to facilitate learning 
engagement. 

 
Keywords: Perceptions of learning environment, knowledge-building, learning 
engagement, PLS-SEM 

 
 
1. Introduction 

Knowledge-building is a socio-constructivist approach to learning that places students’ 
ideas at the center and aims to advance community knowledge (Scardamalia & Bereiter, 2014, 
2022). In knowledge-building environments, participants are encouraged to actively contribute 
to developing and enhancing their community’s shared ideas and knowledge. Knowledge 
Forum (KF) is a platform specifically designed to implement knowledge-building pedagogy, 
providing a digital platform that enables students to engage in knowledge creation and 
innovation online. Students can use this platform to contribute their ideas, build on each other’s 
contributions, and even elevate their collective thinking to a higher level using the rise above 
function. In Taiwan, an increasing number of university classrooms are adopting Knowledge 
Forum to provide students with a knowledge-building learning environment.  

In research on technology-enhanced learning environments, understanding students’ 
perceptions of the learning environment is crucial (Chang et al., 2015). By understanding 
students’ perceptions of the learning environment, we can gain insights into the characteristics 
of the learning environment and further improve it. Understanding students’ perspectives 
becomes even more important in a learning environment like Knowledge Forum, which relies 
on student communication and collaboration. To assess students’ perceptions of knowledge 
building environment, Lin et al. (2014) categorized the 12 knowledge-building principles by 
Scardamalia (2002) into three categories: working with ideas, assuming agency, and fostering 
community, and further developed a scale based on this framework. 
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In a platform like Knowledge Forum, students' continuous engagement and 
contributions are also crucial for knowledge-building activity (Chan & van Aalst, 2018). 
Learning engagement has been a widely discussed topic, with various dimensions of 
engagement proposed. For example, Fredricks et al. (2004) categorized school engagement 
into three types: behavioral, emotional, and cognitive. However, behavioral engagement has 
limited predictive power for higher-level cognitive activities (Sinatra et al., 2015). In a 
knowledge-building environment that emphasizes students' collaborative creation of 
knowledge, behavioral engagement is relatively less emphasized. Instead, social engagement 
becomes a practical form in such a learning environment that deserves attention since it is 
closely tied to the interaction within the community. A qualitative study by Zhu et al. (2021) 
found that refining the design of knowledge-building courses in which students participate can 
positively impact their emotional, cognitive, and social engagement.   

In sum, students’ perceptions of the learning environment are closely related to their 
learning engagement (Opdenakker & Minnaert, 2011). However, there is limited quantitative 
research investigating the relationship between knowledge-building learning environments 
and learning engagement. By understanding the relationship between students’ perceptions 
of the knowledge-building learning environment and their learning engagement, we can gain 
more insights into the design of activities on the knowledge forum. To fulfill this objective, we 
seek to adapt and validate the knowledge-building environment scale (KBES) developed by 
Lin et al. (2014) with students who have experience using Knowledge Forum by addressing 
the following questions: What are the structural relationships between the different indicators 
of KBES and students’ cognitive, emotional, and social engagement? 
 
2. Methodology  
2.1 Participants 

A total of 259 university students in Taiwan from various courses participated in this 
survey. All of the courses utilized the Knowledge Forum platform for their class activities. 
Basically, teachers provide weekly topics such as Socio-Scientific Issue for students to 
discuss. Students are required to make contributions, which is posting content, and build on, 
which is replying to others' contributions on the Knowledge Forum platform. Students can 
participate by accessing the platform through various electronic devices (i.e., PC, Tablet, or 
mobile phone). Through these discussions, students develop a comprehensive understanding 
and gain deeper insights into the topics. The teacher or teaching assistants assess students' 
weekly contributions and provide grades based on their content. 
 
2.2 Instruments 

After participating in a semester-long course, each student completed two 
questionnaires to assess their perceptions of Knowledge-Building environment and learning 
engagement. The details of the questionnaires are described below. 

 
2.2.1 Knowledge-building environment scale 

Knowledge-building environment scale is a questionnaire developed by Lin et al. 
(2014) based on the 12 knowledge-building principles. The original questionnaire consists of 
three constructs, which are working with ideas (e.g., In this course, it is important to embrace 
divergent ideas.), assuming agency (e.g., In this course, one need to plan and execute one's 
learning plan.), and fostering community (e.g., In this course, all members have to actively 
participate in discussion.), with a total of 24 items. The internal consistency (Cronbach’s alpha) 
coefficients for the three constructs are .84, .88, and .91, respectively. Each item uses a 5-
point Likert scale from 1 = strongly disagree to 5 = strongly agree for students to select. 

 
2.2.2 Learning engagement instrument 

This study utilized the science learning engagement instrument developed by Lin (2021) 
and made some minor modifications to align the context for this study. In the original 
questionnaire, Lin (2021) categorized five different types of learning engagement. For this 
study, three types were selected for use: cognitive engagement (e.g., I review the discussion 
question carefully and make sure I understand the content), emotional engagement (e.g., I 
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enjoy learning new things related to knowledge building learning), and social engagement 
(e.g., I can refer to other people's ideas). This scale has excellent reliability and validity, with 
the composite reliability value ranging from .89 to .92, and the average variance extracted 
value ranging from .67 to .80. Each item also uses a 5-point Likert scale from 1 = strongly 
disagree to 5 = strongly agree for students to select. 
 
 
2.3 Data analysis 

The partial least squares structural equation modeling (PLS-SEM) technique was 
employed to investigate the relationship between students’ perceptions of knowledge-building 
environment and their learning engagement. Unlike covariance-based structural equation 
modeling (CB-SEM), partial least squares structural equation modeling (PLS-SEM) was a 
variance-based latent variable SEM technique. A confirmatory factor analysis (CFA) was 
conducted to ensure the reliability and validity of the data. Cronbach’s alpha, composite 
reliability (CR), and average variance extracted (AVE) were obtained to calculate the items’ 
reliability, convergent reliability, construct reliability, and internal consistency (Hair et al., 
2011). 

This study chooses PLS-SEM due to the limitation of the sample size. PLS-SEM uses a 
nonparametric bootstrapping method and can be estimated with a smaller sample size (Hair 
et al., 2011). Additionally, giving the study’s exploratory nature, PLS-SEM was chosen to 
investigate the structural model for students’ perceptions of knowledge-building environment 
and their learning engagement. This study used the SmartPLS 4 software to validate the 
proposed model. 
 
3. Results 
3.1 The measurement model 

The measurement model was obtained by conducting a confirmatory factor analysis 
(CFA) through PLS-SEM analysis. As shown in Table 1, a total of six factors are in the 
proposed model. Five items were retained for the “Working with idea” and “Assuming agency” 
factor, and eight items were retained for the “Fostering community” factor. For engagement, 
four items were retained for the “Cognitive engagement” and “Emotional engagement” factors, 
and three items were retained for the “Social engagement” factor. 

For items’ reliability, most of the factor loadings are over 0.6. Therefore, the factor 
loadings of these items are acceptable. Besides, Cronbach’s alpha values for each variable 
exceeded the minimum value of .7 (0.80 – 0.93), and the composite reliability (CR) for each 
variable exceeded the minimum value of .7 (0.87 – 0.94), indicating the data have excellent 
consistency and construct reliability. Regarding the average variance extracted (AVE) value, 
each variable exceeded the minimum value of 0.5 (0.62–0.75), indicating the data have a 
decent convergent validity. 

 
Table 1. The item factor loadings, CR, AVE, Cronbach’s alpha values and the instrument variable 
descriptive statistics (n = 259) 

Variables and items Factor 
Loadings 

CR AVE alpha Mean 
(S.D.) 

Working with idea (ID) --- 0.93 0.70 0.89 4.37 (0.55) 
ID 1 0.61     
ID 2 0.90     
ID 3 0.89     
ID 4 0.89     
ID 5 0.88     
Assuming agency (AG) --- 0.91 0.67 0.88 4.22 (0.53) 
AG 1 0.84     
AG 2 0.80     
AG 3 0.82     
AG 4 0.81     
AG 5 0.82     
Fostering community (FC) --- 0.94 0.66 0.93 4.36 (0.53) 
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FC 1 0.85     
FC 2 0.84     
FC 3 0.87     
FC 4 0.80     
FC 5 0.67     
FC 6 0.84     
FC 7 0.81     
FC 8 0.80     
Cognitive engagement (CE) --- 0.87 0.62 0.80 4.18 (0.51) 
CE 1 0.77     
CE 2 0.79     
CE 3 0.77     
CE 4 0.82     
Emotional engagement (EE) --- 0.92 0.75 0.89 3.77 (0.66) 
EE 1 0.91     
EE 2 0.86     
EE 3 0.84     
EE 4 0.87     
Social engagement (SE) --- 0.90 0.75 0.83 4.28 (0.54) 
SE 1 0.88     
SE 2 0.92     
SE 3 0.80     

Note: CR: composite reliability, AVE: average variance extracted 
 
3.2 The structural model 

The structural model was examined using a bootstrapping method with 5000 
subsamples to establish the significance level for model examination. The results are shown 
in Figure 1 (only significant paths were drawn). We discuss the relationships by predictors in 
the following paragraphs. 
 
3.2.1 Working with idea 

The results indicate that students' perception of "Working with idea" does not predict 
any form of learning engagement. This might suggest that even if students perceive ideas as 
important in knowledge-building activities, they might not put much effort into participating. In 
other words, when it comes to learning engagement, expressing ideas or embracing different 
perspectives may be less crucial. 
 
3.2.2 Assuming agency 

The results indicate that students' perception of "Assuming agency" was a positive 
predictor for cognitive engagement (path coefficient = 0.31, p <.001), emotional engagement 
(path coefficient = 0.44, p <.001), and social engagement (path coefficient = 0.22, p <.01). In 
other words, students who perceive planning, reflecting and monitoring their learning process 
as more important in knowledge-building activities also exhibit significantly higher engagement 
across the three dimensions. 

 
3.2.3 Fostering community 

The results indicate that students' perception of "Fostering community" was a 
significantly positive factor for cognitive engagement (path coefficient = 0.34, p <.001) and 
social engagement (path coefficient = 0.42, p <.001).  Specifically, students who perceive the 
importance of interacting with and engaging with others in the knowledge building process 
demonstrate higher cognitive and social engagement. 
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Figure 1. The structural equation model of the relationship among knowledge-building 
environment and learning engagement. (**p < .01, ***p < .001)

4. Discussion
This study extends the relationship between students' perceptions of the learning 

environment and their learning engagement into a specific context of the knowledge building 
environment. Specifically, we examined the relationship between three core principles crucial 
in knowledge building and three different types of learning engagement. Knowledge building 
is an approach that differs from traditional teaching methods, which encourage students to 
produce and develop their ideas. Therefore, working with ideas is a critical concept in a 
knowledge-building environment. However, the findings of this study suggest that even if 
students value these ideas and respect, integrating others' ideas, it does not necessarily 
enhance their learning engagement. This result could be related to students' unfamiliarity with 
operating the Knowledge Forum platform. In other discussion activities, students could 
immediately express their ideas verbally. However, on the Knowledge Forum platform, they 
need to convert their ideas into texts, which adds a step and may decrease their level of 
engagement.

This finding further indicates that assuming agency is crucial in the knowledge-building 
learning environment. In this study, students with higher assuming agency tended to show 
positive cognitive, emotional, and social engagement in a knowledge building environment. 
Moreover, it was noteworthy that assuming agency positively predicts emotional engagement. 
In general, students may have lower motivation to participate in these knowledge-building 
activities as they are requested by the teacher. However, students with high levels of assuming 
agency can enjoy participating in such activities and engage in them autonomously. This is 
essential for the sustained development of a knowledge-building community.

Last but not least, we found that the perceptions of fostering community positively 
predict cognitive and social engagement. It is pretty intuitive that students who embrace the 
concept of community tend to exhibit higher levels of social engagement. As for cognitive 
engagement, it is possible that students perceive the community as meaningful, and thus they 
are motivated to refrain from presenting hasty ideas. Consequently, they engage in 
knowledge-building activities with a more careful and diverse perspective.

The study contributes to a model of factors relating to students' perceptions of the 
knowledge-building learning environment and their learning engagement. These findings 
provide insights for designing or refining a knowledge-building learning environment. 
However, it is worth noting that this study had a relatively small sample size, and the duration 
of students' engagement in knowledge-building activities was limited to one semester. Future 
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research could expand the sample size and investigate specific students over extended 
periods. 
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Abstract: Digital technology-assisted teaching and learning is a trend in schools at all 
levels around the world, and beliefs about technology use are one of the predictors to 
see if, and to what extent, teachers would adopt technology in their classes. In the field 
of educational research, drawing tasks are one of the potential research tools that have 
been shown to reflect participants’ educational beliefs. We propose that the instructions 
for a drawing task would frame participants’ thinking, as it is difficult for participants to 
depict images outside the direction of instruction. In the current study, 44 science-
majors entering preservice teachers were recruited, and a two-round drawing task 
along with a random-assigned experimental design were introduced to evaluate this 
hypothesis. The instruction of the first-round drawing was used to disrupt the framing 
effect of the instruction of the second-round drawing by activating the participants’ 
target knowledge. The results indicated that the participants depicted more images of 
technology use in the second-round drawing after their technology knowledge had 
been activated, but the pedagogical theme was not significant. Methodological, 
theoretical, and practical implications of the results are discussed. 

 
Keywords: digital technology-assisted teaching and learning, beliefs about technology 
use, a drawing task, framing effect, preservice teachers 

 
 
1. Introduction 
 
Digital technology-assisted teaching and learning is a trend in schools at all levels around 
the world, as it can not only make teachers’ teaching more varied and effective, but students’ 
learning can also be more profound due to the multi-modality characteristic of digital 
technology (e.g., Ertmer et al., 2015). In addition to research on how meaningful, effective, 
and efficient digital technology helps teachers’ teaching and students’ learning, researchers 
have also established theoretical frameworks to measure teachers’ understanding and 
capabilities, such as TPACK (Mishra & Koehler, 2006). In another line of research, 
researchers are interested in beliefs about digital technology use and the relationship 
between technology-use beliefs and instructional effectiveness (Ertmer et al., 2015). 
Moreover, it has been shown that beliefs held by preservice teachers would influence their 
learning of how to teach in teacher education programs (Richardson, 2003).  

Different terms have been alternatively adopted, such as beliefs (e.g., Ertmer et al., 
2012), conceptions (e.g., Yeh et al., 2019), perceptions (e.g., Inaltekin, 2020; Minor et al., 
2002), and knowledge (Mishra & Koehler, 2006) to represent the thoughts about technology-
assisted teaching and learning. These terms tend to be used alternatively as the needed, but 
beliefs are used primarily in the current study since it is the most frequently used term to 
express teachers’ thoughts about technology in drawing-based research. 
 Teachers’ beliefs are defined as teachers’ mental constructs, propositions, or 
premises about teaching issues (Richardson, 2003). One of the functions of educational 
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beliefs is to serve as a filter for teachers to deal with educational issues or information they 
encounter (Skott, 2015), which in turn would affect how well, deeply, or creatively they adapt 
technology to their teaching practices (Ertmer et al., 2015). Furthermore, it has been argued 
that beliefs about technology use are one of the predictors of whether teachers adopt 
technology in their classes (Hermans et al., 2008; Hew & Brush, 2007), and it can be 
adjusted by teacher education programs (e.g., Funkhouser & Mouza, 2013). 
 To assess teachers’ beliefs, drawing tasks are a relatively new yet potential method 
(Chang et al., 2020). Besides, it has been proven that drawing can reflect the drawers’ 
concepts, knowledge, or beliefs about things researchers would like to know (e.g., Elmas et 
al., 2011). A drawing task can bypass the condition in which subjects find it difficult to 
express themselves verbally or orally (Schraw & Olafson, 2015). Although there has been an 
increase in the number of drawing studies on preservice science teachers’ beliefs about 
science teaching (e.g., Alkış Küçükaydın & Gökbulut, 2020; Minogue, 2010; Tatar, 2015) 
and on preservice teachers’ beliefs about technology use (e.g., Funkhouser & Mouza, 2013), 
research on novice preservice science teachers’ beliefs about digital technology integrated 
into science teaching that uses drawing as a form of assessment is still in its infancy. A 
recent and relevant study was conducted by Lin (2022). The researcher found that, as 
revealed by their drawings, the preservice mathematics teacher participants in his study 
seldom used technology as pedagogical tools. However, the results of Funkhouser and 
Mouza’s (2013) study showed that preservice teachers had beliefs about teacher-centered 
technology use. The reason why the results of these two studies seem contradictory may 
have been due to different drawing instructions. Lin’s drawing instructions (Lin, 2022) did not 
ask the participants to depict technology integrated into their teaching directly, i.e., “what are 
you doing in the mathematics classroom?”, but the instructions in some other studies did 
(e.g., Funkhouser & Mouza, 2013; Yeh et al., 2019). There is a parsimonious explanation 
why the participants in Lin’s study seldom depicted technology in their drawings, which is 
that they merely did not think of it due to the framing effect (e.g., Kahneman, 2011) derived 
from the instructions of the drawing task. According to this argument, it is plausible to infer 
that, in the situation where the drawing instructions do not direct participants to depict 
technology images, as in Lin’s study, participants would not depict technology images in 
their drawings unless their technology-relevant knowledge is activated. In the current study, 
therefore, a two-round drawing task were adapted to investigate whether there was a 
framing effect in a drawing instruction and how to disrupt it. 
 
 
2. Methodology 
 
2.1 Participants 
 
A total of 44 (21 female, 23 male) science-major sophomores at a normal university in 
southern Taiwan, who were enrolled in and had begun educational programs, were recruited 
in this research. Of the 44 participants, 14, 15 and 15 had majored in chemistry, 
biotechnology, and physics, respectively. In the coding period, it was found that one drawing 
in each group was irrelevant to the theme of the drawing task and so was removed from the 
data set. 
 
2.2 Research Design 
 
A two-round drawing task along with a random-assigned experimental design were adapted 
to investigate the hypothesis described above. The drawing task was conducted in groups at 
the end of the “Introduction to Education” course in the 2022-2023 academic year. The 
drawing time was unlimited. There were two groups in our study, the Technology group and 
the Experience group. Participants were divided into two groups and were asked to complete 
two drawings. They were randomly assigned to each group, and the assignment was 
counter-balanced based on participants’ gender and departments. The drawing instructions 
of the two groups in the first-round drawing task were different. The first drawing instruction 
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for the Technology group played a role in disrupting the framing effect derived from the 
second-drawing instruction and was: “Please try to imagine the scene where technology or 
digital technology is integrated into a science course and try to depict it.”; in contrast, the first 
drawing instruction for the Experience group was: “Please try to recall the most impressive 
science course you attended in your high school and try to depict it.”, which was a controlled 
treatment. 

Participants were asked to raise their hand when they finished the first drawing, and 
the researcher would deliver the second drawing paper to them. The instruction for the 
second drawing task was the same for the two groups: “Please try to imagine what you will 
do in a science course if you are a science teacher and try to depict it.” The second-drawing 
instruction played a role of framing effect on both groups because there were no words 
about technology in the instruction of the second drawing for both groups, and it was 
expected that participants whose technology knowledge was not activated, i.e., the 
Experience group, would depict less technology items in their drawings than those in the 
Technology group. See Figure 1 as an illustration of the research design. 

 

 
 
Figure 1. The research design of the current study. Square frames show the instructions in 

the two drawing situations where there are different instructions in the first-round drawing but 
the same in the second round.  

 
2.3 Data analysis 
 
There were three different types of information we attempted to extract from the drawing 
data. The first index was how many types of technology items were displayed in the second-
round drawing in each group, which was to evaluate if our treatment in the first-round 
drawing worked. Statistically, to evaluate the difference between the Technology group and 
the Experience group in terms of how many technology items were depicted in the second-
round drawing, the Mann-Whitney U Test was utilized. 

To echo the definition of technology-use belief (e.g., Ertmer et al., 2015) or 
technology knowledge from TPACK (Mishra & Koehler, 2006), how many participants 
depicted images of technology use in the second-round drawing is applied as the second 
index. The definition of technology use in the current study is that teachers or students were 
depicted by the participants as using technology or digital technology to teach or learn. For 
example, a teacher uses an interactive whiteboard to present physics equations in a class, 
or students wear AR devices to experience the learning content. If a participant expresses 
such images described above in the second drawing, then the code for this participant would 
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be 1; if not, then the code would be 0 (see Fig. 2 for an example). Accordingly, a chi-square 
test of independence is performed to examine the relation between groups and numbers of 
participants depicting technology use in the second-round drawing. 

 

 
Figure 2. Examples of whether characters in the second drawings used technology in the 

class. Two drawings by different participants are depicted. In the left-hand drawing, because 
a teacher is using an interactive whiteboard (IWB) to present a physics equation, the code of 
technology use in this drawing would be 1. On the contrary, although an IWB is shown in the 

right-hand drawing, the teacher and students are discussing the steps of experiments 
without using IWB, and nor is there any information on the IWB. The code of technology use 

in this drawing would therefore be 0. 
 

In the third index, we examined, at the within-subject level, whether the pedagogical 
theme displayed in the second-round drawing resembled the first-round drawing by utilizing 
a chi-square test of independence. The coding rule is as follows. One participant, for 
example, depicted a teacher-centered pedagogical theme in the first-round drawing and 
depicted a student-centered pedagogical theme in the second-round drawing, then the code 
for this participant would be 0, which means non-match of pedagogical belief for this 
participant; on the other hand, if what a participant depicted in both the first- and second- 
drawing is, say, a student-centered pedagogical theme, then the code for this participant 
would be 1, meaning there was a match in pedagogical belief for this participant. The three 
indices were coded by the two independent coders as well. When inconsistency was found, 
the two coders with the senior coder would negotiate to reach a consensus. 
 
 
3. Results 
 
3.1 Is there a significant difference in the numbers of technology items depicted in the 

second-round drawings of the Technology group and the Experience group? 
 
The test revealed significant differences in number of technology items depicted by the 
Technology group (Median = 1, n = 22) and the Experience group (Median = 0, n = 20), U = 
293.000, z = 2.048, p = .041, and r = .316, meaning that the effect size of the result was 
medium. The result indicated that the Technology group depicted more types of technology 
items in the second-round drawing than the Experience group. 
 
3.2 Is there a significant difference in the number of participants in the Technology 

group and the Experience group who depicted technology-use images in the 
second-round drawing? 
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As for technology use, the result of a X2 test indicated that the relation between groups and 
numbers of the participants who depicted technology-use images in the second-round 
drawing was significant, Pearson’s X2 (1, N = 42) = 5.301, p < .05 (p = .021), meaning that 
more participants in the Technology group depicted technology-use images than those in the 
Experience group. The cross tabulation is shown in Table 1. 
 
Table 1. Cross tabulation of the relation between groups and numbers of technology use 
displayed in the second-round drawings. 

 Technology 
use 

No Technology 
use 

Total 

Tech group 12 10 22 
Exp group 4 16 20 
Total 16 26 42 

 
3.3 Is there a significant difference in the number of participants in the Technology 

group and the Experience group who depicted similar pedagogical themes in 
both the first-round and second-round drawings? 

 
As for pedagogical beliefs, the result of a X2 test indicated that the relation between groups 
and numbers of participants who depicted similarity of pedagogical theme in the first- and 
second-round drawing was not significant, Pearson’s X2 (1, N = 42) = 0.105, p > .05. In other 
words, the similarity of pedagogical belief in the first- and second-round drawings did not 
differ by groups. The cross tabulation is shown in Table 2. 
 
Table 2. Cross tabulation of the relation between groups and similarity of pedagogical theme 
in the first- and second-round drawings. 

 Congruent Incongruent Total 
Tech group 11 11 22 
Exp group 9 11 20 
Total 20 22 42 

 
 
4. Discussion and Implications 
 
In the next section, three issue are discussed, the methodological, theoretical, and practical 
implications. 
 
4.1 Methodological Implications 
 
As the 3.1 result shows, when their technology knowledge was activated by the instruction of 
the first-round drawing, the Technology group would depict more technology items in the 
second-round drawing than the Experience group whose technology knowledge was not 
activated, which means that, in the Experience group, the instruction of the second-round 
drawing would frame the participants’ thoughts; in the Technology group, however, the 
instruction of the first-round drawing help the participants disrupt this framing effect. 

Hence, when utilizing a drawing task to investigate preservice teachers’ technology-
use beliefs, researchers should make the content of drawing instructions pertinent to 
research questions and interpret the results of a drawing task with caution since instructions 
of a drawing task would frame subjects’ thoughts. If the content of drawing instruction must 
be neutral because of the research needed, making positive interpretations is 
recommended; yet if negative interpretations are necessary, it is suggested to use the two-
round drawing task to decrease possible confounding. There is an exemplar in the 
Technology group (see Fig. 3). The participant did not depict technology-use images in their 
second-round drawing even when their technology knowledge had been activated in the 
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first-round drawing. In this scenario, we could be more confident in inferring negatively that 
this participant thinks that they need not use technology or digital technology to assist their 
classes since we had activated their technology knowledge in the first-round drawing. 
 

 
Figure 2. Exemplar drawings of the Technology group. These two drawings were produced 

by the same participant. The participant depicted what s/he thinks about technology or digital 
technology integrated into a science course in their first-round drawing and depicted what 

s/he will do in their science courses in their second-round drawing. This participant depicted 
technology-use images in the first-round drawing but not in the second-round drawing. We 

can confidently infer that s/he did not think that it is necessary to use technology in the 
science course. 

 
4.2 Theoretical Implications 
 
As noted in the Introduction, Skott (2015) argued that teachers would use their educational 
beliefs to deal with educational issues or information they encountered, like a knowledge 
filter. Similarly, Richardson (2003) clarified the definitions of beliefs and knowledge by 
proposing that beliefs are thought to be subjectively true for the individual, whereas 
knowledge is not. For example, educational philosophy of pedagogy, like traditional lecturing 
and student-centered constructivism are usually demonstrated in educational textbooks. For 
novice preservice student teachers, the pedagogical philosophy is a kind of knowledge, but 
when preference is involved, if the individual prefers the pedagogy of constructivism to 
traditional pedagogy, it becomes a belief for them. By applying the belief-as-a-filter theory to 
explain the result in 3.2, it looked as if the preservice teachers whose technology knowledge 
was activated had let the activated knowledge flow into their second-round drawing 
compared to those whose technology knowledge was not activated. It seemed that what 
digital technology assisted in teaching and learning means to the preservice teachers is a 
kind of knowledge not beliefs. 

On the other hand, it is reasonable to expect the 3.3 result that pedagogical belief 
displayed in both the first- and second- round drawings would be more consistent in the 
Experience group, in which the participants’ pedagogical memory had been activated than 
the Technology group, as with the result in 3.2. It was, however, not the case. No more 
participants in the Experience group depicted similar pedagogical scenes in both the first- 
and second-round drawing than those in the Technology group. It seemed that the 
Experience group would not totally accept the pedagogical information or memory activated 
by the instruction of the first-round drawing. That is, they might depict the images about 
pedagogy based on their educational beliefs regardless of the activated pedagogical 
memory. Thus, what images of pedagogy depicted by participants in the Experience group 
reflected would be their beliefs about pedagogy. 
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4.3 Practical Implications 
 
Taiwan Ministry of Education (2023) has been cultivating the project of digital technology 
integrated into teaching and learning for about thirty years. The result of the current study 
echoes the project and would provide a way to promote in practice. In some traditional 
classrooms, there are less, even no, digital-technology devices for a teacher and students to 
use, which can be seen as a framing effect of a classroom. Similarly, Ertmer (1999) also 
argued that lack of access digital technology is an external barrier for teachers to integrate 
digital technology into their classroom. As it can be seen in the current study, the participants 
whose technology-use knowledge were activated would depict more technology-use images 
than those who were not. It implied that we could and should establish a sound digital-
technology-use environment for teachers and students. As noted in Wood (2019), 
preference is for what people are used to seeing, which also called mere exposure effect. As 
long as teachers and students are getting familiar to digital technology embedded in their 
classroom, they would be inclined to utilize it to teach and learn. 
 
 
5. Conclusion and Future Study 
 
To the best of our knowledge, our study is one of the pioneers in utilizing a two-round 
drawing task along with a random-assigned experiment design to investigate beliefs or 
knowledge about technology-assisted teaching and learning. One of the advantages of this 
research design is that it can provide empirical data to refine the theory of educational 
beliefs, which might still be the subject of philosophical debates (e.g., Richardson, 2003). 
Work on two-round drawing tasks has, however, just begun; further cultivation is required. 
For instance, when it comes to beliefs about technology-assisted teaching and learning, it 
would be interesting to make a comparison of preservice and in-service teachers to uncover 
if there are indeed different levels of these beliefs since in-service teachers may build their 
beliefs about technology-assisted teaching and learning through teaching experience, which 
preservice teachers do not yet have. 
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Abstract: This research investigated university students majoring in Mass 
Communication preferences regarding teacher authority within the context of 
communication theory and computer technology learning and examined how these 
preferences were associated with learning approaches. Data were collected from 357 
Taiwanese university students using two questionnaires. The results identified three 
distinct clusters in terms of teacher authority: passive learners (Cluster 1), blended 
learners (Cluster 2), and autonomous learners (Cluster 3). ANOVA results revealed 
significant differences in learning approaches across the three clusters. Notably, 
blended learners exhibited higher scores in deep strategy compared to passive and 
autonomous learners, while both blended learners and autonomous learners 
demonstrated stronger deep motivation than passive learners. Finally, passive learners 
displayed the lowest level of learning approaches within the context of communication 
theory and computer technology learning. 
 
Keywords: teacher authority, approaches to learning, communication, computer 
technology 

 
 
1. Introduction 
 
Most undergraduate students majoring in Mass Communication are required to take both 
theory and hands-on courses (e.g., computer technology and production technology), and 
instead find communication theory tedious, difficult to understand, distant and abstract, and of 
little relevance to their daily lives, leading to limited interest in such courses (Griffin, 2012; 
West et al., 2010). This may lead students to adopt a passive learning attitude where they use 
to memorization methods to cope with theory examinations. Therefore, how to implement 
effective teaching methods (e.g., student-centered, and teacher-centered) to stimulate 
students’ learning motivation and willingness for autonomous learning has always been a 
concern among educators. However, these teaching methods may vary significantly based on 
students’ characteristics, and even differ according to their academic majors (Akdemir & 
Özçelik, 2019; Murphy et al., 2020). Therefore, it is worthwhile for mass communication 
educators to understand the varying levels of preference among mass communication 
students for both student-centered and teacher-centered pedagogies.  

Teacher-centered refers to the approach where the teacher takes responsibility for 
imparting a significant amount of knowledge to students through a lecture-based mode, and 
in the teaching environment, the teacher is active while the students are passive. Contrastingly, 
student-centered instruction creates a learning environment where skills and understanding 
are actively constructed, with the teacher assuming the role of a guide and facilitator, while 
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students actively participate in the learning process (Mascolo, 2009; Vavrus et al., 2011; Serin, 
2018). In terms of student learning roles, based on previous research shown that students’ 
preference for student-centered pedagogy involves two aspects: autonomy and participation 
management, while preference for teacher-centered pedagogy comprises two aspects: 
dependency and teacher control (Lee et al., 2009; Lin et al., 2013).  

In the student-centered pedagogy, the two factors of autonomy and participation 
management mean that learners tend to have autonomy in the learning process and actively 
participate in making decisions about course content and assessments. Nevertheless, in the 
teacher-centered pedagogy, the two factors of dependency and teacher control imply that 
students expect teachers to decide the content knowledge that needs to be taught and to 
decide on the instructional activities and methods for evaluating learning (Alam, 2023; Lin et 
al., 2013). Additionally, the student-centered approach is commonly linked to the development 
of self-regulated and deep learning, as well as the enhancement of critical thinking and 
seeking understand. On the other hand, the teacher-centered approach is frequently 
associated with rote memorization and passive learning (Loyens et al., 2008; Alam, 2023). 

Based on the above rationale, pedagogy of student-centered versus teacher-centered 
may have a profound impact on how students learn. Therefore, this study aims to investigate 
the relationship between students’ preference profile of teacher authority and their approach 
to learning in the context of communication theory and computer technology. 
 
 
2. Literature Review 
 
2.1 Learner-centered versus teacher-centered learning environment 
 
In the context of mass communication learning, teachers may control not only course content 
(e.g., theory course) and assessment, but also the learning activities during the technology 
(e.g., computer technology) production procedures. Particularly in the field of journalism and 
mass communication education, a great deal of teaching focuses on technology skills curricula 
(Han & Newell, 2014; Mendenhall, 2017), such as the computer graphics, computer editing 
techniques and virtual production technologies. In these activities, teachers’ authority may 
play an important role. Therefore, as we emphasize learner-centered and teacher-centered 
pedagogies in mass communication learning environments, it seems necessary to focus on 
the issue of teacher authority. 

In student-centered learning, students’ activities are important indicators in learning 
process and quality of learning product (Zohrabi et al., 2012). This pedagogical approach 
integrates flexible learning, experiential learning, and self-directed learning to create a student-
centered classroom environment where teachers act as facilitators, considering individual 
needs and encouraging active participation in the learning process (Acat & Dönmez, 2009). 
Additionally, in a teacher-centered learning environment, educators assume a significant role 
in the learning process, emphasizing the use of well-prepared learning materials and 
objectives. This approach enables teaching students in incremental and manageable steps to 
achieve specific learning outcomes. It is often considered suitable for large class sizes and 
facilitates shorter classroom activities. It may lead to less student interaction and limited 
opportunities for critical thinking and innovation in teaching (Emaliana, 2017).  

Hence, considering the above reasons, it is essential to investigate the differences 
between teacher-centered and student-centered pedagogies and ascertain students’ 
preferences for these approaches. This enables educators to make informed decisions about 
course delivery, classroom management, enhancing student engagement, improving learning 
effectiveness, and facilitating students in achieving desired learning outcomes. 
 
2.2 Preferences for teacher authority and approaches to learning 
 
Several studies have revealed that students’ learning attitudes are related to their preference 
for teacher authority (Lee et al., 2009). For example, Cornelius-White (2007) study indicated 
that students’ preference for autonomy and participative management in student-centered 
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learning is strongly associated with their motivation and engagement in the learning process. 
On the other hand, in teacher-centered learning, student preference for dependency shows 
that students positively impact knowledge acquisition and reduce learner pressure and anxiety 
(Scheja, 2006). However, the teacher-centered approach is often associated with rote 
learning, memorization, and standardized testing, while student-centered learning prioritizes 
active student involvement in the learning process (Alam, 2023). Previous studies have 
revealed that adopting memorization or struggling with fragmented learning knowledge is 
considered surface approaches to learning in academic activities (Biggs, 1978; Marton & 
Säljö, 1976). In contrast, seeking to understand the learning content thoroughly and applying 
critical thinking to reflect on its meaning are driven by internal motivations and involve more 
sophisticated strategies, which are considered deep approaches to learning (Asikainen & 
Gijbels, 2017). 

However, whether students’ preferences profile of student-centered or teacher-centered 
instruction are related to their approaches to learning has rarely been explored in previous 
research. As a result, the current study seeks to investigate the potential correlation between 
students’ preference profile of teacher authority and their approaches to learning in the context 
of communication theory and computer technology learning. With that in mind, this study had 
two main aims: 
1. To identify the preference profile of Taiwanese university students for teacher authority 

within the context of learning communication theory and computer technology.  
2. To investigate the relationship between preferences for teacher authority and learning 

approaches in the context of communication theory and computer technology learning 
among university students in Taiwan. 

 
3. Methodology 
 
3.1 Participants  
 
Participants in this study included 357 undergraduate students from five universities in 
northern, central, and southern Taiwan. All of them majored in the Department of Mass 
Communication. All participants completed a Chinese version of the teacher authority and 
approaches to learning questionnaires. 
 
3.2 Instruments 
 
To explore students' perspectives on teacher authority and their approaches to learning 
communication theory and computer technology, this study employed two questionnaires. 
First, the Teacher Authority (TA) questionnaire was modified from Lee, Chang, and Tsai’s 
(2009) instrument, which has been shown to be a reliable measure of college students’ 
perceptions of teacher authority in the context of earth science. The TA questionnaire includes 
four factors that assess teacher authority, namely autonomy, participatory management, 
dependency, and teacher control. Each factor which has detail description are presented 
below: 
1. Preference for autonomy assesses the extent to which students value autonomy and the 

freedom to decide the content knowledge they need to acquire in the context of 
classrooms. 

2. Preference for participatory management assesses the degree to which students actively 
engage in decision-making about learning activities and the creation of learning content 
and grading criteria. 

3. Preference for dependency assesses the extent to which students favor relying on 
instructors for decision-making and knowledge transmission within the context of 
communication and computer technology learning. 

4. Preference for teacher control evaluates students' perceptions of the extent to which 
teachers exert control over content and classroom activities. 

The second questionnaire was the Approaches to Learning through Mass 
Communication (ALMC) questionnaire, modified from Lee et al.’s (2008) Approaches to 
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Learning through Science questionnaire., which has been shown to be a reliable measure of 
college students’ approaches to learning in the context of science education. It included two 
dimensions: the deep approach, encompassing deep motives and deep strategies, and the 
surface approach, consisting of surface motives and surface strategies. Four factors are 
described below: 
1. Deep motive refers to students' intrinsic motivation when participating in the context of 

communication theory and computer technology learning, characterized by their curiosity 
and personal interests. 

2. Deep strategy refers to students utilizing more meaningful approaches to facilitate their 
learning communication theory and computer technology, thereby ensuring a thorough 
understanding of the subject matter. 

3. Surface motive refers to students’ extrinsic motivation when participating in the context of 
communication theory and computer technology learning, encompassing goals such as 
achieving high grades and fulfilling parental expectations. 

4. Surface strategy refers to students adopting a limited scope of learning objectives and 
employing rote methods to acquire knowledge in the context of communication theory and 
computer technology learning. 

Two expert mass communication educators were invited to assess the content validity 
of the revised items in TA and ALMC questionnaire. Each item on the two questionnaire was 
presented using a five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly 
agree).  
 
3.3 Data analysis 
 
Three statistical analyses were employed in this study. Firstly, the study uses exploratory 
factor analysis to select the items which fit for the scale. Secondly, performing a cluster 
analysis on all participants’ responses to the TA questionnaire. Subsequently, the clusters 
initially generated by the Ward’s method were further examined using the k-means method. 
Finally, the study employs an analysis of variance (ANOVA) test to differentiate distinct 
boundaries among diverse teacher authority preference profiles, which are subsequently 
utilized to examine their impact on mass communication learning approaches. 
 
 
4. Results and Discussion 
 
4.1 Exploratory factor analysis of the TA questionnaires 
 
The results by applying the exploratory factor analysis with varimax rotation revealed four 
factors with a total of 19 items of the students’ preference of teacher authority in the context 
of communication and computer technology learning. These four factors explained variances 
are 61.29%. The Cronbach’s  coefficients for four factors were 0.79, 0.84, 0.77, 0.87, and 
0.88, respectively, and the overall alpha was 0.82, suggesting that these factors have high 
reliability in assessing students’ preference profiles about teacher authority. 
 
4.2 Exploratory factor analysis of the ALMC questionnaires 
 
The results by applying the exploratory factor analysis with varimax rotation to assess the 
construct validity of the ALMC questionnaires and extract the existing factors in these research 
tools. These four factors with a total of 21 items explained variances are 60.56%. The 
Cronbach’s  coefficients for five factors were 0.87, 0.87, 0.82, and 0.78, respectively and the 
overall alpha was 0.84, suggesting that these factors are sufficiently reliable for representing 
learning approaches in the context of communication theory and computer technology 
learning.  
 
4.3 Identifying the mass communication students’ preference profile of teacher 

228



authority among Taiwanese university students. 
 
A cluster analysis approach was used to characterize the different preferences of mass 
communication learners with respect to their perceptions of teacher authority. The results of 
the cluster analysis show that students' preferences for teacher authority can be categorized 
into three different clusters, namely Cluster 1 (Passive learners), Cluster 2 (Blended learners) 
and Cluster 3 (Autonomous learners). Each profile is characterized as follows:  

Passive learners. The participants in this cluster scored the lowest on the dimensions of 
autonomy (mean 3.17, standard deviation 0.25) and dependence (mean 3.39, standard 
deviation 0.41) in teacher authority. This implies that students in this cluster do not possess a 
strong inclination to engage actively with the content of classroom learning, nor do they exhibit 
a strong tendency to rely on the knowledge imparted by the teacher. Hence, students within 
this cluster could potentially be characterized as “passive learners” who may not exhibit a 
significant concern about the locus of authority. 

Blended learners. Blended learners’ members exhibited the highest average scores in 
the dimensions of autonomy (mean 4.09, standard deviation 0.40) and dependence (mean 
4.25, standard deviation 0.34) within teacher authority. This suggests that students in this 
cluster tend to prefer engaging in classroom learning content, and they also show a strong 
preference for relying on the teacher to impart knowledge. Hence, students within this cluster 
could potentially integrate both learner-centered and teacher-centered orientations, classified 
as “blended learners”. 

Autonomous learners. Students in autonomous learners demonstrated a higher 
inclination towards autonomy (mean 3.90, standard deviation 0.27) and a lower inclination 
towards dependence (mean 3.50, standard deviation 0.34) in their preference for teacher 
authority. This shows that this group of students favors a student-centered pedagogical 
approach, displaying a pronounced inclination to actively participate in classroom content. As 
a result, they can be classified as “autonomous learners”. 
 
4.4 The relationship between students’ preference profile of teacher authority and 

approaches to learning 
 
An analysis of variance (ANOVA) was conducted to determine the relationship between 
students' approaches to learning and different preferences for teacher authority. The results 
showed that there were significant differences in learning approaches among the three 
clusters, including deep motivation (F = 39.61, p < 0.000), deep strategies (F = 47.65, p < 
0.000), surface motivation (F = 18.27, p < 0.000), and surface strategies (F = 26.44, p < 0.000). 
Subsequent post hoc tests were conducted using the Scheffé method to determine the 
significant differences among the groups. The results revealed that students in blended 
learners have statistically higher scores in deep strategy than those in passive learners and 
autonomous learners. The result implies that students in blended learners utilize deep 
strategies, such as comprehension and relating ideas, to form a more comprehensive view. 
Furthermore, students in blended learners and autonomous learners exhibited statistically 
higher scores in terms of deep motivation compared to those in passive learners. This 
observation suggests that both clusters of students possess a profound motivation, such as 
intrinsic interest, driving their engagement in the study of communication theory and computer 
technology. Besides, students in blended learners statistically scored higher on surface 
motivation and surface strategy than the other groups.  

However, blended learners also exhibited higher scores in both deep approach and 
surface approach compared to the other groups. That is, students in blended learners tended 
to have both intrinsic and extrinsic motivations to learn communication theory and computer 
technology, but simultaneously, they may hold deep and surface strategies to learn 
communication theory and computer technology. This phenomenon suggests that mass 
communication students might be directed by instructors to develop critical thinking skills 
(Morreale et al., 2000), while also being shaped by Taiwan's exam-oriented culture, resulting 
in a blend of deep and surface learning strategies. Furthermore, the learning patterns of 
Taiwanese students are molded by the sociocultural context, wherein parental focus on 

229



academic scores remains paramount. This influence has the potential to lead students to 
adopt surface motivations to engage in mass communication research, especially during exam 
periods (Huang et al., 2018).  

Finally, it is suggested that future research could further utilize higher-order statistical 
methods for comprehensive inquiry, such as using structural equation modeling to explore the 
relationship between teacher authority and learning approaches in the context of 
communication theory and computer technology learning. 
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Abstract: Currently, local governments in Japan need DX (=Digital Transformation) 
promotion personnel. However, even today, Japan's civil service system still employs 
mainly legal and human personnel, resulting in a need for more necessary human 
resources. Therefore, the demand for DX human resource development for local 
government officials is rapidly increasing. In response to this, we have been engaged 
in human resource development using e-learning materials based on Moodle for three 
years since 2020, targeting approximately 9,500 employees of the Hiroshima City 
Office, where I work, and through formative evaluation of the materials, we have 
succeeded in creating materials at a level where all employees who took the course 
expressed a desire to promote DX. The company succeeded in developing educational 
materials so that all staff members who took the course were willing to promote DX. 
However, only about 5% of all staff members completed the course, reaching the limit 
of the improvement method in formative evaluation from those who completed the 
course. During the three-year effort, we also identified a wide gap in the IT skills of local 
officials and that we cannot provide optimal educational materials for 95% of the staff. 
In this study, we created multiple-choice questions corresponding to the DX literacy 
standard set by the Ministry of Economy, Trade and Industry (METI) in December 
2022, which we regarded as a complete mastery map, and optimized them using IRT. 
The objective was to develop a model for measuring the DX literacy of local 
government officials and an e-learning course that provides individualized and optimal 
learning based on the measurement results. Through these efforts, we would like to 
establish a method of correlating skill surveys using IRT (=Item Response Theory) with 
e-learning course attendance data to overcome the limitations of the technique of 
creating e-learning courses and improving them through formative evaluation and to 
present a method to overcome the limitations of formative assessment in the ID 
(=Instructional Design) field. We hope to offer a strategy to overcome the limitations of 
formative evaluation in ID. 

 
Keywords: DX, e-learning, IRT, Local government, DX literacy standard, Video 
Analysis, Skill Survey 

 
 
1. Introduction 

 
1.1 LMS Infrastructure 
 

An e-learning course for Hiroshima City employees was created in the environment 
shown in Figure 1, with construction starting in October 2019 and course offerings beginning 
in March 2020. Furthermore, based on the load data from the two courses initially provided, 
SSL (=Secure Socket Layer) support and Vimeo (= Vimeo is an online platform for sharing and 
watching videos. There most significant difference between Vimeo and YouTube is that 
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creators pay a usage fee There is no advertising.) plan changes were made. As a result, five 
classes were delivered to Hiroshima City employees for three years until March 2023, 
functioning without a single failure as an e-learning infrastructure for 20,000 viewers, 3,000 
students, and 800 completed courses; this study allowed us to verify the availability of the LMS 
information infrastructure construction in terms of required CPU resources, for example. 

 

 
 

Figure 1. e-Learning Infrastructure. 
 

  
Figure 2. e-Learning Courses. 

 
 
1.2 Results of e-learning Course offerings 

Based on about 500 survey responses from participants who completed the course 
and formative feedback from interviews with about 20 participants, we spent three years 
improving the course materials to create a system that is "easy for participants to understand." 
(Table 1). 

 
Table 1. Responses obtained in formative evaluation 

 FY2021 FY2022 
Fairly inaccessible 8% 2% 
A little difficult to approach 25% 6% 
It was no different from any other material. 21% 8% 
It was relatively easy to approach. 30% 44% 
I found it very approachable. 16% 40% 
 

As an example of improvement based on formative evaluation, we worked on 
improvements such as carefully explaining IT terms in the videos. 

In FY2020, as shown in Table 2, videos longer than 14 minutes tended to increase the 
number of students who left the course. In addition, in the formative evaluation by participants, 
some said that one class was too long for them to study during their workday, which interfered 
with their work. 
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Table 2. Video viewing time (FY2020) 

 
 

Using these results and the formative evaluation as a reference, the course was 
redesigned in FY2021 so that all videos would be approximately 10 minutes long. As a result, 
as shown in Table 3, unwatched time was significantly reduced, and the number of students 
who were likely to leave the course due to the length of the videos was reduced. 
 
Table 3. Video viewing time (FY2021) 

 
 
By the way, the Information Policy Department of the City of Hiroshima provides 

consultation on DX promotion. As a result of the provision of e-learning courses and 
improvement of course content, the number of staff consulting on DX promotion has 
repeatedly doubled since the start of training compared to the previous year in an evaluation 
using Kirkpatrick's four-level evaluation method. The number of staff starting DX promotion, in 
other words, reaching Level 3, has also increased (Table 4). 
 
Table 4. Number of Consultations   

Year Number Comment 
2018 28  
2019 30  
2020 23  
2021 49 Results for 2020 
2022 104 Results for 2021 

 
However, in this environment, it is not possible to use methods other than formative 

evaluation, although it is possible to grasp the students' quiz-taking status in each course, 
which can be obtained through Moodle, the results of questionnaires, and the viewing time of 
each lecture video provided on Vimeo. 

This made it impossible to obtain data to address students who did not cooperate with 
the formative evaluation or who dropped out of the program, making further improvement 
unlikely (Table 1). 

 
1.3 Organization of conventional methods and Issues 

 
The program’s primary goal is to design an efficient learning experience for the 

participants based on the data by correlating test results with their attitudes toward the course. 
The Hiroshima City employees targeted for the course were widely distributed 

between the ages of 18 and 65, including some who had graduated from information 
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technology universities and some who had worked in the private sector, and there were 
significant differences in their abilities and IT experience. 

In the formative evaluation of a previous study, we analyzed the results from the 
perspective that "older employees are less comfortable with IT Still, we were able to 
determine that there was a relationship between pre-training test scores and ease of use 
rather than age. 

However, since the pre-test was merely a questionnaire about the language 
information domain set based on the course content, the validity of the test itself and the 
accompanying course evaluation could not be statistically processed. 

Several private operators currently offer tools for conducting skills surveys that comply 
with the DX Literacy Standards  Still, they are "fixed question sets" and require about one hour 
to take the test. Furthermore, when we inquired with the providers about the content, they said 
they did not evaluate the validity of the questions. In this regard, by using IRT, we will create a 
test corresponding to the learning items listed in the DX Literacy Standards and evaluate its 
validity. 

Furthermore, instead of having the respondents answer the entire massive database 
of questions, the test should be an adaptive test to measure their understanding of the DX 
Literacy Standards in a 15-minute test that can be administered between work hours. Finally  
through these efforts, we hope to quantitatively measure the ability of "DX human resource 
utilization and development," Which is still in the process of exploring specific methods in local 
governments and support staff assignment according to their abilities, as well as realize 
efficient human resource development. 

Regarding the attitude toward viewing video materials according to ability, past 
research has identified the "time of video with the largest number of people leaving" based on 
Vimeo viewing history data and designed educational materials with this time in mind Still, we 
could not analyze which parts of the video were practical or whether there was a relationship 
between the trend of the video itself and the attitude toward the course. However, we could not 
analyze from the perspective of which parts of the videos were practical and whether there 
was a relationship between the videos‘ trends and the students' attitudes. Therefore, through 
this study, we would like to gain knowledge on the design of courses according to ability. 

 
 
2. Related Studies 
 
2.1 DX Literacy Standards in Japan 
 

The Digital Skill Standards (Ministry of Economy, Trade and Industry, December 21, 2022) 
were announced as the roles of personnel who promote DX and the skills they should acquire. 
It consists of two types of standards: the DX Literacy Standards, which are guidelines for all 
businesspeople to acquire basic knowledge, skills, and mindsets related to DX, and the DX 
Promotion Skill Standards, which are guidelines for companies to develop and hire personnel 
with expertise in promoting DX. However, the DX Literacy Standards do not mention local 
government officials. 

For local government officials, the Ministry of Internal Affairs and Communications 
(MIC), which has jurisdiction over local governments, has prepared "Initiatives for Staff 
Development to Promote Municipal DX, June 3, 2022." Still, it remains vague guidelines for 
initiatives, does not refer to specific learning content such as DX literacy standards, and does 
not envision the creation of skill standards or the establishment of skill surveys targeting local 
government officials. Furthermore, it does not envisage the creation of skill standards or the 
establishment of a skill survey targeting local officials. 

Therefore, a database of questions corresponding to the DX Literacy Standards will be 
created, and IRT will be used to evaluate the validity of the questions. However, since items 
such as "customer" and "competitive environment" cannot be applied as they are when 
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focusing on the work-relatedness of local officials, the DX Literacy Standards are redefined in 
terms of "citizen" and "social cooperation," respectively, and questions are created. 
 

 
Figure 3 DX Literacy Standards 

 
2.2 Creating a Skill Survey Environment Using IRT 
 

Study items are presented in the DX Literacy Standards, but no examples of specific 
questions are given. Therefore, creating a surveyable question database for each area of DX 
Literacy is necessary. In Japan, the Information Technology Engineer Examination is a public 
examination that can be used as a reference for creating questions. The IT Passport 
Examination is the least difficult of these examinations. It covers so-called IT literacy, but the 
syllabus for the IT Passport Examination  cover the items required by the DX Literacy 
Standard. 

Therefore, it is necessary to create questions that satisfy the items of the DX Literacy 
Standards while referring to the questions of the IT Passport Examination. The 
appropriateness of the questions in terms of content and difficulty will be analyzed using IRT, 
and inappropriate questions will be modified or eliminated. This test edition will be done by 
asking about 30 prior testers who have cooperated in formative evaluations in previous 
studies to answer the entire question database. 

Once the appropriateness of the problem difficulty level has been confirmed to some 
extent, a large-scale skill survey will be conducted for all Hiroshima City employees. In this 
case, adaptive IRT will be employed. 

For example, surveying a database of 200 questions by having the examinees answer 
all of them would require approximately 2 hours, and many examinees would "leave" the test. 
Therefore, to measure ability in 10 to 15 minutes, the test environment should be constructed 
as an adaptive test of the 2PL model, taking into consideration that "the question database 
contains enough questions with a wide variety of difficulty levels" (Yoshiko Tokusada, 
Takenori Sakumura, Naoki Tabuchi, Hideo Hirose,2019). Therefore, the test environment is 
constructed as an adaptive test of the 2PL model. 

As a follow-up study to this research, we envision the development of a DX skills 
information dashboard that measures the distribution of DX skills among employees at the 
municipal level through a skill survey of local government employees nationwide and supports 
the planning of DX human resource allocation and training according to the results of the study. 
Therefore, Microsoft Azure SQL Database was selected as the database, considering the 
ability to utilize Azure Machine Learning as a data analysis tool (Figure 4). 
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Figure 4 Azure Machine Learning Model 

 
3. Perspectives on Analysis of Video Materials 
 
3.1 Infrastructure to be constructed in this project  
 

Moodle will be used for learning courses. However, the learning infrastructure will be 
improved from the following perspectives to realize more diverse data analysis. About the 
Study Course Moodle will continue to be used for learning courses. 

Separation of test and course of the study as an extension module of Moodle, a 
previous study to realize IRT is "Development of Plug-in for Moodle: Adaptive Test Module 
based on Potential Rank Theory. " (Hiroshi AKIYAMA,2012) 

However, with this method, it is necessary to respond appropriately to upgrades of the 
PHP used in Moodle and to promotions of Moodle itself. Furthermore, since there are plans to 
develop subsequent applications, such as aggregating the results of the skill survey for each 
local government, it was decided to create an entirely new system for the IRT test 
environment. 

The video playback status should be able to be analyzed for each student. In addition, 
Azure Media Services will be used to analyze the videos to explore the relationship between 

 characteristics and the students' attitudes. 
 

 
3.2 Focus on the video audience. 
 

Have them take a skill survey and then take a course. 
In doing so, we will focus on the relationship between the skills of each item measured in 

the skill survey and the data on the attendance at the educational materials created for each 
item, and whether there is a relationship between prior skills in each domain of the DX Literacy 
Standards and the attitude toward viewing the video materials corresponding to each field. For 
example, we will identify events such as skipping video playback in areas where prior skills are 
high and repeating video playback many times in areas where skills are low, as well as viewing 
attitudes such as the tendency for participants with higher overall skills to play videos faster.  
 
3.3 Focus on the video itself.   
 

Using Azure Video Indexer, the video material itself is analyzed. This function allows 
us to infer, for example, that specific keywords are repeatedly viewed, in which case it can be 
concluded that the explanation of those keywords is challenging to understand. Furthermore, 
if the speaker leaves after a certain period of silence, it can be inferred that there is a silent 
period during which the learner is bored. In this case, there is a quiet period during which the 
participants are bored. Table 4 shows the analysis items of Azure Video Indexer, which is 
planned to be used in this project. 
 
Table 4. Azure Video Indexer Analysis Items 
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3.4  Their relevance 

By combining video playback data per viewer unit with the analysis results of Azure 
Video Indexer, we can, for example, extract keywords that are difficult for students with low 
scores in specific areas in the DX Literacy Standards, relate playback speed to ability before 
taking the course, and confirm the effectiveness of improving teaching materials based on 
these data. The data will be used to verify the effectiveness of enhancing teaching materials. 
 

 
Figure 5 Expected Results 

 
4. Future Prospects 
 
4.1 Standardization of DX Literacy Skill Survey in Local Governments  
 

The provision of skill surveys to measure DX literacy standards needs to be improved, 
partly because it is still early days since the digital skills standards were published. 

Furthermore, since this study is the only one that reads the DX literacy standard 
regarding work relevance for local governments, it is expected to serve as a skill survey 
standard for local government employees. 
 
4.2 Improvement of teaching materials 
 

Continuously improve teaching materials by analyzing data to understand the 
responses of "voiceless participants," which could not be ascertained through formative 
evaluation. 
 
4.3 Creating an Individualized Optimization Environment 
 

First, efforts will be made to improve the completeness of the skill survey and 
e-learning materials. Indicators include: the results of the IRT analysis of the skill survey 
question database should be appropriate; the quality of the video materials for each of the DX 
Literacy Standards should exceed 90% as "easy to catch on"; and the quality of the video 
materials should exceed 100% as "easy to learn." A 100% pass rate on the post-learning test 
within three attempts. Achieve these conditions. 

The goal is to construct a system that can propose the optimal order of participation for 
participants to master all DX literacy standards by measuring changes in their willingness to 
learn when they take the courses in the order of their strengths and weaknesses in the skill 
survey results, and the difference in the number of days it takes them to complete each course 
item before starting the next. 
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Figure 6 Optimization through skill surveys 
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Abstract: In this paper, we describe the design of digital learning resource 
management system based on cloud computing in meteorological adult training  This 
paper mainly introduces the overall structure and design strategy, function design, 
structure design and database design of the learning resource management system. It 
is to provide teachers and students convenient access to resources. The design 
concept of the system is unified function, cooperative development, centralized 
sharing, distributed storage. It realizes the integration of all kinds of multimedia data, 
unifies data construction specifications and classification standards, and provides 
standard interface management. 
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1. Introduction 
 
Based on the design concept of unified functions, collaborative development, centralized 
sharing and distributed storage, Digital Learning Resource Management System based on 
Cloud Computing in Meteorological Adult Training (LMS-CC-MAT) integrates various 
multimedia data, unifies data construction norms and classification standards, and provides 
a standard interface management multimedia data construction environment on the basis of 
existing teaching platforms and teaching resources. It facilitates the branch and provincial 
training to actively participate in the construction of resources. It realizes the multimedia data 
construction environment with convenient data update, perfect system function and good 
application performance.  
 
 
2. Function Design 
 
The system takes media data digital storage, multimedia teaching resource management, 
search and recommendation resources as the core. It collects teaching materials from 
books,  Internet, industries, work and life, and establishes a logical relationship with 
documents, images, audio, video, animation and other types of materials. The core functions 
of the system include uploading, cataloging, retrieval, storage management; download 
output, transcoding transmission, copyright management, in addition to user management, 
system management and other functions. 
 
2.1 Upload module  
 
The main function of upload module is to collect compressed or uncompressed digital file 
materials stored on traditional media and uploaded on the network, generate digital media 
data objects, and generate corresponding original cataloging information. With the function 
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of automatic key frame extraction, it provides the necessary basis for fast retrieval. The 
system can compress the material digitally with broadcast quality and convert it into 
streaming media, network video and other formats for data exchange. 
 
2.2 Cataloging module 
 
All kinds of learning resources and materials must be cataloged into the library. The 
cataloging system classifies the archived materials in a unified, scientific and standardized 
way, so as to turn the unordered information into orderly resources. This module provides 
structured processing and labeling of teaching materials, and supports the realization of shot 
segmentation, key frame extraction, content feature extraction, automatic extraction of labels 
and manual labeling labels, etc., which provides the basis for fast and efficient search of 
materials in comprehensive utilization. 

Due to the wide range of online courseware resources, it is necessary to support a 
powerful cataloging system, which is suitable for large-scale cataloging production and 
management of pipeline, and is suitable for different cataloging needs of various types of 
resources such as high-definition audio and video, three-split screen streaming courseware, 
SCORM courseware, etc. 
 
2.3 Query and retrieval module 
 
Learning resources information query is the result of the catalog and data storage.The 
system supports a variety of compound retrieval methods, and the retrieval method based 
on media content is added to the traditional retrieval method.It supports to query according 
to various subject headings, keywords, speakers and other elements to achieve retrieval 
efficiency and accuracy of retrieval results. Based on the multimedia collection and 
cataloging of the material, the query terminal can not only use the original retrieval system to 
query the text and picture information of the material, but also browse the low bit stream 
material through the network. 

Retrieval can be divided into the following categories, including full-text retrieval 
based on annotated content, retrieval based on visual content, retrieval based on examples, 
retrieval based on images, etc.The retrieval module should be independent and meet the 
combination of users' needs. At the client side, the structure of the whole system can be 
obtained through a retrieval interface. Data search lists can be automatically formed for the 
retrieved data.The system allows users to submit a download application, and the download 
application status is visible.  
 
2.4 Catalog review module 
 
The cataloging review module is to complete the final review of all cataloged and submitted 
teaching materials and learning resources from the state of "cataloging to be reviewed". 
Catalog review should contain different functions such as review, call back, and cancel 
review. All cataloged information, after being reviewed by professional cataloging and 
archiving staff, is formally stored in the archived learning resource database for easy 
retrieval, download and reuse. 
 
2.5 Download module 
 
LMS-CC-MAT can save the digital media data, then download or transfer to other systems to 
achieve browsing, viewing, editing and other needs. It supports fast positioning playback that 
is accurate to the frame, and supports downloading of program lists.It supports data 
conversion. It can convert digital files into DVD, streaming media and other formats, and 
makes intelligent code stream adjustment according to network conditions. 
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2.6 Transcoding module 
 
The system fully supports the interconversion between various video and audio formats, and 
is committed to applying to mainstream video and audio formats to ensure the efficiency of 
format conversion, the success rate of conversion and the quality of transcoding. The 
system supports all kinds of video and audio equipment and collecting, editing and 
broadcasting systems for meteorological distance education, aiming to improve the 
efficiency and quality of video and audio production, management and broadcasting. This 
module can quickly transcode video and audio files of various formats, transcode 
courseware resources of various formats. It is compatible with all domestic non-editing 
software, courseware editing software, with the most flexible scalability and good usability 
and it is convenient for users to edit and use data. 
 
2.7 Statistics and analysis module 
 
Statistics and analysis module can timely understand more system information, including 
visitors, visit rate, teaching resource utilization rate and so on. It can understand the 
changing trend of teaching resources in real time, understand the scale of effective coverage 
of users and other important information. For example, through the statistical analysis of the 
target user characteristics of the use of teaching resources, it can provide an important basis 
for the collection and construction of teaching resources. 
 
2.8 Statistics and analysis module 
 
This module mainly includes parameter setting, log management, backup management, user 
management, permission management and security management. It has a three-level 
account management mode of "person-role-permission". It supports logging and query 
functions and supports automatic backup and recovery management of databases. The 
system sets secret levels for teaching resources, from low to high, and requires users with 
corresponding permissions to access operations to ensure the confidentiality of teaching 
resources. In addition, according to different users for storage space, departments, 
permissions, processes and other aspects, the system will carry out a comprehensive 
personalized settings and management. 
 
2.9 Statistics and analysis module 
 
The system provides a user account for each operator, and the user account is unique for 
each operator. Only after the user name and password have been verified, you can use the 
system. The system has detailed log records for each operation of each user and network 
administrator. The system administrator can add and delete personnel, departments and 
columns; establish the login password of the personnel, the setting of personnel 
permissions, system log management and so on. 
 
 
3. Structure  Design 
 
LMS-CC-MAT is developed by B/S model. Based on the distributed network environment, 
this system constructs a platform to share multimedia resources and various materials for 
digital teaching and learning. This structure can improve the security of the system, 
effectively reduce the cost of system development and maintenance, and adapt to the 
changing needs of the business. It can effectively improve the concurrent processing ability 
of the system. 

No specific software is required to be installed on the client, and the client can access 
the server simply by using an Internet browser. With a simple click of the mouse, you can 
access information in databases such as text, images, audio, video and animation by 
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browsing the web. The system is relatively simple to maintain. There's almost no 
development work to do on the client side. However, most of the work is focused on the 
intermediate transaction logic layer and the back-end database layer. The three-layer B/S 
mode prevents users from waiting for the processing results when they query a large amount 
of data and cannot process other tasks, and also solves the time delay caused by the 
system processing complex logic. The advantages of using the three-layer structure include: 
the programmer can care about a certain layer of the overall system structure; the 
interdependence between layers is reduced;  it is conducive to the standardization of 
modules, but also is conducive to the reuse of logic at each layer. 

 

 
 

Figure 1. Three-layer application system architecture diagram. 
 
 
4. Overall Architecture and Design Strategy 
 
The overall architecture includes application layer, data logic layer and database layer. 
 
4.1 Application layer  
 
The application layer includes teaching resource management subsystem, teaching 
resource browsing and retrieval subsystem, teaching resource statistical analysis 
subsystem. 
 
4.2 Data logic layer  
 
The data logic layer establishes the information flow between each system and database, 
and the external data interface includes the teaching resource management system 
interface, the training file management system interface, and the Single Sign On (SSO) 
interface.  
 
4.3 Database layer  
 
The following four logical databases will be built in the database layer: basic information 
database, courseware database, teaching case database and tutoring database. 
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LMS-CC-MAT adopts B/S model, based on open source J2EE architecture design, 
integration of Web2.0, Spring, Strusts, Hibernate, Ajax and other frameworks, to achieve 
advanced and complete enterprise application environment. The design concept of SOA is 
applied to realize data exchange through interfaces. The SSO mechanism is used to 
implement authentication and trust access. Based on WebLogic application middleware and 
Oracle RAC enterprise-class database cluster, the application system is stable. Link Load 
Balance and P2P technologies are used to ensure efficient network utilization. CDN 
technology is used to distribute and share data. 

A network storage System based on the Internet Small Computer System Interface 
(ISCSI) technology provides massive storage. Digital Watermark technology is used to 
embed hidden marks in digital multimedia data by means of signal processing to achieve 
copyright protection of multimedia data. Using SVN (SubVersion) technology, the version 
management of multimedia data is realized. 

In the program implementation, using the advantages of B/S structure design, we use 
JSP+Ajax+XML+Xhtml+css+div technology and Oracle database to achieve the data 
platform. 
 
 
5. Conclusion  
 
In this study, we propose a cloud-based digital learning resource management system 
design model for online training, that allows learners and teachers to explore a variety of real 
open learning resource data.Online learning resource management system allows learners 
to explore the content they want to learn through other means than the content designed by 
the researcher. This actually shows that shows the learners' commitment to the exploration 
of the topic, and online guided query mode can increase students' learning motivation. 
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Abstract: Cyber incidents are frequent, urgent, and sophisticated, and there is a global 
shortage of cybersecurity professionals. The demand for cybersecurity graduates is 
high, and a key priority for universities is improving successful graduate outcomes, 
employability, and work readiness. This research paper proposes a novel teaching 
approach to develop the skills and experience of higher education students for 
cybersecurity roles. The approach synthesizes problem-based learning, work-
integrated learning, tabletop exercises, and crime script analysis. The paper presents 
a theoretical model based on the National Institute of Standards and Technology
(NIST) Test, Training, and Exercise (TT&E) methodology and suggests using 
Generative AI for the development of draft documentation. The Cybercrime Script 
Tabletop Exercise can be integrated into a cybersecurity curriculum or as a stand-alone 
workshop. Future research can be conducted to compare, interview, and observe 
student outcomes such as skill and experience acquisition, work-life awareness, and 
levels of industry professional involvement.

Keywords: problem-based learning, work-integrated learning, tabletop exercise, crime 
script analysis, cybersecurity education, generative AI

1. Introduction

Cyber incidents are becoming more frequent, urgent, and sophisticated (Brilingaitė et al., 2017;
Zhang et al., 2021; Dwight, 2023), and there is a global shortage of 3.5 million skilled 
cybersecurity professionals (Angafor et al., 2020; Towhidi & Pridmore, 2023; Lunn et al., 2021). 
An international Fortinet research report specified that 68% of organizations face a shortage 
of cybersecurity skills (2023). Cybersecurity training is more important than ever (Chowdhury 
& Gkioulos, 2022). However, organizations do not have the necessary skill set to defend 
against sophisticated and continually evolving threats and cybercrimes (Angafor et al., 2020), 
and security training programs are often poorly developed and received (Reeves et al., 2021). 
To meet the labor demand, preparing higher education students for the cybersecurity 
workforce is a crucial priority for many universities, business organizations, and governments.  

RQ: How can higher education academics develop and design tabletop exercises for students 
to develop skills and experience for cybersecurity roles?

This research paper aims to develop a novel teaching approach to develop the skills and 
experience of higher education students for cybersecurity roles. This paper will start with a 
literature review providing background and the gaps between cybersecurity education, 
learning and design paradigms, tabletop exercises, and crime script analysis. Then, this paper 
presents a theoretical model based on the National Institute of Standards and Technology
(NIST) Test, Training, and Exercise (TT&E) methodology. Next, the theoretical model 
showcased the integrative model and utilized Generative AI for the development of sample 
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tabletop exercise documentation. Lastly, the paper wraps up with a discussion of the 
significant themes, limitations, future research, and implications.  

2. Literature Review

2.1 Cybersecurity Education

Cyber incidents are prevalent (Brilingaitė et al., 2017; Zhang et al., 2021), and in the industry, 
there is a global shortage of skilled cybersecurity professionals (Angafor et al., 2020; Towhidi 
& Pridmore, 2023). Cybersecurity training and education are more important than ever
(Chowdhury & Gkioulos, 2022), as is the demand for cybersecurity graduates (McGettrick, 
2013). An educated workforce is essential for developing trustworthy systems, but 
pedagogical teaching issues exist (Schneider, 2013). The education sector is often sluggish 
to transform and adapt to technologies (Lim et al., 2023). Improving successful graduate 
outcomes, employability, and work readiness has been a critical priority for many universities 
(Aprile & Knight, 2020; Kay et al., 2019). Developing cybersecurity education and curriculum 
can use both problem-solving and skill development types of active learning and design 
paradigms. 

2.2 Problem-Based Learning (PBL)

Problem-based learning (PBL) is an educational approach whereby a problem is the starting 
point of the learning process (De Graaf & Kolmos, 2003). PBL typically involves eight to ten 
students working on a scenario with a facilitator to guide the students in a multi-step process 
(Bate et al., 2013). PBL helps students develop knowledge and skills to solve real problems 
(Hallinger, 2020). PBL has been successfully used in a variety of higher education disciplines 
for over 30 years (Clancey, 2020). The benefits of PBL include better industry performance, 
efficiency, competency, and interaction between students and faculty (Bate et al., 2013). PBL 
is the most comprehensive documented active learning method used in education today, 
although dominated by the medical education field (Hallinger, 2020). The emergence of the 
active learning school of thought has led to increased adoption and blending of PBL with other 
learning methods (Hallinger, 2020). However, there is very little literature blending PBL and 
WIL. This study proposes blending PBL with WIL to meet the demands of developing a 
cybersecurity industry workforce.

2.3 Work-Integrated Learning (WIL)

Work-integrated learning (WIL) is gaining popularity, where significant labor and skill 
shortages exist (Smith & Worsfold, 2015). WIL is an educational approach incorporating 
authentic industry practice where students learn and develop by working, networking, and 
engaging with industry professionals (Kay et al., 2019; Bilsland et al., 2019). The fundamental 
tenet of WIL is integrating university study and professional practice (Smith & Worsfold, 2015). 
Work-integrated learning traditionally entails short-term job placements or internships (Kay et 
al., 2019; Smith & Worsfold, 2015; Bilsland et al., 2019). However, emerging and innovative 
WIL practices such as co-designed programs (hackathons), active engagement in industry 
associations, event-based partnerships, use of technology (simulations), regional and global 
projects, practicums, supervised practice and greater flexibility in duration (brief placements 
or micro-placements) are gaining traction (Kay et al., 2019; Smith & Worsfold, 2015). Aprile 
and Knight (2020) note students experienced benefits such as obtaining real-world application 
of skills, learning through role models, and professional awareness of work life. WIL curriculum 
design is intended to integrate and apply theory with workplace practices (Smith & Worsfold, 
2015). Tabletop exercises could be a helpful design avenue for a range of PBL and WIL 
opportunities.
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2.4 Tabletop Exercises

When offering cybersecurity educational opportunities, tabletop exercises should be 
considered due to their ability to increase participants' engagement and success in skill 
acquisition (Chowdhury & Gkioulos, 2022). Tabletop exercises (TTX) are staged events where 
participants meet in an open forum to discuss actions for a response to a specific real-life 
scenario or incident (Brilingaitė et al., 2017; Angafor et al., 2020). TTXs are based on 
communication and information knowledge sharing that may involve multiple roles within 
government, business, and other organizations (Brilingaitė et al., 2017).

Tabletop exercises can include technical and non-technical activities (Brilingaitė et al., 2017; 
Angafor et al., 2020). These activities can consist of planning, discussion, and improvement 
of cyber plans and procedures. Reviewing and improving the skills and abilities of cyber 
incident response teams. Practicing and improving incident management coordination, 
prioritization, escalation, communication, and reporting strategies. Reviewing and practicing 
operational response capabilities such as tools and applications. Practicing and building 
awareness with different roles and responsibilities during an incident (Angafor et al., 2020). 
Tabletop exercises can provide several benefits. TTXs offer the acquisition of practical 
experience, nurture both technical and soft skills, provide opportunities for reflective practice, 
and are cost-effective to develop and implement (Angafor et al., 2020). Tabletop exercises 
can be designed in different ways. 

Chowdhury and Gkioulos (2022) findings concluded that the involvement of industry 
professionals should include ease of implementation, time and resource constraints, remote 
accessibility, and shorter duration. Lunn et al. (2021) performed a study integrating tabletop 
exercises into the cybersecurity curriculum. The findings specified a significant increase in 
students' confidence in exploiting software vulnerabilities and implementing network security 
protocols. Chowdhury and Gkioulos (2022) conducted several exercises with different 
participants from industry and higher education students. Lunn et al. (2021) and (Chowdhury 
& Gkioulos, 2022) alluded to work-integrated learning but did not focus on the WIL theory and 
its connection to cybersecurity education and tabletop exercises. This paper proposes using 
crime script analysis as the basis for the tabletop design.

2.5 Crime Script Analysis

Introduced by Cornish (1994), crime scripts are models that describe predictable and 
sequential criminal actions, locations, and roles (Dehghanniri & Borrion, 2021). Crime script 
analysis (CSA) is an investigation profiling method that breaks down the actions of a criminal 
into stages to understand the behaviors, feelings, and decisions associated with the offense 
(Bada & Nurse, 2021). Cornish (1994) established seven stages that included preparation, 
entry, pre-conditions, instrumentals, doing, post-conditions, and exit. Later academic works 
have created similar truncated versions of the initial four stages, such as preparation, pre-
activity, activity, and post-activity, that incorporate the other elements (Bada & Nurse, 2021;
Bodker et al., 2022; Leppänen et al., 2020). Then the CSA model identifies areas of disruption 
by appropriate stakeholders (Cornish, 1994). This model provides a great outline to identify 
cybercriminal behaviors and attacks and allows cybersecurity professionals and students to 
recognize where and when cybersecurity measures can be used to mitigate cyber offenses. 

Clancey's teaching pedagogy was influenced by problem-based learning and the integration 
of CSA into that PBL teaching pedagogy (Clancey, 2020). Clancey noted this pedagogy 
encouraged deeper thinking about motivations and root causes beyond crime risk factors and 
opportunities for criminal offenses (2020). See Table 1 for a summary of the paradigms and 
benefits. However, there was minimal literature applying and connecting these models.
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Each of these models exhibits elements of active learning, although not expressed explicitly 
in the academic literature. Active learning is the activities designed to engage students in their 
learning with discussion, problem-solving, and or learning from each other
(Nguyen et al., 2021). 

Table 1. Summary of paradigms and benefits

Paradigm Summary Learning Benefits
Problem-based learning
(PBL)

Industry problem scenario
Multi-step/procedural
Active learning

Industry preparation
Skill and knowledge 
competency

Work-integrated learning 
(WIL)

Integration of university study 
and industry practice
Active learning

Practical skill acquisition 
and application
Work-life awareness
Industry preparation

Tabletop exercise (TTX) Industry problem scenario
Multi-step/procedural
Active learning

Practical skill acquisition
Reflective practice
Cost-effective

Crime script analysis
(CSA)

Industry problem scenario
Multi-step/procedural
Active learning

Profiling cybercriminals
Skill and knowledge 
competency

2.6 Literature Gaps

Even though active learning has seen positive results, STEM courses have low adoption rates 
and still predominately focus on lecturing (Nguyen et al., 2021). So it is imperative to try out 
different active learning techniques to nurture active learning. There are two literature gaps 
between PBL, WIL, tabletop exercises, and CSA. First, crime script analysis is used primarily 
as an investigative, analytical method and has not been applied as a mode of learning. Thus, 
it has not been applied in the cyber security context with PBL, WIL, or tabletop exercises. 
Secondly, there has been very little application between WIL and tabletop exercises. Lunn et 
al. (2021) and Chowdhury and Gkioulos (2022) alluded to using industry professionals for 
different aspects of tabletop exercise development but did not explicitly identify and apply the 
WIL approach. This paper aims to create a novel approach integrating these areas to better 
prepare and develop university students for professional cybersecurity roles to fill the skills 
gap.

3. Methodology

The National Institute of Standards and Technology (NIST) Test, Training, and Exercise 
(TT&E) methodology was used to help design a tabletop exercise integrated with PBL, WIL, 
and CSA for this paper. The NIST tabletop exercise methodology consists of four phases. The 
phases are design, development, conduct, and evaluation (Grance et al., 2006). The design 
phase establishes the topics, scope, objectives, participants, and logistics of the exercise. The 
development phase is the formation of all documentation and the establishment of tools 
necessary to conduct the exercise. These can be materials such as manuals, evaluation 
criteria, simulations, and gamification software. The conduct phase performs the exercise 
based on the design and development. The evaluation phase captures the lessons learned, 
discussions, and reflections from the exercise (Grance et al., 2006). 
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4. Cybercrime Script Tabletop Theoretical Framework

4.1 Design Phase

The design phase establishes the topic, scope, objectives, and participants of the exercise 
(Grance et al., 2006). The topic proposed for this approach is cybercrime incidents and 
mitigation response using CSA. Problem-based learning (PBL) can be applied design of the 
tabletop exercise. PBL starts with a problem-solving scenario (De Graaf & Kolmos, 2003). For 
this paper, cybercrimes are the problem and topic for the tabletop exercise. The scope of the 
TTX exercise will focus predominately on the tactical level roles and responsibilities. The time 
scope is limited to 1-3 hours. The delivery scope should be virtual or hybrid to accommodate 
the industry professional. The objective of the TTX is to identify and analyze cybercrimes 
based on the CSA. This paper proposes groups of 8-10 student participants per team with 
facilitators from both academia and industry. Each participant will be provided with a real-world 
role and responsibility based on input from an industry professional.

Work-integrated learning (WIL) can be applied through the academic lecturer and industry 
professional working together to design the specific cybercrime, threat, and or attack as the 
topic, scope, and objective based on a real-world scenario. Some examples are account 
takeover, credit card fraud, credit card testing, gift card fraud, subscription fraud, triangulation 
fraud, social engineering, credential stuffing, romance scams, 1st person misuse, identity theft, 
denial-of-service, phishing, ransomware, advanced persistent threats (Dwight, 2023; Han et 
al., 2023). The industry professional can also act as a facilitator of the exercise. See Table 2
for the cybercrime tabletop exercise design outline.

Table 2. Cybercrime Tabletop Design Outline

TTX Description Model Synthesis
Topic: Cybercrime incident response and

mitigation
PBL, WIL, CSA

Scope: Participant level: Tactical level
Duration: 1-3 hours
Delivery: Virtual/blended

WIL

Objectives: Identify and analyze cybercriminal actions 
and behaviors
Identify and analyze cybersecurity 
mitigations and strategies
Create a cybercrime script document 
based on the exercise
Discuss the results of the exercise

PBL, WIL, CSA

Participants: Groups of 8-10 Students
Two facilitators (one academic and one 
industry professional)

WIL

4.2 Development Phase

The development phase identifies all the documentation and tools necessary to conduct the 
exercise. This includes a briefing, facilitator guide, participant guide, and lessons learned 
report (Grance et al., 2006). The briefing consists of the agenda and logistics information. The 
facilitator guide consists of the purpose, scope, objectives, scenario, and list of questions. The 
participant guide consists of the shortened version of the facilitator guide without the list of 
questions. The lessons learned report contains evaluation criteria and reflective practice 
(Grance et al., 2006). 

There are numerous tools to support the development and delivery of the exercise. The 
development of the documentation can use Generative AI. Generative AI presents an 
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opportunity to innovate and transform learning as higher education has been sluggish and 
underwhelming (Lim et al., 2023). Generative AI tools allow new frontiers in the way we learn, 
interact, and work with each other (Lim et al., 2023). Educational learning opportunities should 
use Generative AI to encourage transformation in the higher education realm. For this paper, 
we propose using Generative AI for the development of draft documentation and then revising 
it with input from the academic and industry partner. 

For the delivery of the tabletop exercise, this paper proposes utilizing video conferencing 
software and a web-based interface (Zhou et al., 2015) to host the activity virtually or in a 
blended learning environment. Additionally, web-based interfaces can have meaningful effects 
on the scenario presentation and delivery (Zhou et al., 2015). This helps afford flexibility and 
cost-effectiveness for industry participation and academics (Chowdhury & Gkioulos, 2022).

4.3 Conducting Phase

The conduct phase is where the designed and developed exercise is executed with the 
relevant learners, processes, and systems. The facilitators start with the briefing and provide 
learners with the participant guide. The facilitator will procedurally go through the cybercrime 
script analysis stages of preparation, pre-activity, activity, and post-activity. At each stage, the 
learners will discuss and choose appropriate cybersecurity mitigation strategies. Each group 
of learners will fill out the CSA procedures and mitigations. Then a comparison of the results 
with other groups should occur in the evaluation phase.

4.4 Evaluation Phase

The evaluation phase captures the lessons learned, discussions, and reflections from the 
exercise. The learners will present their cybercrime scripts to each other and the facilitators. 
Then discuss the practicalities of the security measures with the facilitators. The industry 
professional can provide context about their experiences with the specific cyber-attack. See 
Figure 1 for the theoretical integrative approach. See Figure 2 for a sample draft briefing for a 
ransomware scenario, sample draft facilitator guide, participant guide, and after action guides
created with the Generative AI technology Notion AI. 
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Figure 1. Cybercrime Script Tabletop Exercise Approach.

Figure 2. Sample Briefing, Facilitator, Participant, After Action Guides.

Note. Sample draft text generated using NotionAI. (2023, May). Prompt: "Write a crime script about ransomware at an 
ecommerce company." "Write a ransomware facilitator guide based on 
https://nvlpubs.nist.gov/nistpubs/legacy/sp/nistspecialpublication800-84.pdf". Prompt: "Write a ransomware participant guide 
based on https://nvlpubs.nist.gov/nistpubs/legacy/sp/nistspecialpublication800-84.pdf". Prompt: "Write a ransomware after 
action report based on https://nvlpubs.nist.gov/nistpubs/legacy/sp/nistspecialpublication800-84.pdf". Then the draft text was 
adapted by the researcher.

5. Discussion

The aim of this research paper is to develop a novel teaching approach to develop the skills 
and experience of higher education students for cybersecurity roles. The gaps in the literature 
showcased active learning methods but did not map these methods to address the 
cybersecurity skills gap. The novel approach presented in this paper synthesizes PBL, WIL, 
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TTX, and cybercrime script analysis to deliver a cost-effective collaborative skill development 
model. 
5.1 Cybersecurity Education

Cybercrimes, threats, and attacks such as social engineering, fraud, and identity theft are 
sophisticated and continually evolving (Dwight, 2023; Han et al., 2023). Educators will need 
to stay abreast of the current threats to adapt the cybercrime script tabletop exercises for 
learners. This allows for many opportunities to continually update the problem and 
cybercrime scripts for up-to-date learning for higher education students. Educators should 
network and discuss current cyber threat trends with industry professionals. Industry 
professionals can help in any phase of the cybercrime script TTX approach including 
development, design, delivery, and evaluation. 

The Cybercrime Script TTX can be integrated into a cybersecurity curriculum or as a stand-
alone class session or workshop. However, this exercise should not be the sole active 
learning activity for an educator and student. This activity should complement other active 
learning activities such as internships, hackathons, labs, case studies, and others (Kay et al., 
2019; Smith & Worsfold, 2015; Bilsland et al., 2019). 

Using Generative AI can help with cyber education development. However, the technology is 
still in its infancy, and many people are wary about adopting the technology (Lim et al., 
2023). This brief research used the technology to create rough drafts of the tabletop 
exercises. The ability of the Generative AI was not comprehensive, and academics will need 
to review and adapt the output. Additionally, gamification (Angafor et al., 2020), mixed reality
(Shaytura et al, 2021), and other technologies can be integrated, used, and tested in any 
part of the TTX design, development, delivery, and evaluation process. 

5.2 Industry Collaboration (WIL)

The level of involvement of industry professionals can be time-consuming and costly. This 
paper suggests minimizing the effort on the industry professional while providing an 
advantageous opportunity for the learners to potentially gain skills and interact with an industry 
professional in a real-world scenario. Chowdhury and Gkioulos (2022) Specified industry 
professionals preferred easy, cost-effective, and short-term activities. The level of involvement 
will ultimately depend on the time and resources available to industry professionals and 
academics. The more exposure the students have to the industry, the better they will be 
prepared for the real world.

5.3 Limitations

There may be some limitations to the breadth of the paper. The extent to which the study's 
findings may be generalized and applied to other situations must be left to the reader's 
judgment. The scope of this paper was limited to designing a small, cost-effective event-based 
method that incorporated PBL, WIL, TTX, and CSA. All the technology and process nuances 
and variances associated with these paradigms may not be reviewed, evaluated, and 
discussed. 

6. Contributions and Future Research

This cybercrime script tabletop exercise contributes to the body of knowledge with a novel 
approach to developing cybersecurity university students. This research paper provides a way 
to develop the skills and experience of higher education students for cybersecurity roles 
through the integration of active learning methods with The National Institute of Standards and 
Technology (NIST) Test, Training, and Exercise (TT&E) methodology (Grance et al., 2006). 

262



Additionally, students can experience a real-world training method while interacting with an 
industry professional. 

Second, this approach provides a way for industry professionals to get more involved with the 
development of university students. This model is especially useful to industry professionals 
who have limited time and resources to devote to students but want to contribute to student 
development and recruitment.

This paper serves as a starting point to apply the cybercrime script tabletop exercises in 
cybersecurity teaching practice. The next phase of this research can apply quantitative and 
qualitative methods to compare, interview, and observe student outcomes such as skill and 
experience acquisition, work-life awareness, and levels of industry professional involvement. 
Future studies can evaluate the differences between exercises with and without an industry 
facilitator, perceptions of students, and perceptions of industry professionals. Other research 
can investigate variations of this method, such as students going onsite to observe and 
participate in industry tabletop exercises. 

7. Conclusion

Cyber incidents continue to grow in sophistication and urgency, and there is a shortage of 
capable cybersecurity professionals. This paper contributes to the knowledge base by 
providing a theoretical teaching approach to integrate active learning methods of problem-
based learning (PBL), work-integrated learning (WIL), tabletop exercises (TTX), and crime 
script analysis (CSA) methods into The National Institute of Standards and Technology (NIST) 
Test, Training, and Exercise (TT&E) Event methodology to help bridge the cybersecurity 
industry skills gap. Future research can be conducted to compare, interview, and observe 
student outcomes such as skill and experience acquisition, work-life awareness, and levels of 
industry professional involvement. 
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Abstract: This paper examines the requirements for creating a local safe map, which is 
the core of regional disaster prevention, through a case study in a historical local city in 
Japan. Amid the rising awareness of disaster prevention, efforts are being made in 
various places to voluntarily create disaster prevention maps through town walks. It is 
expected to improve residents' awareness of disaster prevention, improve local 
disaster prevention capabilities, and revitalize local communities. What are the 
requirements for a local safety map creation to continue to play a central role in regional 
disaster prevention rather than being a temporary event? Based on our past 
experiences, we review our research activity what is necessary to make such 
map-making the core of regional disaster prevention. The following is findings through 
our experience in the map-making activities. Sustainable development is possible by 
making it a regular activity in the district rather than a one-off event. Sharing of 
subjective information in cooperation with the disaster prevention division leads to 
improve reliability of information by consensus with the members and revitalization of 
activities through workshops. it is also necessary to select media that provide 
information from the user's perspective.

Keywords: local disaster prevention, safety map, voluntary disaster prevention, 
historical local town, community participation

1. Introduction

In response to the occurrence of natural disasters such as earthquakes and heavy rains, 
hazard maps that expresses disaster risks are attracting attention(ICTDSE2021 in ICCE2021,
Japan Tourism Agency,2022). Hazard maps are used for disaster preparedness and
evacuation behavior. In addition to these hazard maps, voluntary disaster prevention maps 
are also actively being worked on (Mitsuhara, H., 2018; Yoshino, T., et al., 2017). By walking 
around one's own town and researching it, information on possible hazards in the area is 
gathered, and the information is used to improve each person's awareness of disaster 
prevention and evacuation behavior (Enokida, S., et al., 2018). In particular, in areas where 
historical townscapes have been preserved (Japan Guide.com, 2012), it is difficult to respond 
to disasters through road improvements and rebuilding. Therefore, it is desirable to highlight 
and share the dangers that local residents feel in their daily lives from the perspective of local 
residents (Mishima, N., et.al, 2014).

We have selected Hizen-Hamashuku, Kashima City, Saga Prefecture, which still 
retains the townscape of the Edo period (Agency for Cultural Affairs, 2017; Saga Trip Genius, 
2014), as a model area, and have been working with local voluntary disaster prevention 
organizations to support the creation of local safety maps using ICT (Okazaki, Y. et al., 2016; 
2017; 2018; 2019; 2020;2021). There are two national Important Preservation Districts for 
Groups of Traditional Buildings here. The government continues to implement measures 
based on past disasters, such as installing sprinklers in thatched houses, installing fire 
hydrants in areas where wooden houses are densely built, and repairing the river that flows 
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through the center of the district. In addition, active disaster prevention activities have been 
carried out through collaboration among residents through voluntary disaster prevention 
organizations.

In this study, we examine what is necessary for a local safety map to continue to play a 
central role in regional disaster prevention. From the perspective of (1)Revitalization of 
voluntary disaster prevention organizations through efforts to create local safety maps, (2)the 
relationship with the official hazard map and (3)Information provision media from the 
perspective of residents, we examine the mechanism for continuing to work as an activity that 
contributes to the safety and security of the region, not limited to natural disasters, and present 
future issues.

2. History of our research activities

Our activities over the past seven years can be divided into four phases (Table 1).

Table 1. History of our community-based disaster prevention activities using ICT

Phase 1 2015-2017 Map creation
Collecting information by walking around the town + Summarizing as a map
Local danger information sharing (Limited to those involved)
(Okazaki, Y. et al., 2016; 2017; 2018)
Phase 2 2018-2021 Map improvement
Review of information presented through workshops and meeting
Update information, reconsider display methods and media
Review of information by local residents
(Okazaki, Y. et al., 2019; 2020;2021)
Phase 3 2022 Expansion of target area
Expand area and update information
Expansion and improvement of information
Phase 4 2023 Expansion of target people (plan)
Update and review information for distribution to all households
Local danger information sharing (Everyone in the community)

In Phase 1, we developed a hazard map creation support system with the aim of 
collecting specific local information and centrally managing and visualizing it. We realized 
information gathering by voluntary disaster prevention officers walking around town, 
centralized management of information using a server, and information visualization.

In Phase 2, we verified the collected information and improved the local safety map.
We examined the type of information to be presented, the presentation method, and the media 
to be presented to improve the visibility and reliability of the local safety map.

In Phase 3, the target area was expanded to the entire Hizenhama district. 
Participation from districts that had not participated in the past was also made, and further 
information was added and updated to enhance the map. As a result, we were able to create a 
foundation for a relief map for the entire district.

In Phase 4, we aim to distribute the map to all households in the district, and we are 
proceeding with work toward completion of the map as a training session for voluntary disaster 
prevention. Figure 1 shows the latest version of the map.

Through the ongoing implementation of these community activities, we analyze the 
impact and challenges of creating the local safety map on community activities.

3. Continuous map making activities for safe community

3.1 Revitalization of local community activities
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Since before 2015, when this activity began, firefighting drills and meetings of voluntary 
disaster prevention officers have been carried out by local voluntary disaster prevention 
organizations. At the meeting, risk information was exchanged between the officers of each 
district, but it was an oral exchange of opinions, and it was not enough to confirm the scattered 
danger information of areas.

Figure 1. The local safety map(January 2023 edition).

Therefore, first of all, efforts were made to collect and visualize the danger information 
of these areas. We developed a system using an iPad, and were able to collect information 
efficiently through city walks by district voluntary disaster prevention officers (Okazaki, Y. et 
al., 2016). By using an information collection system, it is possible to collect data, including 
photographs, in a predetermined format immediately on the spot, and by saving that data on a 
server, centralized management of data is possible (Okazaki, Y. et al., 2017).

In order to verify the collected data, a workshop was held as a training session for 
voluntary disaster prevention. It was an opportunity to reconsider the whole area by
aggregating the scattered danger information of the areas. Participating in the workshop gave 
the participants new realizations, and it was a good opportunity for them to update their own 
local danger information (Okazaki, Y. et al., 2018).

3.2 Relationship with the disaster prevention division and hazard maps

The local safety map is an extension of the Voluntary Disaster Prevention Map. The 
information is based on the subjectivity of the residents, and may not have sufficient scientific 
basis. There is also the possibility of overlooking invisible dangers. From this point of view, it is 
important to cooperate with the disaster prevention division in government agencies.

In our activities, city officials in charge of disaster prevention participate in town walks 
and information review workshops, so that information on map creation as a voluntary disaster 
prevention activity of the district is conveyed to the administrative side. In addition, we sent the 
created map to the disaster prevention division of the city which is in charge of creating the
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hazard map in the area, and receive feedback on evaluation comments, which we use to make 
improvements. In addition, in March 2021, we conducted an interview survey with the staff of 
the disaster prevention division and evaluated the contribution to the safety and security of 
local residents by various hazard maps provided by the city and this local safety map
(Okazaki, Y. et al., 2021).

3.3 Paper media or digital devices

The choice of media for providing information should be carefully considered, taking into 
account the circumstances of use and the characteristics of each media. We have developed 
and put into practice a local safety map creation support system using an iPad. Its 
effectiveness was demonstrated through information gathering through town walks and 
information sharing and verification through workshops by members of voluntary disaster 
prevention organizations (Okazaki, Y. et al., 2019).

It was shown that it is possible to operate with a tablet that is not usually used, and we 
thought that we could proceed with the creation of a local safety map using a digital map.
However, there was an opinion that conventional paper maps would be preferable considering 
the use of maps in addition to resistance to putting local information, especially information 
related to crime prevention, online. Therefore, we have explored two directions: digital maps 
and paper maps (Okazaki, Y. et al., 2020). In terms of data management of digital maps and 
paper maps, we created the map using an electronic map Zi20 by ZENRIN CO., LTD. A 
problem was found in the size and detail of the map.

Assuming use on the Internet, we also tried porting to the map service "Locamo Share" 
by Locamo AI. However, integration with paper maps was difficult, and there were two 
independent maps, which left challenges in data management. In response to the request 
from a voluntary disaster prevention organization to distribute a paper map to households so 
that it can be used widely, the paper map will be prioritized first (Okazaki, Y. et al., 2021).

4. Discussion

In this section, we discuss the revitalization of the activities mentioned in 3.1 and the 
relationship with the disaster prevention division mentioned in 3.2 from the viewpoint of 
information aggregation and sharing of subjective information, as well as the information 
provision media.

4.1 Effects and Issues of Map Creation Based on Subjective Information

We have created a community-based voluntary disaster prevention map that complements 
government hazard maps by aggregating the subjective information of local residents. In 
addition, we have held workshops using the map and have been working on the safety and 
security of the district. Surrounding the map on which the specific information that they had 
collected led to more lively discussions than ever before, and information about the district
was widely shared. It is thought that the activities were activated by visualizing information, 
sharing information, and working together on the map.

On the other hand, problems caused by subjective information became clear.
Information from walking around town is subjective information, and lacks objective scientific 
grounds. Cooperation with the government is necessary to ensure the quality of information. 
This cooperation is significant for the administration as it provides an opportunity to learn 
about the awareness of residents. In addition, as circumstances change, it becomes 
necessary to update the map. Besides that, requests for map corrections from residents
continued. The factors are classified into subjective gaps and individual fluctuations. In the 
former, since the subjective view differs from person to person, the point and the range of 
dangerousness may differ from person to person. In the latter, even those who have 
participated in the activity so far are requested to correct existing information and add or delete 

268



new information in the middle of the activity. This is thought to be due to the fact that individual 
perceptions have changed as a result of repeated examination of information.

In any case, instead of reflecting the opinion of one individual on the map as it is, we 
have been discussing in groups and incorporating information that has been agreed upon.
Continuing these activities will promote the sharing of information that has reached a 
consensus within the community, and we believe that once a certain amount of information is 
shared, there will be fewer changes in information due to differences in subjectivity. At this 
stage, we believe that by distributing the map to the entire district, we can play a role as a relief
map that contributes to the safety and security of the entire district.

4.2 Map providing media

We have been making a local safety map by local residents using the safe map making
support system. The map creation support system centrally manages information on a server, 
and has the advantage of being able to visualize information on terminals, which actually 
contributed to workshops using iPads. Compared to the usual gatherings and oral information
exchanges, active exchanges of opinions took place while looking at the iPad screens. On the 
other hand, problems due to digitization have also become apparent.

The advantage of digital maps is that information is easy to manage, and it is possible 
to search and select the information to be presented, and it is possible to present a variety of 
information as needed. However, it was pointed out that the lack of a bird's eye view of the 
whole and the usability issue that it cannot be viewed unless it is started on the device are 
disadvantages. These disadvantages have a large impact due to the nature of the local safety 
map. Also, the workshop was conducted using both an iPad and a paper map, but the paper 
map was easier to implement. This is thought to be due to the direct operation feeling of 
pasting sticky notes and the bird's-eye view, which gives a real feeling of working.

Also, the quality of the paper map is an element that needs attention. The map offered 
by ZENRIN CO., LTD. describes the shape of each house. Also, the trails are accurately 
marked. When compared with other free maps, some commented that there was a clear 
difference in terms of the clarity of visuals. It can be said that accurate description of the details 
of familiar areas is an important factor in gaining the trust of local residents.

Our work demonstrates that the premise that it should be digital may not work. In order 
to solve the issues of bird's-eye view and visibility, a new fusion of paper and digital is 
required. Electronic paper exists as a means to solve the problem of bird's-eye view digitally, 
but at present it is expensive and it is not realistic to post it casually like paper.

5. Summary and future works

In this study, we considered the requirements for a local safety map to continue to play a 
central role in local disaster prevention based on our experience of research activities over the 
past eight years. The target is a district where historic townscapes are being preserved. In 
addition to solving the problem of insufficient information sharing due to sporadic verbal 
communication before our research, by creating a map, we found that collaborative work 
through the map activates local disaster prevention activities. The issue of reliability of
subjective information obtained from town walks can be resolved through continuous study 
through workshops and cooperation with administrative agencies. We have created a local 
safety map that summarizes the information collected by the local people. Trough workshops 
using the map, we clarified the variation in danger information that relied on individual 
subjectivity, and by repeating active discussions, we were able to contribute to share safe 
information with a certain level of reliability in the district. In the process, we also showed that 
it is necessary to consider the method of providing information by assuming the actual use 
situation.

Future issues include verification of the validity of the information posted on the map 
and visualization of the information update process. Also, the current map is from an adult's 
point of view. Children may have a different point of view than adults. Reflecting the opinions 
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of such children is also an issue for the future. Furthermore, It is also necessary to reconsider 
research methods. Evaluation of our research up until now has been by activity observations, 
questionnaires and interviews. It is difficult to conduct quantitative verification based on 
experiments and statistical data in social case studies. Reexamination of the qualitative 
research approach, which is known as one of the social science methodologies, is also our 
future issue.
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Abstract: Evacuation training is indispensable in terms of surviving disasters. 
Recently, virtual reality technologies have been used to facilitate evacuation training. 
The authors previously proposed the Evacuation Training in Metaverse (ETM) system. 
This system is currently being evaluated in a prototyping phase, where many users can 
spend time in a three-dimensional virtual university campus. In the ETM system, an 
earthquake occurs suddenly, and the users must determine various actions, e.g., 
whether to evacuate and where to evacuate. However, the ETM system does not 
always have a sufficient number of active users. Thus, the ETM system can generate 
non-player characters (NPC) based on the evacuation logs of previous participants. 
This paper overviews the ETM system and describes the method used to generate 
NPCs. In addition, the results of a preliminary comparative experiment are discussed. 

 
Keywords: Non-player character, evacuation training, virtual reality, metaverse 

 
 
1. Introduction 
 
Natural and manmade disasters can destroy lives, and people are particularly vulnerable to 
unpredictable disasters, e.g., earthquakes and terrorist attacks. As a result, learning how to 
survive disasters is becoming increasingly important. To survive disasters, we must evacuate 
to a safe place quickly; however, speedy evacuation is difficult when facing unanticipated 
disaster situations. For example, if a recommended evacuation route is impassable, we must 
determine another route. In addition, when encountering an injured person, we must decide 
whether to attempt a rescue. Traditional evacuation training does not necessarily simulate 
such situations. In other words, traditional evacuation training is conducted according to a 
simple scenario that encourages participants to remember recommended evacuation routes. 
In addition, we tend to avoid evacuation training because we frequently feel that disasters will 
not affect us directly. Thus, a new evacuation training paradigm is required to remove such 
feelings and motivate participation. 

A prospective approach is to introduce virtual reality (VR) into evacuation training. VR 
technologies can express disaster situations realistically using sophisticated 
three-dimensional (3D) computer graphics and have attracted attention due to their 
technological novelty. VR-based evacuation training (VRET) can provide participants with 
simulated evacuation experiences according to various scenarios in a safe environment, and 
many VRET systems have been proposed (Gagliardi et al., 2023). If VRET is conducted in a 
virtual world resembling the real world, participants are expected to feel that a disaster is a 
direct and imminent problem. For example, a VRET system provides simulated earthquake 
evacuation in a 3D virtual world that is faithfully modeled after a real hospital (Feng et al., 
2020). By focusing on fire evacuation, a VRET system can realistically reproduce structure 
fires by simulating and visualizing spreading fire and smoke, as well evacuees (Lorusso et al., 
2022). Another VRET system was designed to train underground rail station employees to 

271



guide passengers to exits without encountering fire, while also introducing fire and passenger 
agent simulations (Wang et al., 2023). 

Recently, VR has been popularized by the advent of reasonable consumer VR headsets, 
e.g., the Meta Quest and HTC VIVE devices. In addition, the metaverse has attracted 
increasing attention as a social VR paradigm that enables multiple users to communicate and 
interact in a virtual world. The metaverse can be applied to various fields, including education 
(Tlili et al., 2022). For example, a university campus has been reproduced as a metaverse to 
provide lectures via a presentation tool and interactions among avatars (Nagao, 2023). In 
addition, a multiuser collaborative VR system allows participants to learn how to survive active 
shooter events (Sharma, 2020). 

The authors previously proposed Evacuation Training in Metaverse (ETM) and are 
prototyping an ETM system that focuses on earthquake evacuation (Mitsuhara & Shishibori, 
2022; Oe et al., 2022). The ETM begins when an earthquake occurs suddenly in the 
metaverse. The ETM system is prototyped using a the Unity game engine that enables 
cross-platform software development. The target VR headset is the Meta Quest 2 device. The 
current ETM system, which includes a virtual world that resembles the Tokushima University 
campus, allows at most 200 users (i.e., avatars) to access the virtual world synchronously. 
Evacuation processes with many users can generate or emphasize difficult situations. In other 
words, including many participants can make evacuation training more realistic and lead to 
higher training effect. For example, if many users rush into a narrow path, the evacuation will 
be delayed due to congestion. Such simulated evacuation experiences can facilitate effective 
learning, e.g., “I choose a wider route calmly.” However, many users are not always present in 
the metaverse, and evacuation training with a smaller number of users may not be realistic or 
effective. 

From this perspective, we introduce non-player characters (NPC) into the ETM system 
to simulate the presence of many users in the metaverse system. Note that many VRET 
systems have introduced NPCs. For example, Feng et al. (2022) developed a VRET system 
for earthquake evacuation in a hospital environment that included doctor and visitor NPCs. 
They found that the participants tended to follow a doctor NPC without making independent 
decisions. Liu et al. (2023) examined the effects of video-based emergency evacuation 
training by observing whether participants followed NPCs in a VR emergency simulator. In 
VRET systems, NPCs are preprogrammed based on evacuation behavior models (e.g., 
Dijkstra’s algorithm). We believe that such models do not necessarily represent realistic 
evacuation behaviors, e.g., panic and upset. Thus, we propose a method that generates 
NPCs from participants’ evacuation logs. 

The remainder of this paper is organized as follows. Section 2 overviews the ETM 
system. Section 3 presents the method used to generate NPCs. Section 4 reports on a 
preliminary comparative experiment conducted to examine real participants and NPCs. 
Section 5 concludes the paper, including suggestions for future work. 
 
 
2. ETM System 
 
The ETM system has the fundamental metaverse functions, e.g., a 3D virtual world, 
synchronous multiuser access, and voice communication. 
 
2.1 Requirements 
 
In addition to the fundamental functions, the ETM system satisfies the following requirements 
for earthquake evacuation training. 
 

High-fidelity 3D virtual world: The ETM system’s virtual world, i.e., the 3D university 
campus, should be identical to the real-world university campus. Thus, the 3D virtual world 
was modeled in reference to actual building blueprints. In the high-fidelity 3D virtual world, 
students can take a class or converse with other users as if they were in the real-world 
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classroom. In other words, the 3D virtual world should be familiar and comfortable. Figure 1 
shows screenshots of the 3D virtual world.

Figure 1. 3D virtual world (left: panoramic view; right: a classroom).

Avatars: Metaverse users may want to use favored avatars (e.g., an animal or a robot) 
to represent their identities. In addition, the users may expect that avatars have superhuman 
abilities, e.g., flying, teleportation, or immortality. However, the ETM system focuses on 
evacuation training; thus, the avatars should resemble users in appearance (e.g., the face and 
clothes) and abilities (e.g., movement speed and arm strength). For example, a user whose 
leg is injured should be represented in a squat down position with reduced movement speed.
Such avatars can make evacuation training more realistic and effective. Figure 2 shows 
screenshots of different avatars in the ETM system. Currently, the system uses 3D avatars 
created by the Ready Player Me avatar modeling service (https://readyplayer.me/).

Figure 2. Avatars (left: standing; right: squatting down).

Sudden earthquake: The ETM system should simulate the sudden occurrence of an 
earthquake event. In Japan, several seconds before a large magnitude earthquake occurs, an 
early warning system signals the occurrence via smartphone, television, radio, etc. Thus, the 
ETM system functions according to the warning. Several seconds later after the warning 
signal, the virtual world begins to shake. In other words, the ETM system suddenly shifts from
normal conditions to emergency conditions in the virtual world, and this sudden shift to 
earthquake conditions facilitates realistic and effective evacuation training.

Reflection: Evacuation training frequently ends when the participants reach a 
designated safe location. To enhance the effect of training, the participants should also reflect 
on their evacuation (e.g., the evacuation route and speed) after reaching the designated safe 
location. With sufficient reflection, the participants are expected to obtain ideas or their own 
rules to realize more successful evacuation, e.g., “We should move more speedily on a wider 
route.” Thus, the ETM system should provide a function to support this reflection process.
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2.2 Modes

The ETM system has three modes, i.e., the normal time, emergency time, and reflection time 
modes. In the normal time mode, the users can act freely in the 3D virtual campus. When a 
sudden earthquake event occurs, the mode switches to the emergency time model, where the 
users can also act freely. In other words, the users can self-determine whether to evacuate. 
Here, some users may begin an evacuation process, and the other users may choose to not 
evacuate. Users who begin the evacuation process are considered the participants in the 
ETM. After a predetermined amount of time passes in the emergency time mode, the mode 
switches back to normal time, i.e., the evacuation training finishes. In the normal time mode, 
the participants can freely enter the reflection time mode. Figure 3 illustrates the transitions 
between these three modes.

Figure 3. Mode transition.

2.2.1 Normal Time Mode 

Regardless of the time mode, the ETM system must accommodate multiple simultaneous 
users that can move and communicate in the virtual world. To achieve this, the ETM system 
utilizes network frameworks provided by Photon. Photon Fusion can synchronize multiple 
users in a virtual world (a conceptual room for synchronization created by a host computer) via 
a server on the Photon Cloud Network. In addition, Photon Voice supports voice chat in the 
virtual world.

2.2.2 Emergency Time Mode 

When a large magnitude earthquake occurs in Japan, the ETM system receives information 
about the earthquake from the Japan Meteorological Agency and generates an earthquake in 
the virtual world by shaking the 3D university campus environment, and the emergency time 
mode is initiated. This shaking influences the 3D objects in the virtual world; however, this 
increases the rendering load (especially with the Meta Quest 2 device). To reduce the 
rendering load and shake-induced VR sickness, the ETM system can omit rendering the 
shakes. Disaster situations occur in the virtual world based on a scenario that describes the 
type (e.g., fire and smoke) and location (x, y, and z coordinates) of the disaster situations.

In the emergency time mode, the participants move to a safe place, e.g., a building exit. 
Note that the ETM system does not present any message to indicate evacuation locations or 
routes. If the user has a microphone, the participants can communicate via voice; thus, they
may evacuate cooperatively. When recognizing non-evacuating users, the participants may 
underestimate the necessity of evacuation and stop evacuating. This situation is caused by 
the cognitive biases (e.g., normalcy bias and conformity bias) observed in real-world
evacuation situations.

The ETM system evaluates the success or failure of evacuation by determining whether 
each participant reached a safe location within the predetermined time. In the emergency time 
mode, the ETM system records all participants’ evacuation logs.

2.2.3 Reflection Time Mode 

The participants can begin reflecting on their evacuation process by selecting an evacuation 
log listed on a menu. In the reflection time mode, the participants’ logs are visualized such that 
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they can observe their evacuation behaviors objectively from a first-person or third-person 
perspective. Figure 4 shows screenshots of the reflection time mode. 
 

 
Figure 4. Reflection time mode (left: first-person perspective, right: third-person perspective). 

 
 
3. NPC Generation 
 
The ETM system can heighten realism and training effect by including many users (avatars) in 
the virtual world. However, many users are not always present the virtual world; thus, the ETM 
system must be able to increase the number of users in the virtual world as required by 
generating NPCs based on evacuation logs. 
 
3.1 NPC Generation based on Evacuation Logs 
 
In video games, NPCs frequently perform intelligent actions, and artificial intelligence (AI) 
technology is actively used to provide such realistic behavior. In crowd evacuation simulation 
systems, NPCs are referred to as agents and are frequently preprogrammed based on 
behavior models. If preprogrammed NPCs are introduced into the ETM system, participants 
can be induced to fail in evacuation. For example, if NPCs are preprogrammed to rush to a 
short but narrow path, the participants may follow these NPCs and become stuck in a crowded 
path. The ETM system attempts to provide participants with simulated evacuation experiences 
and promote effective reflection, especially in terms of evacuation failures. When introducing 
preprogrammed NPCs that induce failure, the ETM system can provide a better training effect. 

The NPCs generated based on evacuation logs are expected to represent realist 
evacuation behavior and influence the participants’ evacuation behavior. For example, past 
participants who were panicked or upset may be represented as NPCs moving back and forth, 
which could induce emotional instability in the participant. An advantage of this NPCs 
generation method is that various beneficial situations can be represented without requiring 
complex behavior models. However, a disadvantage is that the ETM system cannot 
necessarily induce participants to fail in evacuation because NPCs cannot be controlled. In 
this study, to avoid the need for behavior models, we generate NPCs based on participant 
evacuation logs. 

The ETM system enables participants to conversate via voice chat; however, the system 
does not currently record voice conversations, which means that the NPCs can only represent 
visual aspects. In real evacuation situations, conversation among evacuees can influence 
their evacuation behavior. For example, if an evacuee loudly proclaims an evacuation route, 
other evacuees may follow that route even though safer evacuation routes may be available. 
We consider that NPCs in the ETM system should focus on visual and auditory aspects.  
 
3.2 Recording evacuation logs 
 
In the emergency time mode, the ETM system collects participants’ evacuation logs (for both 
users and NPC participants), i.e., each avatar’s location and rotation (relative angle) in 3D 
coordinates, and it transfers the collected logs to the server every 0.1 s. On the server, a log 
recorder module stores the received logs as text files for each scenario. 
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3.3 Reproducing evacuation logs

In the emergency time mode, the ETM system generates NPCs based on the data in the 
evacuation logs. Here, every 0.1 s, a log reproducer module on the server fetches the 
evacuation logs of the current scenario to influence the behavior of the corresponding NPCs. 
The ETM system renders NPCs with hand and leg animations when moving, which is limited 
within the viewing field of each avatar to reduce rendering load for the Meta Quest 2 device. 
Note that the rendered NPCs are not semitransparent characters (e.g., ghost characters in 
video games). Currently, NPCs are rendered as a few fixed avatars that do not resemble real 
users. Figure 5 shows the mechanism of generating NPCs with screenshots of NPCs.

Figure 5. NPC generation mechanism.

4. Preliminary Experiment

A preliminary experiment was conducted to investigate and compare the influence of NPCs in 
the ETM system.

4.1 Experimental settings

4.1.1 Participants 

In this experiment, 12 participants (Tokushima University students who typically spend time at
the university campus) were expected to move without disorientation inside the 3D virtual 
campus. The participants were divided into two groups. In each group, three participants wore 
an immersive head-mounted display device (i.e., a Meta Quest 2), and the other participants 
(who were prone to VR sickness) used a desktop PC.

Group A (N = 6): Six participants evacuated simultaneously by operating their avatars in 
the virtual space. In other words, Group A was a multiuser setting.

Group B (N = 6): Each participant performed the evacuated using their avatar with five 
NPCs generated from Group A’s evacuation logs (i.e., the evacuation route and body 
orientation). In other words, Group B was a single-user setting.

4.1.2 Procedure 

The experimental procedure was identical for both groups, except for the presence or absence 
of NPCs. In the emergency time mode, the participants’ evacuation logs and voices were 
recorded. The experimental procedure is summarized as follows.

I. The participants spawned outside a six-floor lecture building.
II. According to the experimenter’s request, the participants moved to the fifth floor of the 

building. This step allowed the participants to practice operating their avatars.
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III. When all participants (including the spawned NPCs) entered a lecture room on the fifth 
floor, an earthquake early warning was issued. Several seconds later, the 
corresponding earthquake occurred, and the emergency time mode began.

IV. Immediately after the shaking stopped, a fire alarm went off. 
V. The participants were allowed to behave freely. Here, some participants may evacuate 

to safe places (i.e., building exits), and others may not evacuate. In the building, the 
participants encountered different earthquake-caused situations (e.g., scattered 
chairs, fire, smoke, and an injured person). Figure 6 shows the layout of the prepared 
disaster situations in the building.

VI. A successful evacuation was realized if the participants reached a safe spot within five 
minutes from Step III; otherwise, the participants failed to evacuate.

VII. Finally, the participants answered a questionnaire comprising five-point Likert scale
questions and free descriptions.

Figure 6. Building layout and disaster situations.

4.2 Results

4.2.1 Evacuation Behavior 

All participants successfully evacuated to exits on the first floor. In other words, the 
participants avoided going toward the top floor, and they detoured around fire and smoke. In 
addition, all participants encountered an injured person but did not identify any way to rescue 
the person from their location. However, this is a current limitation of the ETM system, which 
does not include interactive functions to perform rescue activities.

For Group A, participants A1–A3 communicated verbally to promote caution (e.g., 
“Watch out”) and discussed whether to rescue the injured person (e.g., “Should we rescue the 
injured?”). In contrast, participants A4 and A5 did not communicate. Here, participant A6 
evacuated independently without communication, except for indicating “I have to crouch 
down,” which was communicated when the earthquake occurred. 

For Group B, nearly participants evacuated silently except for words spoken when 
surprised (e.g., "Wow!"). When encountering the injured person, participant B1 spoke to 
themselves, “I cannot rescue the injured alone. I do save my own life.” Note that no participant 
in Group B followed the NPCs reproduced from Group A’s evacuation logs.

4.2.2 Questionnaire

The questionnaire was administered to identify and describe the participants’ emotions during
the emergency time mode. Table 1 shows the mean values and standard deviations for each 
group’s answers. For all emotions, the mean values of Group A were higher than those of 
Group B; however, no significant differences were observed between the two groups in the 
results of a t-test. In addition, only the participants in Group B were asked about the realism of 
the NPCs, and all participants provided neutral responses. In terms of VR sickness, we 
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calculated the mean values for the HMD and PC devices, which were 3.83 and 1.17, 
respectively. However, no significant difference was observed in the results of a t-test.  
 
Table 1. Mean values of questionnaire answers (five-point Likert scale) 
Emotion Group A (N = 6) Group B (N = 6) HMD (N = 6) PC (N = 6) 
Anxiety 4.17 (SD = 0.74) 3.50 (SD = 1.37) N/A N/A 
Fear 4.00 (SD = 0.63) 3.83 (SD = 1.46) N/A N/A 
Surprise 4.50 (SD = 0.83) 3.67 (SD = 1.50) N/A N/A 
NPCs’ Reality N/A 3.0 (SD = 0.0) N/A N/A 
VR Sickness N/A N/A 3.83 (SD = 1.60) 1.17 (SD = 0.41) 

Question example: Did you feel anxiety during evacuation? 
Options: 5: Definitely yes; 4: Yes; 3: Neutral; 2: No; 1: Definitely no. 
 
 The participants in Group B provided reasons for the scores assigned in terms of the 
realism of the NPCs. 

 Participants B1 and B6: It was realistic that NPCs were going back and forth or 
directing to stairs. 

 Participants B1, B5, and B6: It was unrealistic that NPCs were evacuating silently. 
 Participants B3 and B4: It was unrealistic that some NPCs did not start evacuating 

though a fire alarm went off. 
 

The participants in both groups were asked to freely describe the lessons learned 
during the evacuation training. The participants identified the following lessons. 

 Participants A1, A3, A6, and B1: I should remember evacuation routes. 
 Participant A2: I must make some plans of evacuation routes in advance and cultivate 

my judgement. Because a disaster may make impassable routes. 
 Participant A4: I must calm down and behave when evacuating. 
 Participant A6: I had a sense of ease if I can evacuate with someone else. 
 Participant B2: I would like to acquire knowledge of disaster management. 
 Participant B3: I should think beforehand what to do when a disaster suddenly occurs. 
 Participant B4: I could demonstrate evacuation since the disaster occurred in the 

building I usually come. 
 Participant B6: In a real fire event, I will have no time to stop to consider evacuation 

routes since the fire can quickly spread. 
 Participant B6: To prepare for real fire events, I would like to train myself to take good 

decisions. For example, should I call for help toward the outside when I have no idea 
about evacuation route? What if the fire occurs at night? 

 
4.3 Considerations 
 
The participants in Group A (i.e., multiple avatars operated by real users) felt stronger 
emotions than those in Group B (i.e., a single avatar operated by a real user). If evacuation 
realism is shown as anxiety, fear, and surprise, the avatars should not be represented by 
NPCs. In other words, all avatars should be operated by real users. For Group A, we found 
that the participant conversations may have heightened emotions more than the specific 
disaster situations (e.g., fire and smoke) because decision making can become complicated 
or difficult through conversations. For example, when discovering an injured person, the 
participants may encounter conflicts in terms of opposing opinions, i.e., whether or not to 
perform a rescue. 

The mean value of the NPC realism was 3.0; however, negative reasons were relatively 
dominant. Participants B1 and B6 showed both positive and negative reasons. In terms of the 
positive reason, these participants indicated that the NPCs’ movements may have contributed 
to increasing realism, which can be considered an advantage of the NPCs generated using 
the participants’ evacuation logs. In addition, none of the participants in Group B followed the 
NPCs, and participants B3 and B4 described the corresponding negative reason. The 
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participants did not follow the NPCs because the NPCs were moving back and forth inside the 
lecture room, which delayed the evacuation. We consider that the participants in Group B felt 
that this behavior was unrealistic; thus, the participants were not motivated to follow the NPCs. 
However, in a real evacuation situation, some people may not start evacuating immediately 
due to cognitive biases even though they have perceived an early earthquake warning and/or 
fire alarm. This indicates that non-evacuating NPCs can be realistic occasionally. Thus, silent 
NPCs reduced realism, as indicated by participants B1, B5, and B6. We also believe that the 
NPCs should reproduce the participants’ recorded voices to improve realism, and more 
evacuating and non-evacuating NPCs should be included. 

Focusing on the participants’ behavior in terms of the injured person, participants 
evacuating individually did not attempt a rescue. The participants may have recognized that 
they could not have rescued the person by themselves. Note that two or three participants in 
Group A did attempt to rescue the injured person. The participants may have felt that the 
rescue was possible because they were able to discuss and cooperate. The observed 
situations in the experiment are expected to occur in real evacuations; thus, we consider that 
the ETM system should implement interactive functions to facilitate rescue activities in order to 
further improve realism. 

Expected results were observed regarding VR sickness. Immersive HMDs can provide 
high levels of immersion; however, measures must be taken to mitigate the effects of VR 
sickness. Thus, the ETM system should be compatible with three types of devices, i.e., HMDs, 
PCs, and smartphones. 

In each group, five participants described the lessons learned during the experiment. 
These lessons can be considered as the effects of the simulated evacuation experience using 
the ETM system. If the participants reflected on their evacuation using the ETM system’s 
reflection function, the effects would be strengthened even further.  
 
4.4 Limitations 
 
In this study, the number of participants was insufficient to clarify the influences of the NPCs in 
the ETM system. The number of generated NPCs was insufficient to influence participants’ 
evacuation behavior and emotions. In addition, the appearance of avatars and NPCs lacked 
sufficient visual realism. These limitations may have been reflected in the experimental 
results. 
 
 
5. Conclusion 
 
This paper has described the ETM system with a focus on generating NPCs based on 
evacuation logs. The generated NPCs are expected to influence the participants’ evacuation 
behaviors and emotions. However, a preliminary experiment revealed that the generated 
NPCs did not influence evacuation behaviors and emotions sufficiently compared with avatars 
operated by human participants. This unexpected result may have been caused by the small 
number of participants in the experiment. Thus, a larger-scale experiment with many 
participants should be conducted. 

Note that the ETM system is still in the prototyping stage and must be improved from 
various perspectives. For example, interactive functions that simulate rescue activities should 
be implemented because this is a likely occurrence during real evacuations. In terms of the 
NPCs, the following important tasks should be addressed. 

 As the number of evacuation logs increases, more NPCs must be rendered in 
consideration of the overall rendering load. Thus, the ETM system should determine 
the maximum number of rendered NPCs or implement effective conditions to select 
which NPCs should be rendered. 

 The NPCs should be able to communicate with participants because conversation 
content can potentially influence evacuation behavior. It has been shown recently that 
generative AI technologies can realize dynamic conversations between NPCs and 
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players in video games, and such technology can be implemented in the ETM system 
to make evacuation training situations more realistic. 

 NPCs may need to be preprogrammed to intentionally create difficult situations where 
participants cannot make decisions quickly. For example, if human participants 
observe NPCs taking actions, e.g., jumping across a large crack in the floor, the 
participants may be motivated to perform similar actions. We believe that the ETM 
system can introduce NPCs as good examples of what not to do to facilitate effective 
training. 

The authors plan to complete the development of the ETM system with these 
considerations in mind. 
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Abstract: Students have been utilizing IT services such as social media, video games, 
and streaming services for entertainment, communication and even for coping 
mechanism to stress and academic workload. However, improper and heavy usage of 
these services can lead to bad habits and practices that can negatively affect their 
physical well-being particularly the quality of sleep and academic performance. It is 
important to investigate how to protect the students from the negative impact of 
excessive use of technology. This study aims to investigate how high usage rate of IT 
services such as social media, video games, and streaming services, can negatively 
affect the academic performance and sleep quality of high school students. Thirty (30) 
STEM high school students participated in this study over 3 different periods of 
academic workload. The results of this study show that IT services have no negative 
impact on the academic performance of the respondents and even beneficial since they 
are used as coping mechanism when faced with stress and heavy workload. However, 
most believe that such services have negative impact on their quality of sleep. 

 
Keywords: Information technology, Sleep Quality, Academic Performance, Academic 
Workload 

 
 
1. Introduction 
 
A person's sleep plays a crucial role in their overall lifestyle, with the average individual 
requiring 8 hours of sleep to maintain good health. Poor sleep quality can have a detrimental 
impact on physical health, emotions, and cognitive thinking of students. Sleep disorders, like 
sleep deprivation and excessive daytime sleepiness, are common among college students, 
impairing their attention span, cognitive abilities, and academic performance (Gaultney, 
2010). Sleep and stress are closely related, with stress influencing sleep quality, and vice 
versa, affecting academic performance (Han et al., 2012). Poor sleep quality may lead to 
chronic fatigue, depression, stress, and lower quality of life (Fuller et al., 2017), impacting 
their ability to learn and overall health. Addressing sleep-related issues in students is vital for 
promoting their well-being and academic success.  

Sleep deprivation can lead to emotional and behavioral issues that may affect a 
student's academic performance (Suni & Truong, 2023), making it crucial to analyze the 
factors contributing to such problems among students. The existence of rapidly developing 
IT platforms has driven adolescents to use these services for educational, entertainment, 
and social purposes, leading to both positive changes, such as improved visual reasoning 
and creativity, and potential negative effects on sleep quality (Rose, N. et al., 2022).  
 Technology has continuously evolved to meet our needs and provide entertainment. 
IT services, including streaming platforms, social media, and video games, have greatly 
enhanced our efficiency and entertainment. However, the improper use of technology 
remains a common issue, particularly among adolescents. During puberty, teenagers 
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prioritize socialization, making friends, and expressing themselves, leading to extensive use 
of IT services that can disrupt their sleep patterns. This excessive usage can result in poor 
sleep quality or, in more severe cases, sleep disorders. The study of Al Kazhali et.al.(2023) 
suggests that social media use may be linked to poor sleep quality.  Electronic social media 
use and its associations with insomnia, daytime sleepiness, mood, and sleep duration in 
adults is investigated in the work of Bhat (2018).  The use of electronic social media in bed is 
found to be associated with sleep and mood dysfunction in adults (Bhat, 2018). According to 
Charmaraman et al. (2021), there is a significant relationship between the quantity of social 
technology use (e.g., checking social media, problematic internet behaviors, mobile use), 
content viewed (e.g., emotional or violent videos, risky behaviors), and social context (e.g., 
bedtime behaviors, starting social media at an early age) and later bedtimes and fewer hours 
of sleep on school nights.  

While technology has undoubtedly improved our lives, it is important to investigate 
how to protect the students from the negative impact of prolonged use of technology for 
entertainment purposes. This study aims to analyze the impact of technology such as social 
media, video games, and streaming services on high school students' academic 
performance and sleep quality.  
 
2. Related Works 
 
The widespread use of technology, such as smartphones, social media, gaming, and 
streaming services, has influenced students' lifestyles and has the potential to negatively 
affect their sleep quality. The study of Fuller (2017), suggests that children who use 
technology around bedtime had 30 minutes to an hour less sleep than those who did not, 
with a substantial influence on sleep quality. Increased tablet and mobile phone screen time 
before bed would have a negative influence on sleep quality and attentiveness in children, 
resulting in morning tiredness and a lower likelihood of eating breakfast (Fuller, 2017). 
Additionally, a study by Olson et al. (2014) found that a significant number of adolescents 
brought their phones to bed, continued texting past their bedtime, and were frequently 
awakened by text messages during the night. These findings suggest a decline in sleep 
quality and quantity among adolescents who engage in electronic device use before 
bedtime.  

Sleep is essential for memory consolidation and cognitive performance. Okano et al. 
(2019) investigated the association between sleep and academic performance. The study 
underlined the negative consequences of sleep deprivation on attention, cognition, and 
academic performance. Sleep deprivation has repeatedly been linked to increased fatigue, 
drowsiness, and poorer cognitive performance in controlled trials. Furthermore, the study 
found that poor sleep quality and shorter sleep duration are linked to worse levels of 
concentration and attention in the classroom. 
 
3. Methodology 
 
Thirty (30) STEM high school students (Grade 12) where there are 18 female, 11 male and 1 
gender neutral, participated in this study. The respondents answered a survey through a 
Google Form. Consent forms were sent to the participants before they responded to the 
survey. The questions in the survey are based from the Pittsburgh Sleep Quality Index 
(PSQI) and The Cleveland Adolescent Sleepiness Questionnaire. Included in the questions 
are the IT platforms the students typically use such as social media, video games, and 
streaming services. Open-ended qualitative questions where the participants are asked 
about their thoughts on the effect of IT usage on their academic performance and sleep, are 
also included in the survey. 
 Data collection were performed in three (3) different periods of 2 school terms – end 
of the first term (PH), start of the second term (PL) and middle of the second term (PMH). 
Since PH covers the last 2 weeks of the term, most students have heavy workload due to 
submission of final requirements and preparation for the final exams. PL is described to be 
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the period with light workload since it covers the third to fourth week of the term where there 
are less academic requirements. Students have moderate to heavy workload during PMH 
which covers the fifth to sixth week of the term.  
 The students are divided into three(3) groups according to period. PH and PL periods 
were participated by eleven (11) students each while PHL was participated by 8 students.  
 
4. Results and Discussions 

 

4.1 Social Media Average Usage on Different Periods 
 
In comparing the results from each period’s average daily social media usage, PH group had 
a mode of 4-6 hours with only a few outliers being above it. The % of responses below 4-6 
hours had a combined total of 45.5%. The expected outcome was that with a heavier 
schoolwork, students would have a higher average daily usage of social media probably in 
order to communicate to each other about their group tasks. However, another counter-
argument could be made that most students are busy studying individually for their final 
exams. These may also be due to a small sample size. 

The responses from PL group on the average daily social media usage shows a lot 
more hours compared to the PH group. The mode remains the same being 4-6 hours. 
However, the % of responses below 4-6 hours had a combined total of 36.4. This means that 
students choose to use social media during their free time and that social media is used 
primarily for entertainment. 

Lastly, and most interestingly, the PMH group had the highest average social media 
usage with the mode being 6-8 hours from 50% of the respondents. Meanwhile, 4-6 hours 
and 8+ hours had 25% each. This result is interesting because midterms should be a time 
where most students should be studying instead of communicating with others, or at least 
this is the “normal” assumption. One reason for this could be the small sample size. 

Students with heavy and light workload tend to have the same hours of social media 
usage i.e. 4-6 hours. However, those with moderate to heavy workload tend to use social 
media longer (6 or more hours)  than the other groups (4-6 hours). 

 

4.2 Gaming and Streaming Services Usage to Accumulated Grade Average and 
Sleep Quality 

 
Table 1 shows that 63.3% of students (19 out of 30) spend only 0-2 hours of gaming per day 
and of which 5 (26.3%) had poor sleep quality i.e. 1-2, 8 (42.1%) had sleep quality of 3 and 6 
(31.6%) had good sleep quality i.e. 4-5.  Moreover, there is no correlation at all with a value of 
0.04 between sleep quality and number of hours of gaming per day. 

Table 1. Frequency of respondents based on sleep quality and hours of gaming use 

  Sleep Quality (1-worst, 5 -best)  
  1 2 3 4 5 Total  

Average number of hours for 
gaming use per day 

0-2 hrs 1 4 8 6 0 19 
2-4 hrs 2 0 2 1 1 6 
more than 4 hrs 0 0 3 1 0 4 

 
Table 2 shows that 70% of students spend only 0-4 hours of streaming per day and of which 
5 (4.8%) had poor sleep quality i.e. 1-2, 8 (38.1%) had sleep quality of 3 and 8 (38.1%) had 
good sleep quality i.e. 4-5.  Moreover, there is a negative correlation of -0.41 between the 
number of hours used of video streaming and the quality of sleep.  
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Table 2. Frequency of respondents based on sleep quality and hours of streaming use 

  Sleep Quality (1-worst, 5 -best)  
  1 2 3 4 5 Total  

Average number of hours for 
streaming use per day 

0-2 hrs 0 1 3 4 1 9 
2-4 hrs 2 2 5 3 0 12 
more than 4 hrs 1 1 6 1 0 9 

 
One participant, who reported to have spent 8+ hours on streaming services and 

another 8+ hours on social media per day, had only 4 hours of sleep at night with a very low 
sleep quality of 1. However, this student performs well in school with an accumulated grade 
average of 3.3 where 4.0 is the highest average.  

Other respondents who reported to have 4+ hours on both gaming and streaming 
services showed an average of 2.9, showing that healthy sleep patterns do help with 
maintaining a higher grade average.  
 Meanwhile, another participant, reported spending 0-2 hours on both gaming and 
streaming services. The student spend on an average of 6-7 hours of sleep and an overall 
sleep quality of 4. The grade average also reported to be high (3.8). As a matter of fact, 
respondents who answered 0-2 hours on both gaming and streaming services, had an 
average of 3.18 which is on the higher end of the group in terms of academic performance. 
 

4.3 Sleep Quality and Social Media Use 
 
Table 3 show that 70 % of the respondents or 21 out of 30, use social media ranging for 
more than 6 hours on the average per day. Of these respondents, 6 (28.6%) had poor sleep 
quality i.e. 1-2, 11 (52.4%) had sleep quality of 3 and only 4 (19%) had good sleep quality 
i.e. 4-5.   

There is a negative correlation of -0.44 between the number of hours used of social 
media and the quality of sleep.  

Table 3. Frequency of respondents based on sleep quality and hours of social media use 

  Sleep Quality (1-worst, 5 -best)  
  1 2 3 4 5 Total  

Average number of hours for 
social media use per day 

0-2 hrs 0 0 1 2 0 3 
2-4 hrs 0 1 2 3 0 6 
4-6 hrs 1 0 5 3 1 10 
more than 6 hrs 3 3 11 3 1 21 

 

4.4 Effect on Academic Performance and Coping Mechanism 
 
The responses from the survey revealed that twenty-one (21) or 70% of the respondents 
believe that IT services are beneficial for their academic performance, as they provide 
access to online tools and digital resources. Such services are found to be helpful in finding 
information, improving task efficiency, and aiding in academic requirements, as well as 
serving as a source of motivation and stress relief. On the other hand, nine (9) respondents 
disagreed, stating that IT services had little positive impact on their academic performance. 
This group believe that IT services distracting, leading to a loss of focus on academic tasks 
and procrastination, ultimately hindering their performance.  

The responses regarding the impact of IT services on sleep quality were diverse, with 
eight (8) or 26.67% of the respondents find them beneficial in aiding sleep, nineteen (19) or 
63.3% stating negative effects due to addiction and staying awake, and three (3) or 10% 
expressing a neutral view. Some respondents acknowledged the positive aspects, noting 

284



that technology helps them relax before bedtime and occasionally aids in falling asleep, 
improving sleep quality. However, many respondents raised concerns about the negative 
impact, citing addictive behaviors and exposure to disturbing content on social media as 
factors that disrupt their sleep. Despite recognizing the drawbacks, some found it difficult to 
reduce their reliance on IT services due to habit and accessibility. Conversely, a few 
respondents reported no significant impact on sleep quality, suggesting that technology 
played a relatively neutral role in their sleep patterns. 

Based on the responses, 73.33% (22 of 30) of respondents view IT services and 
gadgets as a coping mechanism when facing sleep difficulty, using browsing, streaming 
services, and social media to relieve stress. 

While technology can help some individuals relax and fall asleep, it can also 
exacerbate sleeping difficulties for others, leading to increased screen time and stimulation. 
Factors contributing to sleeping difficulties include academic stress, unbalanced sleep 
schedules, and anxieties related to schoolwork and deadlines. Further analysis reveals 
interesting patterns in students' perceptions of technology as a coping mechanism for sleep 
difficulties in relation to the timing of their responses.  

During the PH period, 54.55% (5 of 11) responses do not consider technology as a 
coping mechanism likely due to the heavy workload and pressure. In contrast, during the PL 
period, 81.82% (9 of 11) responses considered technology as a coping mechanism maybe 
due \lighter workload and reduced stress. Although the percentage during midterms week in 
PMH period is higher, with 87.5% (7 of 8) responses indicating technology as a coping 
mechanism. The data suggests that students' perception of technology as a coping 
mechanism for sleep difficulties varies depending on the period being more beneficial during 
less intense periods and non-beneficial during stressful times. 

 
5. Conclusions and Future Work 
 
Information technology services are beneficial to students not only on their academic 
requirements but also in their general mental well-being. However, excessive usage of 
technology may negatively affect their academic performance, sleep quality and mental 
health. This could mean that technology may not always be safe to use by the learners 
especially when they cause distraction to sleep and technology addiction. This study aims to 
investigate how high usage rate of IT services such as social media, video games, and 
streaming services, can negatively affect the academic performance and sleep quality of 
high school students. Thirty (30) STEM high school students participated in this study over 3 
different periods of academic workload. 63.3% believe that IT services are beneficial to their 
academic performance. 73% find such services as their coping mechanism during stress 
and heavy academic workload. Students' perception of technology as a coping mechanism 
for sleep difficulties varies depending on the period being more beneficial during less intense 
periods and non-beneficial during stressful times. 70% believe that IT services have negative 
impact on the quality of their sleep. However, there is small correlation between the number 
of hours used of social media and the quality of sleep, between the number of hours used of 
video streaming and the quality of sleep. There is no correlation at all with between sleep 
quality and number of hours of gaming per day. The results of this study show that IT 
services have no negative impact on the academic performance of the respondents and 
even beneficial since they are used as coping mechanism when faced with stress and heavy 
workload. However, most believe that they have negative impact on their quality of sleep. 
Future work may involve more respondents and more qualitative questions.   
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Abstract: We report the design and pilot testing of a digital application to help
middle school children learn integers, Touchy-Pinchy Integers (TPI). The
design rationale for this touchscreen-based learning system was based on a
neutralization model of integers. To design this embodied mathematics
learning system, we associated commonly used touchscreen interaction
gestures with mathematical meaning related to integers. Users could
manipulate two collinear towers of stacked positive and negative blocks,
which together represent an integer expression. The learner could add either
type of block, by tapping on the appropriate part of the screen. They could
also subtract a desired number of either type of block, by slicing across the
blocks. They could also neutralize a pair of positive and negative blocks, by
pinching in. The pinch-out actions generated a new pair of positive and
negative blocks. A flipping gesture reversed the polarity of the integer
expression, which corresponded to a multiplication by -1. Results from a pilot
study with grade 7s students indicated that the application helped students
resolve deep conceptual issues related to negative numbers, through
embodied learning. We present some of our observations from the study and
interpret these episodes using embodied learning theory.

Keywords: Integer Operations, Touchscreen Interactions, Tangible Gestures,
Embodied Mathematics Learning, Representational Restructuration

1. Introduction

Students around the world are usually introduced to integers and negative numbers
in or around middle school. This is a challenging transition for students, as the idea of
negative numbers is often a novel revelation, and requires children to drastically reinterpret
familiar operations such as addition and subtraction. For instance, a child may have to
unlearn previously useful generalizations, such as “subtracting makes the number smaller”
or “you cannot subtract a bigger number from a smaller number” and replace these ideas
with a richer, more nuanced understanding of the same operations.

Typically, issues arise with the learning of integers because of misconceptions in
understanding negative numbers, or operations with negative numbers. (Fuadiah et al.,
2016). While some students have an intuition for integer operations, and the idea of positives
and negatives canceling out (Whitacre et al., 2012), some learners develop, and carry to
higher grades, fundamental misconceptions about operations with negative numbers
(Makonye & Fakude, 2016). It is not surprising that children find negative numbers
challenging, as past mathematicians have struggled with epistemological issues in the
process of integrating negative numbers to the number system (Whitacre et al., 2012).

One proposed explanation (for why negative numbers are challenging to understand)
suggests that learners find it difficult to imagine a single perfect real-world analogy, or an
intuitive model that gives readily interpretable meaning to negative numbers, as well as the
possible operations on them. For example, while the number line is a very pedagogically
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useful model, with high generality that extends up to real numbers, it does not support an
intuitive explanation for what it means to subtract a negative number (Liebeck, 1990).

This difficulty could possibly be addressed using physical or virtual manipulatives or
models, as these can act as concrete objects that follow predictable rules (Murray, 2018).
Also, as argued by Wilensky & Papert (2010), new computational media allows radical
‘restructurations’ of existing ways to learn and understand difficult concepts. Mathematics
educators use a class of intuitive models for integers, to help alleviate some of the issues
with the subtraction of negative numbers. This approach involves establishing a conceptual
metaphor that appeals to ‘neutralization’ or ‘canceling out’ of constituent positive units of an
integer with their additive inverses (Flores, 2008; Murray, 2018).

Combining and extending these two model-based reasoning possibilities, as well as
the representational restructuration view, we designed a digital learning application (Touchy
Pinchy Integers, TPI) based on a neutralization model. The TPI system provides virtual
manipulatives to learn integers. We outline some results from a preliminary study of the
system with grade 7 students, who were asked to use the TPI system as a learning aid.

2. Theoretical Background

Recent work in embodied cognition and human-computer interaction has outlined a number
of theoretical approaches towards the design of novel learning interfaces. We outline some
of these below.

2.1 Re-imagining Human-Computer Interaction as Embodied Interaction

New computational media offers new ways of interacting with technology, overcoming
some of the limitations of traditional interfaces such as keyboard-mouse input systems
Touchscreens, with their ability to recognize and respond to sophisticated hand gestures
such as pinching and dragging, are a good example of modern interaction technologies that
engage users on a richer level, using the actions of the human body.

While touchscreens are almost ubiquitous today, more advanced interaction
technology prototypes often leverage more aspects of the body to re-imagine the
input-output interface. Tighter integration of the interface with the human body is a common
thread in such technology designs, such as in the use of the human skin as a
touch-responsive computer screen (Harrison et al., 2010). Authors such as (Wu & Hsu,
2011) have proposed methods to use human movement to help visualize large collections of
information in 3 dimensional space.

One of the primary aims of developing novel interaction technology is to reduce the
cognitive load experienced by the user. A possible explanation for the rapid rise of
touchscreen devices is that interaction design with state-of-the-art touch-based interfaces is
more intuitive and “natural” from a biological perspective, when compared to pointing and
clicking using computer mice. A recent evolutionary view of Cognitive Load Theory suggests
that cognitive load is significantly higher when learning tasks or information that are less
optimized, in relation to the brain’s evolutionary history (Paas & Sweller, 2012). From this
perspective, the naturalness of common gesture-response combinations – such as
drag-to-move or pinch-to-shrink – would alleviate some of the cognitive load associated with
digital interactions.

Vygotsky’s concept of tool-mediated cognition (Turner, 2016, p. 27–40) provides
another perspective to understand the potentially profound consequences of some of the
emerging technologies on human cognitive abilities. Keeping in mind Vygotsky’s key
assertion that tools interact bi-directionally with the human brain -- in other words our
cognitive structures adapt to, and eventually mimic, the specific tools that we use to solve
problems -- it is possible to argue that new computational media can significantly expand the
scope of tool-mediated cognition, as it is now possible to quickly develop artifacts whose
input-output relationships are not fully constrained by physical laws.
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2.2 Tool incorporation and extending it to screen spaces

Recent cognitive neuroscience studies on tool-use show that active and intentional
use of tools lead to changes in the neural representation of the body (the body schema).
Specifically, studies with macaque monkeys (Maravita, Iriki, 2004) show that tools are
‘incorporated’ into the body schema, as the brain treats the tool as part of the body’,
expanding the action space of effectors and the participant’s peripersonal space (‘actionable’
space close to the body, in this case space close to the hand). These studies have been
extended to humans as well (Farne et al, 2005). This study reports that the peri-hand space
after intentional tool usage expands to include not just the tip of the tool, but also includes
the peri-tool-space, which includes the functional space of the tool.

Studies have shown that tool incorporation occurs even when the tool is connected to
a virtual space. Macaque monkeys were trained to retrieve food by manipulating a tool and
observing the hand movements through a real time video monitor, and not directly looking at
the hand. The monkeys were able to use this video as a tool for food retrieval (Maravita, Iriki,
2004), and the neural body schema changed similarly to physical tool use. Further, studies
have shown that human users' peripersonal space is extended onto the screen, and the
cursor is treated as a tool (Gozli, Brown, 2011). In these studies, there are two worlds, the
physical world and the screen world. Changes in the real world continuously cause
corresponding changes on the screen, with resulting changes in the body schema and the
peri-personal (actionable) space of the body. This systematic neural relationship between
the body schema and virtual tool use has become integrated into our everyday lives, with
regular use of computers and touch based devices.

The theoretical framework of tool incorporation has recently been used to account for
the development of computational thinking in kindergarten, through learners’ active
manipulation of a robotic toy (Sinha. R et al, 2023). Tool incorporation has also been used to
account for the way students’ actions on physical manipulatives lead to the learning of
mathematical ideas such as area (Rahaman. J et al, 2018). The incorporation account could
be further extended, to account for the way abacus users generate a mental abacus, and the
resulting cognitive and neural changes, such as the activation of visuo-motor areas and
related gestures while verbally solving arithmetic problems (Hanakawa, T. et al, 2003).

2.3 The Role of External Representations in Cognition and Learning

Supporting the incorporation studies that show that tools have extensive cognitive
effects, Kirsh (2010) has shown theoretically that external representations (ERs) –
symbol-based tools used extensively during thinking, learning, and computing tasks – make
cognitive contributions that are wider than optimizing internal memory load. For instance,
ERs make learning processes interactive, by actively providing a stable external anchor, and
also hints and prompts, which transform the reader's thoughts and ideas. This role of ERs
allows users to think by altering the external representation, to arrive at a new set of insights.
As ERs work as a tool that supports thinking, they transform the thinking task, by allowing
building over, changing, removing or manipulating the tool (Kirsh, 2010).

Another characteristic of ERs – which also has a pedagogical benefit – is that
external representations serve as a shareable object of thought. When the learner
represents or works with the ERs, educators are able to observe the thinking and learning
processes, which are otherwise not available. Given this structure, the educator is able to
participate in the meaning-making process of the student, and intervene at the right moment
to guide the learners' thinking. Abrahamson and Garcia (2016) discusses a similar idea –
distributed coenactment – while examining the pedagogical outputs during the use of an
embodied mathematics learning tool (The Mathematical Imagery Trainer).

Mathematics uses ERs extensively, in terms of numbers, symbols and diagrams, to
capture the essence of the concepts and also lock-in the key ideas. These symbols once
written down don't decay over time like mental structures. This available structure helps
learners to build on their ideas. Even though ERs are symbol-based, they could be
understood as functioning in ways similar to tools. It is possible that ERs are also
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incorporated into the body schema, as indicated by empirical studies on the cognitive and
neural effects of extensive abacus use (Hanakawa, T. et al, 2003).

2.3 Embodied Learning of Mathematics

Embodied cognition theory emphasizes that the mind, body, and the environment are
inextricably connected. Consequently, the body plays a significant role in thinking and acting
in the world (Kosmas, Zaphiris 2018). Abrahamson and Garcia (2016) demonstrated through
their instruction based embodied interaction design - Mathematical Imagery Trainer for
proportion (MIT) – that learners can assimilate a mathematical concept through goal oriented
hand movements. Through these actions, later reinforced using symbolic artifacts like
cursors, grid lines and numbers on the screen, learners were able to learn the mathematical
idea of proportion, making use of the movements and symbolic elements as both frames of
action and reference. The symbolic artifacts allowed learners’ engagement with the given
tasks to be shifted closer to mathematical reasoning and visualization.

In a related thread, Sinclair (2014) argues that touch technologies allow the hand's
actions to have immediate and unmediated impact, as changes in the screen are directly
related to the intentional touch. She developed a novel interactive system based on multi
touch - Touch counts - to develop and support basic numeracy in young children, including
counting, addition and subtraction. In this system, touch media gestures – like tapping,
pinching, flicking etc. – are given mathematical meanings. This structure allows learners to
explore the nature of numbers, while interacting with the touch media using gestures and
receiving real time feedback. Touchy feely vectors (Karnam, D et al, 2018) is another
touch-based design to learn mathematics through embodied interactions. This system allows
learners to learn vector concepts like addition and resolution, through the active
manipulation of vectors directly using touch gestures.

Extending these theoretical ideas on embodied cognition and successful applications that
help students learn mathematics in an embodied way, we have designed a system – Touchy
Pinchy Integers (TPI) – to help students explore the concept of integers through embodied
interaction. Apart from the embodied interaction, having TPI as a dynamic external
representation reduces the cognitive load of learners, by helping them visualize the
operations, and reducing their reliance on memorized rules of integer operations. TPI can be
used as a tool during problem solving sessions related to integer operations. After some
experience working with TPI, the system also works as an imagination tool, helping students
visualize integer operations, especially when solving problems using static media, such as
text and figures. This use is similar to the way experienced abacus users generate and
manipulate a ‘mental abacus’, when trying to verbally solve arithmetic problems (Hanakawa,
T. et al, 2003).

3. Methods

3.1 Learning System Design

The TPI application is presented as a single screen, with a horizontal line dividing the top
and bottom halves. On either side of the line, there is a positive and negative tower, each
consisting of red and blue stacked blocks respectively. Each block represents a unit of the
appropriate sign, and all the blocks additively represent the integer expression. Thus, 3 red
and 2 blue blocks would stand in for the expression 3 + (-2).

The user can manipulate the number of blocks in each tower, using a number of
touch gestures, each of which is mapped to an operation on the integer expression.
Performing a gesture triggers an animation, which can result in a change of state (i.e.
change in the number of blocks in either or both towers). On the screen at all times is the
expression m + (-n), in which m and n represent the current number of positive and negative
blocks respectively. The system is available for interaction at the following link:
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https://integercountsdevelopment.melwinaalbuque1.repl.co/

The following touch gestures lead to operations on the expression:
● Tapping: Tapping either the positive or negative side of the screen with k fingers at a

time leads to addition of k blocks on the same side of the screen. The expression is
incremented by +k or -k depending on the side of tapping. See Figure 1 (i) for a
concrete case.

● Slicing: Swiping vertically across the top face of the ith positive block removes the
base-most i blocks from the positive tower and subtracts i from the expression.
Slicing across the top face of the ith negative block removes the base-most i blocks
from the negative tower and subtracts -i from the expression. See Figure 1 (ii).

● Flipping: Swiping vertically across the division line causes the red and blue towers to
swap colors and polarity on the screen. The overall expression is multiplied by -1.
See Figure 1 (iii).

(i) (ii) (iii)

Figure 1 (i). Addition by tapping. Left: Adding +3 by tapping the top half with three fingers.
Right: Adding -4 by tapping the bottom half with four fingers. Brown dots represent fingertip
positions and are only for visualization - they do not appear to the user. (ii). Subtraction by
slicing. Left: State before subtraction (subtraction animation has just begun). Right: State
after neutralization. Gesture details shown for visualization (not visible to user): brown dot
represents swipe start position, purple dot represents swipe end position, and dotted line
represents linearized downsampled swipe trajectory used for computation. (iii)Flipping. Left:
State before flipping. Right: State after flipping.

● Pinching In: Pinching in with one finger each on the positive and negative sides of the
screen neutralizes one pair of blocks from each side - assuming there is such a pair.
The overall value of the expression is conserved, but both the positive and negative
terms have their magnitudes decreased by 1. See Figure 2 (i).

● Pinching Out: Pinching out with one finger on each on the positive and negative sides
of the screen generates a one positive and one negative block. The overall value of
the expression is conserved, but both the positive and negative terms have their
magnitudes increased by 1. See Figure 2 (ii).

(i) (ii)
Figure 2 (i). Neutralization by pinching in. Left: State before neutralization
(pinching animation has just begun). Right: State after neutralization.
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(ii). Reverse Neutralization by pinching out. Left: State before
reverse-neutralization (pinching animation has just begun). Right: State after
reverse-neutralization.

3.2 Pilot Study Design

A pilot study using the TPI system was conducted with 5 grade 7 students in a residential
school in Maharashtra, India. TPI was given to them for 15-20 minutes on a daily basis, for 1
week. The students were selected by their mathematics teacher based on their performance
in their math classroom. All students were from different performance backgrounds. They
were already introduced to integers and integer operations in class 6. The sessions started
with a pretest, where the students were asked to solve integer-based addition and
subtraction problems. At the end of the session the students were asked to explain how and
why they got their answer. After the pretest, students were introduced to TPI using an ipad.
They were then asked to practice the basic gestures, resulting in changes in the screen.

Following this phase, students engaged in a series of gradually advancing tasks, for
5 to 6 days. The tasks involved various operations, including: adding numbers with the
same sign and opposite signs, subtracting a small number from a big number with the same
sign (on day 1); subtracting an integer from zero, subtracting a larger number from a smaller
one with the same sign, subtracting integers with opposite signs (on day 2); multiplying a
given integer by (-1), multiplying an arithmetic expression by (-1), performing integer
operations using TPI for a written expression (on day 3); exploring the triple nature of the
minus sign through TPI (on day 4). In each session, the students practiced tasks from
previous sessions. Day 5 was dedicated to practicing all the tasks learned using the TPI
system. The students also performed integer operations for written expressions on this day.
Since this was an initial study, the tasks and instruction were adjusted based on students'
interactions and difficulties. For instance, the concept of screen value and multiple
representations [like 2 = 3 + (-1) = 4 + (-2)] emerged during a session with one of the
students.

The final stage was a post-test, where students were encouraged to perform
arithmetic operations using an imaginary simulation of TPI. The questions in the post-test
were similar to those in the pre-test, but this time students were immediately asked to
explain their reasoning after each question. This change was made because we noticed that
students had difficulty recalling their reasons when asked at the end of the test. Data
collected during the study were: audio of students explaining their reasons for the integer
operation (during pre-test and post-test), images of answer sheets or rough sheets created
by students during pre and post test, videos of students’ usage of TPI with aerial view of the
software, field notes.

4. Results

After the pretest, when students were asked to support their answers with reasons,
all children provided the rules they learnt in grade 6 as a reason. A few children were able to
give reasons using the number line. When two negative signs were next to each other, every
child instantly used the rule ’minus into minus plus’, and that remained the reason for their
answer. After the post-test analysis, we found that students made use of the mental image of
TPI and gestures, similar to abacus experts relying on the mental image of the abacus and
gestures while solving verbal problems. Among the 5, three used pinching (pinching in for
addition of opposite integers) gestures, and one child used the tapping gesture, when asked
to add integers of the same sign.

Two other students, who were comfortable with the rules and got all the answers right
during the pre-test, used the rules again during the post-test. When asked why they chose to
work and reason in terms of rules even though they worked with TPI, they mentioned that
they have been practicing a long time with rules. Even while using rules to solve problems,
some children used TPI to confirm their answers, using the system as an additional tool.
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This allowed them to explain their answers more clearly and with greater confidence,
compared to the pretest. The TPI system allowed students to avoid blindly applying rules
and to prevent the misuse of rules in inappropriate situations.

5. Discussion: Embodied Learning of Integers Enabled By TPI

A number of interesting embodied learning episodes were seen during students’ interactions
with the TPI and later. We discuss these here, based on the theoretical frameworks outlined
in section 2.

● Thinking outside with the new representation
External representations allow us to execute some cognitive processes outside.

These processes cannot be executed ‘inside’, i.e. with just our minds (Kirsh, 2010). In the
case of the interactive external representation created by the TPI system, the value 3 can be
decomposed into three units, and split across three fingers and when tapped on the screen.
This leads to three boxes summoned on the screen, as 1+1+1. This representation of
individualized units allows learners to appreciate the neutralization process when a positive
and negative unit come together (added). Similar to other neutralization models used in
traditional mathematics classrooms (two color button model, token model, or card model),
TPI also provides a visual element for the neutralization process. However, in the other
models, the user has to manually remove the two coloured units for the neutralization
operation. Even after removal, the units are still kept aside somewhere in the real world. But
in TPI, pinching-in positive and negative units with two fingers, the two units are animated in
such a way that they actually come together to neutralize and vanish into thin air, to generate
the value zero. Children were surprised to see this animation of addition of opposite integers.
A child noted that during this process, when the boxes on either side are not the same, one
kind of box runs out. This process allowed students to observe the reason for one of the
rules – to add integers with opposite signs, find the difference and put the sign of a big
number. Sign of the bigger number is the same as the kind of boxes that remain on the
screen after the pinching-in process. In this way, the TPI external representation, based on
interactive media, allowed students to think about things that were unthinkable without the
new media system (Kirsh, 2010).

Similarly, with the button or token model, the reverse neutralization operation is done
by manually introducing a pair of opposite coloured units. But in TPI, pinching-out with two
fingers from the central horizontal line leads to two opposite units resurrecting on either side.
This illustrates the decomposition of 0 into +1 and - 1, which provides an implicit avenue to
understand a rather deep idea – zero can now be seen as potentiality, rather than
emptiness.

Students mentioned that TPI allowed them to think and manipulate with the boxes
present outside in the system, instead of relying on rules. This allowed them to not worry
about forgetting rules, and not fear the use of rules in the wrong context. Students also
mentioned that while they were using the cards for integer operation, the process became
messy and confusing, particularly for subtraction. TPI was easier to work with, and made the
operation easy to understand.

● Thinking clearly with varied touch screen gestures
The TPI system assigns mathematical meanings to gestures used on touch screen.

This structure allows children to explore mathematical concepts easily, by manipulating and
controlling the TPI system through simple touch screen gestures. The screen split into two
halves, and operations in the two halves, gave students an embodied understanding that
positive units belong to the upper half and negative units belong to the lower half. Based on
this embodied understanding, students moved their hands to the appropriate half of the
screen quickly during tasks and explanations, while mentioning positive or negative units.
This sense of direction helped reduce mistakes students make while adding integers of the
same sign or different sign.
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Subtraction in integers can be viewed as a change in value, movement on a number
line, or taking away some units from a given unit. TPI follows the taking away idea. There
are 3 different functions of minus sign when it comes to integers - unary, binary, symmetry
(Vlassis, 2004). Unary defines a negative number -2, binary refers to the binary operation of
subtraction 5 - 2, symmetry corresponds to the resultant additive inverse - (-2). Children
seem to have internalized the concepts of unary and binary, and were able to use the
appropriate gestures when they were asked to demonstrate -2 or 5-2 using TPI. They tapped
2 fingers on the lower bottom to represent the unary function, they tapped 5 and sliced off 2
boxes for the subtraction operation.

The function of symmetry required facilitators demonstrating the flipping gesture,
and discussion about this operation. Students observed that flipping got them the additive
inverse of the number that was flipped. With this observation, students were able to predict
the answer when an expression with positive and negative numbers (units on both halves of
the screen) was flipped. Students were also able to observe that on flipping both the
numbers were replaced by their respective additive inverse. This allowed them to understand
that although the sign ‘-’ is the same, the function it possesses depends on the position in
the expression.

The change in the expression caused by various minus signs is thus captured with
the right nuances in TPI, with appropriate gestures for unary, binary and symmetric function.
A question like - ((-5) - (-2)) will require the student to use 3 different gestures for the similar
looking minus sign in the expression.

● Thinking with a new concept – screen value
The concept of screen value came up during one of the sessions as a key idea, in the
context of subtraction of big numbers from small numbers and subtracting positive numbers
from negative numbers or vice versa. The idea of screen value is similar to the idea of net
worth in the credit-debt model of integers, where the sum of credit and debit is the net worth.
Screen value is the value one would obtain on pinching-in boxes from either side till there is
only one color left on the screen. For a question like 3 - 5, the student could take away 5
from a screen value of 3 i.e, take 5 from 5+(-2) which results in -2. In this process the
students pinches out (reverse neutralization) to keep the screen value constant. The idea of
reverse neutralization, generating a pair of +1 and -1, helped students with the operations of
integers. This idea is not used in conventional classrooms for such problems. Since pinching
in and pinching out are core to the TPI system, after using these operations, students start
thinking in terms of a new concept – the screen value.

● Transformation in thinking with TPI, and incorporation
The intervention tasks had three stages, spread across 5 -6 days. Students practiced the
previously learned tasks during this period, and their thinking with TPI got refined across
these stages. The first stage was performing operations using the TPI system. The second
stage involved predicting outcomes by mentally simulating the system, and then confirming
the answers by performing the operations on the TPI system. In the third stage, during the
post test, students had to mentally simulate TPI to solve the given integer operation. This
was observed through students' gestures of tapping and pinching in the space in front of
them, while solving the problems given in the post test. As students used gestures even
when there was no system in front of them, the children were using TPI as an imagination
tool for integer operation, similar to expert abacus users’ use of a mental abacus. This use of
TPI as an imagination tool suggests that TPI was incorporated into students’ body schema,
through their actions on the touch interface.

6. Redesigning TPI
Apart from the above embodied learning patterns, we also found some usage patterns that
could be helpful in redesigning TPI, for better learning and usability. We outline two classes
of patterns below.

● Redesigning TPI to think mathematically
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Abrahamson and Garcia (2016) discusses how symbolic artifacts like grid and
numerals allowed students to bring their action-based engagement and manipulation
strategies closer to mathematical reasoning. In the TPI system, the central horizontal line
allows students to use it as a frame of action for pinching-in, pinching-out and tapping, to
obtain positive and negative numbers. In addition to this structure, TPI also has an
expression on the screen m+ (-n), for quick reference to the number of boxes present on
either side of the horizontal line. We observed students counting slowly while they are
expected to subtract a value. We are planning to include grid lines, or parallel horizontal
lines with corresponding integers above and below the existing central horizontal line. This
structure will allow the students to identify the boxes without counting them.

● Acclimatizing to the TPI environment
Almost all the students initially found the pinch-out and pinch-in gestures difficult.

With regular practice with the TPI system, the child was able to figure out how to make a
particular gesture work with the system. The teacher could only demonstrate how it is done,
but to actually make a particular gesture work, practice was needed. The practice helped
students adapt the system to their organismic idiosyncrasies, such as the length of the hand,
suppleness of the fingers, or the pressure and distance between the fingers the student uses
over the screen (Abrahamson and Garcia, 2016).

Students also had difficulties with the slicing gestures. While subtracting 2 from 5
using the TPI system, one needs to slice off the second box from the center line. But a few
students naturally moved their fingers towards the tip of the tower, and sliced the second box
from the top. This gesture has a rationale: if we go according to the cartesian plane, then the
second box is counted from the reference line. And irrespective of the length of towers, if 2
units have to be subtracted, users would prefer the slice to happen at the same place. By
slicing the second box from the center learners preserve both these features.

Gesture usage in TPI had many other behavioral patterns. Even after repeated
instructions about the possibility of using two hands for operating TPI, some students
preferred to use one hand. The way students decomposed a particular number was also
interesting: some students use 3+3, 4+4 for 6 and 8 while some use 5+1, 5+3 for the same.

We plan to further study these and other similar behavioral patterns, and explore
their potential for designing new pedagogical elements and tasks, which could improve the
use and effectiveness of TPI.
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Abstract: Making opens up dialogic learning spaces where makers engage with the 
material world via embodied enactments. The article aims to contribute to the 
understanding of embodied sociomaterial entanglements where makers and materials 
encounter to form collaborative networks. In this study, we follow the encounters 
between makers and materials in design problem solving scenarios to uncover 
embodied material experiences leading to creative movements. We specifically look at 
a making context where novice makers collaboratively work on design problem solving, 
through the combined theoretical aspects of constructionism and posthumanism. Our 
findings suggest that the makers’ embodied experiences were entangled with material 
elements of the situated making contexts and shaped the opportunities for learning. 
Makers and materials composed the embodied actions through which domain related 
concepts manifested. 
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1. Introduction 
 
Making is recognized as a means to constructively engage learners in creative designs and 
bring out skills in tackling uncommon problems as it provides opportunities to solve real-world 
problems, following different ways to arrive at multiple solutions (Honey & Kanter, 2013; 
Martin, 2015). Learning through collaborative making involves iterative cycles of building, 
testing, modifying the co-inventions, and reaching common ground with the participating 
makers. In makerspaces individuals and groups engage in multiple forms of design activities, 
resulting in cross-pollination of ideas and skills (Gross & Do, 2009; Peppler & Bender, 2013; 
Halverson & Sheridan, 2014). The opportunity to play and engage with materials is considered 
to act as “a social glue” for people to converge and engage in collaborative and creative 
activities (Vossoughi & Bevan, 2014; Honey & Kanter, 2013; Ingold, 2013). Studies suggest 
that hands-on experimentation and production across different media and digital platforms 
support learner’s creative and critical engagement in disciplinary and transversal learning 
(Hughes, 2017; Ratto, 2011). Makerspaces hold the potential for interdisciplinary connections, 
collaboration, creativity and innovation (Martinez & Stager 2013). The emergent outcomes of 
these collaborative networks are conceptualized to be spread across social, material, and 
temporal dimensions of the creative phenomenon (Glăveanu, 2014; Sawyer & Dezutter, 
2009). Making being a materially grounded activity, makers and materials are in continuous 
entanglements, considering the theorization of “design as a conversation with the situation” 
(Schön, 1983). Here the makers listen to the material entities, and the material entities “talk 
back” to maker advancements. Such dialogic exchanges support the understanding of 
differences or similarities in approaching design problems among makers, learning of material 
characteristics, and opportunities to search through the problem and solution spaces (Shotter, 
2006). Makers converse with fellow makers and materials which can result in being, doing, 
and becoming material conversations (Gravel & Svihla, 2021). 

Being material conversations considers the materials as well-known and not 
improvable, whereas doing material conversations involve exploring known material 
affordances that can be utilized to make progress in solving a design problem. A becoming 
material conversation is characterized by transformed purpose, reconfigurations, and 
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modifications of materials (Gravel & Svihla, 2021). In finding creative solutions to design 
problems, where makers encounter familiar and unfamiliar material elements, the being, doing, 
and becoming material engagements acknowledge, use, and transform the material 
affordance. These sociomaterial conversations can involve shared agency, which reiterates 
the material aspect of emergent creativity. Therefore, materials cannot be considered as 
dormant entities (Pickering, 1993), not only responding to the actions performed by makers 
but also directing the makers to creative actions. The reframed views on agency manifesting 
in these maker-material conversations can disrupt the longstanding human-centric 
explanations on learning, making, and creative practices. With Latour’s conceptualization of 
agency and flattened ontology (1996), all material entities are possible actants and actively 
play roles in everyday activities. Hence, agency is neither rested solely on human nor 
nonhuman elements but through becoming of emergent manifestations, effects through 
certain configurations of situated entities (Suchman, 1987), and unfolds in practice (Pickering, 
1993). 

Making, especially in the context of design problem solving, celebrates the 
philosophies of learning by doing, failures, iterations, sharing knowledge and other resources 
with fellow makers (Halverson & Sheridan, 2014). In alignment with constructionism, learning 
is viewed to happen with the learners engaging and manipulating physical or digital materials 
to arrive at personally meaningful artifacts and share with the community. Constructionist 
ideas of “objects-to-think-with” and “body syntonicity” have been explored by the research 
community in understanding how learning can happen when learners engage with tangible 
materials. “Objects-to-think-with” can be considered as bridges that can connect abstract 
ideas and sensory knowledge intertwined with embedded participation and personal linkages. 
In terms of “body syntonicity”, learning is viewed to surface as learners imagine their bodies 
in place and connect with the materials under manipulation (Papert, 1980, 1993). The learner’s 
knowledge and awareness of their bodies in the learning environment can support the 
internalization of domain related concepts and abstract ideas. 

Materials are significant in the process of learning as learners encounter a wide range 
of other-than-human elements in the learning environment, but the facets of these entities are 
not closely looked into (Engeström & Blackler, 2005). In the constructivist views of learning, 
humans are considered as observers and actors, whereas non-human entities are seen as 
malleable and controllable. Similarly in sociocultural studies, materials are seen as mediators 
of human practice (Sheridan et al., 2020). On the other hand, the posthumanist perspective 
can reveal the active ways in which digital and physical materials direct the learning process 
(Thiel, 2015). The notion of posthumanism looks at decentralizing humans from the sole 
source and center of actions and unsettling the concepts related to material neutrality (Barad, 
2003, 2007; Pickering, 1993). It can bring the vitality of the matter, unpredictability, unfolding 
ontology, and signifies material turns as humans encounter non-human matter (Barad, 2003; 
Haraway, 1985). Further insights are required to understand the ways in which materials can 
influence learning through embodied experiences with the world. 

We see the combined theoretical perspectives of constructionism and posthumanism 
as having immense potential to investigate the learning dynamics in rich sociotechnical spaces 
like makerspaces. In line with the fused theoretical approach, we follow the idea of “material 
syntonicty” which provides a material direction to look at the encounters between makers and 
materials resulting in learning opportunities (Keune, 2022). Material syntonicity points to how 
materials become actively engaged in the embodied intra-actions with learner bodies and 
provides the learners with opportunities for material ways of knowing. The analytical lens can 
advance the understanding the ways in which materials can influence domain learning and 
performing domain related concepts. Material syntonicity adds to the constructionist ideas in 
such a way that it reveals how materials direct embodied experiences to produce domain 
related phenomena. By acknowledging the active states of materials and learner bodies, 
material syntonicity supports further investigation into how learner experience themselves as 
active entities of the embodied learning process. 

Based on these prior literature, we look into the broader research goal of understanding 
how maker and material encounters shape the emergent creativity in makerspaces. With this 
study, we attempt to explore how novice makers and materials come together to shape the 
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learning opportunities and creative movements in a situated collaborative making context. We 
think with constructionist and posthumanist ideas to analyze the making context where 
seventh-grade students collaboratively work on design problem-solving. We consider design 
as an inherent practice within the making process (Bevan, 2017; Dougherty, 2012) and 
position the creative aspects of the making process as emergent (Sawyer & Dezutter, 2009; 
Tangaard, 2013). 
 
 
2. Study details 
 
Data for this study was collected as part of a maker workshop where two groups of seventh-
grade students from an English-Medium school in the city of Mumbai, India engaged in 
engineering design problem. The maker workshop was organized at a leading engineering 
institute in India, and divided into two sessions, (1) Training session and (2) Design session. 
The first team-Team A- consisted of two female participants (A1 and A2) and a male 
participant (A3). The second team-Team B-consisted of one female participant (B1) and one 
male participant (B2). Teams were formed randomly and they worked on designing a cleaning 
robot in the design session. The design challenge given to the students is stated as: “Keeping 
our surroundings clean is a very important aspect of our life but, doing that requires a lot of 
manual work and can get boring sometimes. Wouldn’t it be amazing if a robot does that for 
you autonomously? Your design challenge for today is to use the Lego Mindstorm kit to build 
a cleaning robot. Your robot should be able to clean at least two of the following trash 
materials- paper bits, Lego pieces, water droplets, eraser dust, and pencil dust. You can also 
use the provided supplementary material i.e., cleaning mop wipes, cardboard, and sponge. 
The robot designs of the two teams will be compared based on how many trash items the 
robot can clean, how well it cleans the trash material, and the cost of the robot.” Along with 
the Lego Mindstorm kit and the supplementary materials, each team was also provided with a 
cost-calculation sheet and a workbook for taking notes and making sketches. A facilitator 
mentor was allocated to each team to take observation notes and provide technical and logistic 
support. For our analysis, we followed the making activities of Team B. Audio and video 
recorders were used for capturing the making. The design artifacts consisting of sketches, 
written notes, and the final robot designed by the team were also collected. 
 
 
3. Analysis 
 
We adopted the case study methodology (Merriam, 2007) to unpack the processes involved 
in the making settings of Team B in the Maker activity-centered workshop. We combined 
constructionist perspectives with posthumanist standpoint to understand the ways in which 
makers and materials come together to configure the learning opportunities and creative 
movements (Keune, 2022). With constructionism pointing towards the ways in which learners 
realize ideas via design and embodied experiences to make meaningful expressions, and 
posthumanist consideration of material entities as active participants in phenomena, the dual 
theoretical approach augments our effort in following maker-material entanglements in 
learning and subsequent creative actions. We followed the dual theoretical perspectives and 
adopted the methodological process of thinking with theory (Jackson & Mazzei, 2012; St. 
Pierre, 2008). We viewed the assemblage of data sources simultaneously and iteratively. 
Here, we see ourselves entangled and becoming with the unfurling of research course. The 
research entanglement involved the encounter with data sources as video, photographs, 
design artifacts, field notes, and observations during making.  
 
 
4. Findings 
 
We found that makers and material entities of the situated making context came together and 
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configured the entangled embodied enactments. We present representative episodes from the 
making context to show the embodied intra-actions enmeshing human and material entities 
where materials become actively engaged with learner bodies and provide the learners with 
opportunities for material ways of knowing. 

B1 and B2 began design problem solving by rooting on the preliminary idea of a two 
wheeler robot with a cleaning unit attached so that the combination can drag the trash items 
along with it. The makers kept a close look at the cost component of the robot throughout the 
making process. The following episode illustrates how makers engaged with the materiality of 
the making context, where the embodied experiences lead to subsequent creative acts. 

 
B1: See [points to the robot].. we can move the robot forward and the 

sponge will push the paper bits out. 
B2: I will run it on the floor. 
B2: [Drives the two wheeler robot over the carpet] Its not good.. getting 

stuck at some place..  not smooth. 
B1: Lets try outside.. 
B2: [changes the sponge orientation to horizontal]  
B2: [Drives the robot on the smoother test floor] better.. but it feels 

wiggly kind. 
  
 

                    
Figure 1. Team B makers driving the two wheeler robot with sponge attachment on 

different test floors. 
 
Here the makers tried to make a two wheeler robot with a sponge that can push the trash 
materials as it travels forward. Once the sponge was fixed to the front end of the robot, B2 
moved the robot over the carpet manually. The carpet resisted the robot motion as the sponge 
unit and carpet came into contact. B2 drove the robot manually and experienced the resistance 
through his body as the cleaning robot came in contact with the carpet. This encounter 
between the cleaning robot and the carpet pushed the makers to change the orientation of the 
sponge placement and the testing floor, as seen in Figure 1. The makers moved to a smoother 
floor to understand the motion of the cleaning robot unit.  Again B2 drove the robot manually 
and felt the resistance in action. The makers perceived the notion of friction via embodied 
encounters where the different test floors, robot design, sponge and the maker bodies came 
together and arranged the spots for syntonicty. The particular instance from the making 
session is an example of how materials resist to maker actions and maker responds via 
embodied entanglements. Here we also read that the domain related concept of friction 
manifesting, and the makers acknowledging the same in the emergent learning opportunity. 
This opening helped them in understanding the notion of friction with varying surfaces in 
contact and how it affects the motion. 

The makers proceeded with the session by considering changes in the robot design. 
From the previous tests, the makers ideated to use bigger wheels for the drive. As the next 
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step, makers came up with the idea to eliminate sponge unit from the robot design and to have 
alternate cleaning mechanisms. In the following excerpt, we see that the makers make moves 
for a four wheeled robot, and the maker-material encounters provide insights to design 
stability.  

 
B1: Can we use bigger wheels or.. maybe four wheeled.. like a simple car 

with a broom. 
B2: We can..  [takes a lego motor and two wheels] 
B1: No sponge. 
B2: [Connects the lego motors and wheels to the brick with connectors] 
B2: [Exerts force on the robot from top] It’s kind of weak.. moving up and 

down ..loose maybe. 
 
 

 
Figure 2. B2 of Team B inspecting the robot design via embodied material ways 

 
In the above episode, we can see that the makers looking for design possibilities and modifying 
design features. B2 examined the four wheeled robot for mobility, and checked whether the 
links are properly connected. As B2 tried to drive the robot on the glass table, he felt the robot 
clumsy. B2 then started to exert force on the robot from the top and followed by lifting the 
robot, as seen in Figure 2. The makers identified that the robot needs further reinforcements 
and design changes so that the intended purpose of cleaning is met. This unscripted play with 
the robot model gave the makers awareness of the stability of the robot. Here we see that the 
four wheeled robot, maker body, and knowledge from the previous experience are entangled 
in such a way that the collective embodiment of the making context paved way for the makers 
to be cognizant of the stability aspects of the robot design. The collective embodiment of the 
making context was not only shaped by the makers but also by its materiality and syntonicity.  

Once the four wheeler robot structure was finalized, the makers turned their attention 
in making the cleaning unit. The makers envisioned having the cleaning unit to be attached to 
the rear end of the robot. As the idea of using sponge was eliminated, they looked for other 
possible material components for making the cleaning unit.  

 
B1: [Finds the cleaning wipe mop] this can be used. 
B2: I will check other things. 
B1: [Running fingers through the wipe mop] its soft..  
B1: [Finds the soft cardboard box and cuts out a piece] 
B2: Support? 
B1: [Attaches the cardboard piece with sponge using stapler pins] yeah. 
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B1: [Cleans the paper trash with the cleaning unit] it works.. needs to be 
dragged with it. 

 

  
Figure 3. B1 of Team B testing the cleaning wipe attachment by wiping the paper trash 

 
 B1 encountered a cleaning mop wipe on the working table and inspected it. B1 

interviewed the cleaning mop wipe by visual inspection and running fingers through the wipe. 
The bodily engagement with the wipe revealed that it needed a support element so as to meet 
the purpose of cleaning and suitability of attachment to the robot structure. B1 cut a soft 
cardboard box, flattened the pieces, and used stapler pins to attach the soft cardboard piece 
with the cleaning mop wipe. B1 then tried to clean paper piece trash from the working table 
using the modified wipe manually, as seen in Figure 3. Here the meaning of cleaning is co-
created by the maker body, the modified mop wipe, paper trash and the glass table, in 
conjunction. These materially syntonic intertwined bodily engagements and actions were 
crucial in identifying the necessary modes of wiping acts that the robot should perform. 
Although not explicitly, the test pointed towards the momentum and the material ways by which 
the robot is expected to produce the cleaning actions. 

As the robot structure and cleaning unit were ready to use, makers used double tapes 
to connect both components. B2 proceeded with testing the cleaning robot by driving on the 
test floor manually and found that the mop wipe attachment was having contact with the robot 
wheels. The makers changed the orientation of the cleaning wipe mop, and B2 drove the 
cleaning robot over the paper trash, as seen in Figure 4. As B2 drove the robot, the makers 
found that the cleaning contact had good contact with the trash, but was unable to drag the 
trash with it due to the lack of momentum of the manual drive. The makers then followed up 
with changes in number of turns and speed of rotations for the Lego motors using 
programming. Here the cleaning robot and the maker body were in tandem during the test run 
which helped the maker to make sense of the wiping action of the combined maker-material 
effort with respect to the trash cleaned and momentum generated. 
 

B2: [Drives the robot on the floor] Feels like the mop is touching the 
robot wheels. 

B1: Make it little.. go up [gesturing in upward direction]. 
B2: [Drives the robot on the floor] mm.. better. 
B1: Ok.. lets try with paper bits [ spreads paper trash]. 
B2: [Drives the robot on the floor] yeah.. its touching the pieces..  
B1: See.. but its not moving them.. going very slow 
B2: Yeah.. it’s the floor and paper 
B1: We can change the speed and motor turns [connects the robot to 

programing interface] 
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Figure 4. B2 driving the cleaning robot to follow robot motion and cleaning actions. 

 
 
5. Discussion & Conclusion 
 
In this article, we presented an empirical case study of collaborative making context from India 
where novice makers work on design problem solving with a variety of materials. We used a 
dual theoretical perspective of constructionism and posthumanism to examine the entangled 
embodied enactments when makers and materials come together and make together to shape 
learning opportunities. The constructionist approach helped us to see how makers enacted 
design ideas and domain related concepts via embodied ways, whereas the posthumanist 
lens revealed the active role of materiality in such entangled embodied experiences. With this 
standpoint, the study has put forward the need to reimagine the role of materials in embodied 
learning experiences. Here we advocate the point of departure from considering materials 
from mere mediators between learners and ideas, units for cognitive development to active 
co-participant in the relational field of encounters among learners and materials via bodily 
engagements. The active participation of materiality came into play as the material entities 
enmeshed with maker bodies in action, as in the case when the makers had to vary the test 
floor in accordance with the emergent meaning of resistance and motion. The intra-actions 
among the maker body, robot structure, sponge, test floors opened up opportunities for 
makers to get entangled with domain related concept of friction. In a similar way, the 
unexpected play modes of exerted and reactive forces among the maker body and robot 
structure brought out the ideas related to stability. The entanglements of the makers with 
cleaning mop, robot motion, paper trash, test floor, wiping moves, and programming directed 
the embodied experiences and material ways of knowing the momentum in action as the robot 
was driven manually to clear and carry the trash along the direction of motion. These instances 
highlighted how the emergent material syntonicity among materials and learner bodies 
provided the learners with opportunities for material ways of knowing. 

Further, we found that that the creative acts featured in the maker workshop were not 
alone driven by makers. These creative movements were not only shaped by social entities 
but also by material entities of the making contexts. The findings signify that makers and 
materials molded the creative making that the processes span across the social and material 
elements of the situated environment, and flare out temporally (Sawyer & Dezutter, 2009; 
Tangaard, 2013). We noticed that maker-material and maker-maker encounters through 
dialogues and embodied experiences helped in knowledge co-construction that helped to 
investigate possible solution approaches for the design problem. With this article, we attempt 
to place the combined theoretical perspectives of constructionism and posthumanism as a 
way to look at embodied entanglements in collaborative making, following the concept of 
material syntonicity. We place collaborative making as a potential research domain to 
implement and advance the understanding of maker-material entangled embodied 
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experiences and relations to enhance learning, where the creative phenomena evolve in a flat 
plane of contributing entities (Petrich et. al., 2013; Thiel, 2015; Timotheou & Ioannou, 2019).  

The present study focused on data associated with a typical collaborative making 
context in which makers engage in solving design problems through making, however, 
advanced studies are required to understand and mark further modes of maker-material 
entanglements in collaborative creative making. 
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Abstract: Embodied Cognition theory asserts that the physical body, its environment, 
and the interplay between them hold a pivotal role in the process of embodied learning. 
In comparison to traditional and computer-based learning methods, Virtual Reality (VR) 
enhances embodied learning, primarily owing to its capacity to offer a sense of 
situatedness and engage learners through physical interactions. Furthermore, the 
incorporation of haptic sensations in VR-based learning introduces tactile sensory 
memory, complementing the existing auditory and visual sensory dimensions. Despite 
the evident advantages of VR in facilitating embodied learning, the current body of 
literature has yet to delve into the dynamic behaviors exhibited by learners within Virtual 
Reality Learning Environments (VRLEs) during embodied interactions, and their 
inherent relationship with the embodiment phenomenon. In this paper, we take a 
significant step by integrating the Interaction Behavioral Data (IBD) collection 
mechanism, a development from our previous work, into a VRLE. This integration is 
achieved by adopting a structured framework for embodied learning activities within a 
VR context. Through an empirical study involving 14 participants, we meticulously 
logged their interaction traces using the IBD logger. Subsequently, we effectively 
extracted the diverse embodied learning activities carried out by these participants 
within the VRLE, from the interaction trace data collected in the IBD logger. Our 
endeavor aims to establish meaningful connections between these embodied 
interaction activities and the overarching concept of embodiment. These correlations, 
once identified, will serve as invaluable insights for VR content developers, offering 
clear guidelines for the design and creation of VRLEs that optimally facilitate enhanced 
learning experiences. Ultimately, this knowledge transfer will not only empower 
instructors and learners to harness VR as a potent educational tool within their regular 
teaching and learning practices but also foster the seamless integration of VR into 
mainstream education. 

 
Keywords: Embodied Cognition, Embodied Learning, Virtual Reality, embodied 
interactions, haptic feedback 

 
 
1. Introduction 
 
In line with the principles of embodied cognition theory, cognition emerges from the dynamic 
interplay between the body and its surroundings, closely tied to sensorimotor engagement 
(Rambusch & Ziemke, 2005). Both the fusion of the body with the mind and the surrounding 
environment contribute to cognitive processes (Wilson, 2002). The practical application of the 
theory of embodied cognition seen in embodied learning underscores the incorporation of the 
body within educational practices (Georgiou & Ioannou, 2019). In the context of embodied 
learning, learners acquire knowledge not solely through conceptual comprehension, but also 
through bodily postures, gestures, and facial expressions (Foglia & Wilson, 2013). Embodied 
learning encompasses sensorimotor activities, where sensory inputs such as touch, vision, 
and hearing highly influence the learning process. The literature presents substantial evidence 
of brain activation in sensorimotor regions during cognitive tasks, underscoring the intertwined 
nature of cognition and bodily actions (Lindgren & Johnson-Glenberg, 2013). 
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The emergence and progression of Information and Communication Technology (ICT) 
have precipitated a swift evolution of technology-facilitated embodied learning within the realm 
of educational practice over the past decade (Georgiou & Ioannou, 2019). Among these 
technological advancements, Virtual Reality (VR) stands out as a particularly sophisticated 
tool that fosters embodied learning (Georgiou & Ioannou, 2019; Li et al., 2020; Chatain et al., 
2023). This article focuses on the utilization of VR and delves into its inherent attributes within 
the context of embodied learning. 

Within the domain of VR, users are immersed in a simulated three-dimensional 
environment from a first-person perspective, engaging with virtual objects in a manner akin to 
real-world interaction. This immersion is a key factor underpinning embodied learning in VR, 
encapsulated by the trio of qualities known as the 3Is - Immersion, Interaction, and 
Imagination (Zhang, 2017; Yang et al., 2019). 

 
 Immersion pertains to the VR system's capacity to envelop users within the virtual 

world to such an extent that their awareness of the external physical environment 
diminishes. 
 

 Interaction denotes the VR system's ability to provide immediate responses and 
feedback based on the user's actions within the simulated setting. 

 
 Imagination refers to the VR system's capability to induce the perception that the 

virtual environment is genuine, even if it does not exist in the tangible real world. 
 
Leveraging the immersive quality of VR, learners find themselves able to completely 

engage with and encounter the virtual environment through a first-person perspective, 
momentarily suspending the acknowledgment of their real physical surroundings. This 
phenomenon allows learners to grasp a sense of situatedness, an aspect seldom replicated 
consistently within conventional classroom setups (Li et al., 2020). Situatedness stands as a 
key factor in the realm of learning, a notion widely recognized (Fors et al., 2013). At the heart 
of situated learning lies the principle that a substantial portion of learning is intricately tied to 
the context in which it unfolds (Anderson et al., 1996). The tasks undertaken by learners within 
specific contexts, aimed at achieving particular objectives, serve as vessels for the 
transmission of situated cognition. Herein, the interactive facet of VR offers the opportunity for 
learners to execute tasks within fabricated scenarios within the virtual realm, utilizing bodily 
movements. As a result, VR effectively cultivates conditions conducive to situated learning, 
affording experiences that combine perception and action, thereby enriching the landscape of 
embodied learning (Li et al., 2020). 

While Virtual Reality (VR) contributes to the advancement of embodied learning 
through its immersive and interactive attributes, previous research has yet to explore the 
correlation between learners' action-oriented behaviors within Virtual Reality Learning 
Environments (VRLE) and the embodiment facilitated by VR technology. This is because, 
there were no effective mechanism to log data related to the behavior of the learners while 
doing activities in VRLE. To bridge this gap, we devised a mechanism known as Interaction 
Behavioral Data (IBD) logging, designed to capture learners' real-time interactions, along with 
timestamps (Prakash & Rajendran, 2022). This IBD logging mechanism was seamlessly 
incorporated into MaroonVR (Pirker et al., 2019), a Virtual Reality Learning Environment 
utilized for the acquisition of physics concepts (Prakash et al., 2023). In this paper, we aim to 
find the relationship between the dynamic behavior and the related embodied interaction 
activities extracted from the IBD logging mechanism and the embodiment. 

The paper is organized as follows: In Section 2, we delve into diverse categories of VR 
systems and their capacity to facilitate embodied learning. Additionally, this section challenges 
prevailing notions about interaction to foster an environment conducive to embodied learning. 
The IBD logging mechanism is detailed in Section 3, which also offers an in-depth explanation 
of the VRLE embedding the IBD logging mechanism. Section 4 provides a comprehensive 
portrayal of the framework underpinning embodied interaction activities. This section also 
enumerates the multimedia principles that have been integrated into the VR experience. 
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Moving to Section 5, we present the methodology of a study conducted with a cohort of 14 
participants. In Section 6, we present the results of the study highlighting the extracted 
embodied interaction activities logged via IBD. Section 7 encapsulates the article by 
summarizing the current research, delineating its limitations, and casting a glimpse into the 
potential avenues for future exploration. 

 
2. Literature Review and Background 
 
In this section, we first describe the different types of VR and the level of embodiment 
supported by them and then various interactions favored in VR for embodied learning.  

 
2.1 VR Device for Embodied Learning 
 
The level of embodiment facilitated by VR is contingent upon the extent of immersion and 
interaction characteristics (Li et al., 2020). Consequently, VR can be categorized as follows: 1. 
Non-immersive VR, and 2. Immersive VR (iVR) (Freina & Ott, 2015). 

Non-immersive VR involves viewing the virtual world on a desktop screen, promoting 
an allocentric viewpoint rather than an egocentric one. Hence, Immersion requires 
contextualization to compensate (Li et al., 2020). Furthermore, instead of physical bodily 
movements, interactions rely on keyboard and mouse controls (Li et al., 2020; Hamilton et al., 
2021), making non-immersive VR less effective for embodied learning. 

Within immersive Virtual Reality (iVR), users undergo spatial immersion through the 
aid of VR gears such as headsets and controllers. Accordingly, iVR can be further categorized 
into three distinct types: 1. Low-end VR (Freina & Ott, 2015; Radianti et al., 2020), 2. High-end 
VR (Freina & Ott, 2015; Radianti et al., 2020), and 3. Enhanced VR (Radianti et al., 2020). 

Low-end VR is mobile VR, using devices like Google Cardboard and Samsung Gear 
VR. Interaction involves keyboards, handheld Bluetooth controllers, and gaze controls 
(Radianti et al., 2020). It offers three degrees of freedom (3DOF) allowing head rotation in roll, 
pitch, and yaw (Freina & Ott, 2015). Whereas, in high-end VR, users engage with the virtual 
environment using HMDs and integrated Hand Held Controllers (HHCs). High-end VR 
systems enable users to perform actions such as walking, touching, grabbing, and dropping 
objects, conducted through HHCs. These high-end VR headsets offer six degrees of freedom 
(6DOF), incorporating additional translational movements like forward-backward (surge), 
left-right (sway), and up-down (heave) within the simulated virtual environments (Freina & Ott, 
2015). Devices like HTC Vive and Oculus Quest exemplify high-end VR technology. 

Enhanced VR combines HMD, HHC, data gloves, and bodysuits with haptic sensors, 
offering immersive touch experiences (Radianti et al., 2020). Research indicates that learning 
can be significantly enriched when the sense of touch is engaged in addition to visual stimuli, 
highlighting its relevance (Magana et al., 2017). For optimal embodied learning, 
haptic-enhanced VR is preferred over high-end and low-end options. However, VR systems 
equipped with such haptic devices can be notably expensive (Magana et al., 2017). To 
address this, we opted for a high-end VR setup that integrates HHCs with haptic capabilities, 
thereby providing tactile feedback during the VR experience. 

  
2.2 Interactions For Embodied Learning 
 
Embodied learning is supported by embodied interactions (Chatain et al., 2023). Within Virtual 
Reality (VR) learning environments designed to cultivate egocentric perception, interactions 
can manifest through visual, manual, or bodily means. However, certain VRLEs may not fully 
facilitate interactions. For instance, Sun et al. (2018) conducted a study using a virtual 
museum as a VR learning environment (VRLE). Learners navigated the environment with a 
first-person perspective and engaged physically with the virtual objects (Magana et al., 2017). 
Visual cues above objects directed attention to relevant information. Similarly, Sharma et al. 
(2018) created LearnDNA, a VRLE for understanding DNA concepts. LearnDNA allowed 
learners to explore a virtual DNA representation. However, both lacked interactions, leading to 
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limited hands-on experience. Although immersive, these environments lacked interaction, 
resulting in limited embodiment. 

Certain VRLEs with serious games as educational content blend heightened 
immersion and interaction. Sankaranarayanan et al. (2018) created an immersive simulation 
for healthcare training, involving extinguishing a fire in an operating room. Learners navigate 
around flammable objects, interacting through touch, grab, and drag actions. However, it's 
worth noting that there is no evidence of haptic feedback being utilized in this context. The 
absence of a haptic device detracts from the tactile sensations that would normally 
accompany interactions with various objects. Consequently, the absence of tactile feedback 
could potentially result in a diminished sense of embodiment within the immersive and 
interactive environment. 

Tactile engagement through hands-on activities holds a pivotal role in shaping 
cognition. Magana et al., (2017) explored hands-on learning of electricity and magnetism 
using visuohaptic simulation. Learners interacted with virtual electric charges through a haptic 
device, merging touch sensation while learning. Results showed no significant differences 
among visuohaptic, visual-only, and conventional groups in post-test scores. Although 
visuohaptic learning introduced embodied learning elements, the interactions were mediated 
by an external haptic device rather than being inherently tied to the learners' own bodily 
movements. Additionally, the portrayal of the virtual environment on a computer screen 
adopted an allocentric perspective, contributing to a diminished sense of embodiment. 
Considering our literature analysis, we selected a VRLE that promotes embodied interaction 
through auditory, visual, and tactile sensory channels to enrich embodied learning in VR. 
 
 
3. Virtual Reality Learning Environment (VRLE) 
 
We developed a comprehensive Interaction Behavioral Data (IBD) collection mechanism to 
capture interactions in the Virtual Reality Learning Environment (VRLE) (Prakash & 
Rajendran, 2022; Prakash et al., 2023). 
 

 
 

Figure 1. VRLE Scenes 
 

The Interaction Behavioral Data (IBD) collection was integrated into MaroonVR (Pirker 
et al., 2019), a VRLE focused on physics learning. We applied the IBD logging mechanism to 
scenes involving Faraday's law and a falling coil experiment, enhancing comprehension of 
electromagnetic induction—a phenomenon characterized by the induction of electromotive 
force (emf) within a coil when subjected to the magnetic influence of a moving magnet. We 
added VR interfaces (virtual buttons and sliders) for varying coil turns, coil diameters, coil 
resistance, and magnetic strength and toggle the graph plot between the voltage curve and 
current curve to enhance the interactive experience in the VRLE. A new scene placed learners 
in the magnet's perspective, inducing emf and plotting real-time data on a virtual graph based 
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on the whole physical body movement of the learners. The scenes present in the VRLE are 
shown in Figure 1. 
 
 
4. Embodied Learning Activities Framework in VR 

 
After reviewing the literature, we opted for the Oculus Quest 2 VR system developed by Meta. 
It offers heightened immersion with a 3D VRLE experienced through an HMD providing a 
first-person view and 6 DoF. Additionally, the integrated HHCs offer vibrotactile haptic 
feedback, alerting users in specific situations through vibrations. 
 

 
 

Figure 2. Representation of Framework for Embodied Learning Activities in VR 
(adopted from Chatain et al. (2023)) 

 
We adopted the embodied interaction design framework represented by Chatain et al. 

(2023) as shown in Figure 2. According to this framework, both physical and social contexts 
influence embodied interaction through the physical movements of the part of the body or 
whole body to interact with the virtual objects with the goal of meaning-making and ultimately 
learning. In the MaroonVR VRLE, the physical context such as the length of the cable used for 
tethering the HMD and the obstacles present in the real world make the learners teleport from 
one place to another by using the thumbstick present in the HHC rather than making any 
physical locomotory movements to navigate in the digital world. The social context such as the 
perception of various virtual objects (magnet and iron bar) present in the VRLE make the 
learners grab, drag, and drop using the grip button of HHC. Similarly, the virtual interfaces 
(buttons and sliders) present in the VRLE make the learners use the trigger button of HHC to 
manipulate the variables. The learners immersed in the VRLE extend their real physical hands 
(with HHC) to establish contact with the virtual objects and other interfaces (indicated by a 
color change) and interact with them constituting embodied interaction. The physical 
movement of the hands of the learners is represented by digital HHC (avatar) which the 
learners have to contextualize as their hands. The learners also move their physical heads to 
look at the plot (voltage or current) in the virtual graph, make meanings, and manipulate the 
parameters (coil turns, coil diameters, coil resistance, and magnetic strength) for the learning 
to occur. 

In tandem with the creation of the VRLE to cultivate enriched embodied interactions, 
the design also adeptly incorporated a selection of multimedia learning theory principles, 
further enhancing the potential for improved learning outcomes. Numerous studies exploring 
the learning impact within VR environments have yielded a blend of results (Hamilton et al., 
2021). This variance in outcomes might stem from the potential cognitive overload introduced 
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by the multifaceted nature of learning in VR. Therefore, the VRLE and its interactions were 
meticulously structured to align with multimedia learning principles, aimed at mitigating the 
effects of cognitive overload linked to intrinsic, extraneous, and germane cognitive loads. 
Several multimedia learning principles were deliberately woven into the design: 
 

1. The Pre-training Principle: This principle entailed the integration of a VR game named 
'First Touch,' which allowed learners to familiarize themselves with the VR system and 
the corresponding interaction controllers. 
 

2. The Self-pacing Principle: Learners were empowered to engage with the VRLE at their 
individualized pace, fostering a sense of self-guided progression. 

 
3. The Signaling Principle: The learners were provided with several cues during VR 

intervention. For instances, the HHC avatar present in the VRLE signals the spatial 
movement of the hands of the learners, the change in colour of the virtual objects to 
blue colour indicate that the particular object is being touched and ready for interaction, 
and the vibrotactile haptic feedback indicate that the emf is induced. 

 
Furthermore, the VRLE seamlessly incorporated the principle of temporal contiguity, 

ensuring that the aforementioned cues were temporally aligned signaling during the specific 
actions. The principles of spatial contiguity were equally applied, whereby textual information, 
including virtual object names and VR interfaces, were strategically co-located to their 
corresponding objects. This judicious amalgamation of multimedia learning principles into the 
VRLE's design is poised to optimize the learning experience, promoting comprehension and 
engagement while mitigating cognitive challenges associated with the immersive, 
multisensory nature of VR environments. 
 
 
5. Methodology 
 
The IBD collection mechanism was put into operation within the MaroonVR VRLE, and a study 
was executed involving a group of 14 undergraduate engineering students. As the 
phenomena of electromagnetic induction is very familiar among the electrical engineering 
students, all the participants invited belonged to non-electrical engineering to avoid bias 
occurring due to prior knowledge. Prior to the commencement of the Virtual Reality (VR) 
intervention, we gathered relevant data encompassing participants' self-efficacy, 
self-regulation, and their existing understanding of electromagnetic induction phenomena 
(pre-test). Subsequently, during the VR intervention phase, the developed data collection 
mechanism automatically recorded comprehensive behavioral data. Following the conclusion 
of the VR intervention, we proceeded to amass data concerning learning outcomes (post-test). 
 
 
6. Results and Discussion 
 
The impact of VR intervention has resulted in a significant increase in the normalized learning 
gain and the results are already published in one of the previous articles (Prakash et al., 
2023). Based on the mean value of the post-test scores the participants were categorized into 
high and low performers. Also, the embodied action events performed by the participants are 
extracted using the data logged in the IBD logger. An excerpt of the IBD data logger is 
depicted in Figure 3 for reference.  

The data extracted from the VRLE involved the utilization of specific columns from the 
IBD logger, including 'Controller Index', 'Button', 'Button Action', 'Objects', and 'Timestamp'. 
These columns facilitated the extraction of action events executed by the participants. The 
action events such as Navigation, Magnet Handling, Iron Bar Handling, Setting Coil Turns, 
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Setting Coil Diameter, Setting Magnetic Strength, Perspective Walking are extracted from the 
aforementioned IBD logger columns as shown in Table 1. 
 

 
 

Figure 3. An Excerpt of Interaction Behavioral Data Logger 
 

The 'Controller Index' in the IBD logger identifies whether the interaction occurs with 
the right HHC or left HHC. The time duration of a specific action event is indicated by the entry 
in the 'Timestamp' between the 'Pressed' and 'Released' states in the 'Button Action' field. 
These action events, outlined in Table 1, encompass a wide range of interactions initiated by 
learners through their physical movements. These interactions vary, from actions like Magnet 
Handling, Iron Bar Handling, Setting Coil Turns, Setting Coil Diameter, and Setting Magnetic 
Strength—performed using specific body parts—to the comprehensive bodily engagement 
required for Perspective Walking. Magnet Handling, Iron Bar Handling, Setting Coil Turns, 
Setting Coil Diameter, and Setting Magnetic Strength primarily contribute to the goal of 
inducing emf and are categorized under 'Interaction.' 
 
Table 1. Action Events extracted from the IBD logger 

Button Objects Action Event 

Grip 
Perspective Scene Perspective Walking 
Magnet Magnet Handling 
Iron Bar Iron Bar Handling 

Trigger 
2, 4, and 6 Turns  Setting Coil Turns 
2, 4, and 6 Diameter Setting Coil Diameter 
Magnetic Field Slider Setting Magnetic Strength 

Touchpad - Navigate 
 

Participants were categorized as high or low performers based on post-test scores 
(Prakash et al., 2023). Analysis revealed no significant differences in pre-test scores 
(Mann-Whiteney U = 16.5, p = .368) or VR intervention duration (Mann-Whiteney U = 13, p = 
.174) at p < .05 between the two groups. However, there was a significant disparity in post-test 
scores (Mann-Whiteney U = 0, p = .002) at p < .05. Therefore, the high performers' ability to 
comprehend electromagnetic induction was examined using their bodily interactions in the 
VRLE. The percentage of embodied action event duration (Interaction, Navigation, and 
Perspective Walking) was calculated as   for both high and low 
performers. Figure 4 displays a comparison of the duration of embodied action events 
(Interaction: Magnet Handling, Iron Bar Handling, Setting Coil Turns, Setting Coil Diameter, 
Setting Magnetic Strength), Navigation, and Perspective Walking between high and low 
performers. Mann-Whitney U tests found no significant differences in the percentage of 
Interaction duration (U = 15, p = 8), Navigation (U = 16, p = 8), or Perspective Walking (U = 
15.5, p = 8). Although Figure 4 indicates that high performers engaged in action events for a 
longer period, the no significance in the duration of embodied action events is likely due to the 
limited sample size. 
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Figure 4. Distribution of Duration of Embodied Action Events 

 
Interaction events like Magnet Handling and Iron Bar Handling involve tactile 

actions—touching, grabbing, dragging, and dropping virtual objects like magnets and iron bars 
in the VRLE. Meanwhile, events like Setting Coil Turns and Setting Coil Diameter entail 
adjusting coil parameters (number of turns, diameter, and resistance), and Setting Magnetic 
Strength focuses on modifying magnet field strength. To execute these actions (Magnet 
Handling, Iron Bar Handling, Setting Coil Turns, Setting Coil Diameter, and Setting Magnetic 
Strength), learners physically extend and manipulate their hands in the real world, activating 
corresponding events in the virtual environment. Perspective Walking, on the other hand, 
engages the entire body as learners physically walk to trigger the event. These actions 
enhance hands-on learning (Magana et al., 2017). The immersive VRLE experiences, 
combined with a first-person perspective, create a sense of situatedness. Additionally, 
vibrotactile feedback, triggered during emf generation, adds a tactile dimension. The interplay 
of bodily interactions in a highly situated environment, along with visual and tactile cues, 
results in embodiment during the conceptual learning of electromagnetic induction. 

Learners control the virtual magnet, grabbing and moving it within a coil to induce emf, 
displayed in real-time on the virtual graph in the VRLE. Two avatar controllers, serve as the 
representation of the learner's hands, and learners perceive and use them as their own hands. 
The VR interfaces such as VR buttons and VR sliders are used to change the parameters of 
the coil and magnet. The VR buttons are pressed by the avatar touching by extending the 
physical hand and activating the trigger button of HHC. The VR sliders are operated by sliding 
movement of the physical hand after it is touched by the avatar. In addition, magnetic field 
lines with arrowheads are visible, originating from the magnet's north pole and extending 
toward the south pole. The magnetic field lines adapt dynamically as learners move the 
magnet. When learners move their hand (holding the virtual magnet) and observe the virtual 
graph for changes in induced emf, learning occurs through the sequence of Context => 
Interaction => Bodily Action => Learning (Figure 2). By extending their actual hand to make 
the avatar touch the virtual magnet (indicated by the magnet turning blue), grabbing it, and 
moving it in and out of the coil, learners experience vibrotactile haptic feedback in their hand, 
signifying that emf has been induced in the coil due to the magnet's movement (or hand 
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movement). Consequently, learning in this scenario follows the path of Context => Interaction 
=> Bodily Action => Interaction => Meaning Making => Learning (Figure 2). Thus the objects 
within the VRLE create a physical context that facilitates interactions aligned with bodily 
actions, fostering learning as illustrated in the framework shown in Figure 2. 

  
 
7. Conclusion 
 
We determined that embodied learning within the VRLE is facilitated through the engagement 
of embodied interaction activities. However, a deficiency exists within the current literature 
concerning the connection between embodied learning and these interaction activities, 
primarily due to the absence of an effective mechanism for logging such interactions. 
Consequently, we endeavored to devise an IBD mechanism capable of comprehensively 
recording all interaction traces, complete with timestamps. This data logging mechanism was 
seamlessly integrated into a VRLE, guided by the framework established for embodied 
interaction activities within a virtual environment. Furthermore, we successfully retrieved the 
embodied interaction activities executed by 14 participants, meticulously extracted from the 
interaction traces following VR intervention. Although, there was no significant difference in 
the duration of embodied action events, it was higher for the high performers. Our ongoing 
efforts will extend to extracting temporal and spatial attributes related to these activities, 
subsequently delving into the exploration of their interrelationship with embodied learning. 

The implemented IBD logger has effectively captured bodily interactions, yet it has not 
encompassed visual interactions mediated through participants' gaze (noticing the virtual 
graph). Consequently, there is a necessity to incorporate provisions within the IBD logger to 
record virtual objects viewed by learners. Such an enhancement would facilitate the 
acquisition of more comprehensive embodiment data, enriching the analytical capacity. While 
the experiment successfully extracted action events stemming from learners' bodily actions, 
it's important to acknowledge certain limitations. The experiment was conducted with a 
relatively modest sample size, comprising only 14 participants. Additionally, the VRLE's 
instructional content centered around the physics concept of electromagnetic induction. 
Consequently, establishing the generalizability of any assertions derived from this study would 
necessitate further experimentation with larger and more diverse participant groups, 
encompassing a broader spectrum of subject matter. 

In our forthcoming endeavors, we are poised to delve into a comprehensive analysis of 
the interplay between the extracted action events and the measured learning outcomes. Given 
that the action events are a direct outcome of interactions driven by bodily actions, this 
correlation analysis will effectively elucidate the intricate connection between embodiment and 
the resulting learning outcomes. This investigation into embodied action events will be 
instrumental in the development of a learner model tailored for optimizing performance, with 
the added capability of early prediction of learning outcomes based on learners' dynamic 
bodily interactions. The insights gleaned from these analyses carry significant implications for 
multiple stakeholders. Notably, they will offer valuable guidance to VRLE content developers, 
instructors, and learners alike, facilitating the effective integration of VR-based learning and 
teaching within classroom settings. As we venture into this exploration, we anticipate enriching 
the understanding of how embodied actions shape learning outcomes, thereby enhancing the 
overall effectiveness of VR-enabled educational experiences. 
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Task： Output the larger value between variables a and b.
Exp. a=3,b=5 5

Program

Executed results
3

Expected results (correct)
5

Executing
(1) Observing 
executed results

(2) Recognizing the difference 
between the expected results 
and the actual results

(3) Reflecting and 
fixing the program

1 a = 3,b = 5
2 ans = 0
3 if a < b:
4 ans = a
5 else:
6 ans = b
7 print(ans)

Regular programming learning

Results of debug
4: ans = 3

Expected debugging results
6: ans = 5

Generating 
with debugger

(1)’ Observing the process of 
execution and local results

(2)’ Recognizing differences 
from expected results

Program

Executed results
3

Expected results (correct)
5

Executing

(1)

(2)

(3)

1 a = 3,b = 5
2 ans = 0
3 if a < b:
4 ans = a
5 else:
6 ans = b
7 print(ans)

Advanced programming learning with debugger
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(I)

(II)

(III)

(IV)
Program

Program

Reset Register Log out
Log outExercise

Title

Program

Register

What is value of i?

variable summary

learner’s situation

correct situation

variable summary

standard output

standard output

P
End of program execution

End of program execution

selection history
return
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Abstract: It is important for learners to understand the relationship between 
mathematical problems and their answers to those problems. One way for learners to 
recognize the significance of their answers method for a problem is through trial and 
error. However, in ordinary mathematics learning, the correct answer is generally fed 
back from the textbook or teacher after the problem is attempted, which does not give 
learners an opportunity to reflect on their answers. So far, we have developed a system 
that encourages trial and error by visualizing the learner's answer for the mathematics 
of vectors and having them interact with it. However, there was a possibility that some 
learners would only look at the visualized figures to determine correctness and would 
not reflect on the errors they were making. In this study, we proposed and developed 
a system that requires learners to interact with figures on the system side, thereby 
promoting greater understanding of the relationship between mathematical problems 
and their answers. 

 
Keywords: high-school mathematics, mathematics of vectors, error visualization 

 
1. Introduction 
 
It is important for learners to understand the relationship between mathematical problems 
and their answers to those problems (Hayashi et al., 2021; Enomoto et al., 2018; Yang et al., 
2014). Trial and error is one way for learners to recognize the significance of their answers 
method for the problems. However, in typical learning facilitated by textbooks and classroom 
teaching, if a learner gives an incorrect answer, they are then simply given (e.g., by the 
teacher or textbook) the correct answer and its explanation, and there is little adaptive 
feedback for the learner's specific error (Yang et al., 2012). If the instructor gives only correct 
answers and their explanations, the learner may become a "passive learner" who simply 
accepts the correct answers implicitly. This reduces the likelihood that they will reflect on 
their errors, and may encourage them to try to memorize the correct answers presented to 
them without understand how or why an error was made. Therefore, it is important to provide 
learners with an environment in which they can proactively reflect on their incorrect answers 
through trial and error. 

To encourage learners to perform trial and error, it is necessary to provide them with 
information that will serve as clues to the correct answer, rather than just giving them the 
correct answer. However, just having them focus on the wrong part and giving them clues to 
the correct answer may make them correct what is wrong and how it is wrong, but it may not 
make them reflect on why it is wrong. 

Hirashima et al. (2002) proposed the framework of error-based simulation (EBS) to 
enable error visualization. This presents the learner with an opportunity to notice the error in 
their answer by themselves, which in turn is expected to encourage them to reflect on why it 
is wrong and to engage in the trial-and-error process. Hirashima et al. developed EBS 
mainly for dynamics (Horiguchi et al., 2002; Hirashima et al., 1998), and verified its 
effectiveness through many classroom practice sessions (Hirashima et al., 2009; Horiguchi 
et al., 2014). In addition Kurokawa et al. (2018a; 2018b) developed and evaluated a system 
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that encourages learners to perform trial and error by visualizing errors in loci in 
mathematics. 

However, conventional dynamics EBS also does not guarantee that the learner will 
observe the strange behavior that is visualized. If they only check whether their answer is 
correct or incorrect, and do not fully reflect on their answer, then learning becomes passive. 
Not reflecting on the relationship between their answers and the visualized behaviors in the 
figures may result in learners not understanding why their answers are wrong. 

Therefore, in this study, we propose a method that explicitly requires the learner to 
manipulate the figures, with the aim that they will become aware of how their answers relate 
to those figures. This method is expected to enable learners to "proactively" discover "why 
their answers are wrong" through operation of figures, rather than just passively accepting 
correct or incorrect answers. Since the activity itself is required by the system, we refer to it 
as "semi-active" in this study. 
 
2. Error Visualization in Mathematics 
 
2.1 Learning support targeting STEM education 
 
There have been various studies on STEM education. Sengupta et al. (2018) took a 
discursive, perspectival, material, and embodied phenomenological approach to coding and 
computational thinking, rather than viewing it as the acquisition of computational logic and 
symbolic forms. Yang et al. (2012; 2014) supported learning in one-to-one classrooms using 
variation-based discovery learning and facilitating drawing representations, math 
representations, and answers explanations through peer instruction among students. 
Mehanovic et al. (2012) designed and investigated interactive learning environments to 
support mathematics learning, based on the claim that technological tools appropriately 
integrated into mathematical tasks can support understanding of a wide range of 
mathematical concepts. Slater et al. (2018) addressed the gap by investigating how 
motivational constructs manifest within online learning systems, measures of mathematical 
identity (self-concept, values, and interest in mathematics), and correlating them with 
behavior and performance within Reasoning Mind's Elementary Mathematics Foundations 
system. Wong et al. (2017) reviewed multiple aspects of the structure of motivation in 
mathematics learning in a technology enhanced learning (TEL) environment, not limited to a 
single motivational theory. Junus. (2018) investigated students' mathematical 
misconceptions using concept maps and discussion records regarding inner product spaces. 
Ya-Jing et al. (2017) investigated the impact of a collaborative peer evaluation system using 
concept maps on learning effectiveness in programming education. Nakamoto et al. (2021) 
generated a model using self-explanation and penstroke data to identify the causes of 
students' stuckness. Enomoto et al. (2018) developed and experimented with a learning 
support system for problem-posing exercises to promote the interpretation of relationships 
among mathematical formulas. Hayashi et al. (2021) proposed a practice of conversion 
between verbal, mathematical, and graphical representations for addition-subtraction 
sentence problems (Hayashi, Y., 2021). 

Thus, learning support in STEM education is highly important, especially in the area 
of mathematics. In particular, how to provide feedback on math problems is an important 
consideration. An approach to make learners recognize their own misunderstandings and 
correct their errors is called "error visualization". Error visualization is a method of making 
errors visible by converting the learner's answers to other media. Error visualization 
encourages learners to correct their knowledge by making them aware of their own 
misunderstandings, thus enabling them to correct their own errors with a certain level of 
motivation. In this error visualization, the error visualization of dynamics is well known. It 
visualizes errors by transforming the learner's force inputs into phenomena. Therefore, this 
study examines the adaptation of error visualization in the mathematical domain. In 
particular, we consider the transformation of representations in mathematics to be important 
for error visualization. 
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2.2 Error visualization for linear algebra 
 
As mentioned above, Kurokawa et al. (2018a; 2018b) developed and evaluated a system 
that encourages learners to perform trial-and-error by visualizing errors loci in mathematics. 
They focused on two of the five mathematical representations identified by Nakahara 
(Nakahara., 1995), namely, symbolic representations, which are representations of 
mathematical expressions often used in mathematics learning, and graphic representations, 
which are representations of figures and graphs. They developed a mathematical expression 
conversion system that encourages trial-and-error by changing the symbolic expression 
(mathematical equations) or graphic expression (graphs) that were given by learners into 
other expressions, thereby visualizing errors. 

However, unlike in dynamics, the domain of mathematics is not concerned with 
phenomena, but with figures Unlike phenomena, there is no motion, and therefore it is 
usually impossible to generate behavior. EBS of dynamics, events are visualized as 
behaviors in situations such as "a block is pushed and sinks to the floor". However, the 
mathematical domain is composed of abstract concepts and operations, which must be 
independent of situations, and therefore cannot be visualized as in conventional EBS of 
dynamics Unlike in dynamics, the domain of mathematics is not concerned with phenomena, 
but with figures Unlike phenomena, there is no motion, and therefore it is usually impossible 
to generate behavior. EBS of dynamics, events are visualized as behaviors in situations 
such as "a block is pushed and sinks to the floor". However, the mathematical domain is 
composed of abstract concepts and operations, which must be independent of situations, 
and therefore cannot be visualized as in conventional EBS of dynamics. which made it more 
difficult to suggest errors to learners. which made it more difficult to suggest errors to 
learners. Their so-called mathematical representation transformation system visualizes 
graphs (graphic representations) according to mathematical rules called "constraints" that 
exist in the mathematical equations (symbolic representations) constructed by the learner, 
while at the same time suggesting errors to the learner by allowing operation of figures within 
the constraints that exist in the mathematical equations constructed by the learner. 

As an example, suppose the correct answer to a question is “point P moves on y = 
2x + 3,” but the learner's answer is “point P moves on y = -2x + 3.” When visualizing the 
correct answer, point P will move along the graph generated by the correct equation, but 
point P as determined by the learner's answer will move along the different graph -2x + 3. 
The range of motion of a point P on the graph of the system varies depending on the 
equation. The learner can check the range of movement by actually moving it on the system. 
Thus, by adjusting point P on the generated graph, the learner can confirm that the behavior 
of point P in the graph operating the correct answer differs from the behavior of point P in the 
graph operating their own answer. By showing the learner this difference in behavior through 
operation, the system helps them to recognize their error, and we expect the learner to 
engage in trial and error. 
 
2.3 Error Visualization for the mathematics of vectors 
 
We have previously developed a learning support system based on work by Kurokawa et al. 
(2018a; 2018c), using error visualization for mathematics of vectors and verified its learning 
effectiveness (Jumonji et al., 2022). In that study, we succeeded in visualizing errors by 
converting the direction, which is a characteristic of vectors, into a figure as an arrow.  

However, as stated previously, since vectors involve only direction and magnitude, it 
is often not possible to uniquely plot a vector on a figure. For example, the component vector 
a=(3,4) is a vector with a magnitude and direction of 3 on the x-axis and 4 on the y-axis, but 
when placing it on a graph, it cannot be plotted uniquely because it has no restriction on the 
coordinate at which it is placed and can be placed at the origin O or at any other coordinate. 
However, it is important to understand that in the relation AB=AC+CB, the three vectors can 
be arranged in a triangular shape. Therefore, it is important to think about how to place the 
vectors that cannot be uniquely placed, making it more important for the learner to be able to 
"operate" them themselves. First, the system presents a problem statement and a figure that 
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is visualized when the correct answer. The learner observes the presented items and 
constructs an equation that he or she thinks is correct. The system visualizes the figure 
based on the equation constructed by the learner. Learners The learning support systems 
developed by the authors to date have shown a certain level of learning effectiveness. 

Although the methods of Kurokawa et al. and our previous study allow learners to 
manipulate figures, those systems only present the figures that represent the answers 
(mathematical formulas) constructed by the learners, and learners are not required to 
actually perform the operations. Therefore, although we were able to visualize and present 
the learner's answer as a figure to the learner, the reflection of the answer using the 
operation was learner dependent. By giving the learner feedback on the correctness of their 
answer only, the student may simply accept the feedback and not fully reflect on their own 
answers, and thus learning becomes passive. If the learner does not fully recognize the 
relationship between their own answers and the visualized behaviors and figures, they may 
not understand why their answers are wrong. It is therefore important to make the learner 
aware of this relationship by providing specific interactions that highlight how their answers 
are incorrect. This problem has been discussed in past studies on error visualization. Free 
descriptions and concept maps were proposed as methods for making learners aware of 
how their answers relate to the visualized behaviors, and not understanding this will prevent 
them from fully reflecting on their errors. We hope to overcome this difficulty with the activity 
proposed in this paper, which we will elaborate upon in the next section. 
 
3. Methodology 
 
As stated previously, we are proposing a system that requires learners to explicitly 
manipulate figures, thereby allowing them to perform semi-active learning activities.  

The operations required in our method are designed based on the model that is to be 
learned in the learning activity. For example, if we want the learner to understand a 
relationship like "in a vector addition-subtraction formula, a triangle can be drawn using the 
group of vectors composed by the formula," then the operation must be able to draw such a 
triangle. When the learner makes an error, the incorrect response is visualized in a strange 
figure. The learner then superimposes components from their answer onto those for the 
correct answer. In the vector addition/subtraction example, the learner visualizes each of the 
terms in the equation for their answers as a vector, then draws the triangles that are possible 
from that equation. By superimposing these onto the triangle associated with the correct 
answer, the learner verifies that their answer is incorrect. This then encourages them to 
proactively reflect on their answers. 

Although we focus only on vector addition in this study, we expect that this method 
will be generally applicable regardless of field. Previous studies have left it up to the learner 
whether to interact with the figures, but our system requires it as part of the problem solving 
process, thereby promoting trial and error. 

Operation index were presented to the learner as explicit demands for manipulating 
the figure. These index represent the goals to achieve by manipulating the figure, and it is 
left to them to experiment with the figure and deduce how to achieve them. This requires the 
learner to be proactive and encourages them to independently discover why their answer is 
wrong. 

An operation index is presented in the form of a model of a certain activity that 
represents what is required for solving a given problem. In the addition and subtraction of 
vectors, which is the subject of the present study, a triangle can be formed from vectors on 
both sides of a given expression. As an example, suppose that we are given a regular 
pentagon ABCDE and are told to find XX for AC = XX + XX using point B. If the correct 
answer to this problem is AC = AB + BC, then a triangle can be formed from the vector AC 
on the left and the two vectors AB and BC on the right, as shown in Figure 1. The operation 
index for this problem would be the triangle consisting of these three vectors. By 
manipulating the visualized vectors in such a way that they fit into this triangle, the learner 
can learn the rule that the visualized vectors form triangles via the addition and subtraction 
of the vectors. 
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Figure 1. The operation index for vector addition.

Furthermore, if the learner gives an incorrect answer, then it will not be possible for 
them to form a triangle that matches the operation index associated with the correct answer. 
For instance, assume the learner incorrectly answers AC = AB + CB, then the resulting 
visualization and operation index will be shown as in Figure 2. It is possible to form this 
triangle using AC, AB, and CB by manipulating the visualized vectors (upper portion of 
Figure 2), but it is not possible form the triangle using AC, AB, and BC (lower portion of 
Figure 2). Trying to reproduce the operation index makes the learner aware of the errors in 
their answer and helps with knowledge retention.

Figure 2. Operation index in vector addition for an erroneous answer.

4. Development Systems

Figure 3 shows a screenshot of what is actually displayed by the system. The target range of 
this system is vector composition in mathematics. This allows the system to request explicit 
operation from the learner as a presentation of the operation index, since the model to be 
presented as the operation index is fixed to one model. It first provides the learner with a 
problem statement and asks them to find its answer. In previous learning support systems, 
the figure associated with the correct answer was presented at the same time. In contrast, 
the present system gives the triangle corresponding to the correct answer as an operation 
index. Once a learner inputs an answer, the system presents a visualization of their answer 
along with the operation index for the correct answer.
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Figure 3. Screen output from the proposed system.

In the example shown in Figure 3, the learner presented with a regular pentagon 
ABCDE and asked to determine XX for AC = XX + XX using point B. Then, the triangles 
formed by the vectors AC, AB, and BC, which are generated when the correct answer in this 
question is AC = AB + BC, are presented as the operation index for the correct answer. We 
believe that the learner's search space can be expanded more with this system than with 
conventional learning support systems, which provide feedback based on the correct figure 
only. 

The learner constructs the correct answer by looking at the question text and the 
operation index, then using a combo box from the answer input form at the bottom of the 
screen (Figure 3). The system visualizes errors by converting the learner's answers 
(mathematical expressions) into vectors (figures) (left portion of Figure 4). At the same time, 
the system also presents the triangles that can be formed by the vectors in the learner's 
answer as operation index (right portion of Figure 4).

Figure 4. The learner’s operation index (correct answers).

Figures 4 and 5 show the operation index presented when the learner answers the 
question in Figure 3. Figure 4 shows the operation index for the correct answer, AC = AB + 
BC, while Figure 5 shows the one for the incorrect answer, AC = AB + CB. These 
visualizations make the difference between the correct answer and the learner's answer 
clear.

Figure 6 shows how the system specifies the vectors and allows the learner to select 
and manipulate them. This necessitates that the learner think more deeply about the 
individual vectors they are manipulating.
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Figure 5. The learner’s operation index (error).

Figure 6. Vector selection.

The learner is then asked to use the vectors to reproduce the operation index from 
their answer and the correct answer, an example of which is shown in Figure 7. We believe 
that this allows the learner to recognize the relationship between their answer given as a 
mathematical formula and the graphical representation. The learner will not be able to 
reproduce the operation index for the correct answer if their answer is incorrect (Figure 8). 
This process allows the learner to proactively discover why their answer is wrong and to 
reflect on it. Moreover, since the learner can only move on to the next answer by forming a 
triangle, we expect this to solve the problem found in conventional learning support systems 
in which the learner neither checks the visualization of the error nor reflects on it.

Figure 7. Output after vector manipulation (correct answer).
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Figure 8. Output after vector manipulation (error).

5. Conclusion

In conventional learning such as learning from textbooks or classroom teaching, even if a 
learner gives an incorrect answer, they are often given only the correct answer and the 
corresponding explanation, and there is little adaptive feedback for the learner's specific 
error. This runs the risk of the learner will becoming a passive learner who only implicitly 
accepts correct answers, and the activity may encourage the learner to simply try to 
memorize correct answers without fully reflecting on their own wrong answers. Therefore, it 
is important to create an environment in which learners can reflect and fully consider why 
their answers were incorrect.

In the previously developed learning support system, errors were visualized by 
converting learners' answers into graphs. This provided an environment that allowed 
learners to think consider where they made mistakes and encouraged trial-and-error 
engagement.

However, in these systems, learners were only presented with figures, and the 
system did not require that they reflect on their own answers from the presented figures. If a 
learner only checks the given feedback on whether their answers are correct and does not 
fully reflect on their own answers, there was a risk of passive learning. In such a case, the 
learner may not understand why their answer was wrong, and they are likely to make the 
same mistake in similar problems.

In order for learners to fully reflect on their own answers, they need to recognize the 
relationship between their answers and the visualized figures. Therefore, it is important to 
provide specific activities that require learners to recognize the relationship between their 
answers and the figures.

In this paper, we proposed a learning support system for vector addition that requires 
learners to manipulate figures explicitly, thus encouraging them to perform semi-active 
learning activities. By explicitly requesting operation of figures from the system, learners can 
independently discover why their answers are wrong through the operation of figures and 
can reflect on their own answers.

In the proposed system, errors are first visualized by converting the learner's input 
answers into figures. Then, a triangle is formed according to the learner's answer and is 
presented to the learner as an operation index. This operation index is a model of the rules 
governing the problem given to the learner, and it is a criterion for how to perform the 
operation. In the addition of vectors, there is a rule that a triangle can be formed from the 
subtraction formula on the right-hand side and the vector on the left-hand side, so a triangle 
is presented as an operation index.

The learner manipulates the vectors generated by the system by dragging them and 
places them to form the triangle that represents the learner's answer, presented as the 
operation index, through trial and error. We believe that this allows the learner to recognize 
the relationship between their answers and the graph.

Next, the triangle formed by the correct answer is presented as an operation index. If 
the learner's answer is incorrect, when the vectors generated by the learner’s answer are 
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superimposed on the triangle formed by the correct answer, the correct triangle is cannot 
replicated. This can help the learner to proactively discover why their answer is wrong 
through the operation of the figure, and to reflect on it.  

We believe that this method is a new way to make learners aware of the relationship 
between their own answers and strange phenomena, which has been discussed in the field 
of error visualization. 

As a task for future work, we will conduct evaluation experiments to verify the 
learning effectiveness of this system. We will also explore the extent to which the method of 
presenting operation index can be applied. 
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Abstract: In response to the growing need for frequent, high-quality assessments in
the expanding field of online learning and the significant time burden their manual
creation places on educators, this study proposes Focal, an end-to-end assessment
generation pipeline. Focal employs large language models, notably Text-to-Text
Transfer Transformers, fine-trained on diverse learning materials, to generate and
evaluate pedagogically sound questions and their corresponding answers. The Focal
pipeline is designed to integrate with Learning Management Systems, providing
educators an automated means of creating assessments that align with their
curriculum. This not only eases the task of creating and evaluating assessments but
also frees educators to focus on other crucial responsibilities. The system is domain
agnostic and its efficacy is continually improved by training and evaluating it using
data from multiple subject areas. By automating the traditionally labor-intensive
process of assessment production, Focal aims to increase efficiency in online
education and enhance the learning experience for students.

Keywords: Question Generation, Assessment Generation, Large Language Models

1. Introduction

Frequent assessments bolster long-term retention and conceptual understanding, acting as
“memory modifiers” (Bjork, 1975) aiding learners to apply information in novel situations
(Storm et al., 2010, Kornell et al., 2009). This process enhances recall, cultivates adaptive
expertise (Baroody, 2013, Chi et al., 1982), and promotes cognitive flexibility in procedural
domains like mathematics (Hiebert and Lefevre, 1986, Salomon and Perkins, 1989).

Given assessments’ critical role, educators invest considerable effort in crafting
questions reinforcing course concepts (Zhao et al., 2005). However, curating a substantial
question bank that caters to students of varied skill levels poses a considerable challenge—it
is a time-consuming and labor-intensive process (Nguyen et al., 2022). Moreover, providing
quality feedback, crucial to augment students’ learning experiences, further compounds this
burden on educators.
Addressing these challenges necessitates a novel approach, leading us to propose
Focal—an innovative, end-to-end assessment generation pipeline. Designed to automate
the process of creating educational assessments, Focal is built upon the principles of the
Knowledge-Learning-Instruction (KLI) framework (Koedinger et al., 2012). This framework
guides a systematic approach to educational practice, prompting detailed analyses of the
knowledge students acquire in courses. Consequently, Focal auto-generates questions and
answers based on provided curricula across various subject domains, thus embodying
instructional principles with a high potential for generality and skill tracking.

The core of Focal lies in its machine learning pipeline that ingests texts from learning
materials, generating pedagogically sound and logically coherent questions and answers
that align with the curriculum. It further evaluates their quality to ensure the assessments are
academically rigorous. Leveraging large language models (LLMs) and data from multiple
subjects, Focal continually enhances its domain-agnostic capabilities, which helps maintain
the relevance and quality of the assessments it generates.
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Focal’s integration into Learning Management Systems (LMS) not only alleviates the
burden on educators but also democratizes access to high-quality assessments. These
assessments, drawn from expert-curated curricula, are accessible to all learners, regardless
of their socio-economic background. By effectively addressing scalability and quality issues
inherent in assessments, Focal positions itself as a promising solution in the dynamic
landscape of online education, propelling it towards new horizons of inclusivity and efficacy.

2. Related Work

The proliferation of LLMs significantly shapes the landscape of Natural Language
Processing (NLP) and Question Generation (QG). These transformer-based
encoder-decoder models have demonstrated efficiency in general QG (Xue et al., 2020, Yu
et al., 2021) and in educational settings as well (Grover et al., 2017) significantly propelled
by neural transformer-based methods and the BERT model (Vaswani et al., 2021).

In addressing the challenges initially faced by BERT in token generation (Lopez et
al., 2020) advanced the robustness of QG by fine-tuning a pre-trained language model.
Efforts have also been made to refine the relevance of the generated questions by
incorporating common sense and domain knowledge into the QG process (Jia et al., 2021,
Wang et al., 2020) and developing an attention-based sequence-to-sequence model that
integrates target answer information (Liu, 2020).

Significant progress has been made towards automating the generation of
educational questions, with models such as GPT-2 successfully generating mathematical
word problems of varying difficulty (Cheng et al., 2021) and others producing questions
reflective of realistic scenarios (Liu et al., 2022). Recently, researchers employed GPT-3 to
create EduQuiz, an end-to-end educational quiz generator (Dijkstra et al., 2022). Despite
certain limitations, including language specificity, domain specificity, and higher costs for
fine-tuned models, EduQuiz generated reasonably high-quality quizzes. High-quality
distractor generation, however, remains a challenge. The authors envisage potential for
improvement and suggest integrating human input in future iterations to enhance the quality
of generated quizzes.

QG’s evaluation remains a formidable challenge, necessitating a blend of automated
assessments using machine learning models and human evaluations (Kurdi et al., 2020).
Automated assessment strategies often rely on metrics such as BLEU and ROGUE
(Novikova et al., 2017). However, these approaches face scrutiny due to concerns
surrounding their interpretability and weak correlation with human evaluations (Van Der Lee
et al., 2019). In contrast, human evaluators examine factors like grammatical correctness,
fluency of language, relevance to the topic, and the naturalness of the language employed in
the questions (Amidei et al., 2018, Chen et al., 2018, Ruseti et al., 2018)

An additional measure of evaluation involves ensuring that the generated questions
correspond with “ground truth” data or expert-crafted reference questions (Sai et al., 2022).
This aspect becomes even more crucial in the realm of educational QG, where the
assessments are expected to be a mirror reflection of the learning material’s target skills.
The creators of MOOCCubeX introduced an automated solution to address this concern,
pioneering the path for adaptive learning research and concept-centric data organization (Yu
et al., 2021).

Against this backdrop, the Focal pipeline emerged as a testament to the success of
LLMs, further propelled by findings that key concept extraction could boost their usefulness
(Yu et al., 2021, Stamper et al., 2023). Recent work (Nguyen et al., 2022) has established
the potential of LLMs in generating questions that are not only coherent but also
pedagogically beneficial. Our work builds upon this foundation, aspiring to optimize the Focal
pipeline end-to-end, expand Focal’s domain-agnostic capabilities, and refine the grading
metrics for questions.
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3. Methodology

3.1 Data

In our initial Focal pipeline testing, we used text data from a graduate-level data science
course - Foundations of Computational Data Science (FCDS) and an undergraduate-level
chemistry course, existing in XML format. The course content has hierarchical levels: Units,
Modules, and Topics. We prepended these hierarchy titles to the course text based on the
proven value of such an approach in QG (Nguyen et al., 2022). This is done for each
hierarchy level, as illustrated in 1. For instance, the unit title gets concatenated with the text
content before being fed into the QG model.

Figure 1. Graphical depiction of data pre-pending process demonstrated to be valuable in
generating high quality questions.

Aside from course content, Focal employs the SQuAD 1.1 dataset for pre-training the
QG model; this dataset comprises over 100,000 comprehension questions based on
Wikipedia articles (Rajpurkar et al., 2016). This method improves the logic of generated
questions (Nguyen et al., 2022). Further, the LearningQ dataset, with 230,000
document-question pairs and 7000 educator-crafted queries on assorted educational
subjects (Chen et al., 2021), refines our evaluator model, enhancing the pipeline’s accuracy
in judging the logic of auto-generated questions.

3.2 Model Design

Figure 2 delineates Focal’s QG Workflow. Initiated with Data Extraction and Pre-processing,
the pipeline processes XML input data using BeautifulSoup to scrape and cleanse, including
punctuation and stop word removal. It prepares the data for subsequent stages, including a
crucial pre-pending phase that extracts headings, keywords, and main text from each
section of course material. Post-preprocessing, the data splits, directing to the Concept
Hierarchy Extraction and Question and Answer Generation stages.

The subsequent Concept Hierarchy Extraction, a vital part of the Focal pipeline,
encompasses key concept creation and extraction. This stage relies on prior research
showing LLMs’ improved question generation ability with these key concepts (Stamper et al.,
2023). We leverage the MOOCCubeX pipeline for this extraction, a platform rich in
educational content and associated concept maps (Yu et al., 2021). It also filters invalid
concepts like prepositions, indexing numbers, and generic verbs, currently needing a domain
expert. As part of our long-term goals, we aim to develop a self-sufficient system capable of
conducting this filtering process independently.

After Concept Hierarchy Extraction, the pipeline enters the Question and Answer
Generation phase, creating multiple-choice and short-answer questions. This phase employs
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a T5 transformer-based encoder-decoder model, fine-tuned based on prepending headings
to the text (Raffel et al., 2020). The T5 model’s current fine-tuning relies on the SQuAD 1.1
dataset (Rajpurkar et al., 2016), with potential for future adjustment. Crucially, it generates
distractors for multiple-choice questions and extracts the correct answers via a dependency
parse tree in a rule-based approach.

Figure 2. Complete Focal QG workflow diagram.

The final step before involving students is the Evaluation of Generated Questions and
Answers. Here, three primary methods are used to evaluate the generated questions in
terms of logical and pedagogical soundness: information score, GPT-3 model classification,
and human expert evaluation. The information score is a custom metric designed to evaluate
each question’s relevance within the context of the identified key concepts from the Concept
Hierarchy Extraction phase. By analyzing the overlap between tokens in a question and the
extracted key concept tokens from the course text, the information score provides a robust
assessment of question quality, while normalizing for question length ensures fairness
across all questions.

To assess question soundness, we utilize an information score and a GPT-3 model
fine-tuned on the LearningQ dataset (Chen et al., 2018). Domain experts also evaluate
question soundness, but with the information score’s refinement, their involvement might
become unnecessary.

Once questions are generated and evaluated, the Focal pipeline integrates student
responses. Student answers are assessed for correctness using cosine similarity or exact
matching, depending on the question type. For short-answer questions, a vector is
generated from the input text using bag-of-words or TF-IDF methods, and its cosine
similarity to the model-generated answer vector is measured using Equation 2. In this
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equation, A denotes the original answer, S represents the student’s response, and D is the
dot product of the two.

For numerical, Yes/No, or multiple-choice type questions, we employ an exact
matching approach between the student’s response and the model-generated answer to
determine the correctness of the student’s answer as illustrated in figure 3.

Figure 3. User Answer Evaluation Workflow.

4. Initial Results

4.1 Question Generation

In order to evaluate the quality of several QG models, we generated questions for both the
data science course and chemistry course using four different LLMs: bert2BERT, GPT-2,
BART, and T5 (Chen et al., 2021, Radford et al., 2018, Xue et al., 2020). Table 1 provides
examples of questions generated by Focal; additional examples can be found on Github1.

Table 1. Examples of questions generated for a paragraph of text content.

Unit Module Generated Question

Analytic Algorithms and
Model Building 

Data Science Patterns What is the difference between an
observed value and the fitted value given
by a model?

Data Gathering and 
Wrangling 

Data Wrangling Pipeline What does omission involve excluding
the missing values from the dataset?

Exploratory Data Analysis Performing Exploratory
Data Analysis

What measures do you use to describe
variability?

After generating questions using each of these models, we performed Model
Classification, Information Score, and Perplexity Score to rate the quality of each generated
question.

4.2 Why use Perplexity?

Perplexity is a metric commonly used in NLP to evaluate the quality of language models. It
measures how well a language model predicts a sequence of words or tokens. In simpler
terms, perplexity quantifies how surprised a language model is when it encounters a new

1 https://github.com/annettehan/focal
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sequence of words. Perplexity is calculated based on the probability distribution assigned by
the language model to a given sequence of words. The lower the perplexity score, the better
the language model’s ability to predict the next word in a sequence.

                                              Ծ(Յ) = Պ−1/Լ  Ց=1
Լ∑  ՔՏ Ծ(ՠՑ | ՟1, ........,՟Ց−1  )                                                (3)      

Perplexity is particularly useful in assessing the quality of generated questions
because it captures how well a language model understands the context and generates
coherent and meaningful questions. A language model with a low perplexity score is more
likely to generate questions that align with the desired context and exhibit grammatical
correctness and relevance. However, it’s important to note that perplexity alone may not
capture all aspects of question quality, such as the relevance or informativeness of the
generated questions. Therefore, it is often used in conjunction with other evaluation metrics,
such as Model Classification and Information Score, to provide a comprehensive
assessment of the generated questions’ quality.

4.3 Model Classification

For the Model Classification, we employed the GPT-3 classifier fine-tuned on the learningQ
dataset to label each question as either sound or not sound (Radford et al, 2019, Chen et al.,
2018). Here by soundness, we mean whether the questions are rationally valid, contextually
relevant, and are effective such that they can be used for assessing the knowledge in
regards with the topic. Following the GPT-3 classification, we randomly sampled 100
questions from each model type for both courses and manually annotated them as either
sound or not sound. Figures 5 through 8 show the percentage of the 100 randomly sampled
questions that each method of evaluation found to be sound for each model.

Initial analysis reveals our fine-tuned GPT-3 classifier often overestimates soundness
compared to human assessment, with bert2BERT producing notably more unsound
questions. T5 and BART fared better in the subset evaluated. To understand this divergence,
we constructed confusion matrices for each model and course.
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Table 2 reveals that human evaluators are likely to agree with our GPT-3 classifier
when it rates a questions as unsound, suggesting its potential as a tool for eliminating
low-quality questions rather than selecting high-quality ones.

Table 2. Confusion Matrix for generated questions (400 random questions for each course).

Data Science Course Chemistry Course

Expert: Sound Expert: Not Sound Expert: Sound Expert: Not Sound

GPT3: Sound 161 148 158 183

GPT3: Not Sound 11 80 2 57

Upon analysis of the Figure 9 plots, we first see that on average, the perplexity score
points to the correct direction of ground truth as the average perplexity of sound questions
(149.4) is less than the average perplexity of not sound questions (155.6). Additionally, it
seems evident that GPT should outperform T5, as a lower perplexity score signifies that it
possesses better prediction power, but when we empirically look at the quality of questions
output by T5, they are much more coherent and sound as compared to those output by
GPT-2 model, which signifies that perplexity score evaluation has some room for
improvement, so it more closely aligns human labeling, which is considered the gold
standard in question evaluation.

Figure 9. Average Perplexity vs Human evaluation for Data Science and Chemistry courses.

Figure 10. Average Information Score vs Human evaluation for Data Science and Chemistry
courses.

The information score is meant to indicate that a question overlaps with the key
concepts of a given passage. As shown by the study of the Figure 10 plots, where the
average information score of sound questions is 1.4 and the average information score of
unsound questions is 1.2. Furthermore, it seems obvious that GPT should outperform T5, as
a higher information score denotes that it has better question quality. However, when we
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empirically examine the quality of questions produced by T5, they are significantly more
coherent and sound than those produced by GPT-2 model, indicating that information score
evaluation has some room for improvement so that it more closely aligns with human
evaluation results.

5. Error Analysis

Throughout the development and testing of the Focal system, error analysis has been
performed to identify issues and improve the quality of the generated questions and their
evaluations. Some common error patterns observed in the experimental results are:

1. Irrelevant questions: Sometimes, questions generated fail to reflect key concepts,
possibly due to misalignment in the Concept Hierarchy Generation and
Information Score. To counteract this, Information Score measures question
relevance, guiding improvements in Concept Hierarchy Generation and keyword
extraction. For instance, it could address instances of vague queries such as
“What type of procedure does the procedure follow?” (Table 3).

2. Question variability: The Focal system primarily generates “what” type questions
and struggles with creating “why” or “how” questions. This might arise from the
training data’s lack of diversity. To enhance variability, the model can be
fine-tuned using additional diverse datasets outside of SQuAD 1.1 or additional
data with various question types. This would balance overproduction of "why”
questions (Table 3).

3. Incorrect evaluation of student answers: The system may incorrectly assess
student answers due to limitations in the cosine similarity and exact matching
methods. Testing multiple evaluation models and selecting the most accurate
would reduce such errors.

Table 3. Examples of question invariability.

Unit Module Generated Question

Exploratory Data Analysis Feature
Engineering 

What kind of questions do you have?

Analytic Algorithms and
Model Building 

Model Selection What is the model Mj with the best
performance on the test set?

What type of procedure does the procedure follow?

What is a model model for Mi?

What subset is split into train subset, validation
subset and test set?

What is the name of the best hyperparameters?

In each iteration of the Focal system, error analysis is conducted to identify these
issues and guide the improvement of the system. By examining experimental results at
various stages and observing patterns of errors, the system can be refined to generate more
pedagogically sound questions and provide more accurate evaluations of student answers.
This iterative process ensures continuous improvement of the Focal system, enhancing its
educational value and potential for adoption in the classroom.

6. Conclusions and Future Work

In this study, we have outlined both the current progression and future vision for the Focal
assessment pipeline. Our initial evaluations have shown promising potential in its role as an
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assessment tool, though certain areas for improvement have been identified. For instance,
we found that the Focal QG model occasionally generates questions that may seem logical
but are not pedagogically sound or useful for assessments. Additionally, the current
information score metric, which grades question quality, needs to be more nuanced to better
encapsulate key concepts from course texts.

In our early testing, we noticed that Focal often generated questions that lacked
complexity and only required students to recall specific facts from the material. Our future
research will explore new QG models to improve this aspect, emphasizing questions that
promote a deeper understanding of the course instead of mere recollection of details.

Moving forward, we intend to make the Focal pipeline more valuable by streamlining
the assessment process and reducing the burden on educators. This includes automating
the end to-end assessment process, from generating and evaluating questions (Moore et al.,
2023) to generating answers and evaluating student responses. One potential challenge is
the generation of a wide array of question types. For example, LLMs are adept at creating
trivia-style questions but struggle with generating more analytical “how” or “why” questions,
which are better for gauging a student’s comprehensive understanding. We hypothesize that
by fine-tuning these models on more diverse datasets with additional analytical questions,
the models will produce more varied question types. This will be a key area of focus in our
research.

Furthermore, refining the information score metric to more precisely predict the
pedagogical appropriateness of questions is a crucial part of future work. This would allow
the pipeline to be less dependent on domain experts and ensure that the generated
assessments maintain a high level of quality. It’s essential that Focal serves as a practical
tool for educators and students, delivering timely and relevant feedback, and contributing to
a more efficient and effective learning environment.
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Abstract: There is a great deal of research supporting the application of student-
generated questions (SGQ) to English curriculums, and recent studies have found L2 
learners to benefit further from an elaborated SGQ approach — contextualized SGQ 
(cSGQ), which leverages the provision of a context for students to base on their 
generated questions. Previous research has also proved the advantages of making 
revision on English learner’s writing proficiency but its relevance to English grammar 
learning is yet to be exploited. Thus, the present study aimed to investigate the effect 
of cSGQ learning tasks combined with the practice of making revision of the given 
context on L2 learners’ English grammar learning performance. A pre- and post-test 
quasi-experimental research design was adopted, and 88 university students enrolling 
in freshman English class were invited to participate. The results showed that students 
in the cSGQ-revision group outperformed those not given the opportunity to make 
revision in both linguistic knowledge and pragmatic understanding.  

 
Keywords: contextual learning, English grammar learning, online student-generated 
questions, revision-making 

 
 
1. Introduction 
 
English grammar has been considered one of the essential elements in teaching and learning 
foreign languages and Zhou (2018) suggested that English grammar is “a necessary 
framework in a language system”. As basic as other components like vocabulary and 
pronunciation tend to be, English grammar plays an important role in monitoring if those basic 
components are in their correct places in sentences (Borjars & Burridge, 2019).  

When it comes to teaching and learning English grammars, which involves linguistic 
knowledge and pragmatic understanding, researchers in functional schools in the field of 
linguistics highlight the significance of the communicative aspects of using languages rather 
than the memorization of the rules of the target languages (Feng, 2013). Learners are believed 
to develop communicative competence by actually using the linguistic knowledge and cultivate 
their pragmatic understanding with the provision of contexts (Schwarz & Hamman-Ortiz, 
2020), which refers to the comprehension of the language used within contexts, where 
language users should accurately decode the contextual meaning of the used language in 
order to achieve the success of communication (Bachman & Palmer, 2010). 

Student-generated Questions (SGQ) has been considered one of the innovative ways 
of teaching and learning English, which involves having students construct questions and 
corresponding answers on the learning topic (Yu, 2020; Yu, 2021a). Several advantages of 
SGQ on teaching and learning have been found, including demonstrating and verifying one’s 
understanding and knowledge of the learning materials, resolving misconceptions, and filling 
knowledge gaps (Juan, 2021; Offerdahl & Montplawasir, 2014). Moreover, in the process of 
completing SGQ tasks, several effective learning strategies were activated, such as reviewing 
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the learning materials, finding core concepts, and transforming the learned knowledge into 
forming new cognition (Bangert-Drowns, et al., 2004; Yu, 2012; Yu & Liu, 2008). 

Recently, in view of testlet increasingly prevalence in contemporary assessment 
practice and distinctive benefits (e.g., efficiency in terms of item development and test 
administration) (Keng et al., 2008; Lane et al., 2016), Yu (2021b) developed the world’s first-
ever online student-generated testlets system to support students’ formulation of a group of 
related question items on the basis of a given situation or scenario, and its learning potential 
as a meaningful extension of SGQ was preliminarily assessed. Leveraging the power of 
contextual learning (Ampa, et al., 2013; Surya, et al., 2017), ‘contextualized student-generated 
questions’ (cSGQ) was later coined (Cheng & Yu, 2021; Lin & Yu, 2021), and the importance 
of the provision of a context where meaningful and relevant information is provided for 
students to base their generated questions is stressed. That is, students are given a specific 
scenario where students generate questions, which should correspond to the given scenario 
and reflect the situational clues and details of the given context, such as the characters in the 
story and the timeline of the events. In so doing, students should not only detect and analyze 
the important information presented in the given context but also apply the learned linguistic 
knowledge and information embedded in the given context for successful attainment of the 
cSGQ learning tasks (Lin & Yu, 2021; Yu, 2021b).  

Despite that a couple of follow-up preliminary studies supported and substantiated the 
learning effects of cSGQ (Lin & Yu, 2021; Lin & Yu, 2022), existing studies involved students 
generating questions based on a fixed scenario. In light of revision-making, defined as the 
process in which writers could go back and forth in order to move forward (Zamel, 1982) and 
also known as process-based approach, has been commonly practiced in L2 writing 
classroom and Goldstein (2015) suggested that revision in writing was a process with various 
factors interacting and mediating each other within the texts in which students’ texts were 
created through cyclical processes. From the socio-cognitive view on revision, revision making 
refers to the process where learners make changes to the texts, learning the conceptual ideas 
of using words, phrases, sentences and paragraphs, and modifying both linguistic and non-
linguistic forms within the texts so as to achieve the purpose of successful communication 
(Finkenstaedt-Quinn et al., 2021; Gere et al., 2019). 

Previous research has proven the critical role of making revision on learners’ writing 
process (Barkaoui, 2016; Hayes, 2012). In the process of revision, writers gain insights into 
and heighten awareness to both linguistic and non-linguistic communicative functions of the 
language used in the texts, noticing possible problems such as the spelling mistakes and 
incoherence of the texts, and coming up with solutions to the identified text problems, which 
may contribute to students’ repeatedly read the writing passages, finding and addressing the 
potential problems within the texts, and thinking better ways to improve the quality of the work 
(Finkenstaedt-Quinn, et al., 2021).  

With the advantages of making revision on the English writing, the present study aimed 
to investigate the possible influence of making revision combined with cSGQ learning activities 
on English learners’ grammar learning performance in terms of linguistic knowledge and 
pragmatic understanding. To be more specific, two research questions are examined in the 
study: 

RQ#1 Do students in the cSGQ-revised group have better English grammar learning 
performance in terms of linguistic knowledge than the group with a fixed, given scenario for 
SGQ (i.e., the originally conceived cSGQ)? 

RQ#2 Do students in the cSGQ-revised group have better English grammar learning 
performance in terms of pragmatic understanding than the fixed-scenario SGQ group?  
 
 
2. Method 
 
2.1 The Participants and Study Design 
 
The participants of this study were college students and their English proficiency level was B1 
according to the Common European Framework of Reference for Language Learning, 
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Teaching, Assessment (CEFR). A pre- and post-test quasi-experimental research designs 
was employed, and two treatment groups were devised – the comparison group (the cSGQ-
fixed group) (N = 44) and the experimental group (cSGQ-revised group) (N = 44). 

The topics for cSGQ learning activities were tenses and subjunctive moods. Before the 
experiment, all participants in the two groups took a pre-test to assess their knowledge on the 
two targeted English grammars, tenses and subjunctive moods. In total, four cSGQ learning 
activities were arranged and took place right after instruction on tenses and subjunctive 
moods. Training on the essential skill and knowledge on SGQ, cSGQ and system use was 
arranged in consideration that all participants didn’t have experience in SGQ before the study.  
Finally, all participants took the same set of tests to assess their competencies on the two 
targeted English grammars. 
 
2.2 The Learning System and the Design of Revision Tasks  
 
The online student-generated testlets learning system developed by one of the authors was 
used in this study (Yu, 2021b). As shown in Figure 1, the half-bottom part is the area for both 
groups’ participants to generate a set of questions on the basis of the given scenario (the half-
top portion) for the cSGQ learning tasks. As mentioned, the participants didn’t have prior 
experience in SGQ, a button placed at the upper-left corner above the SGQ field was 
incorporated as procedural prompts to link to the main idea with key ideas and example 
sentences for students to refer to when generating questions on the targeted English 
grammar. 

As for system use, the only difference between the two groups lies in that for the 
participants in the cSGQ-fixed group, the given context (i.e., the top portion) field were fixed 
so making revision of the given context was not possible whereas the participants in the cSGQ-
revised group were allowed to make revision of the given context at their discretion. With 
revision-making in place, the participants can edit the given scenario by deleting, re-arranging, 
or adding any words/phrases/sentences before proceeding to cSGQ learning tasks. Such 
revisions are expected to influence students’ use of English vocabulary and grammars, which, 
in turn, is expected to influence students’ English grammar learning performance. As 
scaffolding for making revision, the participants in the cSGQ-revised group can click on the 
button placed at the top of the context field, so as to refer to the hints and important notes, for 
example, the subjects, the time, the sequence of action.  
 

 
Figure 1. A Screenshot of Testlet for cSGQ-revised learning tasks. 

 
2.3 The Instruments  
 
There were 50 multiple-choice questions with 25 on tenses and with 25 on subjunctive moods. 
There were 36 questions for the test on linguistic knowledge and 14 questions for the 
evaluation on pragmatic understanding. The pre- and post-test were made by the authors and 
were validated by two professors who had more than 10 years of experience in teaching 
English at universities across southern Taiwan. They helped to correct the wording of the 
questions, choices and answers and provided feedback and suggestions on the refinement of 
the questions to make the questions congruent with the teaching objective and the experiment. 
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2.4 Data Analysis  
 
For the purpose of this study, one-way analysis of covariance (ANCOVA) was conducted on 
the pre- and post-test of students’ English grammar learning performance in terms of linguistic 
knowledge and pragmatic understanding.  
 
 
3. Results and Discussion  
 
3.1 Results Regarding the Participants’ Learning Performance in Terms of Linguistic 

Knowledge 
 
Based on the results shown in Table 1, both groups improved their linguistic knowledge after 
the experiment, and the adjusted score of the cSGQ-fixed group was lower than that of the 
cSGQ-revised group. 
 
Table 1. The Descriptive Statistics of Pre-, Post- and Adjusted Post-test of the cSGQ-revised 
and cSGQ-fixed Groups in Terms of Linguistic Knowledge  
Groups Pre-test Post-test Adjusted post-test 

M SD M SD M 
cSGQ-
revised 

30.31 7.59 40.59 10.29 40.14 

cSGQ-fixed 24.18 8.02 31.05 9.45 34.43 
 

With the F value of the interaction not reaching statistical difference, 1.53 (p = .22 
> .05), it means that the regression coefficients contain homogeneity, and ANCOVA could be 
further performed. Using the pre-test scores as covariates, the results of the analysis of 
ANCOVA between the two groups shows that the F value between the two groups was 43.8 
(p = .00 < .05). With statistically significant difference, it means that the two cSGQ activities 
influenced participants’ learning in terms of linguistic knowledge. 
 
3.2 Results Regarding the Participants’ Learning Performance in Terms of Pragmatic 

Understanding 
 
Based on the results shown in Table 2, the two groups improved their pragmatic understanding 
after the experiment, and the adjusted score of the cSGQ-fixed group was lower than that of 
the cSGQ-revised group. 
 
Table 2. The Descriptive Statistics of Pre-, Post- and Adjusted Post-test of the cSGQ-revised 
and cSGQ-fixed Groups in Terms of Pragmatic Understanding  
Groups Pre-test Post-test Adjusted post-test 

M SD M SD M 
cSGQ-
revised 

18.77 4.09 21.13 3.77 19.77 

cSGQ-fixed 10.18 7.05 15.18 6.05 18.03 
 

The F value of the interaction was 0.77 (p = .46>.05), not reaching statistical difference, 
and suggesting that ANCOVA could be further performed. The results of the analysis of 
ANCOVA between the two groups show that, using the pre-test scores as covariates, the F 
value between the two groups was 40.26 (p = .00 < .05), reaching statistical difference. It 
means that the two cSGQ activities influenced participants’ learning in terms of pragmatic 
understanding. 
 
3.3 Discussion on Revision-making on Students’ English Grammar Learning 
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Performance 
 
As found in this study, the participants in the cSGQ-revised group had better learning 
performance in terms of linguistic knowledge and pragmatic understanding than those in the 
cSGQ-fixed group. From the of socio-cognitive perspective, learners in the process of making 
revision would gain insights and awareness of the used linguistic knowledge and situational 
information (Barkaoui, 2016; Hayes, 2012). That is, when making revision, learners would pay 
more attention and better figure out what and how to improve the quality of their written texts, 
noticing possible problems, thinking and trying to figure out solutions to the currently 
encountered problems. Such processes would provide learners with more opportunities to 
rehearse the learned content and consolidate their knowledge before, during and after making 
revision, which should contribute to better learning performance. For example, when leaners 
try to modify the sequence of the story, they need to familiarize themselves with the use of 
different tenses in order to successfully change the order of the events as depicted in the 
scenario. 
 
 
4. Conclusion 
 
The present study elaborates cSGQ learning tasks by introducing the element of revision-
making of the given context (cSGQ-revised) for EFL learners, hoping to further help develop 
their target language proficiency as compared to the cSGQ-fixed learning tasks. The obtained 
results demonstrated that students in the cSGQ-revised group outperformed those in the 
cSGQ-fixed group in terms of both linguistic knowledge and pragmatic understanding. The 
findings of the present study provide the empirical support on the effect of cSGQ learning 
tasks with making revision on L2 learners’ grammar learning performance.  

Despite the potential benefit of cSGQ-revised learning activities on L2 learners, some 
limitations of using this innovative teaching and learning approach should be noted. 
Specifically, the present study focused on English grammar learning performance, and future 
studies could explore the potential of cSGQ-revised learning activities, say, on L2 learners’ 
receptive and receptive skills.  
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Abstract: Self-directed learning presents a promising approach to enable students to 
achieve self-reliance and cultivate greater ownership over their learning pursuits. In 
the current teaching-learning scenarios, the implementation of classroom-oriented 
self-directed learning (SDL) strategies does not achieve their desired goal. The 
primary reason may be that the teachers are not trained to implement these strategies. 
According to the literature, learners face difficulties in following different SDL 
strategies. Question posing (QP) serves as a tool that can help learners understand 
the concept, clear misconceptions, and collaborate with peers to construct their 
knowledge. We have analyzed existing papers on question-posing-based classroom-
oriented self-directed learning strategies to find how question-posing may help 
students overcome their difficulties and find ownership in their learning. We find that 
QP-based teaching-learning approaches require well-designed activities that can help 
students elicit questions and with which students can navigate in achieving ownership 
of their learning. The paper concludes with the identification of a QP-based strategy 
that conforms to the essential set of requirements of self-directed learning. 

 
Keywords: Self-directed learning, question posing, learner difficulty. 

 
 
1. Introduction 
 
The 21st century is a technology-driven era. It has changed the conceptions of the way to learn 
and teach, the characteristics of classroom environments, students’ thinking processes, the 
availability, and type of learning resources, and the teacher’s role. In these rapidly changing 
and challenging environments, students want to learn topics according to their interests and 
follow strategies that will be under their control. Self-directed learning empowers students by 
giving them the agency to drive their learning. The self-driven learning environments should 
be based on the individual students’ perspectives and allow students to interact with the 
educational design constructs as per their interests (Lorås et al., 2021). As pointed out by Kim 
& Zitzer (1999), in a self-directed learning process, students take charge of their own learning, 
and teachers are facilitators who understand the different needs of students in terms of 
students’ knowledge and interests. Charoula (1998), emphasized this learning process 
satisfies individual students’ needs at different rates. 

Self-directed learning helps students adopt a thorough and deep method of studying 
(Bell et al., 2019) and enhances their educational experience (Pott et al., 2021). It is a powerful 
approach for increasing student engagement. It is an approach in which students construct 
and reconstruct knowledge dynamically and their growing engagement is supported by 
motivational, cognitive, and social aspects (Martinetti, 2020). Student-directed learning is 
based on constructivist theory, which defines knowledge as "temporary, developmental, 
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socially and culturally mediated and non-objective” (Brooks & Brooks, 1993). Within this 
paradigm, students are active knowledge constructors driven by their goals and curiosities. 
Students take control and ownership of their learning, (Vyas, 2018). In such classrooms, the 
students are at the center of their learning. As a descriptor for constructivist instructional 
approaches, within this paradigm, the teacher gives up the role of the transmitter of knowledge 
and interacts with the students as a facilitator with the perspective that learning involves the 
active construction of meaning (Biggs, 1989) by the students. In the SDL environments, 
students develop deep approaches to learning. The deep approaches are based on student 
interest in the subject matter. The strategy here is to maximize understanding so that curiosity 
is satisfied. It instills a sense of autonomy and mastery in the student, and a sense of purpose 
into the educational process. 

Knowles (1975), defined self-directed learning as a five-phase process, in which 
students (i) recognize their learning needs, (ii) formulate learning goals, (iii) select learning 
resources, (iv) employ appropriate learning strategies, and (v) assess learning outcomes. (In 
this paper, we refer to them as SDL processes). Conceptions of learning vary from superficial 
to deep and the progression from surface to deep is aided by classroom processes that include 
student-driven learning and meta-learning (Biggs, 1989). To achieve self-directed learning, 
several strategies like project-based learning, problem-based learning, inquiry-based learning, 
etc. were studied by the researchers, which state, inbuilt complexities about these strategies 
to apply in a classroom setting. These complexities and challenges are faced both by the 
students and the educators (Hwang et al., 2020). 

Though self-directed learning and student-directed learning are similar, there is a slight 
difference between them. While both self-directed learning and student-directed learning focus 
on individual autonomy and independence, student-directed learning involves more guidance 
and support from teachers or facilitators. In self-directed learning, learners have the freedom 
to make decisions and choices about their learning, however, in student-directed learning, the 
teacher or facilitator also plays a role in guiding and supporting the student's learning process. 
Self-directed learning skills continue to develop as individual learning progresses through early 
adolescence to adulthood (Brandt, 2020). Brandt (2020) proposed a self-directed learning 
continuum, where a student's self-directedness gradually grows from a dependent student to 
a self-determined student. 

Due to the multifaceted definition of self-directed learning, often self-regulated learning 
is synonymously used with self-directed learning. Self-regulation is a more narrowly defined 
concept, representing one dimension of self-directed learning, according to Brandt (2020). 
Self-directed learning emphasizes learner autonomy in selecting learning goals and learning 
tasks, while self-regulated learning focuses on learner active management and regulating their 
learning process (Mulyawati, 2020). 

In traditional teaching-learning environments, where teachers are not adequately trained 
on their roles and responsibilities as facilitators of student learning, shifting from teacher-driven 
learning to self-directed learning is challenging, and can lead to uncertainty in methods of 
implementation (Shpeizer, 2019). In their paper, Cintang et al. (2018), explained that most 
teachers, even experienced teachers, may face difficulties in implementing pedagogical 
strategies toward SDL goals. One of the primary sources of the difficulties as discussed by 
the authors is the fact that teachers are not trained to implement SDL strategies. Pablos et al. 
(2020), highlighted that due to lack of guidance, high school students did not know what they 
had to do during the project implementation. Literature reports that the students face difficulties 
in engaging with the traditional pedagogies toward SDL goals (Cintang et al., 2018). For 
example, Hussein et al. (2021), reported the lack of collaboration ability among tertiary 
students with their peers that leads to priority conflicts while implementing a project-based 
learning strategy.  

Many of the existing pedagogies enable students with the autonomy to follow the phases 
of self-directed learning, however, most of them do not provide adequate support to the 
students to transition toward the specific goals of SDL (Emily et al., 2019). Wu (2020), found 
differences between high- and low-creativity tertiary students to execute the SDL strategies. 
Providing absolute autonomy can be devastating if students don’t know what they should 
learn, where they should learn from, and how to learn. Ideally, a pedagogical strategy should 
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enable students to execute all the processes of SDL. This is a challenge for the pedagogy 
designers. 

In Table 1, we have synthesized student difficulties in achieving SDL outcomes in 
different pedagogical strategies from the literature. The second column of Table 1 represents 
different pedagogical strategies that the researcher followed to achieve SDL. The third column 
represents student difficulties in following the corresponding SDL process. The Last column 
in the table emphasizes the hindered SDL process(es) in any given pedagogical strategy. The 
SDL processes are encoded as (A) recognizing learning needs, (B) formulating learning goals, 
(C) selecting learning resources, (D) employing appropriate learning strategies, and (E) 
assessing learning outcomes respectively. Most of the pedagogies worked on the process D.  

 
Table 1. Student difficulties in achieving SDL outcomes across different strategies 

 
Reference Pedagogical 

strategies 
Student difficulties Obstructed 

SDL Process 

Hussein, 
2021 

Project-based 
learning 

Lack of collaboration ability with peers 
that leads to priority conflicts. 

B, C, D 

Pabloset 
al., 2020 

Project-based 
learning 

Lack of guidance during the project, at 
times when they did not know what they 
had to do. 

B, D 

Chin et al., 
2010 

Collaborative 
learning 
strategy 

Identify peer misconceptions. Construct 
the student’s own explanations.  

A, B,D 

Mamun et 
al., 2022 

Inquiry-based 
learning 

Difficulty in engaging with content, 
cognitive difficulty in processing the 
instruction or information.  

C, D 

Pott et al., 
2021 

Open-ended 
approach to 
learning 

Difficult for students to be actively 
involved with the learning content in 
order to have a meaningful learning 
experience. 

D 

Rasheed et 
al., 2021 

Blended 
Learning 

Students' inability to properly self-
regulate their peer learning activities in 
online mode. More specifically to prevent 
social loafing and refusal to participate in 
the online peer-learning discussion.  

D 

Kim et al., 
2018 

Problem-based 
learning 

Students have difficulty in perception of 
both task difficulty and their own ability to 
tackle the task.  

A, D 

 

Generally, in classroom settings, students need clear guidance on what they should be 
doing in a set of learning activities (Kokotsaki et al., 2016). Merely providing broad instructions 
like “find the learning goal”, “find the resources”, etc. should not suffice, if students don't know 
“how to find the goals” or “What resources are needed”. SDL Strategies must elicit the need 
for learning among the students and should enable them to identify what they need and want 
to learn. 
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2. SDL and Question Posing 

Watkins (2017), proposed a set of meta questions that a student should ask to himself/herself 
to follow a student-directed learning process. These self-questions may ensure the successful 
achievement of SDLs before, during, and after a learning process. Question posing 
encourages learners to take ownership of their learning students by engaging them in 
metacognitive strategies (Mishra et al., 2015). When learners pose questions, they formulate 
their own questions, taking responsibility for their own knowledge acquisition and driving their 
own learning process. Question posing is a strategy that can help students think at a deep 
level, construct knowledge, and conduct high-order thinking (Rosenshine et al., 1996). 
Question posing involves new question generation based on life experience or learning 
situations, that can lead to new topics related to prior subject knowledge in a particular learning 
context. 

Student questioning has been regarded as a tool to better address students’ 
misconceptions and has been acknowledged as a type of high-level cognitive strategy that 
plays an important role in facilitating students' learning process (Hwang et al., 2020). Han et 
al. (2006), suggested that questioning has the potential to be used as an epistemic probe and 
heuristic tool initiating argumentation in inquiry-based science. Students' questions are the 
outcome of individual brainstorming and then expressing the questions, by which students 
become aware of both what they understood and what they did not comprehend in a topic. 
Therefore, students' own questions help them to identify what they need and want to learn, in 
the context of any given topic, and consequently can lead to a deeper understanding of the 
topic. 

Student questions can help resolve conflicts during collaboration with peers. Students’ 
questions serve as a cognitive tool for the students to foster critical conversation while 
resolving conflicts (Chin et al., 2010). Questions act as catalysts for argumentative and 
epistemic moves like concessions, challenges, and counter-challenges, which are expressed 
through explanations and justifications in the conceptions of the topic. Articulating their 
conflicts and beliefs with peer ideas, helps students to take meta-linguistic moves and 
formulate their concepts. Overall, student questions seem to be a promising pedagogical idea 
to help students realize various SDL processes, especially recognition of learning needs, 
formulation of learning goals, and self-monitoring and self-assessment of learning outcomes. 

3. Research Questions 

We are interested in understanding how student questions can help them in overcoming the 
SDL challenges and achieving SDL processes. We restrict our exploration to (online and 
offline) classroom learning contexts where a learner has a number of peers and a facilitator 
in the teaching-learning environment. 
 
Broad Research Question 
Can student-question-posing-based pedagogical strategy support SDL processes? 
Specific Research Questions (RQ) 

● RQ1: What are the ways in which student QP has been used to develop pedagogical 
strategies? 

● RQ2: What are the challenges that are addressed using QP-based pedagogical 
strategies? 

● RQ3: What are the outcomes achieved using QP-based pedagogical strategies? 
● RQ4: Which of the QP-based pedagogical strategies adequately aligns with the SDL 

processes? 
 

In the next section, we present the methodology used for literature synthesis. In the later 
sections, we discuss our findings from the literature review against each RQ. 
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4. Methodology 
 

We have searched online databases with the keywords "question posing" AND "classroom" 
AND ("self-directed learning" OR "self-directed learning") with papers from 2015 to 2023 and 
received 150 papers. In the below Figure.1, we reported PRISMA techniques to select papers 
from the online publicly accessible databases. Prisma stands for preferred reporting items for 
systematic reviews and meta-analyses (PRISMA) (Page et al., 2021). It helps to identify, 
select, appraise, and synthesize studies from a pool of papers collected from databases. 
Among these 67 papers are either a thesis or article or not published papers. Among them, 4 
papers are not in the English language and 31 papers are not on questioning. After the 
screening process, we received 48 papers. Among them, 11 papers are not based on 
empirical study, 10 papers are not based on class or lab or online, and 5 papers are not based 
on students' focus. After fulfilling the selection criteria, we ended up with 26 papers. Among 
them, we included 21 papers in our analysis as 5 papers do not refer to any student difficulty. 
All papers are read and based on the criteria followed in Table 2, we analysed the papers. 
Here we have considered only papers that focus on classroom, lab, and online.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                

    
               Figure1. Prisma flow diagram on selecting papers for analysis. 

 
5. Result and Discussion 

While analyzing the result, we found that most of the student difficulties in Table 1 are reported 
in Table 2 also. In below Table 2, we highlighted learner difficulties that are reported by the 
corresponding papers. In column 4, we represented how these papers used QP-based 
strategies. In column 3, students’ difficulties addressed by these papers are represented. In 
column 5, SDL-related outcomes achieved by the corresponding paper are highlighted. 
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Table 2: Different applications of question-posing (QP) based intervention to assist in-class 
student difficulties 

Reference Demography / 
Context /Mode 

Challenges 
Addressed 

How student-QP is 
incorporated into 
the strategy 

SDL - Related 
Outcome 
achieved 

Lin et al., 2019 Graduate 
student. 
Nursing Course. 
Online   in-class 
activity 

The difficulty of 
students in in-
depth 
understanding 
of the content. 

ASQ (Annotation to 
extract key points, 
summarizing the 
whole concept and 
questioning in pre-
class) based online 
flipped learning 
framework is used. 

Achieved 
academic 
performance, 
self-efficacy, and 
critical thinking 
tendency as 
compared to the 
control group. 

Pursitasari et 
al., 2020 

Environmental 
pollution. In the 
class laboratory 
experiment. 

In a guided 
inquiry method, 
students may 
face difficulty in 
getting involved 
in the 
experiment.  

Students are allowed 
to ask questions as a 
part of a science 
context-based inquiry 
learning (SCOIL) 
model. Its open-
ended problem and 
guided phases of 
observation, 
investigation, 
representation, 
conclusion, and 
communication help 
students to enhance 
critical thinking skills. 

The critical 
thinking skills of 
students with the 
proposed model 
were greater 
than the guided 
inquiry learning 
model. 

Sason et al., 
2020 

Ninth-grade 
student. 
Science text. In 
class 
intervention 

Students face 
difficulty in 
connecting 
different pieces 
of information 
within the 
context, which 
may lead to 
inefficient and 
decentralized 
reading. 

Self-generating 
questions are helpful 
in monitoring, 
regulating, and 
evaluating the 
learning process. 
This study shows that 
rather than self-
generated questions 
connecting to prior 
knowledge (outside 
text), self-generating 
questions connecting 
between the text 
(within text) is helpful 
in having a long-term 
effect. 

Achieved In-
context 
coordination and 
connection, 
which leads to 
in-text 
comprehension 
achievement. 
 
 
 
 
 

Chen et al., 
2020 

High school 
student. English 
Language 
learning course. 
E-learning 
method. 

Difficulties of the 
student in 
engaging 
language 
learning. 

students are 
encouraged to pose 
questions during the 
learning process. It 
enables students to 

The learning 
performance of 
high-
engagement 
participants was 
better than that of 
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think and solve 
problems. 

low-engagement 
participants.  

George et al., 
2022 

University 
students. 
Mathematics 
Online, 
asynchronous. 

Difficulty in self-
motivation, 
monitoring, and 
regulation 
during Covid-19 
online class. 

Students are 
encouraged to ask 
questions that can 
clear their doubts, 
and misconceptions, 
and promote active 
learning.  

Students’ 
engagement, 
understanding, 
and self-
regulation were 
achieved. 

Looi et al., 
2023 

Grade 1 class 
student, Taiwan 
school.  

The difficulty of 
disengaged and 
unmotivated 
students in the 
traditional 
examination-
driven culture to 
learn by interest. 

Proposed Learning-
By-Questioning 
(LBQ) method. 
Teachers create an 
environment that 
fosters curiosity, 
deep exploration, and 
active participation. 
Students are 
encouraged to ask 
questions. 

Showed deep 
interest and 
progression in 
reading. 
Developed 
reading and 
writing habits. 

Mishra et al., 
2015 

Undergraduate 
CS course. In-
class activity. 

Difficulty in 
generating 
questions 
relevant to the 
given domain. 

After listening to the 
lecture students are 
asked to pose 
questions and assign 
priority to own and 
peer questions. 

Students posed 
questions and 
unfolded their 
own prior and 
future 
knowledge.   

 
To answer RQ 1, different strategies designed using student question posing are listed in 

column #4 of Table 2. We found that most papers encouraged students to pose questions. 
For example, George et al., (2022), Sason et al., (2020), Pursitasari et al., (2020), and Chen 
et al., (2020) encouraged students to pose questions. Whereas Looi et al, (2023) created an 
environment using IDC theory, that fosters students’ curiosity, and eventually students ask 
questions by themselves, and Mishra and Iyer (2015), allowed students to pose their questions 
and drive the subsequent lecture sessions based on student questions. The answers to RQ2 
and RQ3 are listed in columns #3 and #5 of Table 2 respectively. We grouped student 
challenges from Table 2 and found that among all groups of challenges, engagement, and 
metacognition were mostly reported challenges. As far as RQ3 is concerned, we found that 
most papers applied QP as a tool to foster a better understanding of the content and improve 
engagement in the classroom. 

In response to RQ4, we refer to Knowles’ (1975) five SDL processes and analyze each 
of the QP-based pedagogies in this synthesized list (Table 2, Column 4) to determine which 
SDL processes are supported by each pedagogy. We find that Mishra and Iyer’s (2015) 
question-posing-based strategy aligns directly with three out of five SDL processes, viz., (A) 
recognizing learning needs, (B) formulating learning goals, and (E) assessing (formative) 
learning outcomes. Other QP-based strategies synthesized in the table mostly address “(D) 
employing appropriate learning strategies.” Mishra and Iyer (2015) name their strategy as 
Student Query Driven Learning (SQDL). They have employed student questions to recognize 
the learning needs and formulate the learning goals.  
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                                            Figure2. SQDL structure 

In Figure 2, the teacher will deliver the initial lecture in Phase 1. In phases 2, 3, and 4 
students are allowed to pose questions and assign tagging and priority to their questions. The 
questions are treated as a representation of what students need to learn. Moreover, SQDL 
allows students to assign priority to their peer questions. This allows students to reflect on 
their learning priorities, considering diverse aspects of what they need and want to learn next. 
The teacher uses the priorities of the questions set by the students to determine the topic and 
order of the next lecture/ discussion in the classroom in phases 5, 6, and 7.  

6. Future Work 
 
The main motivation of self-directed learning is the learner's ability to become autonomous 
and the primary driver of SDL. Learners are surrounded by teacher-oriented learning in the 
contemporary teaching-learning situation. Additionally, teachers are not taught to apply SDL 
techniques. Implementing any SDL method in these situations is a challenging endeavour for 
both students and teachers. Here, we've examined how learners struggled to follow the SDL 
process facilitated by different pedagogies. The majority of the problems are engagement and 
metacognition-related. Each SDL process can benefit from the usage of the instrument of 
question posing. We discover how QP can be utilized to get over student challenges through 
the literature review. QP-based tactics largely succeeded in achieving engagement and 
content comprehension. We have also discovered that the majority of techniques concentrate 
on using various strategies to enhance comprehension of the information, engagement with 
the content, or peer interaction. Whereas Mishra and Iyer (2015), employed a QP-based 
technique to understand students' learning needs and future learning objectives. We will 
investigate the SQDL method more in the future. 
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Abstract: This paper reports on a mixed-method pilot study that designed and 
evaluated an Attention-Engagement-Error-Reflection (AEER) approach to enhance 
primary school students’ artificial intelligence (AI) literacy and learning-to-learn skills. A 
total of 35 Grade six primary school students in Hong Kong were involved. Both 
quantitative and qualitative data were collected and analyzed. Data collection included 
(1) pre-, post-, and delayed post-AI concepts tests, (2) pre- and post-questionnaires on 
learning-to-learn skills, and (3) six focus group interviews. The results demonstrated 
the positive impact of the proposed AEER approach on students’ AI conceptual 
understanding and learning-to-learn skills. Students’ motivation in the learning process 
was analyzed. Finally, limitations and future directions were discussed.  
Keywords: Innovative pedagogical design, artificial intelligence literacy, learning-to-
learn skills, motivation 

 
 
1. Introduction 
 
With the rapid advancement of technology, the importance of artificial intelligence (AI) 
literary education has emerged as a global topic (Dwivedi et al., 2021). The goal of AI 
literacy education is to equip individuals with the fundamental AI concepts, empower 
students to participate effectively in a digital society, raise awareness of the ethical use of AI, 
and enable them to collaborate with AI systems in their daily lives (Kong et al., 2023; Su et 
al, 2023). However, the potential of AI literacy education to foster learning-to-learn skills in K-
12 educational contexts remains largely unexplored (Azevedo & Wiedbusch, 2023).  

To address this gap, the present pilot study was designed to develop and evaluate 
an innovative pedagogical approach - the Attention-Engagement-Error-Reflection (AEER) 
approach, implemented using the AlphAI learning robots. This approach aimed to enhance 
primary students’ AI literacy and learning-to-learn skills. Additionally, the study explored 
students’ motivation during the learning process. The following three questions were 
addressed: 

(1) What is the impact of an AEER approach on students’ AI conceptual 
understanding? 

(2) What is the impact of the AEER approach on students’ learning-to-learn skills? 
(3) How does the AEER approach support learners’ motivation? 

 
 
2. Literature Review 
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2.1 Using Robots for Developing Artificial Intelligence Literacy 
 
Educational robotics applications are increasingly being utilized to enhance students’ 
learning experiences and stimulate their interests in the areas of STEM (science, 
technology, engineering, and mathematics and AI (Su et al.,2023). Despite the great 
potential of robots in engaging learners (Zhong & Xia, 2020), most of these applications 
require an understanding of algorithms and programming skills, posing an accessibility 
challenge for beginners, particularly in primary education contexts (Noh & Lee, 2020). 
Empirical research has suggested that the use of educational robotics applications could 
positively influence academic performance (Al Hakim et al., 2022). Despite the growing 
interest in AI literacy education, rare studies have been explored in the literature regarding 
the effective integration of learning robots through innovative pedagogical design. 
 
2.2 Using Robots for Developing Learning-to-Learn Skills 
 
Learning-to-learn skills refer to individuals’ ability to monitor, regulate and control their own 
learning activities (Cornford, 2002) to learn effectively in various contexts. The learning-to-
learn skills are not only vital for academic success but also facilitate students to become 
lifelong learners, helping students become more adaptable and resilient in the face of new 
challenges and changing learning settings (Thrun & Pratt, 2012).  

In this pilot study, learning-to-learn skills were adapted from Flavell’s (1979) and 
Schraw and Moshman’s (1995) model of metacognition, including metacognitive knowledge 
(i.e., individual’s views as a learner and beliefs about their ability to learn) and metacognitive 
regulation (i.e., setting goals, monitoring, and reflecting). Despite the need for nurturing 
learning-to-learn skills in primary education (e.g., Vainikainen et al., 2015), few studies have 
explored using robots in AI literacy education to engage young students in an interactive 
way.  
 
2.3 Understanding Students’ Motivation in AI Literacy Education 
 
A number of studies have showed the vital role of motivation in AI literacy education (e.g., 
Kong et al., 2021). One commonly used motivational design model is the attention, 
relevance, confidence, and satisfaction (ARCS) model proposed by Keller (1987). Attention 
focuses on capturing students’ curiosity. Relevance involves relating learning to students’ 
goals and interests. Confidence aims to build students’ self-efficacy of competence. 
Satisfaction enables students to apply their new learned knowledge. The ARCS model 
provides useful guidance for understanding and enhancing student motivation. However, few 
studies have examined primary school students’ motivation using the ARCS model in the 
context of AI literacy education. 
 
 
3. Research Design  
 
3.1 The AlphAI Learning Robots  
 
The AlphAI learning robots (https://learningrobots.ai/?lang=en) used in this study aimed to 
provide learners with hands-on experience and graphical interfaces to visualize AI 
algorithms in machine learning and deep learning (Martin et. al., 2023).  Each robot, as 
shown in Figure 1(a), was connected to the AlphAI software, illustrated in Figure 1(b). The 
AlphAI software helps visualize the workings of neural networks and how machines learn 
and allow students to take control of the robots by using the arrows on the computer 
keyboard. 
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Figure 1. The AlphAI Learning Robots. 

 
3.2 Participants  
 
In this pilot study, a convenience sampling approach was adopted (Etikan et al., 2016) due 
to the close communication of researchers and the teachers from the selected schools. 
Thirty-five Grade six primary school students (22 boys and 13 girls) with average age of 
11.54 in Hong Kong were involved. Regarding the research ethics associated with data 
collection from the participants, written informed consent was obtained from both the 
students and their parents prior to commencement of the study.  
 
3.3 Pedagogical Design: Attention-Engagement-Error-Reflection (AEER) Approach 
 
Figure 2 shows the proposed pedagogical design. The AEER approach was adapted from 
Dahaene’s four pillars of learning (2020), including attention, active engagement, error 
feedback, and consolidation. To be specific, the first component in the AEER approach is to 
harness learners’ attention. This was achieved via the use of the AlphAI learning robots. The 
use of the AlphAI learning robots in an educational setting could spark curiosity and interest 
among students, thereby effectively focusing their attention on the learning task. 

The next step was to promote active engagement through collaborative learning. In 
this study, learners were organised into small teams, each consisting of 3-4 students, to 
facilitate collaborative learning. A “play-learn-play” strategy, emphasising ‘learning by doing’, 
was implemented. The learning journey commenced with students interacting with the 
AlphAI learning robots. This was followed by the delivery of conceptual knowledge, 
seamlessly integrated with hands-on activities, enabling students to apply the theoretical 
constructs practically and instantaneously. The culmination of this learning experience was a 
robot racing competition, providing an opportunity to manifest their newly acquired 
knowledge and skills in a competitive yet enjoyable setting. This cyclical process of play, 
learn, and play again aimed to help students remain actively engaged, thereby enhancing 
their motivation, understanding and retention of the AI concepts, and learning to learn from 
robots.  

The third component in AAER approach is error, encouraging students to learn from 
their trial-and-error experiences with the AlphAI learning robots. In each robot racing 
competition, the robots would find themselves in situations not encountered during the initial 
training (for example, getting stuck on an edge of the arena, or on another robot). If the robot 
could not move, students were encouraged to observe the mistakes made by the robots and 
took control of the robot with the on-screen arrows or the keyboard under the guidance of a 
tutor in each group. This process aimed to foster a growth mindset in students, as they 
began to perceive errors as learning opportunities rather than failures. 

The fourth component is reflection. By reflecting on students’ learning process, they 
can gain a deeper understanding of strengths and weaknesses, identify their learning 
strategies, and develop plans for improvement.  
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Figure 2. The Proposed AEER Approach. 

 
3.4 Research Procedure  
 
The pilot study lasted for two weeks, including a two 3-hour workshops. The concepts of 
machine learning, deep learning, supervised learning, and reinforcement learning were 
covered. In the first workshop, students were introduced to basic concepts of AI, supervised 
learning and reinforcement learning by training the robots. In the second workshop, students 
applied the knowledge learned in the first workshop and reflected on their learning to train 
the robots to avoid obstacles in a new environment. 

Before the first workshop, the students completed a pre-test of AI concepts and a 
pre-survey on learning-to-learn. After the second workshop, the students completed a post-
test of AI concepts and a post-survey. A total of 29 students were invited to participate in the 
interviews on a voluntary basis. After one week, participants were invited to complete the 
delayed post-tests to measure the retention of AI concepts.  
 
3.5 Data Collection and Analysis  
 
In this study, data sources included (1) pre-, post-, and delayed post-AI concepts tests, (2) 
pre- and post-questionnaires on learning-to-learn, and (3) six focus group interviews, 
involving a total of 29 students. The instruments used in this study were jointly developed 
and validated through the collaborative efforts of two experts in AI literacy and two 
researchers specializing in metacognition. The AI concept test was used to assess students’ 
AI conceptual understanding in machine learning and deep learning. The test was developed 
by the research team, including seven items. The questionnaire on learning-to-learn skills 
included four dimensions of goal setting, monitoring, reflection, and growth mindset with 11 
items. The questions of focus group interviews were guided by ARCS motivation model to 
obtain more in-depth and comprehensive views regarding using AEER approach with the 
AlphAI learning robots for AI literacy education and learning-to-learn.  

Quantitative data analysis was used to address the two research questions. For the 
first research question, a one-way repeated measures ANOVA was conducted. For the 
second research question, paired sample-t-tests were used. For the third research question, 
content analysis was used to analyze focus group interviews to understand primary students’ 
learning motivation in using AlphAI learning robots via AEER approach.  
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4. Results 
 

4.1  AI Conceptual Understanding  
 

A one-way repeated measures ANOVA was conducted to determine whether there were 
statistically significant differences in the scores of conceptual understating of AI in pre-tests, 
post-tests, and delayed post-tests. The scores of AI tests were statistically significantly 
different at the different time points, F (2, 68) = 43.23, p < .001, partial η2 = .56.  
Post hoc analysis with a Bonferroni adjustment revealed that the scores were statistically 
significantly increased from pre-tests to post-tests (Mdiff = 2.34, 95% CI [1.66, 3.03], p < 
.001), and from pre-tests to delayed post-tests after one week (Mdiff = 2.11, 95% CI [1.37, 
2.86], p < .001). Although there was a slight decrease from delayed post-tests to post-tests 
(Mdiff = -.23, 95% CI 1.65, 3.03], p > .05), no significant difference was observed.  
 
4.2 Leaning-to-Learn Skills   

 
Paired sample-t-tests were conducted to determine whether there were statistically 
significant differences in the scores in the pre-and post-surveys. The results showed that 
students learning-to-learn skills improved in terms of four dimensions: goal setting, 
monitoring, reflection, and growth mindset. Overall, there was a statistically significant 
increase in students’ learning-to-learn skills from the pre-survey to the post-survey (Mdiff = 
0.11, 95% CI [0.03,0.04], p < .05). 
 
4.3 Interview Results 
 
Beyond the significant improvement in the test and survey, the focus group interviews 
indicated that using the AlphAI learning robots via the AEER approach improved students’ 
learning motivation. The focus group interviews showed that the majority of interviewees 
agreed that the AlphAI learning robots made AI learning interesting and engaging, thereby 
enhancing their learning motivation.  

Regarding “attention”, all of the students felt that the AlphAI learning robots aroused 
their attention. The interactive nature of the robots, which could be controlled through 
keyboard inputs and provided visual feedback, sparked students’ curiosity. Some 
interviewees (pseudonyms were used) further explained:  

 “Controlling the robots was like a game, and I was also learning at the same 
time.” (Charles) 

 “Using the robots to learn AI was novel. I have never experienced it before.” 
(Cindy) 

In terms of “relevance”, the interviews indicated that controlling robots was relevant 
to their learning. For example, one student said, “I feel that supervised learning is similar to 
us being supervised by teachers or parents. They accompany us as we study. On the other 
hand, reinforcement learning requires time to learn. That is, if we rush to finish learning 
something and then cram for tests, we will not be able to achieve good results because we 
are not yet familiar with the materials”.  

Regarding “confidence”, the majority of students stated that the learning led to 
increased confidence in their ability to learn and understand AI. Claire shared, “At first, AI 
seemed daunting, but after using the robot and reflecting on what I learned, I feel more 
confident. I believe I can master AI on one day.” 

Finally, in relation to “satisfaction”, the overall positive feedback suggest that 
students found the AEER approach and the use of the AlphAI learning robots satisfying. All 
of the students reported they would like to join the workshop to learn AI if given opportunity. 
A number of students said they were motived to learn more about AI after attending the 
study.  
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5. Conclusion  
 
The pilot study demonstrated promising results regarding the impact of the AEER approach 
on enhancing primary school students’ AI conceptual understanding, learning-to-learn skills, 
and motivation. The findings of the study show that students’ overall learning outcomes and 
learning-to-learn skills increased significantly. The findings suggest that the AEER approach 
holds considerable potential for the future of education, providing a model for how we can 
equip students with the knowledge and skills they need to prepare for an AI-infused future. 

A number of avenues for future research are suggested. First, the sample size of this 
pilot study was small. Thus, it would be beneficial to replicate the study with a larger and 
more diverse sample in order to generalize the findings. Second, the intervention duration of 
this study was short. Therefore, longitudinal studies will be conducted to examine the long-
term effects of the AEER approach on students’ AI literacy and learning-to-learn skills. 
Lastly, research could explore the integration of the AEER approach across various age 
groups (i.e., secondary school students, university students), and how the approach can be 
tailored to meet the specific needs of different learners. 
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Abstract: In this study, we aimed to assess the effectiveness of using Chatbot-assisted 
game-based learning to enhance science learning outcomes and motivation. A total of 
202 seventh-grade students participated in the study and were randomly assigned to 
three groups: (1) Game only, (2) ChatbotGame, and (3) ChatbotGame with examples. 
The experimental groups received game-based learning with the assistance of 
Chatbot, either with or without examples, while the control group only received game-
based learning without any Chatbot support. The results indicated that students in the 
ChatbotGame with examples group achieved significantly better learning outcomes 
compared to those in the Game only group. Moreover, students in both the 
ChatbotGame and ChatbotGame with examples groups reported significantly higher 
levels of perceived competence compared to the Game only group. Additionally, the 
data collected from learning analytics and interviews suggested that Chatbot-assisted 
game-based learning can effectively enhance students' intrinsic motivation and 
promote positive learning behaviors in the context of science education. These findings 
hold important implications for the design and implementation of Chatbots in game-
based learning environments, as they have the potential to significantly improve 
students' learning outcomes and motivation. 

 
Keywords: Chatbot, game-based learning, science learning, motivation, ChatGPT 

 
1. Introduction 

 
The rise of digital game-based learning (DGBL) in educational settings has been populated 
by its ability to boost student engagement, motivation, and learning performance, as 
evidenced by studies conducted by Clark et al. (2016). Nonetheless, creating effective DGBL 
environments poses challenges, as it necessitates careful consideration of factors like game 
mechanics, instructional design, and learning objectives, as highlighted by Cai et al. (2022). 
Moreover, without appropriate scaffolding during DGBL, students may become overly 
focused on game mechanics or engage in various non-learning behaviors, as warned by 
Chu et al. (2022). 
 As the product of artificial intelligent, virtual agents such as Chatbots have the 
capability to generate human-like responses in natural language conversations. Numerous 
studies have examined the effects of Chatbots on learning outcome, yet scant studies 
exploring its potentials in game-based learning (GBL). To fully unlock the advantages of 
Chatbots-assisted GBL, further research is necessary to gain a deeper understanding of the 
most effective design and implementation of such environments, while also addressing 
challenges related to overreliance on Chatbots and the importance of effective design and 
implementation. 
 
2. Review of relevant literature 
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2.1 Digital game-based learning 
 
Digital Game-Based Learning (DGBL) is an educational approach that employs games and 
digital technologies to enhance learning outcomes. It integrates game design principles like 
problem-solving and interactive engagement to make learning more enjoyable and increase 
motivation and knowledge retention among learners. Existing research has shown that 
DGBL can boost engagement, motivation, and knowledge transfer among learners 
(Westera, 2015). However, there are challenges associated with designing effective 
educational games that align with learning objectives (Ke, 2016). Some learners might not 
be interested in gaming or find it difficult to learn through this approach (Hao et al., 2019). 

To overcome and address challenges faced in DGBL, artificial intelligence (AI) 
technology may offer alternated and optimal solutions in DGBL. For example, AI can analyze 
student gameplay behaviors to predict early knowledge or assess learned knowledge more 
accurately (Alonso Fernández et al., 2020). Unlike traditional intelligent tutoring systems, AI 
can offer personalized feedback, pinpointing areas of mistakes, and suggesting alternative 
approaches (Alam, 2021). This advances the potential of DGBL in creating more effective 
and tailored learning experiences. 
 
2.2 Chatbots 

 
Chatbots utilized natural language processing techniques is becoming increasingly important 
in many fields because of its ability to process and analyze large amounts of data and 
perform complex tasks quickly and accurately. A recent noteworthy application of chatbots is 
ChatGPT, a language model developed by OpenAI, which has garnered significant attention 
and found use in diverse areas like customer service, education, and entertainment. By 
leveraging machine learning algorithms, ChatGPT generates responses based on patterns 
and relationships learned from extensive training data. As it continues to learn and improve 
from additional data and user feedback, this tool has the potential to revolutionize technology 
interactions, offering more personalized and engaging experiences for users (Hassani & 
Silva, 2023). 
 Although some studies have already demonstrated ChatGPT's effectiveness as a 
valuable reference and self-learning tool, further rigorous and empirical research is 
necessary to comprehensively assess its impact on student performance and behavior (Lo, 
2023). The purpose of this study is to explore the effects of integrating ChatGPT in game-
based learning on students’ science learning outcomes and intrinsic motivation.  
 
3. Methodology 

 
3.1 Design and participants 

 
A quasi-experimental study design was employed to answer the proposed research 
questions. A total of 202 seventh graders (103 male and 99 female) from nine classes in two 
different middle schools were recruited and randomly assigned to three treatment groups: (1) 
Game only, (2) ChatbotGame, and (3) ChatbotGame with examples. 
 
3.2 ChatGPT-assisted game-based learning 

  
The GPT coding application programming interface (API) with access to OpenAI’s GPT 
language (gpt-3.5-turbo) model was used in this study. With this API, we can integrate the 
GPT language model into the game, allowing it to generate human-like language and 
respond to user input in a natural and coherent manner. The GPT coding API is an essential 
tool used to incorporate NLP capabilities into Summon of Magicrystal. GPT-assisted 
Summon of Magicrystal represents an exciting new approach to digital game–based learning 
that utilizes cutting-edge language processing technology to provide a more engaging, 
personalized, and effective learning experience for students. As shown in Figure 1, students 
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can click on Ask-AI for a conversation forum to pop-up so that they can ask questions. In 
addition to students initiating the questioning, the system also provide examples for them to 
ask questions. 
 

 
Figure 1. ChatGPT with examples in Summon of Magicrystal 

 
3.3 Instrument 
 
3.3.1 Science learning outcomes 
 
In order to evaluate the students' conceptual understanding in response to this study, a 
conceptual test was created by two experienced science teachers with 20 years of expertise. 
This test served as both a pretest and a posttest and comprised 16 multiple-choice 
questions centered on the concepts and principles addressed during the gameplay. The 
maximum score achievable on the test was 100. To ensure its reliability and validity, the 
questions underwent rigorous examination, revision, and validation by two other seventh-
grade science teachers. Additionally, pilot testing with seventh-grade students was 
conducted. The Cronbach's alphas for the pretest and posttest were found to be 0.82 and 
0.80, respectively, indicating good internal consistency and reliability of the test. 

 
3.3.2 Learning motivation 
 
The intrinsic motivation questionnaire utilized in this study was adapted from Deci and 
Ryan's (2000) instrument and consisted of 14 items, distributed across four subscales. 
These subscales were interest (four items, e.g., "I enjoyed playing this game very much"; 
Cronbach's alpha = .73), perceived competence (three items, e.g., "I think I am pretty good 
at this game"; Cronbach's alpha = .91), tension (three items, e.g., "I felt very tense while 
playing this game"; Cronbach's alpha = .87), and perceived value (four items, e.g., "I believe 
this game could be of some value to me"; Cronbach's alpha = .94). Using a seven-point 
Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree), the students were asked 
to rate these items. 
 
3.4 Procedure and data analyses 
 
Participants were recruited from their respective classes according to the regulations of the 
university’s institutional review board. The study lasted 2 weeks, with one 50-min session 
each day. The participants began by taking a multiple-choice conceptual pretest. Following 
that, the researchers informed the students about the study purposes, explained the game 
environment, and assigned each student a unique username and password. The students in 
the ChatbotGame and ChatbotGame with examples groups were informed of the capabilities 
of such functions in the gameplay. Toward the end of the gameplay, the participants 
completed a posttest and a web-based survey that included intrinsic motivation 
questionnaire. Analysis of covariance (ANCOVA) was performed to evaluate science 
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learning outcomes with a significance level of p < 0.05, and a t-test was used to assess 
intrinsic motivation. All statistical analyses were performed using the Statistical Package for 
the Social Sciences (SPSS 11.0 for Windows). 
 
4. Results 
 
Effects on science learning outcomes and learning motivation 
 
One-way ANCOVA was adopted to examine the three groups’ science learning outcomes. 
The ANCOVA results revealed that after excluding the effects of the pretest scores, there 
was a significant difference between groups (F = 5.94, p = 0.003), indicating that the 
students had significantly different learning achievements as a result of using the different 
learning models. The posttest score of the ChatbotGame with examples group (M = 49.06) 
was significantly higher than the game only group (M = 44.46). This indicates that the 
students who used ChatbotGame with examples outperformed those who used the game 
alone.  

One-way analysis of variance (ANOVA) was employed to explore the effects of the 
different gameplay modes on students’ motivation. There was a significant difference in 
perceived competence among the three groups (F = 3.69; p = 0.03). The average perceived 
competence scores of the ChatbotGame with examples and ChatbotGame groups and the 
Game only group were 2.63, 2.54, and 2.21, respectively. While there was no significant 
difference among the three groups in terms of interest, tension, and value, the students in 
the ChatbotGame with examples and ChatbotGame groups reported higher perceived 
competency than those in the Game only group.  
 
5. Discussion and conclusions 

 
The purpose of this study was to examine the potential of AI-assisted GBL in terms of 
students’ science learning outcomes and intrinsic motivation. In terms of the students’ 
science learning outcomes, it was found that there was a significant difference between the 
ChatbotGame with examples and Game only groups. Those students learning with the 
assistance of examples provided by ChatbotGame outperformed those learning only within 
the game. The students learning without examples also did better than those who learned 
with only the game. To investigate the students’ perceptions of the two different 
ChatbotGame modes further, some students in both groups were selected for in-depth 
interviews. Several students who had learned with examples provided by ChatbotGame 
pointed out that those examples helped direct their attention to relevant concepts and 
facilitated their gaming strategies. However without the examples, the students found that it 
was difficult to initiate questions because they had limited knowledge of the subject matter 
and were not sufficiently well-versed in the topic for them to come up with meaningful and 
relevant questions.  

Overall, the use of Chatbots-assisted GBL has the potential to revolutionize 
education by creating personalized, adaptive, and engaging learning environments that meet 
the needs of every student. However, more research is needed to fully understand the 
potential of these technologies and to ensure that they are implemented in an ethical and 
responsible manner (Lo, 2023). Our study yields theoretical and practical implications for 
Chatbots-assisted DGBL. It theoretically incorporates ChatGPT into DGBL, providing 
insights into how learners’ interactions with conversational agents help them strengthen their 
knowledge and revealing the capabilities of NLP to enable more conversational and 
interactive learning experiences. Practically, ChatGPT can be utilized as an intelligent 
assistant within DGBL, offering examples or explanations to help learners navigate 
challenging tasks or overcome obstacles. The examples can foster deeper understanding of 
complex concepts as well as enhance students’ problem-solving abilities.  

This study has several limitations that future research should address. The first 
concerns the transfer effect of Chatbots-assisted GBL. Future research could investigate, for 
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example, how ChatGPT can support the transfer of learning from game-based environments 
to real-world contexts. This includes exploring techniques to bridge the gap between virtual 
experiences and real-life applications, ensuring that the skills and knowledge acquired 
through DGBL can be effectively transferred and applied. A second area of future research 
concerns the effectiveness of ChatGPT in DGBL varies across different subject areas and 
age groups. Continued exploration in these areas can contribute to the development of more 
effective and engaging learning experiences for students. 
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Abstract: The purpose of this study was to explore the effect of enhancing 
students’ learning motivation on bilingual integrative activities classes with 
augmented reality (AR) creative video. One hundred and six 5th grade 
elementary students filled in the motivation questionnaire with Likert 5-point 
scale after the bilingual classes were conducted, those assigned to the non-
augmented reality (AR) group, and an individual AR group. For the non-AR 
group, students discussed the outdoor activities orally with the traditional 
teaching method, and the individual AR group used group work with the “AR 
Makr” APP to make outdoor activities videos which were created on iPad. The 
results showed that integrating AR enhances students’ learning motivation and 
self-efficacy in bilingual classes in a multimodality learning environment. It is 
suggested that teachers can incorporate multimodalities instruction in bilingual 
and language teaching in order to enhance students’ learning motivation on 
language. 

 
Keywords: Bilingual class, augmented reality, learning motivation 

 
1. Introduction 
 
1.1 Bilingual Policy and Teaching in Taiwan  
 

Recently, Taiwan has made plans to implement a bilingual language policy by 
incorporating English as the main foreign language. The National Development Council's 
"Developing Taiwan into a Bilingual Nation by 2030" serves as a blueprint for the entire 
education system in Taiwan. Therefore, elementary schools are attempting to integrate 
different subjects and teach them in English (Alessandra & Lin, 2021). The pressure for 
students to learn subjects in a foreign language has not decreased. A multimodality 
enhanced pedagogical approach contributes to the development of foreign language 
learners' knowledge. Song and Ng (2023) suggest that instructional multimodality design can 
enable students to participate in teaching activities and develop linguistic competence, which 
contributes to the connection between subject content and bilingual language support. 
Instructors can create multimodality tasks to activate students' engagement in bilingual 
classes and encourage them to construct their linguistic expressions. Naujok (2023) also 
indicated that multimodalities are used in different strategies and provide opportunities to 
engage students in translanguaging interaction, which is helpful for content meaning-making 
and language acquisition. 
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1.2 "Internet access in every class, and tablets for students." Policy 
 
The Ministry of Education (MOE) in Taiwan has implemented a digital plan for 

elementary and junior high school students, which includes the provision of internet access 
in every class and tablets for students. This initiative aims to enhance digital learning and 
multimodalities in language teaching (Zhang & Wu, 2023). Many instructors aim to cultivate 
and integrate augmented reality (AR) techniques in their teaching designs based on the 
multimodality teaching approach (Wu, 2023). 

Instructors integrate different kinds of applications on mobile devices to incorporate 
diverse resources into the multimodalities approach. In the present study, the "AR Makr" 
app, an iPad application, was used to create stories through a variety of templates and 
different tools (Dotson-Shupe & Mullins, 2022). ElSayary's (2022) research found that 
students can collaboratively create short movies with AR Makr as a positive engagement. 
The research also showed that teachers have higher motivation to highlight digital 
competency with course preparation. Asim et al. (2022) identified three domains to properly 
integrate technology into subject teaching: supporting the process of learning, catalyzing the 
acquisition of information, and communicating acquired knowledge. These domains are 
beneficial for implementing the findings of educational technology usage. 

Therefore, e-learning has become an important teaching approach in elementary 
schools in Taiwan. E-learning provides students with autonomy and a multimodal 
environment, allowing teachers to act as mentors in their learning (Liaw et al., 2007). 
Harandi's (2015) study found that e-learning can positively affect higher education students' 
motivation. The researcher used a questionnaire to apply the results. 
 
1.3 English Learning through Augmented Reality in a Multimodality Learning Environment  
 

The use of augmented reality (AR) technology in English learning has increased as a 
language learning tool, which is important for enhancing the learning experiences of the 
COVID-19 generation. Previous studies have shown that AR not only increases emotions 
and the immersive feeling in the learning environment, but it also enhances learners' 
motivation and cultivates the effects of English acquisition (Yu et al., 2019). In this study, 
the researcher conducted students' learning through AR experiences and English-
speaking outputs during outdoor activities. By completing the AR task assigned by the 
researcher, students were able to enhance their self-regulation strategies and cooperate 
with team members. Yu et al. (2023) found that integrating AR tools into learning could 
enhance students' self-efficacy in subject learning. 

In the multimodal learning types that Moreno and Mayer (2007) had integrated in their 
review, students could manipulate the objects through the process in AR environment. 
Rather than typical learning type which is non-interactive, in an multimodality learning 
environment, students can build their own representation through augmented reality 
(Mayer, 2001; Moreno & Mayer, 2007). Different tools to enhance multimodality learning 
environment are supposed to build up students’ knowledge and linguistic acquisition. 

 
1.4 Aim of the Study 
 

Building on Harandi’s (2015) research, this study aims to investigate how integrating e-
learning through the AR Makr APP can enhance motivation among elementary students who 
are taking bilingual courses for the first semester.  

The main research question of this study is: Does integrating AR technology 
enhance motivation among students in bilingual classes? 

 
  

420



1.5 Objective of the present study 
 

The research aims to determine whether teaching bilingual classes through e-learning 
and AR integration in elementary education affects students' learning motivation. The 
purpose of the present study is to focus on the outcomes related to the motivation of 
students who participate in bilingual classes taught through e-learning and AR integration in 
elementary education. 
 
2. Methods 

 
2.1 Participants 
 

The present study included 106 fifth-grade students from an elementary school in a 
remote county in the middle of Taiwan. The participants were selected using a sampling 
method with quasi-experimental design, which randomly assigned four classes to two 
groups: a non-AR group (n= 53) and an individual AR group (n= 53). The sample consisted 
of 56 male students (52.83%) and 50 female students (47.17%), as shown in Table 1. 

 
Table 1. Ratio of male and female research participants 

Group Non-AR group Individual AR group 
Number % Number % 

Male 29 54.72 27 50.94 
Female 24 45.28 26 49.06 

 
2.2 Experimental Procedure 

 
       The research, which is conducted as a quasi-experimental design, consisted of two 
groups: a control group, non-AR group; and an experimental group, individual AR group. 
Each group attended bilingual classes for one semester consisting of 80 periods. The 
non-AR group was taught using traditional lecture and discussion methods, while the 
individual AR group was taught using e-learning through the AR Makr APP, which 
integrated designing and creative products. The individual AR group had 8 periods 
dedicated to this method out of the 80 periods. 
       Finally, the participants completed a questionnaire that included motivation scales for 
both groups. Additionally, the experimental group answered written open-ended questions 
to collect their motivational thoughts after completing the experiment. 
 

 
Figure 1. Experimental Procedure 
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2.3 Instruments 
 

In the experimental group, individual AR group, each participant was guided to learn 
about preparing for and executing outdoor activities, and then create a video of their outdoor 
activities using the AR Makr app, which showed the function and operation of augmented 
reality on Figure 2 and 3. Moreover, Figures 4 and 5 show two examples of creative camping 
preparation videos created using the AR Makr app. In contrast, the non-AR group did not 
receive instruction on outdoor activities using the AR Makr app. 
 

 
Figure 2. The function on AR Makr App (1) 

 

 
Figure 3. The function on AR Makr App (2) 
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Figure 4. The example of students’ creative video on AR Makr APP (1) 

 

 
Figure 5. The example of students’ creative video on AR Makr APP (2) 

 
The motivation scale questionnaire, which is a self-edited questionnaire by the 

researcher, was used to test the hypotheses for e-learning with bilingual classes and intrinsic 
motivation. It utilized a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly 
agree). The questionnaire's reliability was measured using Cronbach's alpha (.732). The 
data for the present study was collected and analyzed using the statistical analysis program, 
SPSS Statistic 22. 
       The instruments used in the study included two open-ended questions about the 
motivation for continuing to learn bilingual classes through e-learning. The questions were: 
"If you would like to use the AR Makr app to learn for the next semester, why?" and "If you 
want the instructor to design more iPad activities, what is the reason?" Individual AR group 
students were allowed to list as many responses as they wanted to make their answers 
clear. However, non-AR groups were not asked to answer the open-ended questions. 
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3. Results 
 
3.1 Motivation with bilingual classes through e-learning 
 

The findings on Table 2 indicate positive motivation with e-learning through AR 
integration in the individual AR group. The results highlighted that students had higher 
motivation to continue with e-learning activities for the new stage of learning. Additionally, 
the efficacy of the activities in the experiment was also satisfactory for learning. 

 
Table 2. Motivation of e-learning through AR Makr APP (individual AR group) 

Items in Motivation Scale N M SD SD Error Mean 
Would you like to integrate iPad 
activities for bilingual classes 

53 4.8870 .4234 .0582 

Do you like the AR Makr activities? 53 4.2698 .6381 .0876 
Would you like to have iPad learning 
activities for next semester? 

53 4.9250 .3310 .0455 

 
3.2 Motivation with bilingual classes between non-AR group and individual AR group 
 

According to Table 3, the mean motivation scale of the experimental group, which 
received individual AR, was higher than that of the controlled group, which did not receive 
AR. This suggests that learning bilingual classes with e-learning is more effective in 
enhancing motivation compared to traditional teaching methods. However, there was no 
significant difference between the two groups in response to the second question “Would 
you like traditional teaching rather than bilingual classes?” (M=2.283, SD= .1690), which was 
the reverse question. 
 
Table 3. Results of Motivation Questionnaire in bilingual classes through and throughout 
integrating augmented reality 

Dimensions Number 
of Items 

N M SD SD Error Mean 

Motivation with bilingual 
classes in individual AR 
group  

5 53 4.0063 .58100 .07981 

Motivation with bilingual 
classes in non-AR group  

5 53 3.5000 .05119 .37268 

 
3.3 Students’ thoughts with learning bilingual classes through e-learning and AR Makr 

App 
 

The questionnaire for the experimental group contains two open-ended questions. The 
purpose of this unit is to analyze the students' comments. 

 
 Why do you like to use AR Makr APP to learn for the next semester? 

 
S16: “There will be multimodal resources available for learning, which will make 

it more interesting” 
 
S22: “We can collaborate with our classmates and learn from their diverse 

talents.” 
 
S26: I can interact with the teacher more frequently, and it creates a more joyful 

learning environment in our class.” 
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S35: “Learning with content is enjoyable.” 
 
S36: “AR learning is different from traditional classes that are stressful and 

pressurizing, and it motivates me to learn.” 
 
S51: “I always look forward to new bilingual classes.” 
 
S52: “AR allows us to explore different learning methods beyond traditional 

written work, and we can now learn in more active and creative ways.” 
 
In conclusion, using the AR Makr app to interact with classmates and teachers is a 

beneficial way to enhance and engage students in a positive manner, without the 
pressures of a traditional classroom. 

 
 Why do you want the instructor to design more AR Makr activities? 

 
S1: “The combination of AR activities with my English learning this semester has 

made me excited for new learning opportunities in the upcoming semester.” 
 
S3: “The AR activities provide me with more opportunities to use my creativity in 

creating English content. Despite my limited English proficiency, the teacher 
challenges and encourages me to improve.” 

 
S19: “I find these types of classes to be more engaging and enjoyable. If given 

the opportunity, I would attend more of these classes.” 
 
S23: “I find the use of multimodal class and content to be very engaging in a 

bilingual learning environment.” 
 
S24: “I believe the teacher will create more exciting e-learning activities for us to 

engage in.” 
 
S44 “It is important that the teacher does not force us to learn, but instead 

motivates us in an energetic manner.” 
 
S49: “I love this type of learning because the classroom atmosphere is enjoyable 

and meaningful.” 
 

E-learning facilitates students to learn in different, energetic, and meaningful ways. 
Moreover, students have more opportunities to collaborate with classmates and utilize their 
diverse talents and intelligence while learning with bilingual content. 

With e-learning, teachers act as promoters to facilitate students' autonomous learning, 
which has been found in research to provide more effective paths for student engagement in 
the class. 
 
4. Discussion 
 

The aim of this study is to investigate the effects of integrating augmented reality (AR) 
into bilingual classes and its impact on student motivation. To answer the research question, 
"Does integrating AR technology enhance motivation among students in bilingual classes?", 
a self-edited questionnaire was used to gather students' thoughts on bilingual classes and 
AR integration teaching. Harandi's (2015) research found that the AR Makr APP enhances 
students' language skills through augmented creation. Similarly, the present study showed 
that students had more opportunities to create an English environment meaningfully and 
energetically, enhancing their motivation for e-learning integration with bilingual classes. 
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Additionally, Yu, Liu, and Sun's (2023) research investigated the effects of integrating 
AR experiences and English speaking for college students. Similarly, this study found that 
elementary students' motivation towards English learning was raised through AR integration, 
with many students expressing positive thoughts on it. 

 
5. Conclusion 
 

The present study highlights the significant relationship between learning motivation and 
AR integration in the classroom through e-learning. The results specifically indicate that e-
learning and AR integration can positively enhance students' motivation and learning 
engagement. Harandi's (2015) research on the relationship between e-learning and 
motivation in higher education suggests that the findings of this study can be applied to 
elementary education. 

In summary, integrating AR Makr APP into teaching design can enhance students' 
different creative intelligence and talent, and even promote cooperation between 
classmates. The positive effects found in the qualitative data are reflected in students' 
responses. There is a stronger relationship between students' motivation, efficacy, and e-
learning compared to traditional classroom teaching. In summary, e-learning can have an 
appropriate educational effectiveness on students' bilingual learning and motivation. 

However, the present study only investigated bilingual teaching through AR integration 
as one form of e-learning. Future studies can further develop these approaches. Since the 
researcher mainly focused on elementary education, we suggest future studies be 
conducted with more participants of different ages. 
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Abstract: On commencing internship, undergraduates are required to perform core 
and professional skills under the supervision of external host training establishments. 
The variability of knowledge and skills experience can provide and identify placement 
in the Information Technology industry following graduation. This study presents intern 
assessments on how well the internship program supports development and 
demonstration of essential listed attributes. It explores perspectives on how well their 
course learning experience acts as a forerunner to develop skills/competencies. It 
seeks to validate how course categories from degree programs prepared them for 
training and which of the categories have been utilized and applied. This article 
includes the assessment of the interns from their immediate supervisors. The internship 
enabled the interns to develop or demonstrate essential attributes where 52% implied 
that they gained skills to apply in their future career, 35% appreciated the importance 
of continuing personal and professional development, and 10% inferred that the 
internship program was a substantial contribution in preparing them for professional 
career upon graduation. On the learning experience, more than 75% of the responses 
reflected seven listed skills and competencies. More so, 85% of the students have 
chosen the Internship course has prepared them substantially. Moreover, the course 
was highly utilized among other course categories as responded by 83% of the interns. 
The host training establishment response to the intern’s performance has a high of 
77%-92% in the range of 1-1.87 under the Excellent top box score. These results all 
contribute to the overwhelmingly positive perception of student intern performance. 

 
Keywords: Internship, Course Learning Experience, Performance Assessment 

 
 
1. Introduction 
 
The internship program for every bachelor’s degree is the most crucial supplemental training 
for students in practical skills, knowledge, and attitude necessary to adapt to the changing 
industrial world (Vo, Le, & Lam, 2021). The degree programs under the College of Computer 
Science and Engineering (CCSE) in Jose Rizal University prepares students through the 
reinstatement of its program educational objectives as 1) excel in their profession/career 
utilizing the knowledge acquired in the Information Technology courses, 2) become effective 
collaborators and innovators in information technology, applying professional/technical skills 
and competencies to make a positive impact on society; and 3) be engaged in life-long learning 
and professional development through self-study, continuing education, or graduate and 
professional studies. These objectives clearly state and aspire that a graduate must own the 
complete preparedness package of useful skills and competencies following program 
completion. 

Every JRU student is entitled to the university’s rich course learning experience as the 
it continues to reach for quality standards confirmations for its more than 100 years of 
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educational excellence, 3-star rating of excellence in QS Stars Rating System, CHED 
Autonomous Status, UKAS ISO Certified, and PACUCOA Level 4 accredited in some 
programs, among others. This paper intends to chronicle the perspectives of the students and 
the hose training establishments on how the course learning experience of an intern has 
become a forerunner in their on-the-job training experience. JRU decided on blended learning 
in 2007. For a few disciplines in the general education curriculum, the university has 
implemented the Course Redesign Program (CRP). A collaborative set of learning activities 
was prepared for the registered students from several general education courses, and the 
CRP eliminated face-to-face encounters in the classroom. Students like having the freedom 
to complete their online coursework and free-time tasks on or off campus. Blended learning 
has long been employed successfully by JRU students known as Rizalians, and as a result, 
scientists' learning outcomes were enhanced. At present, students from all levels relish the 
employment of the Canvas Learning Management System which was entirely beneficial during 
the pandemic. 

The CCSE internship program is designed specifically to meet the students’ training 
needs within the context of their work for IT-related responsibilities. An internship based on a 
strong model of intern recruitment and supervision, structured inclusion of interns in a 
supportive work culture, a detailed orientation, and a monitoring program through the 
Internship course was prepared for CCSE interns.  

 
1.1 Research Objectives 

 
This paper aims the following: 1) examine the students’ perspectives on how their internship 
program has enabled them to develop and demonstrate essential skills and attributes, 2) 
propound how the university has prepared the students through their learning experiences in 
a set of defined skills or competencies, 3) present how the students defined course categories 
prepared them for the internship program, 4) depict students standpoint on what extent has 
their course types utilized or applied in the internship program, and lastly, 5) in response, 
convey how the students were evaluated by their host training establishments. 
 
2. Research Methods 
 
The setting of this study was in Jose Rizal University located in Mandaluyong City, Philippines. 
The target study population was students under the facilitation of one internship adviser 
through purposive sampling. The student interns are under the College of Computer Studies 
and Engineering (CCSE) who are pursuing the degrees of Bachelor of Science in Information 
Technology (BSIT) with some majors, Bachelor of Science in Business Administration Major 
in Computer Science (BSBA-CSc), Bachelor of Science in Computer Engineering (BSCpE), 
and Bachelor of Science in Entertainment and Multimedia Computing (BS EMC) with some 
majors.  The internship course was taken in the months of January to May during the second 
semester in the senior year (4th year), following graduation. During the 2020-2021 academic 
year, under the supervision of the internship adviser, there are 14 students enrolled in the 
internship course. The 2020-2021 academic year holds 49 students and the academic year 
2022-2023 has 48 students. Table 1 shows the demographics of the students and their 
courses. 
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Table 1. Students in the CCSE and Respondents 

 
All courses from the university employ the utilization of the Canvas Learning 

Management System. More so this has been realized since the pandemic as it has assisted 
all faculty members across all divisions of the institution to hold their classes synchronously 
and asynchronously. This is especially realized in the online environment and while this 
modality supports learning continuity and was evident that online classes have become a 
place for students to socially engage with others to meet various psychological needs to buffer 
pandemic stress (Ebardo and Suarez, 2023). The Canvas LMS course for the Internship 
course covered all submission assignment links per module on a weekly basis. Some are 
categorized submissions for pre-, upon, and post-deployment documents. Since academic 
year 2020/21, an Outcome-Based Education (OBE) Reflection Survey was required to all 
student interns through the Canvas LMS as an assignment type under the post-Deployment 
documents category. This was to be filled up by the students after their 486-hour internship 
(for BSIT program) from the host training establishment (HTE). 

For academic year 2020/21, the interns were working in various IT industries 
nationwide and as far as Singapore as all were done through the work-from-home setup until 
the academic year 2021/22. As for 2022/23, the internship was done through hybrid mode. 
The virtual internship approach provided opportunities for large-scale distance learning 
institutions to routinely offer work experience to their students, supported by the further 
development of effective remote working practices (Reid, Butler, Comfort & Potter, 2023). 

The OBE Reflection survey was created by the representatives from the HEI’s 
academic council with internship facilitators and other experts. The questionnaire is divided 
into 4 parts with a total of 11 questions. The 4 parts of the questionnaire are shown in Table 
2. 
 
Table 2. OBE Reflection Survey Questionnaire 

 
On this study, the first 4 research questions focus on the last part of the questionnaire, 

the Course & Program Evaluation. Jose Rizal University uses surveys because an effective 
Customer Experience Management (CEM) program necessitates the compendium, synthesis, 
exploration, and dissemination of customer metrics. When summarizing the responses to the 
survey, the indicators are calculated using the Top Box Score. This indicates the proportion of 

SY & Internship 
Course Code 

Degree Program # of Students 

2020/21 – ITC 53 BSIT 11 
 BSCpE 2 
 BSBA-CSc 1 
2021/22 – EMC C402 BSIT 29 
 EMC-DAT 19 
 BSIT-AGD  1 
2020/21 – ITC C402 BSIT 46 
 BSIT-BA 2 
 TOTAL 111 

 

Parts # of Questions Type 
A. Course Matters 6 5 Qualitative 

  1 Quantitative 

B. Teacher Matters 1 Qualitative 
C. Personal 7 Qualitative 
D. Course & Program Evaluation 4 Quantitative 
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the student responses who gave the highest rate on the scale (Vinluan, Mangaba, & 
Valderama, 2021).

The author used descriptive statistics to analyze the data. To simplify reporting of 
results, the questionnaire dichotomized the responses as follows: “excellent” for the Course 
and Program Evaluation part, question #8, #9, and #10, and “to a large extent for question 
#11”.

3. Results and Discussion

3.1 Course & Program Evaluation – Development and Demonstration of Essential 
Attributes

The interns assessed how successfully the following vital qualities were developed or 
demonstrated during their internship program. Using the Top Box Score, 84.6% of the interns 
for the academic year 2020/21 interns responded “excellent” in the following 2 attributes: “Gain 
skills that I can apply in my future career” and “My Internship Program was a substantial 
contribution in preparing me for professional career upon graduation.”  For academic year 
2021/22, 82.2% of the interns responded “excellent” attributing to “Appreciate the importance 
of continuing personal and professional development.”  And for the academic year 2022/23, 
91.7% of the interns chose the attribute “Gain skills that I can apply in my future career” as 
their top score. A summary is shown in Table 3.

Table 3. Internship Program Enablement in Developing and Demonstrating Essential 
Attributes Top Box Score

3.2 JRU Learning Experience – Skills and Competencies

JRU uses surveys because a successful Customer Experience Management (CEM) program 
requires the collection, synthesis, investigation, and distribution of customer metrics. The JRU 
learning experience is one of the hallmarks as the institution values good education. It pays 
attention how the Rizalian learning experience is valuable according to a Rizalian himself. 
Another voice of the customer process is done through JRU Classroom Learning Experience 
(CLE) Survey and the JRU Customer Satisfaction Survey (CSS) (Vinluan, Mangaba, 
Valderama, 2021). The interns are no exception here. An item in the OBE Reflection Survey
(question #9) entails responses to the top box score, which received the grade "excellent" due 
to its subsequent returns which are: a) the analysis is simplified, only 1 item is taken into 
account instead of 5 or more, b) contrasts are made quickly and easily, compare the results 
by variables, Top 2 Box scores permit for more effective comparisons of scores and c) trends 
become more visible as the survey is steered at the end of the semester, tracking the 
measurement during this time. Top 2 Box scores benefit in recognizing trends in the data. 
Question #9 asks about how well the JRU learning experience mitigated the interns develop 
the listed skills/competencies. About 76.9% of the interns in academic year 2020/21 believed 
that working well with others, applying problem solving strategies, acting responsibly with the 
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interests of the larger community in mind, connecting to others sensing and stimulating 
reactions and interactions, and proficiency at thinking beyond what is rote or rule-based are 
their excellent competencies acquired.  About 34 of 45 or 75.6% of the interns presume that 
working well with others irrespective of age, gender, race, religion, or political persuasion is 
their key excellent amassed skill. Lastly, 36 of 48 or 75% of the interns reckon that working 
well with others, and the ability to work productively, drive engagement, and demonstrate 
presence as a member of a team are 2 of their obtained competencies. Table 4 shows a 
summary of the Top Box score for the JRU learning experience as a developmental skill and 
competency for the interns. 
 
Table 4. JRU Learning Experience as a Developmental Skill and Competency Top Box 

 
3.3 Course Preparedness 
 
An internship can be considered as one of the positive strategies for the schools to compete 
for a larger intake of students by promoting a comprehensive curriculum with an attractive 
internship program (Lam & Ching, 2007). The internship is defined as work placements, 
industry work experience, practicum, work integrated education. Davies (1990) states that 
internship is a kind of experiential learning where students take the opportunity to apply 
learned theories from schools in real-world situations, and it provides an opportunity for 
students to integrate and consolidate thinking and action. A well-rounded curriculum is 
however critical for the preparedness of the student to immersion in the internship. Question 
#10 in the OBE Reflection Survey focuses on how well the student was equipped in the course 

SY and Course 
Code 

Skills / Competencies # of  
Excellent 
Responses 

Total 
Responses 

% of Top
Box Score
Response

SY 2020/21 
ITC 53 
OJT/Practicum 

D. Work well with others 
irrespective of age, gender, 
race, religion or political 
persuasion  

10 13 of 14 76.9 

G. Applying a range of 
strategies to problem solving  
N. Act responsibly with the 
interests of the larger 
community in mind 
O. Ability to connect to others 
in a deep and direct way, to 
sense and stimulate reactions 
and desired interactions 

P. Proficiency at thinking 
and coming up with solutions 
and responses beyond that 
which is rote or rule-based 

SY 2021/22 
EMC C402 
Internship 

D. Work well with others 
irrespective of age, gender, 
race, religion or political 
persuasion 

34 45 of 49 75.6 

SY 2022/23 
ITC C402 
Internship 

D. Work well with others 
irrespective of age, gender, 
race, religion or political 
persuasion 

36 48 of 48 75.0 

T. Ability to work 
productively, drive 
engagement, and demonstrate 
presence as a member of a 
team 
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categories finished in the past 3 years as training groundwork of concepts and applications for 
the Internship Program.  

The course categories are listed as Languages, Mathematics, History & Social 
Sciences, Professional courses, Capstone, Elective, and the Internship (OJT). Table 5 exhibits 
that the Internship course, 76.9%, 80%, and 91.7% respectively for the three (3) school years 
has the most answered for the Top Box among the interns for the three (3) academic school 
years. This is an average of 83.8% or 90 of 106 interns. The second Top Box score is 
displayed due to this. Courses related to Languages (53.8%) and Professional courses (66.7% 
or 62 of 93 interns) are second most chosen as second Top Box score (“Excellent”) for the 
three (3) academic years. 
 
Table 5. Course Categories Preparedness Top Box Score 

 
3.4 Utilization and Application of Courses in the Internship 
 
A broad and well-balanced degree program increases the employability of students. It requires 
inclusivity if courses that hone and provide skills that can be applied in the future workplace, 
and that internships strengthen these skills and broaden the scope of non-academic studies 
(Stamati & Wilmott, 2023). 

Zopiatis (2007) defined that internships provide students with the opportunity to apply 
classroom theory to practical problems in a significant business environment and, most 
importantly, ensure that their career choices are consistent with their interests and personality. 
Internships are especially helpful for resourceful students who want to gain some practical 
experience about the work by working in a bona fide business environment.  

It is equally vital to cross-check and validate curriculum courses during scheduled 
curriculum reviews whether the general, core, and professional courses adapt well to a 
disciplinal competencies and values of a Rizalian graduate. Internships also provide the 
students with the necessary skills to be effective in the work environment (Chinomona & 
Surujlal, 2012). It gives students the opportunity to put their theoretical knowledge into practice 
and further develop their skills and experience in the industry (Bogdana, Mihaela, & AncaIona, 
2012). Allowing the intern to self-evaluate whether the courses in their degree program is the 
focal point of Question #11. They were asked about the extent to which their courses were 
utilized and applied to their internship. All intern-respondents from the 3-year period chose the 
Internship course as the Top Box score, the highest Likert scale indicated that this course has 
helped them utilize and apply their courses “to a large extent.”  The internship course poses 
the following course learning objectives (CLO): 1) Discuss the importance of finding the right 
company for their on-the-job training or practicum to learn from a real workplace setting and 
remind them of the duties and responsibilities of an on-the-job trainee, 2) Demonstrate logical 
and analytical thinking skills, communications and social skills, and IT/EMC related skills 
needed to perform the assigned tasks in their on-the-job training/practicum, and 3) Develop 
the proper work ethics of an Information Technology professional and continue to improve 

SY and Course 
Code 

Courses # of  
Excellent 
Responses 

Total 
Responses 

% of Top 
Box Score 
Response 

SY 2020/21 
ITC 53 
OJT/Practicum 

(1) Internship  10 13 of 14 76.9 
(2) Language

s 
7 53.8 

SY 2021/22 
EMC C402  
Internship 

(1) Internship 36 45 of 49 80.0 
(2) Professio

nal 
courses 

29 64.4 

SY 2022/23 
ITC C402  
Internship 

(1) Internship 44 48 of 48 91.7 
(2) Professio

nal 
courses 

33 68.8 

 

433



themselves for their professional development.  Through teaching and learning activities, the 
intern adviser/facilitator was keen in the proper dissemination of every procedure relating to 
the CLOs.

83% or 88 of 106 of the interns presumed that the internship course sustained them 
“to a large extent” throughout their internship in the Host Training Establishment. In this regard 
the second Top Box score was retrieved among the course types. 61.5%, 64.4%, and 62.5% 
responded that the courses on Languages, Professional courses, and Capstone course 
respectively have been utilized in their internship “to a large extent” as well. Table 6 shows a 
summary.

Table 6. Course Utilization in Internship

3.5 Performance Evaluation from Host Training Establishment

The number of hours in the different degrees vary. In the completion of the 486 hours of 
internship, at least for the BSIT program, the interns were evaluated by their host training 
establishments (HTE), specifically their immediate supervisors using the University’s ISO 
labeled form Internship Performance Evaluation. This contains an 8-item indicator list with a 
5-point Likert Scale of excellent, very good, good, poor, needs improvement. The interns’ 
immediate supervisor shall rate them through relations with others, judgment, ability to learn, 
behavior, dependability, quality of work, attendance & punctuality, and over-all performance 
as compared to other interns. Part of the form were 3 qualitative questions and 1 comment 
area asking the strengths and weaknesses of the intern and given the sole decision to hire, 
would they hire them in the organization. To realize the results of this, the researchers ought 
to show the evaluations of the interns with less than 2 in a 5-point Likert scale, or those with 
grades in lines of 1.0.

Averagely, using the highest score of 1.0 as Excellent, the evaluator has scored each 
item and Table 7 presents the total average score of each item of every intern from grades 
1.00 to 1.875. Each set of interns from every school year has gained 77%, 92%, and 83% 
respectively. This depicts a high turnout of the performance of the interns as evaluated by the 
immediate supervisor from the host training establishments.

The data has shown high impact that the interns have exhibited their work tasks 
properly. To note, the lowest grades for the interns from all school years are 2.75, 2.5, and 3.1 
respectively, illustrating passing grades on 3 as Good in the 5-Point Likert scale. The 
internships of the 106 students have been overwhelmingly successful for the interns and 
supervisors as well.
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Table 7. Total Students Evaluation Grade Range 

 
4. Conclusions 
 
The original aims of this paper is to investigate the students' viewpoints on how their internship 
program has helped them acquire and exhibit essential skills, validate how their university 
learning experience has prepared them for the internship through a list of defined skills or 
competencies, check how the degree courses taken have prepared them and its utilization in 
the internship program, and lastly, present how they were evaluated by the host training 
establishments. 

From the foregoing results and discussion, the following conclusions are drawn. The 
interns’ response on the area of Course and Program Evaluation, specifically on how well the 
Internship Program has enabled them to develop or demonstrate essential attributes reflects 
that 52% implied that they gained skills to apply in their future career, the other 35% inferred 
they appreciated the importance of continuing personal and professional development, the 
last 10% denoted that the Internship Program was a substantial contribution in preparing them 
for professional career upon graduation.  

Educating and maintaining potential qualified employees in the workplace is becoming 
one of the crucial factors for the sustainable development strategy of institutions and 
organizations (Lam & Ching, 2007). The interns are potential industry practitioners and 
employees. Their sustainable learning experience may never be repeated in their course of 
age, which is why their courses, and the internship program must strategically prepare them 
for future employment. Across the stream of the JRU learning experience, more than 75% of 
the responses reflected 7 listed skills and competencies shown in Table 4. 

The course categories for each degree program only varies on their professional 
courses, common general education and core courses in the JRU degree programs have 
identifiably contain uniformity. The respondents in this study have chosen the Internship 
course has prepared them subsequently. More so it was highly utilized among other course 
categories. 

The host training establishment response to the intern’s performance is overridingly 
positive. A high of 77%-92% of them has rated the interns in the range of 1-1.87 under the 
Excellent Likert scale vis a vis the performance indicators. This result all contributes to the 
overwhelmingly positive perception of intern performance.  
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Abstract: This study aims to examine how prior knowledge and affective factors of 
virtual reality environments predict science learning achievement through the 
mediation of learning engagement. Ninety-two sixth-grade students in Taiwan were 
recruited in this study. Data were analyzed through partial least squares structural 
equation modeling (PLS-SEM). The results showed that prior knowledge negatively 
predicted presence and control and active learning. Presence, control and active 
learning positively predicted learning engagement (behavioral engagement, cognitive 
engagement, emotional engagement). Cognitive fatigue was found to negatively 
predict emotional engagement and science learning achievement. Implications and 
suggestions for future research were addressed in the study. 

 
Keywords: presence, cognitive fatigue, control and active learning, learning 
engagement, virtual reality 

 
 
1. Introduction 
 
In the modern education landscape, digital learning platforms and advanced technological 
tools have completely transformed the nature of learning. With the continuous evolution of 
instructional technology, virtual reality (VR) has become a part of innovative educational 
approaches, the sense of realism in the learning environment has continuously improved 
and offers students unprecedented levels of engagement and interaction. By exploring, 
manipulating, and experimenting within a virtual environment, learners can obtain immersive 
learning experiences (Radianti et al., 2020). 

In the VR learning environment, students not only have the ability to freely explore 
and experience in a VR environment but also have the freedom to control the pace and 
content of their learning. Previous research has shown that if students have a higher degree 
of control in learning, they also achieve better learning outcomes and satisfaction (Jang et 
al., 2017; Lee et al., 2010). Nevertheless, prolonged exposure to digital learning 
environments, especially when engaging in learning within virtual contexts, may lead to an 
overwhelming cognitive load, potentially negatively impacting learning outcomes (Parong & 
Mayer, 2018). Studies have also shown that users have reported experiencing cognitive 
fatigue after prolonged use (Cummings & Bailenson, 2016; Munafo et al., 2017). However, 
there is still a lack of research regarding the effect of cognitive fatigue and its relationship 
with other factors in the context of VR learning environments. 

Makransky and Petersen (2021) have developed the cognitive affective model of 
immersive learning (CAMIL) illustrating the relationships among VR affordances, affective 
and cognitive factors, and learning outcomes. Among the different research directions, it was 
suggested that future study can investigate the impact of external factors on personal traits 
or dispositions. Therefore, the research purpose of this study is to explore the effects of 
learners’ prior knowledge and other affective factors of VR environments on their learning 
engagement and learning outcomes in the VR learning environment. A model was 
developed describing the hypothesized relationship among the variables used in this study 
based on the literature mentioned above (see Figure 1). Prior knowledge is hypothesized to 
positively predict students’ affective factors of VR environments (Kim et al., 2021). Among 
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the affective factors, presence and control and active learning are hypothesized to be 
positively predict learning engagement and learning outcomes (Lee et al., 2010; 
Purarjomandlangrudi & Chen, 2020). On the contrary, cognitive fatigue is hypothesized to be 
negatively predict learning engagement and learning outcomes (Hwang et al., 2019).
Learning engagement is hypothesized to be positively predict learning outcomes (Liu et al., 
2022).

Figure 1. The hypothesized model regarding relationships among prior knowledge, affective 
factors of VR environments, learning engagement, and learning outcomes.

1.1 Affective Factors of VR environments

In the following, the effects of the affective factors in VR environments were discussed, 
including presence, cognitive fatigue, and control and active learning. 

1.1.1 Presence

Presence is the sense of being in one place, which is a psychological state or subjective 
perception in which even though part of or all of an individual’s current experience is 
generated by the system (Lee et al., 2010). In VR, presence acts as an affordance, leading 
to deeply immersive experiences (Makransky & Petersen, 2021).

Empirical research has highlighted the relationship between a user's prior knowledge 
and their sense of presence in virtual environments. For instance, participants with higher 
levels of prior knowledge related to the content of a virtual environment reported a deeper 
sense of immersion and spatial presence (Kim et al., 2021). Purarjomandlangrudi and Chen 
(2020) examined students' sense of presence in a virtual classroom and its subsequent 
influence on their engagement levels. The findings demonstrated that students who reported 
a heightened sense of presence were significantly more engaged in their learning tasks than 
those who felt detached. Studies have also shown that students who perceived a higher 
presence in the virtual environment might have higher learning outcomes (Lee et al., 2010). 
However, studies have also shown that higher immersion leads to higher cognitive load 
(Parong & Mayer, 2018). Researchers have also concluded that students in high-immersion 
VR environments would have a higher sense of presence but less learning (Makransky et 
al., 2019).

1.1.2 Cognitive fatigue

Cognitive fatigue, also known as mental fatigue, refers to the decline in cognitive 
performance and efficiency after prolonged periods of cognitive activity. It manifests as 
reduced attention, slower reaction times, and increased errors (Boksem et al., 2005).
Studies have shown that an increase of cognitive fatigue decreased cognitive control (Lorist 
et al., 2005) and high-level information processing (Tanaka et al., 2014). Researchers 
indicated that when the learning material required students’ cognitive effort in a limited 
amount of time might lead to increasing cognitive fatigue, thereby affecting performance 
(Hwang et al., 2019). 

1.1.3 Control and active learning

Control and active learning refer to leveraging VR technology could empower learners to 
actively engage with and shape their own learning experiences within a virtual environment 
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(Lee et al., 2010). Studies have shown that students with higher level of control and active 
learning might enhance their learning engagement, achievement, and retention of 
knowledge (Deslauriers et al., 2019; Freeman et al., 2014). Previous studies demonstrated 
that the level of control and active learning could lead to increased engagement, motivation, 
and learning outcomes among students (Makransky & Lilleholt, 2018). 
 
1.2 Learning engagement 
 
Learning engagement refers to the dynamic and multifaceted involvement of students in the 
learning process (Furrer & Skinner, 2003). Cognitive, emotional, and behavioral dimensions 
are typically regarded as being a part of learning engagement (Fredricks et al., 2004). 
Cognitive engagement refers to the mental effort, concentration, and active participation that 
students invest in learning tasks and academic activities. The observable actions and 
behaviors that students exhibit in the learning process, such as participation in classroom 
activities or putting effort in completing assignments, is referred to as behavioral 
engagement. Emotional engagement refers to the affective or emotional reaction of a 
student's involvement in learning, including different emotions, such as enjoyment or 
boredom. 

Previous studies discovered that engagement in school-related tasks, including 
cognitive and behavioral engagement, predicts academic achievement and educational 
attainment over time (Fredricks et al., 2004; Wang & Eccles, 2013). In the context of VR 
learning environment, students were found to demonstrated higher learning achievement 
and learning engagement ( ).  
 
2. Method 
 
2.1 The VR learning materials 
 
This learning material was designed by our research team for elementary school students 
between 5th to 6th grades to learn concepts related to water, including water in the 
atmosphere, the structure of plants, the lives of animals, and supplementary knowledge of 
science. With the guidance of a virtual agent and the visualization of microscopic objects and 
natural phenomena, students could learn water-related knowledge by exploring the VR 
learning material. 

The VR learning material consisted of five scenes, including pre-training and four 
different seasons. Students become familiar with the operation and have a preliminary 
understanding of the content of this learning material by interacting with content in the pre-
training scene. A self-evaluation system was also embedded in the VR learning material. 
After students finished learning science knowledge of each scene, there would be questions 
for them to practice. Students could check their learning status with immediate feedback and 
comments after they answered each question. 
 
2.2 Participants and procedure 
 
Data were collected from 92 6th-grade elementary students with ages between 11 to 12 in 
Taiwan. Among these students, there were 35 males (38%) and 57 females (62%). Before 
the experiment, students were acknowledged the purpose of the experiment and only the 
students who volunteered to participate were recruited. Students first completed a test of 
science prior knowledge to assess their prior knowledge of the water-related concepts 
before experiencing the VR learning activity for a maximum of 30 minutes. Subsequently, 
students were asked to complete a science post-test and post-survey to measure their 
presence, cognitive fatigue, control and active learning, and learning engagement. 
 
2.3 Instruments 
 

439



Four questionnaires were designed to measure students’ presence, cognitive fatigue, control 
and active learning, and learning engagement. A test of prior knowledge and a science 
learning achievement test were developed to test students’ understanding of the concepts 
related to water.  
 
2.3.1 Presence questionnaire 
 
Presence questionnaire, adopted from Schubert et al. (2001), consisted of spatial presence 
(four items), involvement (three items), and experienced realness (one item). Spatial 
presence, defined as the perception that the user’s body is actually located in the virtual 
space, includes items such as “I felt present in the virtual space.” The items in involvement 
measured how much attention the VR learning activity draws to the user, and how much the 
user still pays attention to the real world, sample item includes “I concentrated only on the 
virtual space.” Experienced realness was defined as the realness the user felt between VR 
learning activity and reality, including items such as “My experience in the virtual 
environment is the same as my experience in the real world.” Participants responded on a 
Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). 
 
2.3.2 Cognitive fatigue scale 
 
Cognitive fatigue was defined as decreased cognitive resources and cognitive function over 
time due to sustained cognitive demands (Trejo et al., 2005). Cognitive fatigue scale, 
adapted from Hwang et al. (2019), consisted of four items in this study, and the sample item 
includes “My concentration would disappear very quickly when I experienced the VR 
learning activity.” Participants responded on a Likert scale ranging from 1 (strongly disagree) 
to 5 (strongly agree). Past study has reported good reliability of the scale ( 0.94) (Hwang 
et al., 2019). 
 
2.3.3 Control and active learning scale 
 
Control and active learning was defined as the level of autonomy learners were allowed in 
the learning environment (Lee et al., 2022). Control and active learning scale, adopted from 
Lee et al. (2022), consisted of five items. Participants responded on a Likert scale ranging 
from 1 (strongly disagree) to 5 (strongly agree). Sample item of the scale includes “This type 
of VR learning activity allows me to have more control over my own learning.” Past study has 
reported good reliability of the scale ( ) (Lee et al., 2010). 
 
2.3.4 Learning engagement scale 
 
Learning engagement scale, adopted from Lee et al. (2021), comprises three sub-
scales: behavioral engagement (five items), cognitive engagement (four items), and 
emotional engagement (four items). Although the original scale encompassed social 
engagement, the sub-scale was not included since there was no peer interaction in this 
study. Behavioral engagement, defined as the behavior related to academic achievement, 
includes items such as “I keep trying even if the learning activity is hard.” Cognitive 
engagement was defined as the effort, including meta-cognition and self-regulation, to 
understand learning content. A sample item of cognitive engagement includes “I think about 
different ways to solve a problem.” Emotional engagement was defined as the emotional 
responses to learning activities, including interest, enjoyment, and perceived value of 
learning. Sample item of emotional engagement includes “I feel good when I am doing this 
learning activity.” Participants responded on a Likert scale ranging from 1 (strongly disagree) 
to 5 (strongly agree). Past study has reported good reliabilities of the factors (behavioral 

(Lee et al., 2021). 
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2.3.5 Science achievement test 
 
The multiple-choice assessments were designed based on the content in the VR learning 
material to evaluate students’ understanding of the concepts related to water, such as the 
different states of water, the formation of frost and fog, etc. The science prior knowledge test 
(8 items) and learning achievement test (13 items) were used to measure students’ prior 
knowledge and their learning outcomes after learning through the VR learning material.  
 
2.4 Data analysis 
 
In this study, partial least squares structural equation modeling (PLS-SEM) was used to 
analyze the data. PLS-SEM, considered to be the second generation of multivariate analysis 
for verifying a relationship between variables, is suitable for analyzing small sample sizes of 
data and does not need normal data distribution (Hair et al., 2021).  

In this study, presence was treated as a formative construct due to the independent 
contribution of the items, while other variables were considered as reflective constructs. In a 
reflective construct, the latent variable causes the observed indicators, which means that 
any change in the construct would result in changes in its indicators. On the contrary, the 
observed indicators cause or form the latent variable is a formative construct, which means 
that the construct is determined by its indicators. Unlike reflective constructs, the indicators 
in formative construct do not necessarily have to be correlated, and they each contribute 
uniquely to the formative construct. PLS-SEM also has the advantage to contain both 
reflective and formative constructs in a model (Hair et al., 2021). 

The evaluation of PLS-SEM begins with the measurement model where each 
indicator's factor loading of reflective constructs should ideally surpass 0.7 for reliability. 
Additionally, the composite reliability (CR) of constructs should exceed 0.7, while their 
average variance extracted (AVE) should be above 0.5, ensuring convergent validity. For 
discriminant validity, the square root of a construct's AVE should be greater than its highest 
correlation with any other construct, with methods like the Fornell-Larcker criterion often 
used for further validation. The formative constructs were evaluated by assessing variance 
inflation factor values (VIF), and outer weights. 

Transitioning to the structural model, the coefficient of determination (R2) is 
scrutinized, where values above 0.75 indicate strong explanatory power. Path coefficients 
are crucial, with significance denoting impactful relationships among constructs. Effect sizes, 
represented as f2, should ideally exhibit values of 0.02, 0.15, or 0.35 for small, medium, or 
large effects, respectively. Predictive relevance, measured by Q2, becomes vital, with values 
greater than zero signifying model relevance.  
 
3. Results 
 
3.1 Measurement model 
 
The quality of the measurement model was examined by construct reliabilities and construct 
validities. The Cronbach’s alpha values and the composite reliability (CR) values were tested 
to verify the internal consistency of the indicators of each construct (Hair et al., 2021). As 
shown in Table 1, Cronbach’s alpha values of the constructs were between 0.86 to 0.98, 
which were above the suggested value of 0.70. Additionally, the CR values of the constructs 
were between 0.91 to 0.98, which also met the requirement of being greater than 0.70. 
These results show that the measurement model had sufficient reliability and the internal 
consistency of the indicators for each construct was good. 

Convergent validity and discriminant validity were assessed to verify whether the 
measurements effectively reflected the corresponding measured constructs. Factor loadings 
of indicators and the average variance extracted (AVE) of constructs were used to validate 
the convergent validity of the measurements. The factor loadings of the individual items and 
the AVE values of the constructs were all above 0.7, which is higher than the suggested 
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value (Hair et al., 2021). BEng 1 was deleted since the value of its factor loadings was below 
0.7. These results showed adequate convergent validity. 
 
Table 1. Confirmatory Factor Analyses and Reliabilities of Cognitive Fatigue, Control and 
Active Learning, and Learning Engagement. 

 Mean SD Factor 
loadings 

Cronbach’s 
alpha CR AVE 

Cognitive Fatigue (CF)    0.97 0.97 0.91 
CF 1 2.34 1.23 0.95    
CF 2 2.47 1.24 0.93    
CF 3 2.43 1.17 0.97    
CF 4 2.42 1.28 0.95    
Control and Active Learning (CAL)    0.98 0.98 0.91 
CAL 1 3.95 0.86 0.96    
CAL 2 3.90 0.87 0.95    
CAL 3 3.93 0.82 0.97    
CAL 4 3.88 0.87 0.95    
CAL 5 4.02 0.86 0.93    
Behavioral Engagement (BEng)    0.86 0.91 0.71 
BEng 2 3.84 0.86 0.82    
BEng 3 3.97 0.89 0.90    
BEng 4 3.85 0.94 0.90    
BEng 5 4.11 0.81 0.74    
Cognitive Engagement (CEng)    0.89 0.92 0.74 
CEng 1 4.02 0.85 0.88    
CEng 2 3.91 0.84 0.88    
CEng 3 3.91 0.87 0.81    
CEng 4 3.86 0.88 0.88    
Emotional Engagement (EEng)    0.90 0.93 0.78 
EEng 1 4.17 0.90 0.90    
EEng 2 3.76 0.97 0.81    
EEng 3 3.95 0.90 0.91    
EEng 4 4.20 0.86 0.90    

 
The Fornell-Larcker criterion and cross loadings were measured to verify discriminant 

validity, which indicates the degree to which each construct in the resulting model is distinct 
from the others (Hair et al., 2021). The cross loadings of measurement variables are 
suggested to be higher than the related latent variable. The square root of the AVE value of 
each variable should also be higher than 0.5 and larger than the Pearson’s correlation 
coefficient between the two variables. All cross loadings of the items were higher than each 
related latent variable. The AVE value of each variable (0.84 - 0.95) achieved the standard 
as well. In accordance with Hair et al. (2021), the results indicated that the discriminant 
validity of the variables was verified. 

In this study, presence was considered as formative construct. By using a global 
single item for redundancy analysis, the convergent validity of formative constructs was 
evaluated by examining its correlation with an alternative measure of the construct. The 
result of redundancy analysis for convergent validity of presence was 0.85, which was above 
the suggested value of 0.8. Variance inflation factor (VIF), outer weights, and outer loadings 
were assessed to verify the collinearity, significance, and relevance of formative items. The 
acceptable collinearity and adequate construct validity were signified by VIF values less than 
5, which indicated that an item's contribution to the primary latent construct was unique (Hair 
et al., 2021). The outer weight of an item determines its relative importance in formative 
constructs, and the outer loadings of an item determines its absolute importance to the 
construct (Hair et al., 2021). An item was kept in the measurement model if it had a 
significant outer weight (p < .05), or if its outer loadings was higher than 0.5. Items that did 
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not meet these criteria were further evaluated based on the significance of their outer 
loadings. An item was ultimately removed from the model if its outer loading was lower than 
0.5 and not significant.

3.2 Structural model

PLS-SEM was used to test the hypotheses proposed in this study, which included the 
relationships among prior knowledge, affective factors of VR environments (presence, 
cognitive fatigue, control and active learning), learning engagement (behavioral 
engagement, cognitive engagement, emotional engagement), and learning outcomes 
(science learning achievement). The paths with statistical significance (p < .05) are shown in 
Figure 2. The results indicated that prior knowledge negatively predicted presence ( -
0.24, p < .05), control and active learning ( -0.21, p < .05). Presence positively predicted 
behavioral engagement ( p < .001), cognitive engagement ( p < .001), and 
emotional engagement ( p < .001). Cognitive fatigue negatively predicted emotional 
engagement ( -0.22, p < .001) and science learning achievement ( -0.25, p < .05).
Control and active learning positively predicted behavioral engagement ( 1, p < .001), 
cognitive engagement ( 44, p < .001), and emotional engagement ( 44, p < .001).

Figure 2. Structural Model Results of Prior Knowledge, Affective Factors of VR 
Environments, Learning Engagement, and Learning Outcomes (only significant paths are 

3.3 Mediation

As shown in Table 2, control and active learning played significant mediating role between 
presence and learning engagement. Control and active learning mediated the relationship 
between presence and behavioral engagement ( -0.09, p < .05), cognitive engagement (

-0.09, p < .05), and emotional engagement ( -0.09, p < .05).

Table 2. Mediation Analyses Results of the Hypothesized Model (only significant paths are 
shown).
Path t p
Prior knowledge -0.09 2.02 .044*
Prior knowledge -0.09 1.99 .046*
Prior knowledge -0.09 2.09 .037*

*p
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4. Discussion 
 
According to the model analysis, it was found that science learning achievement was 
negatively predicted by cognitive fatigue. In other words, an increase in students’ cognitive 
fatigue decreased their learning performances. Additionally, cognitive fatigue was found to 
negatively predict emotional engagement, which referred to the increase of students’ 
cognitive fatigue would decrease their emotional response to learning activities. The 
information given in the learning material and the questions after exploring every scene, 
which required students’ sustained cognitive demands, might gradually increase their 
cognitive fatigue. Moreover, students had to finish the post-test assessment right after 
experiencing the learning material. Students might not find the learning activities interesting 
and not willing to engage in it due to the reasons mentioned above. It is suggested that 
researchers could divide experiment into several learning stages, and give students time to 
rest between these stages in order to reduce their perception of cognitive fatigue, improve 
their learning performance and willingness of engaging in the learning activities.  

On the contrary, learning engagement was found to be positively predicted by 
presence and control and active learning. These results showed similarities with the results 
of Purarjomandlangrudi and Chen (2020), which indicated that students with higher sense of 
presence might be more engaged in their learning activities than those who felt detached. 
However, the findings showed that students’ prior knowledge could negatively predict their 
sense of presence and control and active learning, which showed differences from the 
results shown in Kim et al. (2021). It is suggested future studies could deepen the 
exploration of the relationships between students’ prior knowledge and their sense of 
presence with different ages of students. 

Furthermore, control and active learning was found to mediate the relationships 
between prior knowledge and learning engagement. In other words, learners with lower prior 
knowledge might not only perceive higher level of autonomy over their learning, but also 
increase their interactions with the learning material. It is recommended that in the future, 
such learning materials be provided to students with lower prior knowledge, as they can 
potentially derive greater benefits.  

Finally, presence was treated as a formative construct in this study, while most of the 
studies treated presence as a reflective construct (e.g., Makransky et al., 2019). In future 
research, we suggest investigating presence as a formative construct, considering its 
potential to offer deeper insights into the dynamic interplay of its components. Additionally, 
contextual variations and qualitative inquiries could provide a comprehensive understanding 
of how learners experience presence in diverse educational settings, ultimately enriching the 
theoretical frameworks and pedagogical strategies. 
 
5. Conclusion 
 
A model was proposed in this study suggesting the relationships among prior knowledge, 
affective factors of VR environments (presence, cognitive fatigue, control and active 
learning), learning engagement (behavioral engagement, cognitive engagement, emotional 
engagement), and learning outcomes (science learning achievement). The effects of prior 
knowledge and cognitive fatigue were highlighted due to the differences from previous 
studies and the lack of empirical evidence. Finally, future studies are suggested to consider 
treating presence as a formative rather than a reflective construct. 
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Abstract: In the industrial sector, Artificial Intelligence (AI) technology has been 
extensively utilized and integrated into educational curricula and teaching 
methodologies to enhance educational effectiveness and respond to the needs of 
entrepreneurs. However, due to its costliness, more learning tools and technology are 
needed to ensure AI education. The Arduino board offers a user-friendly and cost-
effective solution that enables the study of complex applications involving the 
integration of artificial intelligence with Arduino programming. This study presents a 
review process to investigate trends of using Arduino to enhance AI study. This study 
highlights the increasing complexity of using Arduino boards with artificial intelligence 
algorithms. Specifically, it explores their applications in domains such as multiple linear 
regression (MLR), particle swarm optimization (PSO), adaptive neuro-fuzzy inference 
systems (ANFIS), and Node-RED. The findings of this study will serve as a valuable 
reference for scholars interested in this domain and as a guide for AI education in the 
future. 
 
Keywords: AI education, Machine Learning, Arduino, Neuro-Fuzzy, Node-RED 

 
 
1. Introduction 
 
Industry in the era of Industry 4.0 has undergone rapid changes and advancements driven by 
the widespread adoption of various technologies (Pajpach et al., 2022). These technologies 
have been extensively applied across agricultural, manufacturing, transportation, service, and 
other industrial sectors. By incorporating technology into industrial processes, efficiency has 
been increased, production costs have been reduced, time has been saved, and convenience 
has been enhanced, utilizing the benefits of 21st-century technology to address economic 
challenges and difficulties (Sarı et al., 2022). Integrating technology into education and 
teaching methods has been a critical aspect of leveraging the advantages of Industry 4.0 
(Görgülü et al., 2021). However, a significant issue in education is the high cost of technology-
related devices. Consequently, the Arduino board has been chosen as an affordable solution 
(Bullis et al., 2021; Guzmán-Fernández et al., 2021). This board offers professional-grade 
usability with the required precision and reliability (Lee, 2020; Makan et al., 2021). 

Arduino microcontrollers have gained popularity in smart home systems, security 
applications, and STEM education, encompassing science, technology, engineering, and 
mathematics. They facilitate problem-solving skills, practical training, and activity-based 
learning (Sarhan, 2020; Sari et al., 2022). Arduino microcontrollers have also been employed 
in various dimensions of education, ranging from primary and secondary education to 
vocational and higher education levels. Their utilization aims to foster positive educational 
outcomes, increased student engagement, and a more enthusiastic approach to learning (Budi 
et al., 2021). These microcontrollers promote students' systematic thinking, creative ideation, 
and time management skills by possessing technological literacy and learning collaboratively 
in the classroom, and they can develop programming skills and apply them practically 
(Medeiros et al., 2018; Roumen et al., 2021). Additionally, Arduino facilitates the creation of 
simple learning devices in laboratories (Ueyama et al., 2022; Vidal et al., 2022) and enables 
the design of increasingly complex systems by incorporating innovative expertise or artificial 
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intelligence into Arduino programming, exploring the usage of advanced technologies (Tupac-
Yupanqui et al., 2022).  

Therefore, integrating technology, mainly through using Arduino microcontrollers, has 
significantly enhanced education, fostering positive learning outcomes and the development 
of programming skills. Arduino provides an affordable and reliable solution and empowers 
students to actively engage in learning, cultivate problem-solving abilities, and explore the vast 
possibilities of advanced technologies.  

Artificial Intelligence (AI) involves designing and developing algorithms and models 
that enable machines to acquire and process information, extract meaningful insights, and 
make informed decisions or take appropriate actions based on the available data. Advanced 
technologies and many techniques are used in artificial intelligence, such as Multiple Linear 
Regression (MLR), Particle Swarm Optimization (PSO), and Adaptive Neuro-Fuzzy Inference 
Systems (ANFIS), especially in engineering education. In addition, Node-RED is an intelligent 
and agile system based on innovative communication for monitoring and control with industrial 
communication (Chookaew & Howimanporn, 2022). 

In this study, a literature review was conducted to investigate trends in this field 
encompassing the following research questions: 

RQ1: What research studies employ artificial intelligence with the Arduino board?  
RQ2: What types of Arduino boards are utilized in the research study?  
RQ3: What is the method to assess the accuracy of artificial intelligence research with 

the Arduino board? 
 
 
2. Research Methodology 
 
2.1 Process of data searching and collection  
 
A systematic search was conducted on the Scopus database using a predefined set of search 
keywords: (“artificial-intelligence” OR “machine-intelligence” OR “machine-learning” OR 
“multiple-linear-regression” OR “particle-swarm-optimization” OR “adaptive-neuro-fuzzy-
inference-system” OR “Node-RED” AND “Arduino”). A total of 162 articles were found in 
selected education-related fields (i.e., “engineering”, “computer science”, “mathematics”, 
“social sciences”, “environmental science”, “decision sciences”). Only articles with at least two 
keywords related to “MLR”, “PSO”, “ANFIS”, “Node-RED”, and “Arduino” in their titles, 
abstracts, or keywords were included in the study. After applying these criteria, the number of 
articles was reduced to 130 for further consideration. Subsequently, after further reviewing the 
complete text, ten articles were unrelated to the study, and four needed to be written in English. 
Finally, 18 articles remained that specifically addressed topics related to MLR, PSO, ANFIS, 
Node-RED, and Arduino, as shown in Figure 1. 
 
2.2 Data Analysis 
 
Conducting a systematic literature review and analysis in this study is based on the principles 
and guidelines proposed by Chu et al. (2022). It encompasses data collection, inclusion and 
exclusion criteria, data coding, and analysis techniques. The publication of selected studies 
was analyzed, including the research article published in an international journal between 
2018-2022. The criteria were used when choosing the valid article to make sure that there is 
consistency in the studies for data analysis that follow as: 

1) The article must have been published in the last five years. 
2) The article must have studied using the Arduino board for operating artificial 

intelligence with MLR, PSO, ANFIS, and Node-RED topics. 
3) Each study assessed the accuracy applied to an Arduino board related to 

machine learning and artificial intelligence. 
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Figure 1. Research literature review process 

 
 
3. Results 
 
3.1 RQ1: What research studies employ artificial intelligence with the Arduino board?  
 
In the field of MLR, several research studies were identified that integrated the use of MLR, 
PSO, ANFIS, and Node-RED with Arduino board in various contexts. For instance, Setyawan 
et al. (2022) analyzed MLR to determine the hydroponic nutrient solution from the water 
quantity and pump operation time. Songara and Patel (2022) compared three types of soil 
sensors to find the most suitable value for soil moisture. Bhoi et al. (2022) employed IoT-EMS 
to analyze the MLR values. Suresh et al. (2022) utilized an IoT-enabled deep-learning 
innovative irrigation system (IoTDL-SIS) to control an intelligent canal system. Deberneh and 
Kim (2018) focused on harvesting energy from a Wave Energy Converter (WEC) and 
predicting shore-side power by specifying the characteristics of sea waves using floating 
buoys.  

In the area of PSO, Sheikh Ahmadi et al. (2022) aimed to maximize the energy yield 
of solar cells (PV) by combining the advantages of the incremental conductance (IC) method 
and PSO for Maximum Power Point Tracking (MPPT) control. Delavari and Naderian (2020) 
sought to enhance the robustness, flexibility, and level of independence of a microgrid inverter 
with parameter bounds of disturbances using PSO. De Moura Oliveira et al. (2022) designed 
a PSO-based Proportional Integral Derivative (PID) controller with the lowest absolute error 
and the slightest overall control signal variation. Sutyasadi and Wicaksono (2020) applied PSO 
to low-cost robot arm design and PID parameter tuning for small or medium-sized embedded 

Search for articles from the Scopus  
with the keywords: 
(“artificial intelligence” OR   
“machine-intelligence” OR   
“machine-learning” OR  
“multiple-linear-regression” OR   
“particle-swarm-optimization” OR   
“adaptive-neuro-fuzzy-inference-system”   
OR “Node-RED” AND “Arduino”) 

Research category: 
- Engineering 
- Computer Science 
- Mathematics 
- Social Sciences 
- Environmental Science 
- Decision Sciences 

Records screened by title and abstract 
(n = 162) 

Records excluded (n = 130) 
- No topic MLR, PSO, ANFIS,  
Node-RED, Arduino in the title,  
abstract, keyword at least 2 topics 

Records screened by full text 
(n = 32) 

Records included in synthesis 
(n = 18) 

- Not related to MLR, PSO, 
ANFIS, Node-RED, Arduino  
(n = 10) 
- Not written in English  
(n = 4) 
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controllers. Daouadi et al. (2020) utilized the Takagi-Sugeno (T-S) fuzzy system combined 
with PSO to improve the stability of DC-DC boost converters.  

Regarding ANFIS, Songara and Patel (2022) used ANFIS to determine suitable values 
for soil moisture. Sanjaya et al. (2019) designed a four-sensor robotic arm with ANFIS 
integration. Pandey et al. (2019) developed and employed a Multi-Adaptive Networked Fuzzy 
Inference System (MANFIS) for mobile robot navigation in different two-dimensional 
environments. Mujiarto et al. (2019) designed and implemented a five-sensor robotic arm with 
ANFIS integration.  

Regarding Node-RED, Mohd Shaari Azyze et al. (2021) showcased the display of IoT 
data using the Node-RED platform for controlling air pollution and updating data every 5 
minutes. Cgseong et al. (2020) designed and utilized a real-time object control system using 
Node-RED. Effendi et al. (2020) developed an intelligent farm and agriculture project that 
employed various internet-connected devices in the farm, including IoT for monitoring, with 
data inspection through Node-RED. Tedla et al. (2019) addressed the issue of crop loss during 
storage by using sensors to monitor environmental conditions in the storage facility and 
displaying real-time web applications via Node-RED. Huang et al. (2019) implemented a multi-
agent system that used Node-RED to display real-time data on a screen.  

According to Table 1 in the literature review, four articles utilized MLR, five employed 
PSO, three utilized ANFIS, five incorporated Node-RED, and 1 article combined MLR and 
ANFIS, as shown in Figure 2. 
 
Table 1 Summary of the 18 included studies. 

 
ID Year Authors Source AI 

Topic/Techniques 
P1 2022 Setyawan et al. Journal of Engineering Science  

and Technology 
MLR 

P2 2022 Songara & Patel Measurement MLR+ANFIS 
P3 2022 Bhoi et al. Intelligent Automation &  

Soft Computing 
MLR 

P4 2022 Suresh et al. Computers, Materials & Continua MLR 
P5 2018 Deberneh & Kim Applied Sciences MLR 
P6 2022 Sheikh Ahmadi et al. Iranian Journal of Science  

and Technology 
PSO 

P7 2020 Delavari & Naderian IET Generation PSO 
P8 2020 De Moura Oliveira et al. Algorithms PSO 
P9 2020 Sutyasadi & Wicaksono Telecommunication Computing 

Electronics and Control 
PSO 

P10 2020 Daouadi et al. Electrotehnica PSO 
P11 2019 Sanjaya et al. International Journal of Recent 

Technology and Engineering 
ANFIS 

P12 2019 Pandey et al. World Journal of Engineering ANFIS 
P13 2019 Mujiarto et al. Indonesian Journal of Electrical 

Engineering and Computer Science
ANFIS 

P14 2021 Mohd Shaari Azyze et al. Asian Research Publishing Network Node-RED 
P15 2020 Cgseong et al. Indonesian Journal of Electrical 

Engineering and Computer Science 
Node-RED 

P16 2020 Effendi et al. International Journal of Integrated 
Engineering 

Node-RED 

P17 2019 Tedla et al. International journal of scientific & 
technology research 

Node-RED 

P18 2019 Huang et al. Journal of Manufacturing Systems Node-RED 
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Figure 2. Research studies utilizing AI topics/techniques

3.2 RQ2: What types of Arduino boards are utilized in the research study? 

Upon reviewing the literature, it was found that 18 articles utilized several types of Arduino
boards for the research study. Most article uses Arduino Uno (6 articles), Arduino Mega 2560 
(4 articles), Arduino Nano (2 articles), Arduino ESP-32 (2 articles), Arduino ESP8266 (1 
article), Arduino Leonardos (2 articles), and two articles did not specify the Arduino board 
used, as shown in Figure 3.

Figure 3. Types of Arduino boards used in research studies.

MLR

PSO

ANFIS

Node-RED

MLR+ANFIS
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3.3 RQ3: What is the method to assess the accuracy of artificial intelligence research 
with the Arduino board?

In the reviewed research studies that employed Arduino boards, the accuracy was assessed 
using various metrics, including R-squared (R^2 ), Mean Squared Error (MSE), Root Mean 
Square Error (RMSE), Mean Absolute Error (MAE), Mean Absolute Percent Error (MAPE), 
and Integral Absolute Error (IAE). Among the 18 articles included in the literature review, the 
evaluation of accuracy revealed the following distribution: R^2 was utilized (2 articles), MSE 
(4 articles), RMSE (1 article), MAE (2 articles), MAPE (2 articles), IAE (2 articles), and other 
evaluation methods were employed (10  articles). It is worth noting that some articles 
conducted multiple evaluations to assess accuracy, as shown in Figure 4.

Figure 4. The methods of accuracy assessment.

4. Conclusions

The findings reveal that MLR is utilized in four research articles, PSO in five articles, ANFIS in 
three articles, Node-RED in five articles, and a combination of MLR and ANFIS in one article. 
Moreover, the Arduino boards used in these studies consist of Arduino Uno in six articles, 
Arduino Nano in two articles, Arduino ESP8266 in one article, Arduino ESP-32 in two articles, 
Arduino Mega 2560 in four articles, Arduino Leonardo in two articles, and unspecified Arduino 
boards in two articles. The evaluation of research accuracy involves different metrics, including 
R-squared (r^2) in two articles, Mean Squared Error (MSE) in four articles, Root Mean 
Squared Error (RMSE) in one article, Mean Absolute Error (MAE) in two articles, Mean 
Absolute Percentage Error (MAPE) in two articles, Integrated Absolute Error (IAE) in two 
articles, and other evaluation methods in ten articles. Notably, some research articles employ 
multiple evaluation methods to assess accuracy.

This research highlights the increasing complexity of utilizing Arduino boards with 
artificial intelligence algorithms, particularly in MLR, PSO, ANFIS, and Node-RED domains. 
The findings contribute valuable insights for researchers interested in utilizing Arduino boards 
in various disciplines and facilitate the development of Arduino-based microcontroller 
applications. The study aims to serve as a comprehensive reference for future researchers in 
this field, providing them with a solid foundation for further investigations and advancements.
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Abstract: Technology 4.0 in the industry focuses on effective energy saving. There is 
an increase in the need for industrial worker training, especially in compressed air 
systems, air kept under more significant pressure than atmospheric pressure. It is an 
important medium for the transfer of energy in industrial processes. However, the new 
technology of energy management systems to enhance performance has yet to be 
widespread. Owing to the learning material for training is expensive. It is also not 
possible to simulate the operation of a comprehensive system. The employees lack an 
understanding of the big picture, causing problems in learning and lacking practical 
skills. Especially new employees may need more knowledge and experience and have 
operation errors or problem-solving skills. In this study, we proposed a training model 
consisting of a compressed air systems training kit based on the Artificial Intelligence 
of Things (AIoT), and the energy-saving scenarios consist of 1) controlling the 
compressed air pressure fed to the air cylinder while being subjected to loads of 
different sizes. 2) controlling the compressed air pressure supplied to the air cylinder 
while operating the air cylinder without load. 3) controlling the compressed air supplied 
to the machine while it is stopped. In addition, we use an outcome-based approach to 
drive training activities. The results show that the training model can simulate the 
process of energy management systems of compressed air systems and show it on 
the dashboard. It can be implemented in employee or engineer practical training in the 
future. 
 
Keywords: energy management systems, training kit, AIoT, engineering education 

 
 
1. Introduction 
 
Nowadays, industrial manufacturing and companies increasingly recognize the financial and 
reputational benefits of meeting sustainable targets concerning waste and excessive energy 
consumption (Abela et al., 2020). Although compressed air in the industry is an important yet 
overlooked energy carrier. However, in the industrial sector, compressed air systems are one 
primary energy consumer, accounting for around 10% of the electricity consumed in the 
European Union and China, while the US, Malaysia, and South Africa account for 9% of total 
energy consumption (Bonfá et al., 2019; Eras et al.,2020) Therefore, reducing CAS energy 
consumption is crucial to meet the energy efficiency goals (Benedetti et al., 2019). 

Compressed Air Systems (CAS) provide a significant improvement opportunity for 
energy saving. CAS refers to air kept under more significant pressure than atmospheric 
pressure. It is an important medium for the transfer of energy in industrial processes. 

Many studies attempt to propose a methodology to develop the energy management of 
CAS. For example, Thabet et al. (2020) proposed real-time sensing and machine learning to 
increase CAS efficiency with algorithms that automate the detection of energy inefficiencies 
and make decisions regarding suitable troubleshooting procedures will be created. Sanders 
et al. (2020) proposed new intelligent techniques to save energy in compressed air systems 
with real-time ambient sensing via Artificial Intelligence and Knowledge Management to 
automatically improve efficiency in energy intensive manufacturing. 
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This paper uses Artificial Intelligence of Things (AIoT) technology to develop the energy 
management of compressed air systems training model. AIoT will reduce energy consumption 
in compressors by considering real-time circumstances and predicted needs. Sensor data will 
deliver real-time performance information, interpret the data, and then act automatically. 

 This training course focuses on new technology that will be applied to save energy in 
industrial manufacturing. Therefore, we proposed a training model consisting of a compressed 
air systems training kit based on the Artificial Intelligence of Things (AIoT) and the energy-
saving scenarios to align the outcome-based approach. 

 
2. Related work 
 
2.1 Training course of a compressed air system  
 
For the industrial sector, CAS is necessary to offer versatility, reliability, and ease of use in 
various industrial applications. It is a cost-effective and efficient solution for powering tools, 
controlling processes, and facilitating numerous manufacturing and operational tasks. CAS is 
a network that generates energy from gas molecules being transported through and activating 
an engine or rotor. It uses natural air that is all around us that we inhale and exhale. The 
system uses compressed gas molecules to create sufficient pressure, which pushes through 
the rest of the circuit. Therefore, the concept of training is shown in Table 1. 
 
Table 1. The training concepts of leaning outcomes 

          Concepts    Leaning outcomes 
1. Management of industrial 

compressed air systems 
Understand the management compressed air systems 

2. Programmable logic 
controller (PLC)  

Use PLC to control hardware.  

3. Ladder programming  Write Ladder logic programming with PLC.  
4. Pneumatic cylinders  Write programming to control pneumatic cylinders.  
5. Photoelectric sensor  Apply a photoelectric sensor to detect an object.  
6. Vision inspection systems  Apply a vision inspection system to track an object.  
7. Electro Pneumatic control  Write program control Electro Pneumatic control 
8. Vacuum grippers control  Use Vacuum grippers to pick and plate the workpiece.  
9. Artificial Intelligence Apply Artificial Intelligence to save energy 
10. Dashboard  Display information on the dashboard  

 
2.2 Artificial Intelligence of Things (AIoT)  
 
Artificial Intelligence of Things (AIoT) refers to integrating artificial intelligence (AI) 
technologies with Internet of Things (IoT) devices and systems. AIoT combines the power of 
AI algorithms and data analytics with IoT devices' connectivity and sensor capabilities to 
enable intelligent decision-making, automation, and advanced functionalities (Hu et al., 2021; 
Xian et al., 2023). Many studies attempt to present AIoT applications in many fields. For 
example, El Himer et al. (2022) present applications of AIoT technology to manage and save 
energy in renewable energy sources such as solar and wind. Shi (2021) presented AIoT as a 
new technology for developing innovative, low-cost, reliable monitoring systems for smart 
home applications. 
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3. Training Model on Energy Management of Compressed Air Systems

3.1 Proposed Training model 

In this study, we designed a training model focusing on industrial employee practice training. 
A training course should have a hands-on activity that can operate related work. To 
understand the engineering problem of saving energy, we design the training model to perform 
the activities and appropriately prepare devices or materials based on a conceptual 
framework, as shown in Figure 1.

Figure 1. Training model framework

In addition, we design energy savings scenarios to consist of 1) controlling the compressed 
air pressure fed to the air cylinder while being subjected to loads of different sizes. 2) 
controlling the compressed air pressure supplied to the air cylinder while operating the air 
cylinder without load. 3) controlling the compressed air supplied to the machine while it is 
stopped, as shown in Figure 2.

Figure 2. Energy savings scenarios

3.2 A compressed air systems training kit

To design the structure of the training kit, we identify the performance of training materials 
able to compare the scenarios in case of saving energy. Figure 3. shows a compressed air 
systems training kit consisting of a Programmable Logic Controller or PLC (Omron NX1P2 
V1.50), a device that automatically controls a machine. A load cell sensor is an electro-
mechanical sensor that measures force or weight. A distance sensor is a sensor that 
measures the distance by emitting a signal and measuring how long it takes to return to the 
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transducer. An air regulator is a pneumatic device that receives air at any pressure within its 
tolerance and then dispenses air at a pressure no more significant than its intended output. A 
DC-to-DC converter temporarily stores electrical energy to convert the direct current (DC) from 
one voltage level to another. A camera is an optical instrument that captures images. A 
cylinder is A device that converts energy from wind pressure into mechanical energy.

Figure 3. The component of a compressed air systems training kit

3.3 Neuro-fuzzy algorithm

Neuro-fuzzy is an artificial intelligence method effectively utilized in control engineering to 
demonstrate neuro-fuzzy usage in training for managing the energy of compressed air 
systems. Neuro-fuzzy algorithms, also known as fuzzy neural networks or adaptive neuro-
fuzzy inference systems (ANFIS), combine elements of fuzzy logic and neural networks to 
create hybrid models that can handle complex and uncertain data. These algorithms aim to 
leverage the strengths of both fuzzy logic and neural networks to improve the accuracy and 
interpretability of the models (Tiruneh et al.,2020; De et al., 2020). In this study, PLC is 
necessary for building its control programs and is appropriately tied with AIoT.  In addition, the 
MATLAB program can run a Neuro-fuzzy algorithm, as shown in Figure 4.

                               (a)                                                       (b)

Figure 4. (a) Example of Membership Functions in MATLAB (b) Example of PLC program

Air regulator
PLC: Omron NX1P2 
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3.4 Dashboard 
 
A dashboard is a visual representation of essential information, data, metrics, and 
performance indicators displayed in a consolidated and easily understandable format. It 
provides a snapshot or summary of data to help users monitor, analyze, and make informed 
decisions based on the information presented. Node-RED is a development tool for connecting 
hardware devices, application programming interfaces, and online services (as shown in 
Figure 5). It has a browser-based editor to enable wiring together flows using the wide range 
of nodes in the palette. The industrial flows automation created in the Node-RED tool and a 
programmable logic controller (PLC) can be stored, imported, and exported for information-
sharing as a dashboard in the gateway connected with the open platform communications 
unified architecture (Chookaew & Howimanporn, 2022). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5.  The screen snapshot of Node-RED dashboard 
 
 
4. Conclusion and Future work 
 
In this study, we proposed a training model consisting of a compressed air systems training 
kit based on the Artificial Intelligence of Things (AIoT), and the energy-saving scenarios 
consist of 1) controlling the compressed air pressure fed to the air cylinder while being 
subjected to loads of different sizes. 2) controlling the compressed air pressure supplied to 
the air cylinder while operating the air cylinder without load. 3) controlling the compressed air 
supplied to the machine while it is stopped. In addition, we use an outcome-based approach 
to drive training activities. The results show that the training model can simulate the process 
of energy management systems of compressed air systems and show it on the dashboard. It 
can be implemented in employee or engineer practical training. We plan to investigate the 
effectiveness of the proposed models by comparing pre- and post-test performance and 
evaluating attitudes toward training as part of future work. 
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Abstract: Automatic control is currently used widely, so it is in engineer curriculum of 
every major of institutions, which is instructed in most major curriculums. Each 
curriculum focuses on application of mathematics in high theory in order to describe 
the system behavior, which makes learners in automatic control subject. The learners 
face with the understanding of occurring after the input stimulation, which results the 
learner’s lack of practice skills on instrument and control. Therefore, to promote 
learners to understand the system behavior, and gain practice skills, this research 
presents the instructional model focused on learner’s vision on the system behavior by 
using computer program in order to simulate the abstract work on computer screen, 
and connect to concrete work from op-amp electrical circuit on PCB, and measure the 
system behavior from inquiry -based learning. Teachers are facilitators to monitor 
learners to connect the simulation with the testing of op-amp instrument. It is operated 
effectively by learners who are able to see the overall results from the experimental 
presentation through websites, which learners present through google sites. The 
researcher will take the instructional model to use with third-year learners. 

 
Keywords: Inquiry-based Learning, Simulation, Operational Amplifier 

 
 
1. Introduction 
 
The control system engineering (or automatic control) is an important work in the production 
process in order to produce work following the design effectively. It is an autonomous driving, 
which is driven with robot. Therefore, an engineering education needs to provide control 
system engineering in every major that learners have to learn about engineering. Learning in 
the past, teachers taught theory using equation in applied mathematics for describing 
phenomenon and behavior of (Pena et al., 2022) linking theory to practice. At present the 
computer program is used to reduce the gap between theory that learners need to have prior 
knowledge about mathematics before, it leads to real practice. Teachers have to use various 
active learning instructions in order to help learners who have poor basic mathematics to 
understand the system behavior. (Al-khazraji & Ismaeel, 2020) The software program 
sometimes used MATLAB as a device for learning. It helps learners to have more vision on 
system behavior, that learners are able to adapt parameter value in the same time as system 
response on computer screen. (Marin et al., 2020) When learners are able to connect theory 
to software computer, the connection to practice, it is developed for model in industrial work, 
(Hernandez et al., 2020; Kaluz, Klauco, & Cirka, 2019;  Arrieta, Duque & Villa, 2019) which 
helps learners understand and connect theory to practice completely, in the same time the 
work of the model development of the system has the limitation that the learners need to have 
prior knowledge on electronic sensor, and electronic measurement, or microcontroller, which 
makes learners successfully-experimented. (Rojas-Moreno, 2019) According to the mention 
in this paper to present instructional model by using the computer program together with the 
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electronics simulation in order to practice with theory in automatic control subject for third-year 
bachelor’s degree student on the topic of transfer function of 1st order, and  2nd order system, 
and controller design using SISO function of MATLAB program in order to test with the system 
developed. 
 
2. Related Works  
 
2.1 Automatic Control Software Simulation 
 
Taking  software package to help in the  simulation with  the engineering education that it 
helps learners to connect theory of the complexed equation in applied mathematics with the 
computer program, which stimulates physical condition related to theory easily. (Kumar & 
Milanovic, 2022) Learners are able to see the phenomenon after the mathematics value 
adaptation on the computer screen immediately, and it also helps learners to understand in 
depth very well. (Herrmann et al., 2022) As the simulation related with the control system 
engineering views on the behavior in the form of time response graph by comparing between 
electrical signal and electrics, which stimulate the system called input with the response 
system in the form of the electrical signal. If the systems are mechanical system, chemical 
system, or others that are converted to electrical system by sensor. Therefore, learners want 
to experiment on the behavior system, the learners have to learn about the sensor equipment, 
and electrical measurement device before. It is the difficulty of learners’ learning who do not 
study in the electrical major before. So, taking the computer program to use in the simulation 
for experiment on the physics phenomenon for theory concepts to help to reduce the difficulty 
of learners’ learning very well. (Fennell et al., 2019) The proper computer programs are 
various which are able to stimulate the work in the form of virtual laboratory in order to design 
the controller of the work system. Learners are able to view the response in the form of graph, 
and the illustrated photos perfectly, they can see the results each of point on the graph very 
perfectly in the form of real time, and it reduces the complexity, the danger which will occur 
with learners, and it also reduces the time length for developing the stimulation model. 
(Dosoftei & Cojocaru, 2020; Fan et al., 2020; Huilcapi et al., 2023; Vermunt, 2023)  Therefore, 
the simulation is a proper option for learners who practice, and prepare the readiness before 
the experimentation with the real stimulation model. (Andreenkov & Shunaev, 2022) 

2.2 Automatic Control Hardware Simulation 
 
Taking the active device, especially the operational amplifier : Op-amp to develop circuits and 
take the software program to use in the work simulation. Besides, it helps learners to 
understand the phenomenon of work, and helps learners to create ideas of Circuits design. 
Learners are able to compute by using the formula, and measure the parameter value from 
the electric signal device, which shown in the program immediately to promote learners to 
have more confidence in the application of the parameter estimation in the Circuits. (Tsvetkova 
& Borodzhieva, 2021) Moreover, using the Op-amp instead of the second order system, which 
used in the control system engineering. It is the analog Circuits, leaners are able to connect 
the Circuits by themselves by using the Op-amp device. The advantages of this device are 
cheap, can be bought easily, and can be connected through protoboard Circuits. Besides, the 
Op-amp is able to developed to analog controller easily, and be satisfyingly stable. (Li et al., 
2022) Using the Op-amp for the stimulation by developing the printed circuit board : PCB in 
order to reduce the mistake of connecting the Circuits, and the signal shape which has more  
noise than the stimulation  from real system. (Lara et al., 2018)The experimentation of the 
measurement, and the parameter value testing from the signal shape easily, and relates to 
the theory. The learners are able to view the phenomenon, which occurs after controlling, 
which relates to theory and practice very perfectly. (Beloiu, 2015; Subtirelu, 2015) 
 
2.3 Inquiry-based Learning 
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Inquiry-based learning is learning management, which focuses on child-center. It emphasizes 
learners who can search knowledge by themselves by using scientific method. Teachers 
change their roles to be facilitators and support resources for learning, which can be applied 
for learning management in engineering education concerning with engineering practice found 
that it can promote learners have positive attitude towards engineering learning, which uses 
mathematics equation and understanding in content. After that the design is taken to verify 
and observe behavior, then report the conclusion occurred from the design, which uses theory 
knowledge. Learners work in groups, brainstorm, and cooperate to find the answers from the 
designing step, which assigned by the teachers to try-out and test from these make 
cooperating skills to find the answers (Gero, Catz & Sabag, 2018), while they help learners 
have competency on cooperation work including report writing, and the interpreting scientific 
articles (Jarvisalo et. Al., 2020). Taking the inquiry-based learning to use for this learning, it is 
the talented issue for teachers in practicing subject (Brookes, 2018). Teachers help learners 
while problem occurring by learners classify problems and used for problem solving to prevent 
learners loose the concepts and feel discouraged. 
 
3. Learning approach for automatic control : 

3.1 Learning  Approach 
 
Learning approach in this research presents the model of the instruction by using the inquiry-
based learning together with the active device in the type of op-amp, which stimulated to be 
1st order, and 2nd order system including the design of controlling Circuits with the op-amp 
device. The advantages of the learning of the inquiry-based learning. It helps learners to have 
good attitude towards learning. (Mueni et al., 2023) It is suitable for the instruction based on 
both theory and practice, which helps learners understand the science concept to promote the 
collaboration working, and team of learners. (Dobber et al., 2017) The steps are as follows:  
step 1 the teacher random the learner’s group by each of group has not more than 3 members. 
Each week teacher defines the learning in each week. Besides, step 2 learners in each group 
operates the  simulation with MATLAB Simscape program using the op-amp circuits, it is the 
main design by learners have to use the computing formula of the resistor, and the capacitor 
from theory which is suitable for the questions that the teacher defined in each group in order 
to connect to 1st order, and 2nd order system. Then measurement of the time constant value 
from the computer program is done. When the topic of the controlling design uses the order 
of SISO in the design of controller instead. When the learners understand the Circuits, they 
connect PCB Circuits by themselves, step 3 the learners measure the time constant from the 
PCB compared with the theory, it is the step 4 learners check the accuracy, and indicate the 
mistake in practice, and represent the computing formula, and the last step is learners present 
work, which is done in each week through webpage with google site program. The step shown 
in the figure 1. Beginning form step 1: the teacher defines the learning objectives, informs 
learning principles that learners must learn from the theory to practice, then use questions to 
encourage learners to find the answers, which are not covered the learners’ knowledges, step 
2: learners are divided into 3-5 people, after that the teacher presents theory principles, and 
have learners brainstorm by learners’ prior knowledges to find the answers together with the 
teacher, step 3: expanding the theory concepts to simulate from MATLAB to practice with op-
amp on PCB, this step helps the teacher to guide new principles for occurred-problem solving. 
If the results of testing from the simulation, op-amp, and on PCB   are not relevant to the theory, 
and step 4: learners must conclude the knowledge from the simulation, and practice with 
electronics gadgets, which how it is related to the theory. If problems are occurred during work, 
how to solve the problems, and the last step: the teacher must evaluate learner’s knowledge, 
and skills. From the observation, how learners take concepts, and new skills to apply, including 
skills and team-work process. The role of learners for learning on inquiry-based learning, 
learners must pay attention to build concepts by themselves by before entering class, they 
should review the background knowledge to be ready for new lesson or prepare questions for 
asking in the classroom.  
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Figure1. Learning Approach

3.2 Simulation Step

The MATLAB program in this research comprised 2 parts as follows:

3.2.1 Simscape 

Simscape is the program by using drag and drop device, and draw to connect together. The 
learners are able to use the electrical measurement device as the authentic device, which 
shown in figure 2. Learners use simscape to stimulate the work of op-amp Circuits before 
connecting the Circuits on the PCB sheet. 

Figure 2. Simscape on MATLAB Program

3.2.2 SISOTOOL command 
SISOTOOL command is the command in the text mode of the MATLAB program, which shown 
in figure 3. It is the type of graphic user interface : GUI, which users are able to fill the transfer 
function of the parameter value form the  op-amp Circuits on simscape in order to design the 

465



controller of parameter value of controller, which shown on computer screen. The users are 
able to take parameter value to design analog controlling Circuits by using the op-amp 
immediately.

Figure 3. GUI SISOTOOL on MATLAB Program

3.2.3 The op-amp Circuits is a Circuits of 1st order, and 2nd order system, which contained on 
PCB sheet, it has the point for line connecting, and the connecting point for measure electrical 
signal between input compared with output, which shown in figure 4. Moreover, it is able to 
take op-amp Circuits to develop to analog controller Circuits in order to be close loop control 
as well.

  

Figure 4. Op-amp Circuits on PCB

3.4 Assessment and Evaluation Step

The evaluation form comprises 2 parts as follows: skill evaluation form, which used for  
evaluating each learner’s skills  by this skill evaluation form will do after finishing the learning 
unit by using the  rubrics score. Which is the criterion for the evaluation. After finishing of the 
skill evaluation, the learners’ attitudes towards learning will be done using the criterion of Likert 
5-level. 

4. Conclusion & future work :

This research presents the model of instruction by using the inquiry-based learning model in 
an automatic control subject by group of learners help to find the information including with 
practice by using the MATLAB computer program in the simulation, and the controller together 
with practice the connecting on the PCB sheet. Learners measure the electrical signal on input 
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compared with output in order to view the response of the system in the form of graph. 
Moreover, learners present the work via websites. After completing all topics, Learners do the 
skill test, and attitude evaluation towards learning. When the information is from the evaluation. 
The research is presented by using percentage, and standard deviation for further research. 
In the future these principles will be used in other related subjects with Automatic Control, 
which are more complexed by comparing with other models such as, project-based learning 
or flipped classroom. 
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Abstract: Students’ interest in science, technology, engineering, and mathematics 
(STEM) tends to decline as they reach high school. Among the factors to which this 
decline is attributed are the perceptions about the lack of communality and creativity in 
STEM. To address this problem, we implemented an 8-week STEM-based community 
service program where high school students learned about STEM and community 
service. The students were asked to design possible solutions to problems faced by 
people from disadvantaged groups (e.g., visually impaired people). Using the post-test 
data from 275 high school students who participated in the program, we examined a 
model of empathy predicting STEM interest via creative thinking. Results of mediation 
analysis showed that empathy predicted STEM interest through creative thinking. The 
findings provided support for the important roles of empathy and creative thinking in 
the promotion of STEM interest. This information can be used as a basis for designing 
STEM-based community service programs for the enhancement of students’ interest 
in learning STEM. 

 
Keywords: STEM-based community service program, STEM interest, empathy, 
creative thinking 

 
 
1. Introduction 
 
Science, technology, engineering, and mathematics (STEM) education has been a globally 
important educational initiative (Jong et al., 2021; Lau & Jong, 2022; Nalipay et al., 2022); 
nevertheless, there is declining interest in STEM as students reach high school (Gok, 2022), 
especially among girls (Valenti et al., 2016). Among the reasons cited for this are the 
perceptions of lack of communality (e.g., Belanger et al., 2020) and creativity (Valenti et al., 
2016) in STEM. STEM fields are often viewed as providing little opportunity for collaboration 
and helping others (Fuesting et al., 2021). Moreover, traditional STEM teaching tends to 
employ teacher-centered approaches that do not provide much opportunity for students to 
imagine, explore, and make mistakes, and hence, students tend to be less creative and 
engaged in their learning (Amran et al., 2021).To address this, we implemented a crossover 
program of STEM and community service education (Huang et al., 2022; Huang & Jong, 2020) 
that provided students with an opportunity to empathize and understand the problems of the 
people in the community, as well as practicing creative thinking in helping them find a solution 
to these problems. We proposed that empathy would be associated with creative thinking, and 
subsequently, interest in learning STEM among the high school students who participated in 
the STEM-based community service program. 
 
1.1 STEM-based Community Service Program 
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We developed a STEM-based community service program based on the integrated STEM-
based community service learning model (Huang et al., 2022). The integrated STEM-based 
community service learning model illustrates the key elements that should be emphasized to 
support students’ development of creativity (Amabile & Pratt, 2016) and other twenty-first 
century skills in the design thinking process (Hasso Plattner Institute of Design, 2010). In the 
8-week program, students were taught about STEM knowledge and community service, 
interacted with participants from disadvantaged groups, and designed possible solutions for 
the problems faced by them (Huang et al., 2022). We hypothesized that among the program 
participants, empathy would be related to increased creative thinking, and in turn, creative 
thinking would be associated with greater STEM interest. 
 
1.2 Empathy and Creative Thinking 
 
Empathy refers to one’s efforts to comprehend other people’s actions and motivations, 
physical and emotional needs, and their meaning-making. It allows designers to get to know 
and care about the product users and the context in which they live, and thus, create 
meaningful innovations (Hasso Plattner Institute of Design, 2010). There is evidence that 
STEM programs that facilitate empathy could promote STEM interest. Burns and Lesseig 
(2017) found that empathy-based lessons in STEM could increase students’ sense of 
belongingness and interest in STEM careers. We proposed that empathy is linked to STEM 
interest via creative thinking. Creativity entails the development of new, novel, interesting, and 
effective ideas that have aesthetic sensibility (Smith & Henriksen, 2016). The National 
Academy of Engineering (2008) suggested that students must begin to associate the need for 
creativity and real world problem-solving skills with the opportunities in STEM fields. Previous 
studies have supported the link between empathy and creative thinking. For example, in an 
experiment by Anderson et al. (2023), participants who were instructed to be more empathic 
toward a subject demonstrated greater creativity.  
 
1.3 Creative Thinking and STEM Interest 
 
Students are usually highly interested in science and math in the primary grades, but their 
interest starts to decline as they approach high school. Although this is true for both genders, 
the decline is more apparent among girls (Valenti et al., 2016). To maintain students’ interest 
in STEM, it has been suggested that STEM education should allow more room for creativity 
(Wieselmann et al., 2020). The relationship between creativity and STEM interest has been 
widely supported in the literature. Cooper and Heaverlo (2013) found creativity as a positive 
predictor of girls’ STEM interests. In a study by Knezek et al. (2015), self-reported creative 
tendencies were found to predict STEM career aspirations in both males and females. These 
provide support for the likelihood that in the present study, students who demonstrate greater 
creative thinking would also be more interested in STEM. 
 
1.4 The Present Study 
 
In the present study, we investigated a model in which empathy is associated with creative 
thinking, and in turn, creative thinking is related to STEM interest among students who 
participated in a STEM-based community service program. Although past studies have mostly 
focused on the relationships of empathy and creativity to STEM career interest (e.g., Burns & 
Lesseig, 2017; Knezek et al., 2015), the present study looked into learning interest in STEM, 
which is more proximal to high school students and indicative of intrinsic motivation (Wigfield 
& Eccles, 2000). Specifically, we intended to address the following research questions: 
 Does empathy predict STEM interest? 
 Does creativity mediate the relationship between empathy and STEM interest? 

We proposed empathy and creativity as contributing factors to STEM interest. In 
particular, we hypothesized that empathy would predict STEM interest, and this relationship 
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is mediated by creativity. The study could contribute valuable information for designing STEM-
based community service programs that nurture students’ interest in STEM.  
 
 
2. Method 
 
2.1 Participants and Procedures 
 
The participants were 275 high school students from three schools in Hong Kong; 52% were 
boys and 48% were girls; and most were 12-13 years old (76%). They attended the STEM-
based community service program described in Section 1.1. For the STEM knowledge aspect 
of the program, among the key topics covered were coding skills and computational thinking; 
Internet-of-Things concepts and applications; and smart home devices. For the community 
service knowledge, among the contents included were foundational knowledge in community 
services; community housing residents and their needs; and presentation of design solutions 
and collection of feedback. The participants completed a survey measuring various twenty-
first century skills and STEM learning outcomes, including the main variables of the study. The 
findings presented and discussed in this paper are based on the post-test data that were 
gathered from the program.  
 
2.2 Measures 
 
We used adapted scales to measure the main variables of the study. For empathy, we used 
a 5-item scale adapted from Vossen et al. (2015). For creative thinking, we used a 5-item 
scale adapted from Chai et al. (2020). For STEM interest, we used a 4-item adapted scale 
from (Paul et al., 2020). The three measures were rated from 1 = strongly disagree to 6 = 
strongly agree, and demonstrated adequate internal consistency, with Cronbach’s  = .903, 
.921, and .879, respectively. Schools 1 and 2 were coded 0 (no) or 1 (yes) (a response of 0 in 
both means they were from School 3). Gender was coded 1 (boy) or 2 (girl), while age was 
coded 1 (12-13 years), 2 (14-15 years), or 3 (16-17 years). We used the Chinese version of 
the questionnaires. 

 
2.3 Data Analysis 
 
To find out whether empathy predicts STEM interest via creative thinking, we performed 
regression-based mediation analysis using the PROCESS macro for SPSS (Hayes, 2018). 
Empathy was entered as the independent variable, STEM interest as the dependent variable, 
and creative thinking as the mediator. We also included schools, gender, and age as 
covariates. The sample was bootstrapped to 5000, with a 95% confidence interval. 
 
 
3. Results 
 
Table 1 shows the mean, standard deviation, and correlations of the study variables. The main 
variables empathy, creative thinking, and STEM interest were significantly and positively 
associated with each other. As for the covariates, those from School 1 tend to have higher 
levels of empathy, creative thinking, and STEM interest relative to those from other schools. 
Boys tend to have higher levels of creative thinking and STEM interest, whereas age did not 
correlate with the main variables of the study. Results of the mediation analysis showed direct 
(β = .261, p < .001) and indirect (β = .388, p < .001, 95% CI = .302, .476) relationships between 
empathy and STEM interest via creative thinking (see Figure 1; note: all coefficients reported 
are standardized). Empathy predicted STEM interest, and creativity mediated the relationship 
between empathy and STEM interest, hence confirming the hypotheses of the present study. 
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Table 1. Mean, Standard Deviation, and Correlations of the Study Variables 
  Mean SD 1 2 3 4 5 6 
1. Empathy 4.64 0.89 ---      

2. Creative 
thinking 4.36 0.99 .676*** ---     

3. STEM 
Interest 4.23 1.06 .672*** .790*** ---    

4. School 1 --- --- .125* .142* .174** ---   

5. School 2 --- --- .110 .088 0.056 -.608*** ---  

6. Gender --- --- .032 -.131* -.126* -.030 .062 --- 
7. Age --- --- -.003 .080 .065 .123* -.261*** -.075 

Note: *p < .05, **p < .01, ***p < .001 
 
 
4. Discussion 
 
The study investigated whether empathy would be associated with creative thinking, and 
subsequently, STEM interest among high school students who participated in a STEM-based 
community service program. Results showed that empathy positively predicted STEM interest 
directly and indirectly via creative thinking. This indicates that students who try to better 
understand the people in the community and their needs and problems tend to be more 
interested in learning STEM, specifically, design principles of STEM products. Moreover, this 
relationship can be attributed partially to creative thinking, where they come up with new and 
diverse ideas and combine different subject knowledge to solve problems. 

 
Figure 1. Results of mediation analysis (Note: *p < .05, **p < .01, ***p < .001). 

 
The findings align with the idea that empathy is associated with an increased interest in 

learning STEM, as shown in past studies (e.g., Burns & Lesseig, 2017) and demonstrated that 
this could be due to creative thinking. Empathizing with the people for whom one designs a 
product for allows designers to gain a better understanding of their context, views, and needs, 
and hence, facilitate the creation of more meaningful innovations (Hasso Plattner Institute of 
Design, 2010). Trying to understand the needs of the people in the community could have 
facilitated the students to generate ideas to address their problems (Weng et al., 2022). 
Consequently, coming up with new and different ideas could have made the students more 
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interested to learn about STEM knowledge which empowered them to solve the problems of 
the people in the community. This is consistent with past studies linking creativity with greater 
interest in STEM (e.g., Knezek et al., 2015; Wieselmann et al., 2020). The underlying 
psychological mechanism is likely to be associated with the self-determination theory (Ryan & 
Deci, 2020). It is noteworthy that in the model, gender did not significantly predict the STEM 
interest of the students who participated in the STEM-based community service program (β = 
-.055, p = .129), providing support for the possible roles of empathy and creativity in 
addressing the gender gap in STEM (e.g., Wieselmann et al., 2020).  

The study provided a better understanding of how the integration of STEM and 
community service learning promotes STEM interest among students through empathy and 
creative thinking. These findings can be utilized in designing STEM-based community service 
programs to improve students’ interest in learning STEM. The study has some limitations. The 
use of cross-sectional data prevents cause-and-effect relationships from being inferred, and 
the use of self-report measures makes it prone to certain biases, e.g., social desirability. 
Despite its limitations, the study supported the importance of empathy and creativity in the 
promotion of students’ interest in STEM learning. 
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Abstract: Asynchronous online discussion activity has become a popular form of 
online collaborative learning (OCL) and has been widely adopted in higher education. 
In the discussion, learners are expected to effectively co-construct knowledge together 
through engaging in problem solving discourse. Such an ability to construct and confirm 
understanding while working together to solve a problem is defined as cognitive 
presence, which plays a central role in the success of OCL. However, despite various 
facilitation strategies suggested in prior studies, it is challenging to ensure that learners 
show sufficient cognitive presence. Providing a preparatory activity that increases 
engagement with learning materials before participating in the discussion is another 
strategy that could foster cognitive presence. This study aims to investigate the 
effectiveness of providing two kinds of knowledge reconstruction activities, namely kit-
build concept mapping (KBCM) and summary writing, as a discussion preparatory 
activity. The results show that using KBCM for reconstructing basic knowledge related 
to discussion topic has a potential to be better for fostering cognitive presence 
compared to summary writing. The KBCM activity provides opportunities to engage 
more with basic knowledge related to the discussion topic, to confirm understanding, 
and to familiarize themselves with common terms or keywords used in the discussion 
through reconstructing a teacher-created map. Some directions for future studies are 
discussed. 

 
Keywords: Mathematics education, concept mapping, online discussion, community 
of inquiry 

 
 
1. Introduction 
 
The emergence of various online learning technologies has paved the way for the popularity 
of online collaborative learning (OCL) in higher education. As an alternative to the traditional 
classroom, collaborative learning has been extensively discussed and promoted in several 
studies (Laal et al., 2012). In OCL, learners construct knowledge through online collaborative 
work in which they explore, invent, and apply ways to solve problems through active discourse, 
usually through an online asynchronous discussion forum (Bates, 2022; Harasim, 2017).  
 Conducting effective OCL requires an effective framework that guides the design of 
the activity. Effective OCL is characterized by learners’ active participation in OCL processes, 
such as generating and organizing ideas to achieve consensus about what the problems are, 
how to solve them, and the solutions (Harasim, 2017). Learners’ active participation is 
important in OCL due to its influence on learning performance (Ng et al., 2022). As a result, 
learners’ inactivity may hinder the effectiveness of OCL (Hew et al., 2010; Mazzolini & 
Maddison, 2003). Unfortunately, learners’ inactivity in online discussion forums has been 
widely reported in many studies (Fung, 2004).  
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To avoid or minimize inactivity and realize a successful OCL, a framework that 
addresses the issue of facilitation or provides facilitation strategies could be implemented. One 
of the OCL frameworks that addresses this issue and has been widely adopted in online 
learning is the Community of Inquiry (CoI) framework (Valverde-Berrocoso et al., 2020). This 
framework defines three elements of an asynchronous text-based OCL that make up learners’ 
educational experience: Social presence, cognitive presence, and teaching presence 
(Garrison et al., 2001). These presences are the abilities that are exhibited by the participants 
during the collaborative activity. Social presence is related to social interaction that creates a 
sense of community among group members. Teaching presence is related to the design and 
facilitation of the activity. On the other hand, cognitive presence is related to the ability to 
engage and progress through inquiry steps to solve problems, i.e., to explore, integrate, 
challenge, and defend ideas.  

A successful CoI-based discussion is characterized by the active participation of 
learners in sustained knowledge sharing and building activities, i.e., the existence of a series 
of agreements or disagreements, a high amount of information sharing related to problems, 
etc. This is characterized by the existence of social and teaching presences as well as a high 
level of cognitive presence, because serial monologues with low participation in sharing and 
challenging ideas are not enough for deeper learning (Garrison & Cleveland-Innes, 2005). 
However, realizing a successful CoI-based discussion is challenging, especially fostering a 
high level of cognitive presence. There is a possibility that learners are not actively 
participating in the discourse or producing a low-quality discussion. Simply creating discussion 
tasks is not enough to encourage idea integration and the discovery of novel insights (Moore 
& Miller, 2022). 

Providing a training as a preparatory activity, which could make the learners aware of 
what kind of activities they could do to facilitate the discussion and understand the importance 
of having a sense of belonging as a group before the inquiry process begins, could foster 
teaching presence and social presence (Junus et al., 2017). Nevertheless, in some cases, 
providing training alone is insufficient for fostering high cognitive presence. Such training is 
predicated upon the assumption that participants are expected to provide effective direct 
instructions to sustain the inquiry process. A recent study showed that the effectiveness of 
some forms of facilitation to improve cognitive presence is still inconclusive (Moore & Miller, 
2022). 

Moreover, fostering cognitive presence is more challenging because providing training 
alone as a preparatory activity is insufficient. In addition, the forum itself, as a mere learning 
environment, does not automatically foster a high level of cognitive presence (Moore et al., 
2019; Sadaf & Olesova, 2017). Based on this issue, there is a need to foster cognitive 
presence for successful CoI-based discussion by improving the preparatory activity.  

A prior study suggested that providing individual preparatory activities could improve 
discussion quality, which is characterized by a higher ability to express and elaborate ideas 
(Sadita et al., 2020). One possible alternative for improving the preparatory activity is providing 
certain activities or technologies into the process to make learners more engaged with learning 
contents (i.e., basic knowledge required for understanding the problem given in the discussion 
(Saadatmand et al., 2017). An activity in which learners organize information related to the 
basic knowledge of the discussion topic could be offered as a preparatory activity. Such 
activity is intended to familiarize the learners with concepts and terms used in the discussion 
and give them a “bigger picture” of what they are going to discuss through reviewing related 
learning materials. 

Summary writing is one of the strategies to increase engagement with the learning 
contents related to discussion topic from knowledge generation through reviewing and 
expressing concepts using learners’ own word (Richards et al., 2023). The other alternative is 
concept mapping, which could increase engagement with relevant materials by constructing 
an external representation of related knowledge. Several studies suggested that a well-
designed external representation, such as concept maps, is useful and could be used for 
improving the accuracy of problem solving (Hu et al., 2021; Kremer, 1988; Zhang, 1997). A 
concept map could visually represent important concepts for problem solving that could be 
more easily retrieved and shared to aid the inquiry process, thus may increase the cognitive 
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presence. However, skimming the concept map alone is insufficient. Learners need to actively 
organize information by creating a concept map. In the context of collaborative learning, 
recreating concept map form given components based on teacher-created map is more 
effective in increasing problem-related conversations in discussion (Pinandito et al., 2021). 
Moreover, using a teacher-created map is an effective approach to concept mapping 
(Willerman & Mac Harg, 1991). 

A type of concept mapping known as kit-build concept mapping (KBCM) enables 
learners to reconstruct concept maps from components based on a teacher-created map, 
receive immediate feedback, and reflect their state of understanding (Yamasaki et al., 2010). 
Therefore, it is one of the promising alternatives to be included in preparatory activities for 
increasing cognitive presence. Moreover, learners could also be provided access to the goal 
map during the discussion for reference that scaffolds their discussion process, i.e., learners 
may share the map when encountering difficulties during the discussion because the map is 
worth sharing. 

KBCM has been used for supporting discussion in past studies, e.g., Pinandito et al. 
(2021). However, whether KBCM as a preparatory activity before the discussion, as well as 
the provision of a teacher-created goal map as a reference during the inquiry process, is more 
effective compared to other alternatives needs to be investigated. To address this gap, this 
study aims at comparing the use of KBCM and summary writing in a CoI-based discussion for 
fostering cognitive presence. The following research question is addressed: How different is 
the cognitive presence shown in the discussion by learners who did the KBCM activity 
compared to learners who did summary writing?  
 
2. Related Works 
 
2.1 Strategies for Fostering Cognitive Presence 

 
One of the challenges for realizing CoI-based discussion is preventing inactivity and increasing 
the quality of discussion; hence, fostering cognitive presence is necessary. Prior studies have 
proposed several approaches for addressing this issue, namely: (a) facilitation by teacher; (b) 
facilitation by peers; and (c) designing the activity by adding certain extra activities or certain 
technologies, e.g., the use of certain tools for aiding the discussion, etc. (Moore & Miller, 2022). 
Providing facilitation by peers and instructors during the discussion are possible but 
insufficient. 

Despite being the most popular form of facilitation, the effectiveness of instructor 
facilitation is still inconclusive according to Cho and Tobias (2016). Furthermore, instructor 
facilitation during the discussion requires the instructor to gain the current state of the learners’ 
understanding and constantly monitor their progress during the discussion, which is very 
impractical when a large number of learners are involved. In the case of peer facilitation, it is 
difficult to prepare all participants before discussion to take on the role of facilitator, and there 
is no correlation between it and some processes that are categorized as cognitive presence, 
according to a study by Chen et al. (2019). Learners’ unpreparedness to be facilitators may 
also hinder the effectiveness of the facilitation.  

Another alternative is providing extra activities or technologies into the discussion 
activity to make learners more engaged with the contents (Saadatmand et al., 2017). This 
comprises of activities or the use of technologies before and during the discussion. This study 
focuses on investigating the effectiveness of a preparatory activity using summary writing and 
KBCM for fostering cognitive presence.  
 
2.2 Kit-Build Concept Map 
 
KBCM is an approach to concept mapping in which learners try to reconstruct a teacher-
created map (goal map) using given components without seeing the teacher-created map 
(Yamasaki et al., 2010). In the process, KBCM enables automatic diagnosis of understanding 
which provides the learners with feedback on whether they correctly or incorrectly link the 
given components (Hirashima et al., 2011). Moreover, after the reconstruction activity, the goal 
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map could be provided to be accessed throughout the discussion, which may be shared and 
referred to when learners need to confirm their understanding of relevant concepts during the 
discussion. Prior studies have shown evidence that KBCM could improve learning 
achievements, for example, learners who used KBCM showed better knowledge retention and 
higher-order thinking in problem solving (Alkhateeb et al., 2015; Nurmaya et al., 2023). KBCM 
is proposed as a preparatory activity for improving cognitive presence based on the 
assumption that KBCM could increase awareness of common terms and concepts related to 
the discussion topic. As a result, it is expected that the learners could productively discuss the 
given problem, thus achieving a high level of cognitive presence. 
 
3. Methods 
 
3.1 Learning Context 
 
Two linear algebra classes (Class A & Class B) consisting of computer science undergraduate 
students at an Indonesian public university were involved in this study. Both classes consisted 
of different numbers of students (nA = 70; nB = 20) because the students could freely register 
for classes based on their convenience as long as the classes were available at the beginning 
of the academic semester. Some students did not participate fully in the learning activity. 
Therefore, only a part of the students who did all the necessary activities were included in the 
analysis (nA = 48; nB = 13). Class A was designated as the experimental (KBCM) group, while 
Class B was designated as the control (summary writing) group. The second and the third 
authors worked together in designing the course, developing the test items, and teaching the 
classes. They are both domain experts in linear algebra. 

Both classes received identical learning materials and teaching styles. The learning 
activities of both classes included lecture sessions and asynchronous online discussion 
activities offered in the Moodle forum (https://moodle.org/). The learning materials used in the 
activity related to this study were about vectors and general vector space. The learning goal 
of this topic was the ability to demonstrate whether a mathematical object could be viewed as 
a vector through sustained discussion via the forum, in which collaborative knowledge 
construction is expected to happen. The CoI framework was implemented to design the 
discussion activity to achieve this goal. To conduct the discussion activity, students in the 
KBCM group were divided into 10 discussion groups, while the students in the summary 
writing group were divided into three discussion groups. Each group consisted of six to seven 
participants. Both classes had similar level of basic knowledge regarding the discussion topic 
at the beginning of the activity.  
 
3.2 Procedures 
 
The experiment conducted in this study took place in a real class environment. The activities 
undertaken and the different treatments received by the control group and the experimental 
group in this study are illustrated in Figure 1. 
 

 
Figure 1. Activities Undertaken in This Study 

 
At the beginning of this experiment, both the KBCM and summary writing groups participated 
in classroom lecture sessions that introduced them to the concepts of vectors. After attending 
the class, both groups participated in a session in which a pretest was administered. The 
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pretest served as a baseline for: (a) measuring the basic knowledge about vectors (Test 1), 
which is expected to be mastered by the students before the discussion; and (b) measuring 
the procedural knowledge about mathematical proof related to vector space (Test 2), which is 
expected to be acquired after the discussion (see Subsection 3.3.1). 

After completing the pretest, the students in the KBCM group were instructed to 
individually reconstruct a concept map using given components, while the students in the 
summary writing group were instructed to write a structured summary about the learning 
materials. Both groups received identical learning materials. The concept map contains 
keywords derived from the learning materials, while the summary template provides subtopics 
as hints for making the summary. Both the concept map and the summary template cover the 
same learning topics and scope. Figure 2 illustrates the comparison of KBCM and summary 
writing activities. 

 

 
Figure 2. Comparison of KBCM and Summary Writing Activity 

 
Afterwards, both KBCM and summary writing groups participated in discussion orientation 
provided via Moodle forum for practicing CoI-based discussion and doing ice-breaking 
activities as preparation before the main discussion. The discussion orientation is a cognitive 
apprenticeship training provided to the students to familiarize and train them with CoI 
processes as suggested in prior studies (Junus, 2017; Junus et al., 2019). This is intended to 
foster their social and teaching presence.  
 The first posttest was administered after the discussion orientation, in which only the 
items from Test 1 were used. The main discussion started as soon as the students completed 
the first posttest. In the main discussion, the teachers started the discussion thread with a 
triggering question that needed to be collaboratively solved by the discussion groups. The 
triggering questions given to each discussion group in the main discussion are different, and 
their cases are not identical with the cases given in the discussion orientation. For example, 
this triggering question was posed in the discussion orientation: “Suppose you are given the 
following entity:  = (1, 5, 12, ) and   . What is ?” In contrast, the following is used in 
the main discussion: “You are given the set  (the set of all continuous functions on the 
interval ). How can you think of a function, such as , as a vector? Relate it 
to what you have learned in the concept map activity.” 

Moreover, the students from the KBCM group were provided with the teacher map and 
were explicitly asked to refer to the concept map. In contrast, the students from the summary 
writing group were also instructed the same but an instructor-created summary was provided 
instead. From this point, the experimental group could access the teacher map to aid their 
discussion process. Both the teacher map and teacher-generated summary have identical 
contents related to the discussion. At the end of the experiment, both groups were instructed 
to complete the second posttest consisting of Test 2 items.  
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3.3 Data Analysis 
 
3.3.1 Learning Performance: Pretest & Posttest Questions 
 
Two tests were administered to measure students’ learning achievement. Test 1 consists of 
10 multiple-choice question (MCQ) items that measure students’ understanding of basic 
knowledge about vectors (i.e., how to represent a vector in R2, basic arithmetic involving 2 
vectors, etc.). The test items were self-developed, and their content was validated by the 
teachers of the linear algebra classes (the second & the third authors). On the other hand, 
Test 2 comprises 10 MCQ items measuring students’ understanding of procedural knowledge, 
that is, their ability to analyze the logically valid and correct mathematical proofs showing a 
mathematical object as a vector. Tests of significant differences between the pretest and 
posttest scores for Test 1 were used to investigate whether the KBCM group improved their 
understanding of basic knowledge before conducting the discussion compared to the 
summary writing group. On the other hand, Test 2 results were used to investigate whether 
there are differences between the groups in terms of the ability to analyze a mathematical 
proof at the end of all activities. 
 
3.3.2 Discussion Quality Instrument: Cognitive Presence Coding Scheme 
 
The coding scheme was developed to identify messages that showed cognitive presence 
based on Garrison et al. (2001) and Junus (2023). In this preliminary study, the coding process 
was conducted using MAXQDA by a coder who has experience in the CoI framework. The 
final codes were analyzed by obtaining the frequency of cognitive presence messages for 
each student, and the average was calculated for the KBCM and summary groups. A 
significance test was conducted on the data to answer the research question. 
 
4. Results and Discussion 
 
4.1 Pretest and Posttest Scores 
 
The pretest and posttest scores for both Test 1 and Test 2 were analyzed. The descriptive 
statistics for the pretest and posttest scores are shown in Table 1. 
 
Table 1. Descriptive Statistics of Pretest and Posttest Scores 

Group Tests Data Min Max Median Mean S.D. 
KBCM  
(n = 48) 

Test 1  Pretest 
Posttest 
Learning Gain 

50.00 
40.00 
-0.56 

100.00 
100.00 
1.00 

90.00 
100.00 
0.00 

90.42 
96.67 
0.42 

11.66 
10.59 
0.52 

Test 2 Pretest 
Posttest 
Learning Gain 

0.00 
0.00 
-1.00 

100.00 
100.00 
1.00 

80.00 
100.00 
0.00 

66.25 
79.58 
0.25 

35.05 
36.26 
0.63 

Summary 
Writing  
(n = 13) 

Test 1 Pretest 
Posttest 
Learning Gain 

70.00 
80.00 
-0.20 

100.00 
100.00 
1.00 

80.00 
100.00 
0.67 

83.08 
93.85 
0.61 

11.09 
7.68 
0.45 

Test 2 Pretest 
Posttest 
Learning Gain 

0.00 
0.00 
-1.00 

100.00 
100.00 
1.00 

50.00 
80.00 
0.25 

50.77 
60.77 
0.35 

34.99 
40.92 
0.65 

 
Non-parametric tests (Mann-Whitney & Wilcoxon tests) were conducted on the pretest and 
posttest scores for both Test 1 and Test 2 to compare the learning achievement of KBCM and 
summary writing groups due to the existence of a non-normal distribution in some data. To 
minimize the probability of false positives in multiple comparisons, all p values from Test 1 and 
Test 2 data analyses were adjusted using Holm’s method. An overview of the results of the 
non-parametric tests is shown in Figure 3. 
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As shown in Figure 3, both groups showed the same level of understanding regarding 
basic and procedural knowledge prior to and after the discussion. Moreover, there is also no 
significant difference in the learning gain of both groups for Test 1 and Test 2. There is an 
indication that the large difference in sample sizes between both groups affected this result. 
This is a limitation of this study due to the experimentation conducted in real-class settings, 
which made controlling the number of students who enrolled in a class to ensure a similar 
sample size rather difficult. Thus, whether the treatment contributed to these results is 
inconclusive. However, despite having the same level of basic and procedural knowledge, the 
KBCM group showed a different discussion output in terms of cognitive presence. 
 

 
Figure 3. Pretest and Posttest Scores Comparison 

 
4.2 Cognitive Presence Frequency 
 
At the end of the activity, in total, 256 messages were retrieved (237 messages in the 
experimental group’s discussion threads; 19 messages in the control group’s discussion 
threads). In addition, the coding process resulted in 243 messages categorized as posts 
containing cognitive presence. After the discussion transcripts of all groups were coded, the 
frequency of messages that contain cognitive presence was calculated for each participant. 
The means of the frequency from both groups were compared using Mann-Whitney test. The 
descriptive statistics of the result are presented in Table 2. 
 
Table 2. Descriptive Statistics of Cognitive Presence Messages  

Group Number of CP 
Messages 

Min* Max* Median* Mean* S.D.* 

KBCM (n = 48) 225 1.00 18.00 4.00 4.69 3.55 
Summary Writing  
(n = 13) 

18 0.00 3.00 1.00 1.38 0.77 

Note. * Statistics presented are based on the number of messages per participants 
 
Both groups showed an identical ratio of cognitive presence messages compared to non-
cognitive presence messages (95% of messages containing cognitive presence & 5% of 
messages excluding cognitive presence). This indicates that both groups were focused on 
discussing the problem. However, further analysis regarding the frequency of cognitive 
presence messages frequency per participant revealed that the intensity of the discussion 
differed. There is a significant difference between both groups’ frequency of cognitive 
presence messages per participant, as shown in Figure 4.  

The KBCM group significantly had a higher frequency compared to the summary 
writing group (p < 0.0001). This result showed that, despite having an identical ratio of 
cognitive presence messages, the KBCM group showed significantly more interaction related 
to understanding and solving the given problem. Participants in the KBCM group contributed 
more to the discussion about the problem than the summary writing group. This indicates that 
they have a better ability to discuss the problem in more detail than the summary writing group. 
This result supports a prior study that showed KBCM as an effective tool to keep learners 
focused on discussing the learning contents (Pinandito et al., 2021). 
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Figure 4. Comparison of the Cognitive Presence Messages per Participant

The characteristic of the instructor-generated concept map as an effective external 
representation of basic knowledge for the discussion might have contributed to this finding. 
The discussion required the students to connect various concepts (i.e., the definition of vectors, 
their axioms, & how to prove certain axioms). By referring to the instructor-generated map
during the discussion, the learners could easily resolve misconceptions about core concepts 
related to the problems they were discussing. In contrast, by referring to the text representation 
of the instructor-provided summary, the students who did not use KBCM might have more 
difficulty in finding the connections between important concepts. Prior studies suggested that 
visual representation of knowledge has the potential to be better than textual representation
(Barideaux et al., 2013; Kremer, 1988). 

In addition, the characteristics of the KBCM as an activity for reconstructing a teacher-
created concept map might also have contributed to this finding. The concept map, as a 
teacher-provided external representation of knowledge that needs to be reconstructed by 
learners from given components, provides an opportunity to make the students aware of the
correct terms used in discussion (i.e., what a vector is, how it is represented, etc.) better than 
just seeing an external representation. They could be aware of the common terms used to 
describe something related to the topics. Even though confusion might occur during the 
discussion, they could use the same terms to refer to an object when engaging in the 
discussion. Moreover, having experience in reconstructing the map just before the discussion 
might reinforce memorization and awareness of what concepts are relevant to the discussion. 

A prior study had suggested the effectiveness of KBCM in improving knowledge 
retention through increasing access to long-term memory (Alkhateeb et al., 2015). This might
have resulted in better retention of basic knowledge during the discussion period. However, 
this assumption needs further investigation as the delay test on the basic knowledge (Test 1) 
was not yet included after the discussion. As a result of being enabled to be aware of common 
terms, learners in the KBCM group could resolve differences, reach consensus easily, focus
the discussion on how to solve the problem, and explore many possible solutions, instead of 
being passive due to a lack of clarity about what and how to discuss. In short, by using the 
same terms and achieving intellectual convergence on basic knowledge before the discussion, 
reaching a common understanding about what to do to solve the given problem might become 
easier. This result suggests that KBCM has a potential enable learners to have a more 
productive problem-solving discussion. In this case, KBCM could provide learners with the 
opportunity to develop ability to inquire more when conducting collaborative problem solving, 
which is one of the necessary characteristics that the learners should acquire in higher-
education.

5. Conclusion

This study compared the use of KBCM and summary writing activities as discussion 
preparation aimed at increasing learners’ cognitive presence and learning achievements 
(basic & procedural knowledge related to the discussion topic). The results showed that both 

Cognitive Presence Messages per Participant

*: significant at level alpha=0.05
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experimental and control groups had an identical level of understanding about basic 
knowledge after the treatment as well as an identical level of procedural knowledge after the 
discussion. However, those who did KBCM activity showed a significantly higher rate of 
cognitive presence messages in the discussion due to increased awareness of common terms 
represented in the concept map. To conclude, KBCM presents a potential for increasing 
learners’ cognitive presence in a CoI-based discussion.  

However, the result could not be generalized due to several factors that might affect 
the outcomes. There are some limitations that resulted from conducting the experiment in real-
class environments. Firstly, there is a difference in the number of students in both classes due 
to the university’s policy regarding enrollment. Secondly, the experiment is limited to the 
subject of linear algebra. Thus, conducting the experiment in different educational contexts by 
involving a near equal number of participants in both the experimental and control groups is 
needed. Moreover, future studies could also investigate the effect of the proposed treatments 
on particular practical inquiry processes of cognitive presence (i.e., exploration, integration, 
etc.). 
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Abstract: As Aquaculture accounts for 52.4% of the fishing industry in the Philippines, 
it boasts potential in providing a stable source of food and livelihood. AquaFarm Ace is 
a 2D Time-Management simulation game on the intensive aquaculture process. The 
player takes the role of an aquaculturist as they go through the various stages of 
aquaculture. The game showcases hatchery, transportation, grow-out, and brood stock 
stages in the aquaculture stages of Oreochromis noliticus. This study aims to contribute 
to the scholarly community of aquaculture and serious game design. The game was 
developed using the following tools: Aseprite, beepbox.co and Unity 2020.3.181f and 
is made available through Unity Play. The researchers selected volunteer participants 
to play test the game and answer pretest, post-test, and game experiences 
questionnaires to gather data in relation to the effectiveness of the game. The results 
show that AquaFarm Ace contributes to raising awareness of aquaculture and can play 
a key role in highlighting its increasing demand in the aquatic scene in the Philippines 
to alleviate the socioeconomic problems such as food and job security. To note, play 
testers retained information about the aquaculture process of O. niloticus after playing 
the game. As shown on the Game Experience survey, the testers see the game as an 
enjoyable experience and a potential tool to teach aquaculture. 

 
Keywords: Serious game design, aquaculture, time management games 

 
 
1. Introduction 
 
The Philippines, being an archipelagic state, has an abundance of water resources that spans 
about 2,000,000km2 of its territorial area while its land area only covers about 301,000km2 
and a coastline of 17,460km2. With this, the Philippines is considered one of the leading 
producers of fishery products, ranking 7th in the world. Much of its production is consumed 
locally (Rivera et al., 2002; Romana-Eguia et al., 2022). 

 As of 2010, the country has been experiencing a decline in fish production due to the 
exploitation of its water resources by capture fisheries and other fishing grounds (Romana-
Eguia et al., 2020). Concurrently, the Philippine aquaculture scene has significantly increased 
during the last decade and is expected to address the shortfall in fish production as well as 
issues pertaining to poverty and food insecurity. Due to its dynamic production system, 
aquaculture has steadily contributed to the fishing industry (Lieberman, 2001; SEAFDEC , 
1993). 

With the richness of the Philippines’ marine resources, aquaculture is the raising of 
aquatic flora and fauna in areas where they can be harvested (SEAFDEC, 1993). Ayson 
claims that aquaculture is the fastest-growing food production sector as of 2015. Ayson further 
expounds that the impacts of aquaculture provide a vital role in providing food sources and 
income. Aquaculture provides 3.5% of the national GDP of the Philippines. This industry 
provides about 28.7% of the GDP production to the agriculture GDP (Ayson, 2015; Lieberman, 
2001). In 1947, the Bureau of Fisheries and Aquatic Resources (BFAR) was established to 
facilitate the growth of the aquaculture industry of the Philippines. As of 1997, BFAR ranks the 
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Philippines as the 3rd biggest producer of seaweed that contributes to 9.3% of the world’s 
seaweed production (Romana-Eguia et al., 2020).  

As discussed by Teves and Ragaza, aquaculture contributes to the fish supply that 
alleviates the problems of overfishing, habitat degradation, and diminishing fish stocks (Teves 
& Ragaza, 2014). As fish is part of the daily diet of poorer countries in Asia, fish is one of the 
more widely used sources of animal protein, the demand for aquaculture products provides 
opportunities for profit (Brummett, 2003).  

The research covers Philippine aquaculture with a particular focus on the production 
process of cultivating aquatic plants and animals as a medium to spread awareness, expand 
understanding, and encourage positive actions toward Philippine aquaculture. The game 
encompasses the following: (1) how these processes occur, (2) corresponding challenges to 
these processes, and (3) the overall production of aquatic resources through aquaculture. 

The research focuses on tilapia species, particularly the Nile tilapia Oreochromis 
niloticus. Additionally, tilapia is readily available and relatively easier to market due to its 
inexpensiveness, international demand, and flexibility to be sold as a product (Teves & 
Ragaza, 2014; SEAFDEC, 1993). This showcases aquaculture practices and processes of 
the Philippines in hopes to spotlight the difficulties, challenges, and potential of aquaculture 
which, in turn, provide a deeper understanding, appreciation, and awareness to aquaculture. 
This is done by creating a game that presents the aquaculture process and highlights the 
challenges of fulfilling the demand for fish resources.  

This paper will answer the following questions: (1) What aspects of aquaculture in the 
Philippines should be translated into the game? What game mechanics can be of use? How 
will these aspects be depicted in the game? (2) How can the game highlight the demand for 
aquatic resources and raise awareness of the aquaculture processes in the Philippines? (3) 
How can the game be engaging and fun while providing insights into the state of aquaculture? 
(4) How effective is the game in teaching players about aquaculture in the Philippines? 
 
 
2. The Aquaculture Process 
 
To supplement the world food production process, animal husbandry and capture fisheries 
thrive as the main sources of animal protein. However, as the world population increases, 
these methods become increasingly inadequate for the actual food demand. With this, world 
aquaculture production rapidly develops to gain recognition as the main source of seafood 
production. By Food and Agriculture Organization (FAO, n.d.-a) definition, aquaculture is the 
farming of aquatic organisms such as fish, mollusks, crustaceans, and aquatic plants (Lucas 
& Southgate, 2012). Unlike capture fisheries, where the seafood is caught in the wild, 
aquaculture intervenes with the rearing process; dealing with the practice of artificial breeding, 
raising, and stocking of aquatic animals to enhance seafood production.   

In this paper, the researchers identified the general domestication process for intensive 
finfish aquaculture, specifically the aquaculture of O. niloticus tilapia. Intensive farming refers 
to the type of culture system where it maximizes the stocking rate by fully engineering the 
growth process of the fish by feeding them with optimal feeds and controlling water nutrients 
and organic matter within small tanks (Oddsson, 2020). General aquaculture with market 
objectives follows specific phases such as hatcheries, transporting, grow-out systems, and 
brood stock management (Funge-Smith & Phillips, 2001). 
 
2.1 Oreochromis niloticus Aquaculture Process 
 
Tilapia is one of the most important fish produced in the Philippines. It is a major component 
of the Philippines’ subsistence fisheries and aquaculture due to its prolific nature. Compared 
to other culture fishes, domesticating tilapia is a simple and efficient job as it is naturally fast-
growing and adaptable, requiring low investment for fish farmers (Gabbadon, 2008). 
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2.1.1 Hatchery 
 
Hatchery systems are farm laboratories where eggs are kept in a conditioned environment 
similar to their natural breeding process. As the basic unit of fish husbandry, the fish egg 
quality is a critical step for successful fish production. Upon arrival from the broodstock unit, a 
quality control check is performed to ensure the absence of contaminated stocks. The eggs 
are classified into stages using egg graders, and healthy eggs are weighed and disinfected 
before incubation (Primavera, 1995).  

Incubation tanks are set up with a gentle flow, as Tilapia are mouthbrooders, which 
means that natural incubation occurs orally. (Morretti et al., 1999). In the rearing tanks, fry 
undergo sex reversal through administration of male hormonal steroid to prevent uncontrolled 
reproduction. Proper grading is done to discard abnormal or female fry, and healthy male fish 
are fed larger powdered feed for 3 weeks before transport to the nursery and grow-out systems 
(Ali et al., 2020; SEAFDEC, 1993) 
 
2.1.2 Transportation 
 
When fish are being transported from one environment to another, it is important to imitate the 
previous water conditions the fish were exposed to. This is because fish are susceptible to 
becoming hyperactive, increasing their respiration rate and metabolic excretion when being 
transferred (Primavera, 1995). Additionally, aside from physical injuries and shock from 
handling and packaging, transportation of live fish may also result in progressive changes in 
the quality of water and fluctuating concentration of chemicals. Any means of transportation 
can be used when transporting live fish, but special container vehicles are often used by 
established companies. In most cases, polyethylene (PE) bags, which are filled with water and 
pure oxygen, placed in insulated polystyrene cardboard boxes act as the specialized 
containers in special vehicles (FAO, n.d.-b; Morretti et al., 1999). No matter how short or long-
distance travels are, it is always required to provide special care and attention to the fish. 
 
2.1.3 Grow-out Systems 
 
High-quality seed stock necessitates rigorous quality control throughout the grow-out process, 
involving constant monitoring of juveniles in concrete tanks after being conditioned for optimal 
growth. Fingerlings are regularly fed and sorted by size, with aquaculturists choosing total or 
partial harvesting based on market demand. Harvesting involves using seines to capitalize on 
fish migratory instincts while minimizing stress through cooler conditions. The harvested fish 
are transported to processing facilities or holding cages before reaching marketplaces. After 
each harvest, tank cleaning and draining are vital to prevent contamination and cannibalism 
in subsequent spawns (Gabbadon, 2008; Romana-Eguia et al., 2020). 
 
2.1.4 Broodstock Management 
 
A properly managed broodstock unit is necessary to ensure quality seed stock for any 
aquaculture system. Broodstock refers to the matured fish used for breeding to enhance fish 
egg quality and quantity. It is important for spawning units to be kept separated from the 
hatcheries to avoid disturbance and contamination. After carefully selecting the best fish in a 
group, it is important to check the sex of each fish since there is a prescribed stocking ratio in 
spawning tanks. For tilapia, the best stocking ratio is 2-3 females for every male. To identify 
the sex of the fish, gently hold the fish and flip them to their stomach to examine their genitals 
near the anus. Males have pointed genitals, while females have rounded ones  (Eguia, 2007; 
Romana-Eguia et al., 2020). 

Males are often placed inside the tank to aid them to establish their territory prior to 
defending and attracting the females. Subsequently, female fish lay eggs inside the pot before 
leaving them to the male fish to be fertilized. After this, the female will pick up the fertilized 
eggs in her mouth. After spawning, eggs are collected from the female’s mouth carefully by 
hand, opening up the female’s mouth and gently dipping her mouth into transport containers, 
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releasing the eggs. These eggs are then transported to the hatchery units for artificial breeding. 
After the eggs are harvested, the female broodfish is transferred to a different tank for rest and 
recuperation. This broodfish can be used in future spawning sessions after 2-3 months and 
must be cared for regularly (FAO, n.d.-a). 
 
2.2 Games on Aquaculture 
 
Among games that feature aquaculture, two games stand out. Both games show promise on 
the resource management of aquaculture, but lack in showing each step of the process of 
aquaculture. These games are more focused on the management of the farm than showing 
the realism of the process of the aquaculture.  

First, AquaKultor, dubbed as the first-ever published aquaculture simulation game, has 
inspirations of resource management games such as Theme Park, Theme Hospital, and Sid 
Meier’s Civilization. The gameplay features fast-paced farming once the fish eggs are placed. 
The game shows realistic elements of managing the environmental impact as an effect of the 
process. Additionally, there are minigames inside the main game itself, such as cleaning the 
nets under a time limit (Evans, 2018). 

Aquaculture Land immerses players in a pond management simulation where they 
begin with a plot of land, a worker, and some initial funds. The game involves regulating 
various pond components to optimize fish growth and quality. Players can also introduce 
machines to aid in fish care, and the gameplay includes intricate tasks like employee 
management, breeding, harvesting, and selling fish, complete with a quest system for selling 
or fulfilling customer requests. However, it's worth noting that the game is still in early access 
and lacks certain features, primarily in post-processing, offering extensive and semi-
intensive fish farming for specific species (Lopez, 2020). 
 
 
3. Design and Development 
 
3.1 Game Mechanics 
 
The game mechanics were designed to provide players with a simplified and engaging 
experience that mimics real-life aquaculture practices. The developers opted for a time 
management simulation game style that would allow players to complete tasks quickly and 
efficiently. It was developed using Unity game engine version 202.3.181f and is made 
available through Unity Play.  

General aspects of aquaculture such as waiting for the fish to grow, regularly feeding 
the fish, monitoring the fish, and moving the fish around the laboratory are present in all stages 
of the game. The developers chose to incorporate these to commonly known game mechanics 
to ensure that players could quickly understand and engage with the game. This approach 
allowed the developers to focus on integrating educational elements seamlessly into the 
gameplay, without the added burden of complicated controls or mechanics hindering the 
player's ability to learn.  

To simulate the waiting time involved in real-life aquaculture, the average waiting time 
in the game has been narrowed down to five to fifteen seconds, allowing players to engage in 
other tasks. Additionally, repetitive actions such as harvesting, feeding, and monitoring fish 
are simplified by merely interacting with the game object 

Actions are translated into a “hold button” game mechanic to signify the energy 
expenditure required. Furthermore, complex aspects of aquaculture are simplified using pop-
up windows with a drag-and-drop feature to represent the aquaculturist's movement. Overall, 
these design choices ensure that players can easily understand and engage with the game, 
while still incorporating the necessary educational elements. 
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3.2 Translation of Game Mechanics 
 
The game aims to teach players that aquaculture is a meticulous and time-consuming process, 
but one that is ultimately efficient and sustainable. Through engaging gameplay mechanics, 
players will learn about the different stages of aquaculture, the importance of attention to detail, 
and gain an appreciation for this industry. The incorporation of different aspects of aquaculture 
to the game are as follows:  

At the start of the game, the player must input their name and choose between a male 
or a female character. This element advocates for gender inclusivity in the world of aquaculture. 
Upon receiving the message from a quality control officer, the player sees a map of the 
aquaculture farm and proceeds to start the actual gameplay. There are 5 stages in the game 
which correspond to the 4 phases of aquaculture, mainly the hatchery, transportation, grow-
out systems, and broodstock selection. Different phases have different tasks and stations 
around the map. The player is provided with a starter item and must carry out a series of tasks 
on it through aquaculture processing techniques to create a new item. The goal is to complete 
as many items to move onto the next phase of aquaculture. At the end of the stage, the final 
score received will award the player points. Figure 1 shows a visualization of the workflow of 
the game mechanics for each stage. 
 

 
Figure 1. Game Mechanics Flowchart 

 
In the Hatchery stage, the player receives a collection of fish eggs from the receiving 

station. The player must place the eggs in the quality control station where he will be grading 
the fish eggs for any possible infested batch. A mini-game screen will pop up at this point 
where the player must quickly identify the contaminated samples to be discarded. The player 
then disinfects the seedstock. The player then transfers the seedstock to the incubation period 
for hatching. At this point, the player must wait until the eggs hatch. While managing this, more 
seedstock arrives for grading and collecting newly-hatched fry. Players then move the fry to 
the sex reversal station, where they must feed them when a "feed" notification appears. By 
this period of the stage, the player must be managing multiple seedstock at once. After the 
sex reversal station, the player transfers the collected fry in the final grading station ready for 
transport. 

In the Transportation phase, the map and stage are divided into two. During the first 
map, the player must collect the fry in the receiving station and transfer it to the filling station 
where a meter appears to indicate the water levels. Next, the player must go to the oxygen 
station and hold the interact button, making sure that the oxygen fills up to only the PE bag. 
After filling multiple bags, they move to the vehicle. While the player keeps in check with the 
driver, the player must also monitor several bags at once. A notification pops up indicating 
problems have risen. When a notification pops up, the player must attend to the bag by 
pressing the interact button. The player constantly monitors both the driver and the bags until 
the stage ends. 

The Grow-out Systems and Market Selection stage are primarily like the Hatchery 
stage with some modifications. The player initially takes the PE bags from the receiving station. 
The player places the fish bags in tanks as it is important to only let the fish out once after 
conditioning them. Upon conditioning, the player places the fish in their respective grow-out 
tanks. Different tanks represent different methods of harvesting. In total harvest, the fish will 
be collected in one single order. In partial harvest, the fish will be harvested one at a time until 
all have been gathered. There are different containers depending on the tanks that the fish 
will be stored at, and it is the player’s responsibility to match the correct container to its 
respective tank. After each order, the harvest collection data is logged in the computer system. 
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In the brood stock unit, the player receives healthy quarantined fish from the receiving 
station. The player then separates female fish to male fish by playing a mini-game that lets 
him identify the fish through their genitals. Pointed "V" openings for male, and “U” openings 
for females. The player places fish in separate spawning tanks according to the sex ratio and 
waits until the female fish holds her eggs in her mouth. Once it is done, a notification will pop 
out from the tank indicating that the eggs are ready for collection. These processes are done 
while the player feeds, like the previous stages, the potential/resting brooders in the other 
tanks. 
 
3.3 Game Aesthetics 
 
The visual graphics of the game were created with the intention of engaging the players and 
helping them immerse themselves into the aquaculture experience. The design aspect of the 
game was based on Gameboy Advance RPG games such as Pokémon, Harvest Moon, and 
The Legend of Zelda. The game allows the player to control a 2D character from a non-
isometric third-person, overhead perspective. The design specification follows an 8x8 pixel 
tiling scheme with a limited color palette for a clean aesthetic as shown on Figure 2. The idea 
for the game design was to generate the emotional response of comfort, ease, and nostalgia, 
and to simplify the complexity of the aquaculture process for better interpretation and retention. 
 

 
Figure 2. Hatchery Scene. 

 
The game is set in the Philippines and is centered around the Philippine aquaculture 

of the Tilapia fish. Despite working inside the laboratory, the artistic choice of including the 
Filipino salakót is due to the goal of representing the Filipino culture, especially those who 
work in the agricultural sector as seen on Figure 2. With the simplification of the actual 
processes in the game mechanics, the aquaculture facilities, stations, and items were also 
reduced to follow the 8x8 tiling scheme. All design assets follow the similar color pattern 
wherein the top portion of each station or item have lighter shades while the bottom portion 
have darker ones. Light edges give definition to the items to imitate the real-life light 
shadowing.  

 

 
Figure 2. Level Selection Scene. 

 
An AquaFarm Ace computer system concept was implemented to simplify some of the 

processes in aquaculture and to minimize the addition of guide characters. As shown on 
Figure 3, the developers opted to let a computer system handle most of the communication 
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and dynamics of the game. The character customization, introduction, tutorials, and level 
summary all utilize the same computer system theme to give the players information. 

 

 
Figure 3. Computer System for feedback and tutorial. 

 
 
4. Results and Discussion 
 
4.1 Field Test 
 
The research underwent two testing cycles with voluntary testers. The researchers took 
account the comments and suggestions of testers and have improved results between test 
cycles. Both testing cycle run on a 30-minute testing cycle. The testers were given a 5-minute 
pretest, were asked to play the game for 15 minutes and answer posttest and the Game 
Experience Questionnaire for the rest of the time. 

The game was hosted on Unity Play through a WebGL adapter. The playtesting 
session was done at an schedule agreed upon by the researchers and the tester. The study 
made use of Google Forms for questionnaires. Each tester was tasked to do the following: 
answer a pre-test questionnaire, play the game, answer a post-test questionnaire, and answer 
the game experience survey taken from the Game Experience Questionnaire by IJsselsteijn 
et al. (2013) after playing the game. The pre-test and post-test questions ask the tester to self-
evaluate their knowledge on aquaculture. Furthermore, the posttest asks the following open-
ended questions to ask the testers what they recall from the game: (1) What aquaculture 
concepts have you learned after playing the game?; (2) What about the aquaculture process 
have you learned after playing the game?; (3) Finish the sentence: “Aquaculture is important 
because…” 
 
4.2 Game Testing Results 
 
The game was evaluated through three questionnaires given to the testers. These 
questionnaires are a game experience questionnaire, and the pretest and post-test on 
knowledge. There were a total of 7 testers per testing cycle. Mean was used as the measure 
of central tendency for the data set of the Game Experience Questionnaire, as per 
recommendation (IJsselsteijn et al., 2023). For the pretest and post-test questionnaires, 
median was used as the measure of central tendency due to the ordinate nature of the 
questions and to avoid outliers that may affect the central tendency. 
 
4.2.1 Aquaculture Knowledge 
 
Tester knowledge self-evaluation of knowledge on aquaculture and its process and 
importance, particularly aquaculture, and the demand for aquatic resources. Table 1 shows a 
comparison of the results on tester knowledge of the two testing cycles. The table shows that 
there is an increase in the self-evaluated knowledge of the testers in both cycles indicated by 
the higher scores in the post-test results. 
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Table 1. Comparison of tester self-evaluation on knowledge 
knowledge item cycle 1 cycle 2 

pretest post-test pretest post-test 
aquaculture 4 5 4 5 
demand for aquatic resources 4 4 3 5 
aquaculture process 3 5 1 5 
tilapia culture 2 5 1 5 
importance of aquaculture 4 4 3 5 

 
The testers were then asked to answer questions on what aquaculture and its process 

they learned after playing the game. Each tester had different answers which they had recalled 
from playing the game. These concepts were knowledge of the different stages of the 
aquaculture process, the segregation of male and female O. niloticus, and on maintaining the 
quality of fish. The open-ended question “Aquaculture is important because…” the testers 
provided more detailed and more specific feedback on why Aquaculture is important in the 
posttest. These answers include the effectiveness of fish harvest, the preservation of natural 
resources, and the importance of aquaculture in food security. 
 
4.2.2 Game Experience 
 
The Game Experience Questionnaire encompasses seven distinct components, each 
designed to gauge different aspects of player experiences. Illustrated in Table 2, the mean 
score of individual items within these components serves as a measurement of the players' 
experiences. These components, along with their corresponding items, are as follows: (1) 
Positive Effect - assesses player enjoyment, (2) Competence - measures the player's 
eagerness to excel, (3) Sensory and Imaginative Immersion - focuses on the player's sense 
of wonder within the game, (4) Flow - examines the player's state of mind while actively 
engaged in the game, (5) Tension or Annoyance - delves into emotions such as anger and 
frustration directed at the game, (6) Negative Effect - This component evaluates feelings of 
boredom or disinterest during gameplay, (7) Challenge - explores the player's perception of 
being tested in terms of their skills. These components are rated on a 6-item Likert scale, with 
a score of 6 representing the highest level of each aspect (IJsselsteijn et al., 2013). This 
comprehensive questionnaire offers a multifaceted approach to understanding the diverse 
dimensions of the player experience. 
 The testers mentioned that the gameplay, and aesthetics such as the design choice 
and background music of the game is enjoyable despite the amount of information the 
testers need to know at the beginning of the game. The visual cues on the icons help them 
navigate through the game. Additionally, the instructions manual provide aid to the players in 
providing information that they can refer to on the steps of the process. 
 
Table 2. Game Experience Questionnaire results 
Component mean 

 

cycle 1 cycle 2 
Positive Effect 5.17 5.00 
Competence 4.17 4.29 
Sensory and Imaginative Immersion 5.21 4.86 
Flow 4.46 4.40 
Tension and Annoyance 2.14 2.57 
Negative Effects 1.90 2.43 
Challenge 4.14 4.50 
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5. Conclusions and Recommendations 
 

5.1 Effectivity on Learning 
 
As shown on Table 1, there is an increase in the self-evaluation of testers on their knowledge 
of aquaculture, the aquaculture process, and tilapia culture for both testing cycles. This shows 
that there is an improvement in tester knowledge upon playing the game. 
 The open-ended questions show recall of the topics and concepts introduced in the 
game. It was observed that the testers of Cycle 2 retained more specific information from the 
game as compared to Cycle 1 testers. 
 
5.2 Game Experience 
 
Results from the Game Experience Questionnaire indicate an enjoyable game experience. 
Sensory and imaginative immersion, positive effects, flow were the highest categories among 
the players’ experience in cycle 1. The testers were not affected by the negative experiences 
of the game and were not annoyed while playing the game indicated by below the average 
scores in the questionnaire. 

With both results of negative effect and tension or annoyance scoring below average 
on the game experience survey and the open-ended comments of the testers, it is concluded 
that the game provides an engaging and fun experience. 

 
5.3 Recommendations 
 
To enhance the player experience, the tutorial system should be made more intuitive and 
interactive for better information retention. One potential solution to address this issue involves 
implementing a tutorial run of a level before the player embarks on the first official level. This 
tutorial serves a dual purpose: it allows players to familiarize themselves with the game's 
mechanics and, simultaneously, gain an understanding of the aquaculture processes involved. 
This approach empowers players by providing them with the knowledge necessary to perform 
various tasks effectively. For instance, consider the hatchery stage. Prior to the timer 
commencing, a brief guided walkthrough of the game is presented. During this phase, players 
must follow the UI indicators, which guide them on where to go and what actions to take next. 
This introductory experience equips players with valuable insights into recurring UI cues that 
will continue to be relevant throughout the game. 

Another recommendation is the addition of a well-defined storyline element. This will 
better immerse the player into the world of aquaculture as a story can highlight its demand 
and importance to societal issues, such as food or job security. As an example, the 
development team has already initiated work on a preliminary storyline. In this narrative, 
following the main gameplay, players are presented with various neighboring islands grappling 
with aquatic resource management challenges. The player's role then shifts towards aiding 
these islands and imparting essential aquaculture knowledge to help them overcome their 
difficulties. This approach not only enriches the player's understanding of why aquaculture 
matters but also fosters a more immersive and profound gaming experience. By intertwining 
the game's objectives with real-world issues, players can appreciate the broader significance 
of aquaculture in addressing societal challenges, although a thorough research on the stories 
of the people working in aquaculture is suggested to add more depth and relevance to the 
game. 

Given the game's early stage, it holds potential. Researchers recommend improving 
the game’s communication with the player: including tutorials, storytelling, and refining 
rewards and consequences to be more impactful. Awarding bonus points for consecutive 
perfect fish processing, deductions for missed station cooldowns should be considered. 
Moreover, adding animations and background sound effects can enhance immersion. 
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Abstract: The industry sector has a complex manufacturing process and technology, 
mainly utilizing robots and automation, which are necessary for factory operation. Many 
vocational colleges try to use methods to promote the students' experience of learning 
automation technology to control robots with a programmable logic controller (PLC). 
Preparing students who will use technology in Industry 4.0 with robot arm operation is 
essential. However, the learning tools used to practice based are high -cost, and the 
technology is constantly changing and evolving. Hence, this research aims to design a 
training tool for an industrial robot operating using a programmable logic controller (IRO-
PLC). The proposal shows that the design training model can simulate steps of the learning 
activity to control the robot with PLC and then display it on the dashboard with an IoT 
device. It can increase the student's performance in practical vocational education training 
in future studies. 

Keyword: industrial robot, PLC, learning factory 

 
1. Introduction 

 
Nowadays, manufacturing in Industry 4.0 must refer to the digital database connection and take 
advantage. It is a significant challenge for the industry. Consequently, training students and 
professionals must address these new demands (Fuertes et al., 2021). It should be absorbed 
and applied in education, primarily Industry 4.0 learning and 21st-century teaching focusing on 
sustainable development goals for innovative knowledge and skills (Nurtanto et al., 2020). 

Using robots for education has a rapidly increasing rate. Due to the increasing interest in 
STEM (Science, Technology, Engineering, and Mathematics) education (Mamatnabiyev et al., 
2023). Many studies presented that robot learning activities, such as gamified educational 
robots, improve student achievement and learning motivation (Yang et al., 2023). Furthermore, 
using students' guidance with web-based personalized learning improves vocational students' 
performance in industrial robotics (Wanichsan et al., 2021). The use of educational robots has 
increased rapidly over the past few years due to the growing interest in STEM education. 
Primarily, the educational robot for practicing the Internet of Things (IoT) using hands-on 
experiences increased (Mamatnabiyev et al., 2023). 

Programmable Logic controllers (PLC) currently form a crucial technological basis for the 
automation of industrial processes. Hence, industry 4.0 assumed that these controllers would 
continue to be important and required to a considerable extent for the manufacturing process. 
(Langmann, et al., 2019). Some study designed of electro-pneumatic controlled color selector 
robot arm was performed with PLC (ŞAHİN et al., 2020). 
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The learning material or training tool was developed to solve the significant problems of 

the students' difficulty in understanding the basic concepts of the lesson and the lack of learning 
tools in the classroom. It was developed to solve the significant problems of the students' 
difficulty in understanding the basic concepts of the lesson and the lack of learning tools in the 
classroom (Abdullah et al., 2021). However, the existing training tool does not meet the course 
content requirements, and students need to understand due to the limitations of the training tool 
that unconnected actual situations and learning experiences. 

This study focuses on designing a training tool to simulate the technology of controlling 
industrial robots' operation with PLC in manufacturing process. In the design process, we use a 
training tool consisting of a Mitsubishi FX5U PLC and a Dobot Magician 4-axis robot, and a belt 
conveyor. 

 
2. Related work 

 
2.1 Training of Industry 4.0 technology 
 
Learning factories are understood to be environments that provide practical experiences to 
these professionals, preparing them in the best way possible for the requirements of Industry 
4.0, such as information and communication technology, algorithms, and automation. Industry 
4.0 integrates various sectors' digital technologies, automation, data exchange, and advanced 
manufacturing techniques. It represents a significant transformation in how products are 
designed, manufactured, and delivered, which are some key aspects of Industry 4.0. (Kipper et 
al., 2021; Li, 2022; Pozzi et al., 2023). The practical integration of the manufacturing processes 
and cutting-edge technologies of intelligent manufacturing is important in engineering education 
and related files (Wang et al., 2021). Therefore, learning industrial robots operating using PLC 
requires knowledge and practical skills efficiently learning outcomes, as shown in Table 1. 
 
Table 1. The learning outcomes of training concepts. 

Concepts Learning outcomes 

Programmable logic control Use programmable logic control hardware. 

Ladder programming Write a PLC ladder program. 

Industrial Robot Use industrial robots in many tasks. 

Connect the PLC to the robot  Control the industrial robot to complete the mission with PLC. 

IoT dashboard Display information on the dashboard 

 
In addition, a dashboard displays essential information such as data, figures, and 

performance indicators in an easy-to-understand format. It provides generalizations to help 
users review, analyze, and decide based on the information presented. Node-RED is a 
development tool for connecting hardware devices. The application interface and the online 
service have a browser-based editor to enable co-wiring using a variety of nodes in the palette. 
The industrial flows automation created in the Node-RED tool and a programmable logic 
controller (PLC) can be stored, imported, and exported for information sharing as a dashboard 
in the gateway connected with the open platform communications unified architecture 
(Chookaew & Howimanporn, 2022). 
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3. Industrial Robot Operating System using Programmable Logic Controller

3.1 Proposed Training model

In this study, we designed a training tool that emphasizes the practice of students or employees 
based on Industrial 4.0. The training course contains practical activities that can perform the 
relevant tasks. To understand how to control robots with programmable logic controllers. We 
have training activities to carry out and prepare appropriate equipment or materials based on the 
concept. After that, the data shows on the IoT dashboard, as shown in Figure 1.

Figure 1. Training model framework.

3.2 Structure of Training kit

Structural design of the training kit, we have identified the performance of the training equipment 
that can be compared to the situation of robot control. Figure 2 shows the structure of training 
kits consisting of PLC (Mitsubishi FX 5 U) as a device that automatically controls machinery and 
Dobot Magician 4-axis robot arms pick and place the box in the pallet of missions.

Figure 2. The structure of training kits.    
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3.3 Training Activity 
 
We focus on supporting the vocational education students' understanding and practicing with 
robot control activities using PLC programs. They must work in groups to achieve the tasks that 
control the robot based on conditions and mission. They can set up the PLC station's structure 
and connect the conveyor belt and robot arm to pick and place, as shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Example of the student participating in training activities. 

 
4. Conclusion and Future Work 

 
This study proposes a training model consisting of a training tool for a robot control system using 
a programmable logic controller. Hence, this research aims to design a training tool for an 
industrial robot operating using a programmable logic controller (IRO-PLC). The proposal shows 
that the design training model can simulate steps of the learning activity to control the robot with 
PLC and then display it on the dashboard with an IoT device. It can increase the students’ 
learning achievement who participate in training activities. We plan to develop the training tool 
and investigate the effectiveness of the proposed. In addition, we will compare the pre-and post-
test students' performance. Furthermore, it evaluates attitudes and involvement toward training 
as part of future work. 
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Abstract: Machine vision is even more critical for sorting workpieces in quality 
control of automated production systems for Industry 4.0. Use the image 
processing system principle to inspect the workpiece with a high-speed vision 
sensor camera. It results in high accuracy of sorting performance and can 
replace labor in automated production processes. The learning process of 
vision sensors used for inspecting workpieces with industrial cameras for 
mechatronics and robotics engineering students is concerned. Most barriers 
need more teaching materials due to the relatively high cost of the training kit. 
That is causing students' lack of knowledge and practical skills during the 
professional training experience in the workplace. This study proposed 
designing a sorting system using a machine vision (SSMV) training kit for 
mechatronics and robotics engineering students. It can be a learning tool to 
promote the students' learning in related fields, automated manufacturing 
systems, and engineering education. 
 
Keywords: Machine Vision, Industry 4.0, engineering education 

 
1. Introduction 
Current technology machine vision will have many of these tasks in production by quality 
control to inspect the workpiece. Sorting workpieces are a topic in the production process with 
automatic control systems to sustainably increase the country's competitiveness and elevate 
the country's industry into Industry 4.0 (Eduardo et al., 2020). An automated control system 
for sorting people with machine vision uses a programmable logic controller to centralize 
automation (Li, 2020; Li et al., 2023). In addition, the sorting system with machine vision data 
results are displayed in real-time on the dashboard. At present, many members are often 
referred to as open (OPC-UA) on the Node-Red dashboard (Chookaew & Howimanporn, 
2022). Many studies have found that learning the factory concept appropriate for engineering 
education, especially teaching, and learning about vision sensors, can develop the students' 
competency by learning from the training kit (Louw & Droomer, 2019). Penumuru et al. (2020) 
propose an automated material identification method with machine vision and machine 
learning algorithms to enhance the cognitive abilities of machine tools and material handling 
devices in Industry 4.0.  

This study proposed designing a sorting system using a machine vision (SSMV) 
training kit for mechatronics and robotics engineering students. It can be a learning tool to 
promote the students' learning in related fields, automated manufacturing systems, and 
engineering education. 
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2. Related Works 
 

2.1 Machine vision  
 

Machine vision or computer vision is a field of artificial intelligence (AI) and computer science 
that focuses on enabling machines to interpret and understand the visual world. It involves the 
development of algorithms and technologies that allow computers to process and analyze 
visual information, such as images and videos (Javaid et al.,2022). Machine vision is 
significant in sorting workpieces for the quality control of automated production systems for 
industry 4.0 technology (Li et al., 2023; Chookaew et al., 2022). Machine vision application in 
the industrial sector is talent learning and training in colleges and universities for educator 
design learning process (Chaoqun et al., 2023). Benbarrad et al. (2021) presented using 
machine vision for predicting the most suitable parameters of production processes to obtain 
a defect-free item by identifying the defective products and continuously improving 
manufacturing processes based on quality management requirements in Industry 4.0. 
 
2.2 Learning outcome 
 
We analyzed the curriculum's learning objectives for mechatronics and robotics engineering 
students and requirements from the industrial sector about applying industrial technology and 
devices, especially vision sensors, for inspecting workpieces with industrial cameras. Hence, 
learning outcomes are essential to measure student achievements after completing the 
learning activity. In this study, the learning outcomes aligned with the concept of a sorting 
system using a machine vision training kit for students are shown in Table 1. 
 
Table 1. The learning outcomes 

Concepts Learning outcomes 
1. Machine Vision system Able to use a vision sensor for inspection to sort materials. 
2. Programmable Logic 
Controller (PLC) 

Able to use PLC to control the operation of hardware devices. 

3. Ladder programming Able to write ladder logic programming for operating with PLC. 
4. Pneumatic cylinders Able to write programming to control pneumatic cylinders for 

sorting materials. 
5. Dashboard Able to display the data or information on the dashboard with 

Node-RED. 
 
3. Designing the SSMV training kit 

 
3.1 Elements of Training 

 
This study focuses on designing the training processes to foster students’ understanding of 
the principle of machine vision and the operation of sorting object systems. Figure 1 show the 
process diagram of the SSMV consisting of three elements as follows:  

 Input: This phase is first in the production line that uses a vision sensor to inspect types 
of material with a machine vision system. The student can understand and use devices 
to input image data. 

 Process: This phase is process control. We employ the programmable Logic controller 
(PLC) model Omron NX1P2 to process the sorting system machine vision between 
input and output. The student can program to control the sorting system. 

 Output: This phase shows the data output after the complete process. A Node-RED 
dashboard receives data from PLC (Omron NX1P2) to display the visual inspection 
data on a monitor or a web browser. The student can show all data on a mobile device. 
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Figure 1. The process diagram of the sorting system using machine vision.
                                            
3.2 Design of training kit

Figure 2 shows the structure of the machine vision training kit, we have designed the machine 
vision process based on factory learning concept. This training kit consist of: 

A structure body is an aluminum profile, conveyor, storage materials, storage OK 
materials, and storage OK Materials. 
Switch control is four switches (Emergency switch, stop switch, start switch, and reset 
switch) for control machine vision training Kit. 
The sorting unit consists of Cylinder 1 for sorting the OK part and Cylinder 2 for sorting 
the NG part. 
The workpiece detection unit uses a vision sensor (Keyence IV-500CA). 
Programmable Logic Controller (PLC) (Omron NX1P2) is an element that automatically 
controls the sorting system using machine vision.

Figure 2. The structure of the machine vision training kit
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3.3 Dashboard 
 
A dashboard is a user interface that provides a consolidated visual representation of various 
data and metrics. It is designed to give users a quick and comprehensive overview of the state 
of an industrial process that involves data-driven insights. In this study, we use a Node-Red 
tool then create a dashboard that displays the number of inspections of 3 types of workpieces 
from the vision sensor. Each class will separate the characteristics of good (OK), defect (NG), 
and the total number of workpieces in each sorting. However, it allows students to study and 
analyze the data to determine the efficiency of the SSMV (see Figure 3). 
 

 
 

Figure 3. The screen snapshot of the Node-RED dashboard. 
 
 
4. Conclusion and Future work 

 
This paper presents designing a sorting system using a machine vision (SSMV) training Kit 
for mechatronics and robotics engineering students. This proposed application of machine 
vision to visual inspection material for automatic sorting is implemented for mechatronics and 
robotics engineering students based on factory learning. In addition, to encourage students to 
master using vision sensors, PLC programming skills, and building dashboards on a Node-
Red tool. To ensure that this learning kit can improve the students’ learning achievement and 
motivation, we plan to implement it with the students in future study. 
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Abstract: Nowadays, education in industrial engineering places a significant emphasis 
on pneumatic systems due to their widespread application in conveyor belt systems 
and various automated industrial processes. Components within pneumatic systems 
include compressors, air preparation units, directional control valves, actuators, and 
gripping devices. Therefore, understanding pneumatic systems necessitates having a 
solid understanding of how to employ these components efficiently. In educational 
management, the development of learning materials holds paramount importance. 
These materials play a pivotal role in facilitating enhanced comprehension among 
students. Integrating augmented reality technology further enriches the learning 
experience, specifically in understanding pneumatic systems. This technology provides 
students with a comprehensive system overview before engaging with actual 
equipment in practical tasks. This study proposed the design of a pneumatics system 
learning material with AR technology for vocational education students. It encourages 
the student’s motivation in the concept of pneumatic systems. We created a model 
using 3D and AR application programs to generate learning material to display on 
mobile devices. The circuits of the function of the cylinder work in various conditions. It 
has been used to simulate the use of training skills for students or interested people to 
apply such knowledge to work in the workplace in the future. 
 
Keywords: Augmented reality technology, pneumatics system 

 
1. Introduction 
 
The world is moving towards a new industry of the future. Especially Thailand Industry 4.0. 
policy focused on the technicians or workers is a critical force that will dramatically change the 
pattern of the industry. This group of technicians' development is significant and must come 
from knowledge, experience, and technology. There are fewer workers in Thailand in the field 
of professional work with skills that meet the industry's needs. Thus, many vocational colleges 
attempt to increase the workforce with such produce technical skills to reach a high level, and 
it is necessary to work together to accelerate the development of vocational students who are 
professional workers in the system.  Innovative technology is becoming increasingly vital in 
the education system. Mainly engineering education necessitates using technology to assist 
students in understanding abstract concepts and principles. Augmented reality (AR) is a 
technology that can be used to create effective and engaging technology-based solutions and 
instructional materials. 
 AR is a technology for learning that has significantly increased over a wide range of 
applications, primarily used in engineering education (Singh et al., 2019; Enzai et al.,2021; 
Takrouri et al., 2022; Koparan et al.,2023). Many studies presented an augmented reality-
based learning experience to teach students in many engineering majors, such as electronics 
engineering majors identifying AR intervention on students' academic achievement levels, 
positive learning attitudes toward the subject, and individual attitudes toward AR (Tuli et al., 
2022). It provides significant benefits, such as increased engagement and interactivity, and 
can help to minimize the adverse effects of the disruption of face-to-face education (Criollo-C 
et al.,2021). 
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 AR technology is categorized into two primary types: those reliant on pictograms and 
those based on coordinate systems for data analysis to generate virtual world information. 
Commonly, the symbols employed in these systems are referred to as "Markers" or sometimes 
AR Codes. These markers are detected using a webcam, and when the software processing 
the image identifies a specified symbol, it renders the 3D image information programmed for 
that marker. Users have the capability to freely rotate the displayed image in all directions, a 
feature often described as a 360-degree rotation. 

Pneumatic systems are used extensively in industrial applications, regulating 
machinery operations across a spectrum ranging from small to large industries. Employing 
pneumatic systems for control aims to streamline work processes with simple circuit design 
and control mechanisms. Additionally, pneumatic systems boast a high level of safety (Wang 
et al.,2021; Montalvo et al.,2021). Now commonly utilized, these systems are automatic 
control systems and are controlled electrically. Presently, numerous factories have 
established production bases in Thailand, leading to the emergence of multiple industrial 
estates. This trend is attributed to government policies promoting the growth of small and 
medium-sized enterprises. Consequently, there is intense competition in the marketing and 
pricing of products. This study designed a pneumatics system learning material with AR 
technology for vocational education students. It encourages the student’s motivation in the 
concept of pneumatic systems. We created a model using 3D and AR application programs 
to generate learning material to display on mobile devices. The circuits of the function of the 
cylinder work in various conditions. It has been used to simulate the use of training skills for 
students or interested people to apply such knowledge to work in the workplace in the future. 
 
2. Related work  
 
2.1 Mobile Application for Learning  
 
Technological innovation will transform the teaching and learning process with new types to 
enhance students' development and contextual understanding. Most students are focused on 
mobile screens in the classroom, and they will all be viewing holographic 3D objects surfaced 
from a table while the teacher explains the visuals (Hadgraft & Kolmos, 2020). The modern 
engineering educational environment ensures an extensive application of AR on mobile device 
technology to memorize graphic material successfully (Zhylenko et al., 2021). Arulanand et al. 
(2020) presented an AR-based application with Android studio on a topic in the Engineering 
Graphics course for engineering drawing. Several steps are involved in creating the 
application, and the below block diagram shows how to create and deploy the application. 
Wongwatkit et al. (2018) presented the context of an educational institution focusing on 
developing student learning outcomes throughout the curriculum. The learning outcome is and 
determines how students will be after the teaching and learning process. 
 
3. Conceptual Framework 

 
3.1 Development AR mobile application   
 
This study proposed the development of a pneumatics system learning material using AR to 
promote vocational students based on the learning factory. Pneumatics system concepts 
should be learned based on the subject's learning outcomes so that the student can 
understand the principle of the pneumatics system. Thus, the conceptual framework of the 
study is shown in Figure 1. 
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Figure 1. Augmented Reality technology conceptual framework

3.2 ADDIE instructional development model

ADDIE model is a well-established framework for creating and delivering educational media, 
backed by published research. It serves as an excellent guideline for instructional designers, 
lesson planners, and training course developers in designing effective and engaging learning 
experiences.

Figure 2. ADDIE model

In this development process, we use ADDIE instructional development model (Chookaew et 
al., 2014) to create effective AR learning material as follows:

Step 1 Analysis: The analysis clarifies the instructional problems and objectives and 
identifies the learning environment and student's existing knowledge and skills. We 
analyzed the content and concept of control circuits in pneumatics systems in the diploma 
program.
Step 2 Design: This step is designing the learning material based on the learning 
objectives of control circuits in pneumatics systems. It is guidelines for presenting the 
lesson as content details of the pneumatics systems. In this study, the student can scan 
the QR code as a maker for a selection of cylinder control circuits in the worksheet, as 
shown in Figure 3.
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Figure 3. Scan the QR code in the worksheet to select the cylinder control circuits.  
 

 Step 3 Development: The conceptual development of the learning material on the mobile 
application. In this step, the design of the application screen is to match the content and 
be appropriate for the students. Figure 4 shows the content of the cylinder control circuit. 
We created an AR application for the pneumatics systems course, including four sections 
as follows: 
1. The entrance to the instruction is to scan the QR Code to select the cylinder control 

circuit worksheet. The student can select the One-way cylinder operation control circuit 
or the Two-way cylinder operation control circuit. 

2. The entrance to the AR application are content pages, and the students can click details 
of pneumatic equipment. 

3. The student can see symbols and images of pneumatic equipment. 
4. The students click the RUN button; they can see a video of the working process of the 

pneumatic system. 
 

 
 

Figure 4. Examples of instrumental material of cylinder control circuit on mobile device 
 
 Step 4 Implementation: After developing the learning material is complete. This step can 

be implemented with students in target groups that are vocational education to achieve 
based on learning outcomes and prepare evaluation procedures. 

 Step 5 Evaluation:  This step consists of two sections. First, we design the evaluation of 
students in the cognitive domain, which is students' understanding of pneumatics system 
concepts. Second, we designed to evaluate student motivation for AR learning materials. 
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4. Conclusion and Future work 
 
This paper presents designing a pneumatics system learning material using augmented reality 
technology for vocational students. We focus on simulated circuits of the function of the 
cylinder work in various conditions. It has been used to motivate the use of training skills for 
students or interested people to apply such knowledge to work in the workplace. This 
proposed AR application of learning a pneumatics system is used to motivate and promote 
the students’ understanding of pneumatic circuits before implementing them in actual 
situations. We plan to implement it with the students in future studies to ensure this learning 
material can encourage students to improve their learning performance and motivation. 
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Abstract: This paper presents the use of augmented reality techniques to enhance 
learning experience of studying Calculus2. One of the main problems in learning 
Calculus is the lack of spatial recognition in objects, especially 3-dimensional objects. 
To improve students’ understanding and immersive experience, Augmented Reality 
(AR) is applied to overlay 3D objects onto the student's view of the physical world. The 
chosen 3-dimensional objects include sphere, hyperbolic paraboloid, elliptic 
paraboloid, paraboloid, cone, ellipsoid, cylindrical, elliptic hyperboloid of one sheet, and 
elliptic hyperboloid of two sheet. From testing, 30 students found the augmented reality 
technology effectively helps in learning shapes and calculation for volume and surface 
area. 

 
Keywords: Augmented Reality Technology, Geogebra 3D, Geometry, Calculus2 

1. Introduction 

Information and communication technology has invented and developed to provide new 
mediums for communication such as 3D illustration, video and interactive graphical object. 
These new technologies help to improve understanding more than just words communicating 
that can be ambiguous. In education, a textbook is the main teaching materials to provide 
structural and comprehensive content, reference material, and visual aids. Textbooks 
generally include diagrams, illustrations, charts, graphs, and other visual aids that help 
students visualize and understand complex concepts. Illustrations of real-world objects give 
students a rough concept of thing that is mentioned in a descriptive content. However, 
illustrations have major limitation as two-dimensional presentation (2D). Furthermore, the 
illustration is a still image which does not instigate sufficient interest of students (McQuail, 
2005). In the higher education such as engineer and biology, the complexity of the content 
requires students to clearly understand the content and visualize the complex structure of 
things to learn further in the subject. As one of the mandatory subjects, Calculus2 is to study 
and analyze three-dimensional objects, particularly when it comes to finding volumes, surface 
areas, and other properties of such objects. Students may confuse or not fully understand 3D 
shapes such as hyperbolic paraboloid, elliptic paraboloid, ellipsoid, cylindrical, elliptic 
hyperboloid of one sheet, and elliptic hyperboloid of two sheet.  

In this paper, we present the use of augmented reality to visualize 3D shapes for 
students who learn in Calculus2. This research raises the question whether teaching 
Calculus2 with 3D images will help to improve interest and understanding for students or not. 
The scope of this research is 3D shapes of sphere, hyperbolic paraboloid, elliptic paraboloid, 
paraboloid, cone, ellipsoid, cylindrical, elliptic hyperboloid of one sheet, elliptic hyperboloid of 
2 sheet. The applied augmented reality is developed as a mobile application (android 
operating system only) and use in a classroom of 30 students in a subject of Calculus2. 
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2. Analysis of recent research and publications 

Education 4.0 has modern digital technologies such as augmented reality (AR), virtual reality 
(VR), and 3D printers applied to different levels of the teaching and learning process. Each of 
these technologies show a positive effect on learning. The interest in these technologies is 
growing among teachers and learners.  

Augmented reality (AR) is a technology that can combine the real world with the virtual 
world through a mobile smart device in conjunction with various application software to make 
the image seen on the screen. This can be an object with a 3D perspective or a 360-degree 
panoramic view. Users at different levels are increasingly willing to interact with subjects in 
cyberspace, which can lead to the expansion of educational activities, improving existing and 
new organizational forms, types and methods of teaching, improving student interaction and 
educational space (Monfared et al., 2022). AR is expecting to change education and displace 
the game as an educational technology (Ashley-Welbeck & Vlachopoulos, 2020). Features of 
the use of AR technology, its impact and importance in the educational process of various 
specialties and fields have been discussed in national and international academic articles 
(Akçayır et al., 2016; Dinis et al., 2018; Huttar & BrintzenhofeSzoc, 2020; Frolli et al., 2021; 
Yusuf & Ichsan, 2021; Trust et al., 2021; Volynets, 2021) 

Researchers believe AR will make teaching and learning more interesting. It facilitates 
the learning process and use frequently in an e-learning system. However, there is a remark 
as it may reduce direct dialogue between teachers and students. Therefore, the use of e-
learning technology in education should be used in short-term classes or as a simulation 
device (Murodillayevich, Eshpulatovich, & Pardaboyevich, 2019). Moreover, AR is a popular 
technology in mathematics education (Melnyk, Nefedova, & Zadyrey, 2018; Osypova, & 
Tatochenko, 2021). It is noted that while studying mathematics, students found it is difficult to 
follow and lost interest due to the complexity of the subject. The use of AR technology in 
teaching can help students learn some concepts or theories that are difficult to understand in 
the classroom by creating instructional materials with appropriate 3D models to develop 
students' spatial and imagination abilities (Gargrish et ai., 2021). This assists to deepen the 
understanding of processes, properties, theorem proofs, etc. In addition, AR can radically 
change the way subjects are taught by emphasizing student participation and interaction with 
learning activities through practice (Melnyk, Nefedova, & Zadyrey, 2018). Some articles 
(Ancochea & Cárdenas, 2020; Babkin et al., 2021; Osypova & Tatochenko, 2021) applied 
GeoGebra 3D Graphing Calculator, a mathematical aid program, for solving 3D mathematical 
problems. The provided graphing 3D functions and 3D geometry surfaces is highly efficient 
with augmented reality (AR) technology in the study of geometry. The article (Babkin et al., 
2021) discusses cross-platform products that should be used to develop AR technologies 
including Unreal Development, Kit, Unity, Godot, Engine, Cocos2D, MonoGame, Unreal 
Engine, Marmalade, and the capabilities of a new AR software development kit (or SDK) called 
ARCore that will be brought to Android smartphones (Wikitude, Vuforia, Kudan, Maxst, Xzimg, 
NyARToolkit, Metaio SDK) (Vakaliuk & Pochtoviuk, 2021). 

3. Research design 

This research is a research and development (R&D). Research objective is to develop a 
learning assistant tool for Calculus2 subject using augmented reality (AR) technology for 
representing three-dimensional space with various shapes including hyperbolic paraboloid, 
elliptic paraboloid, ellipsoid, cylindrical, elliptic hyperboloid of one sheet, and elliptic 
hyperboloid of two sheet. Procedures in this research applied several stages as (1) observing 
research location, (2) creating learning materials, (3) expert validation, (4) testing into small 
group, (5) setting up into large group (field test).  

To develop the learning assistant tool for Calculus2 subject, we chose GeoGebra 3D 
with AR (GeoGebra Augmented Reality) extension as the development platform to construct 
the three-dimensional space with various shapes. The image processing application is 
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performed using the Augment application. This application is a mobile application 
downloadable on android OS.  

For evaluation, there are three experts who are tasked to examine learning materials, 
namely two experts in mathematics and computer technology. The issues for evaluating the 
quality of augmented reality (AR) learning materials include graphics and design, fast access 
to information, animations, clarity and technicality. After the expert commented and consented 
the tool, adjustments were made according to the instructions, and the tool was brought to trial 
(Pilot) with thirty students. The learning materials and tools were assessed with the developed 
questionnaire and improved again before being experimented in a large group (for field test). 
This research collected both qualitative and quantitative data. The qualitative data such as 
answers, reviews and suggestions are obtained from interviews and the quantitative data 
consisted of a quality check form of experts and opinions of students from questionnaires. The 
data was analyzed using descriptive analysis consisting of frequency, percentage, mean and 
standard deviation. 
 Consider examples of the use of GeoGebra Augmented Reality to solve problems of 
the course “Calculus2” on the topics “Application of the integral” (functions of one and more 
variables) and “Area of definition of the function of several variables”. Geogebra Mathematical 
Package can also be used to calculate geometric quantities (areas, volumes) and physical 
quantities (masses, coordinates of the center of mass, work, pressure forces). However, we 
focus on the ability of the GeoGebra Augmented Reality tool to complement physical reality 
with digital model-objects that are specified in the task condition. In solving such problems, 
the greatest difficulties arise when performing geometric constructions and visualization of 
mathematical objects. Qualitatively performed geometric constructions are one of the 
conditions for the correct solution of the problem.  
 For usage, students initially open up GeoGebra 3D Calculator application and create 
any 3D solid model (see Figure 1) to create a 3D Graphics in an augmented reality application. 
Next, they are asked to press the AR button (lower right within 3D Graphics pane). Students 
thus will see environment on the screen. After following the usage instruction, the tool will 
virtually place the object you were viewing within your environment.  Students can also use 
fingers to reposition the objects and allow to use the touch screen to change the size and color 
of the object.      
 
 
 
 
 
 
 
 
 
 
 
 
 
             

Figure 1. Demonstration of 3D creating sphere shape. 
         .         
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Figure 2. Demonstration of triangulated and square appear over the flat surface. 
 
 From the example given in Figure 3, the calculation of the area of the part of the 
paraboloid is z = x2 + y2. Students can see the visualization of the mathematical object given 
by the condition of the problem. The volume of the body of rotation can be calculated using 
the tool “Integral”. 
 

 
Figure 3. Demonstration of 3D creating paraboloid shape. 

 
4. Conclusions 

The usage of augmented reality technologies promotes visualization in the educational 
process, the formation of cognitive interest and motivation of students. It has significant 
methodological potential, which should be used in the study of various mathematical 
disciplines, particularly in the study of mathematical analysis. The use of such technologies 
can probably have a great effect, but the constant use in the standard practical training of 90 
minutes leads to a significant violation of the program. However, the use of augmented reality 
technologies is the most adequate as an additional means of visualizing calculus2 objects in 
solving problems. 

The results of student surveys and trainings confirm the positive impact of augmented 
reality (AR) technologies on the learning process and the quality of learning outcomes. From 
interview results, a significant number of higher education students note that augmented 
reality (AR) technology helps to better understand theoretical material and enhances the visual 
component. Some students also mentioned that it gives more immersive experience than 
traditional lecture and self-reading. Furthermore, it keeps students’ interest in class and focus 
on studying as using the tool is more practical and require students’ interactivity. 
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Abstract: Biological education grapples with the challenge of teaching intricate 
systems, particularly the complex human immune system. Existing teaching methods 
often fall short of conveying these complexities effectively. Analogies and metaphors 
have proven successful in teaching complex biological systems across educational 
levels. We developed video scenarios connecting a wound-healing phenomenon with 
a real-life analogy, incorporating reflection spot activities for students to map elements 
based on structure, function, and behavior. Our study with high school students 
revealed significant improvements in their understanding of the wound-healing 
phenomenon through analogy mapping and reasoning. The study's contribution lies in 
an effective pedagogical and technological design for complex biological phenomena 
using analogies to enhance students' understanding of complex biological systems. 
 
Keywords: Complex biology system, SBF framework, Analogical reasoning 
 

 
1. Introduction 
 
Biological education involves mastering complex, interconnected systems characterized by 
multilevel organization, diverse components, and dynamic processes, often posing challenges 
in understanding the relationships among facts (Hmelo-Silver et al., 2007). To comprehend 
such systems, it's crucial to learn their components, functions, and processes. The Human 
Immune system, a prime example of complexity, combines humoral and cellular interactions, 
frequently causing confusion among students (Su, Cheng, & Lin, 2014). While various 
teaching strategies have been explored, an educational card game using combat metaphors 
improved interest but lacked focus on cellular mechanisms (Su et al., 2014; Steinman & 
Blastos, 2002). Similarly, the Humanology Game integrated game features with immunology 
concepts, enhancing procedural knowledge (Cheng et al., 2014). These games employ 
metaphors or analogies, aiding students in connecting new concepts to familiar ideas. 
 Analogies and metaphors are valuable tools for teaching complex biological systems 
across various educational levels, including high school and undergraduate settings. Brown 
(2003) emphasized the importance of analogy as a universal learning mechanism at all ages. 
The structure-behavior-function theory posits that understanding any complex system involves 
analyzing its structures, functions, and how it achieves its purpose (Goel et al., 1996). 
Research has shown that even elementary school children can enhance their understanding 
of function and mechanism in complex systems through analogical modeling exercises, such 
as mapping respiratory system structures to the mechanism of human breathing (Moonhyun 
Han1 & Heui-baik Kim, 2017). This underscores the potential of analogies and analogous 
models for fostering learners' knowledge construction and reasoning skills related to the 
structure, mechanism, and function of complex systems.  While strategies like card games 
and VR-based games use analogies or metaphors, they often focus on a superficial level 
rather than delving into the structure, behavior, and function aspects. 
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 This study proposes a design of video scenarios based on the SBF theory and 
implements it in developing a wound-healing phenomenon from the human immune system 
and its corresponding analogy from a real-life situation, the water leakage process. The aim 
of this research was to investigate high school learners' ability to map the base analogy of 
“Water leakage at home” to the target concept of “Wound healing” as this is a new complex 
concept for high school students and understand their analogical reasoning through the SBF 
theory perspective. 
  

2. Theoretical Framework 
 
2.1 Analogy and Analogical Reasoning  
 
Analogy and Analogical Reasoning Analogies involve comparing dissimilar concepts to 
uncover similarities, aiding comprehension of unfamiliar subjects. Gentner and Gentner (1983) 
argue that analogies enhance cognitive development by connecting existing knowledge to 
new concepts. This process involves relating the known (analog) to the unknown (target). 
Analogical reasoning is a multifaceted cognitive process involving steps such as identifying 
relevant information, extracting relationships, and mapping dissimilar domains for inferences 
and common principles (Trey & Khan, 2008). Mapping eases knowledge transfer from a 
source domain to a destination domain (Gentner 1983). Analogies assist in structuring 
concepts (Celik, Kirindi, & KOTAMAN, 2020). For instance, a bank robbery analogy helped 
students grasp hormone synthesis, transport, and mechanism concepts (Cardinali et al., 
2022). 
 
 
2.2 Structure-Behavior-Function Framework  

 
Structure-behavior-function (SBF) theory models complex systems, considering components, 
their functions, and enabling mechanisms. This representation aids comprehension and 
causal reasoning (Goel, 1996). Researchers used SBF theory and augmented reality (AR) to 
teach the circulatory system, yielding a better understanding (Gregorčič & Torkar, 2022). SBF 
is a valuable tool for comprehending complex systems (Hmelo-Silver & Pfeffer, 2004). We 
employ this framework to design video scenarios promoting analogical reasoning in students 
regarding the human immune system." 
 
 
3. Design and Development of Scenarios 
 
3.1 Designing video Scenarios  
 
A wound-healing phenomenon from the human immune system was considered for the 
development of the scenario as it is a complex phenomenon that includes different types of 
blood cells, skin layers, proteins, and other factors that come together to perform an action. 
Its corresponding analogy was drawn from the day-to-day life routine i.e. water leaking at 
home. When water starts leaking, there is a mechanism to stop the leakage where different 
factors such as human factors, and other materials come into play. While designing videos for 
the analogy and scientific phenomena, mappings at structure, behavior, and function levels 
were considered. Table 1 shows elements from the water leakage scenario mapped to 
elements from the wound healing scenario. For example, Broken Skin from the wound healing 
phenomenon is mapped to Broken Roof from the analogy at the structure level. The clot 
formation process is mapped to plastic blocks stopping the leakage, this mapping is at the 
function level. Mechanism level mapping is done in the process of healing and stopping water 
leakage. 
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Table 1: Design and Development of mapped elements in video scenarios 
Analogy video scenario elements (Water 
leakage)  

Complex phenomenon elements (Wound 
healing) 

Broken Roof  

 

Broken Skin  

 

Clot formation with Platelets  

 

Blocking of leakage with Plastic Blocks 

 
 
 We created the wound healing video scenario in two ways: one without reflection spot 
activity and another with reflection spot activity using Edpuzzle's interactivity feature. The 
reflection spot activity includes multiple-choice questions in that the student has to map 
elements from the water leakage analogy to the wound healing concept, followed by reasoning 
for that mapping. There are a total of 5 mapping and reasoning questions. The analogy video 
scenario and the wound healing scenario with reflection spot activity were uploaded to the 
newly created 'Science Classroom' on the Edpuzzle platform (Mischel, L. J.,2019) - 
https://edpuzzle.com/open/cepbowi 
 
 
4. Methodology 
 
The purpose of this study is to determine whether students are able to identify and map the 
elements from the analogy water leakage scenario to the wound healing phenomenon 
scenario. Their analogical reasoning process will also shed light on how they grasp the target 
concept at the level of structure, function, or mechanism. This study is based on the following 
research question: “In what ways do analogy-based video scenarios help learners in their 
understanding of a complex system at three different levels (structure, function, and 
mechanism)?” 
 
4.1 Participants and Procedure  
 
In this study, a total of 12 students from grades 6 to 8 participated. They undertook two tasks: 
The initial task involved viewing a wound-healing scenario without reflection spot activity, 
followed by a pre-test questionnaire. In the subsequent task, students received instructions on 
using the Edpuzzle platform and were guided through the steps to complete the activity. During 
this phase, participants watched an analogy video scenario (Water leakage story) followed by 
a wound-healing phenomenon scenario. They engaged in a reflection spot activity to map 
elements and provided reasoning for each mapping. Following this, a post-test, similar to the 
pre-test, was administered, and a semi-structured interview concluded the study. 
 

4.2 Data collection and analysis 
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Out of a total of 12 students, two students did not finish the activities entirely, while one student 
completed every activity except the pre-test. Thus, the data analysis of the reflection spot 
activity includes data from 10 students, whereas pre- and post-data include information from 
9 participants. Throughout this study, four data sources were employed: pre-test, reflection 
spot activity questions, post-test, and interviews. The pre-test and post-test gathered data 
through a Google form, having open-ended questions like “Identify elements from the wound 
healing story" and "Describe or explain the wound healing process in proper sequence”. 
 Reflection spot activity data was collected in the form of MCQ and open-ended 
questions, for example, “Which element from the analogy scenario is similar to the skin in this 
phenomenon scenario” was the MCQ question followed by a question for reasoning “In what 
aspects both the elements are similar?”. A semi-structured interview was taken after students 
completed the activity. The questions for the interview were based on the responses students 
gave during the activity.  
 The SBF theory served as the framework for the analysis of the data. In order to 
determine if a student's thinking was at the level of structure, behavior, or function, a grading 
rubric based on the SBF theory was developed, and students' responses were examined using 
this criterion. Table 2. shows a scoring matrix for the reflection spot activity, Mappings are 
graded based on answers to multiple-choice questions, and reasoning is examined to see 
whether any points from the structure, function, and behavior level descriptors are present.  
 
Table 2. Scoring rubric for reflection spot activity  

 Skin and Roof Mentioned at least one 
of the phrases or words 

from the description 

Did not mention even a 
single word/phrase 

from the descriptors 

 Identification and Mapping If done correctly (1) If not done correctly(0) 

Structure 1) Outer layer or a boundary 
2) Damage or the broken area is similar 
in the skin and roof. 
2) The roof is like skin and the pipe is 
like a blood vessel 
3) Roof had a leakage similarly Skin was 
bleeding. 

  

Function 1) Skin Covers/ protects us similarly 
roof protects the house. 
2) Roof had a pipe that had water 
similarly skin has blood vessels that 
have blood flowing in it. (carrying water 
and blood) 

  

Behavior/ 
Mechanism 

1) Skin prevents entry of external 
bacteria from coming inside our body 
similarly roof is preventing rain or insects 
from coming inside the house. 

  

 
A score of "1" was assigned if these features were identified, while a score of "0" was given if 
they were entirely absent from the reasoning. For pre-test and post-test responses similar 
scoring rubric was developed on 3 scales. If the responses included most of the structures, 
their function, and the proper sequence of the wound healing process then it was scored “3”. 
If half of the structures, functions, or sequence were correct then it was scored “2” and if only 
a few things mentioned were a correct or completely incorrect sequence of the process then 
it was scored “1”. 
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5. Result and Findings 
 
5.1 Understanding students’ analogy mapping and reasoning  
 
Analysis of individual students’ analogy mapping and reasoning of reflection spots showed 
that all of the students were able to map the base analogy to the target concept with a high 
degree of accuracy. However, the reasoning varied for the structure-function behavior. Figure 
1 below represents the reflection spot activity data of 10 students.  

 

 
Figure 1: Reflection spot activity Scores 

 
5.2  Analyzing Pre and Post-test Scores 
 
A paired t-test was performed to evaluate if there was a difference between the learning gain 
from the pre-test to the post-test. The data was checked for normality assumption. The results 
showed that there was a statistically significant difference between the average of the pre-test 
(Mean- 4.11, SD-1.27) and post-test scores (Mean –6.78, SD-1.92) shown in Table 3., with a 
p-value of 0.0014 (< 0.01). The results of the paired t-test suggest that the use of analogy was 
effective in improving learning. The students who used analogy showed a significant 
improvement in their scores from the pre-test to the post-test.  

 
Table 3: Paired t-test Statistics  

Scores Mean N SD SEM 
Pre-test 4.11 9 1.27 0.42 
Post-test 6.78 9 1.92 0.64 

 
 
5.3  Correlation between reflection spot activity score and students' post-test 

performance 
 
To check if the reflection spots and reasoning activity helped learners in answering the post-
test questions, we performed a Pearson correlation test between scores on reflection spot 
activity and post-test scores. The variable reflection spot activity score and post-test score 
were found to be weakly correlated r (0.276) but statistically not significant p (0.44).  
 
6. Discussion 

 
In this article, we explored high school students' ability to connect the "Water leakage at home" 
analogy with the concept of "Wound healing" using video scenarios based on the SBF theory. 
Our findings indicate that these analogy video scenarios effectively enhance students' 
understanding of complex systems at three different levels: structure, function, and behavior. 
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Specifically, 70% of students successfully mapped elements from the analogy to wound 
healing, while 70% understood the structural aspects with 40% accuracy, 80% grasped the 
functional aspects with over 60% accuracy, and 60% comprehended the mechanisms with 40% 
accuracy. The significant improvement in learning from the pre-test to the post-test 
underscores the pedagogical value of using analogies (Cardinali et al., 2022). However, we 
noted a statistically non-significant low correlation between the reflection spot activity scores 
and post-test scores, possibly due to the small sample size, prompting further exploration of 
the causal relationship between activity performance and subsequent test results. 
 This study contributes by using the SBF framework to map real-world scenarios to 
scientific phenomena through video-based scenarios and reflection spot activities. While our 
approach showed promise, its generalizability is limited by the study's focus on a single 
analogy and concept. Future research should involve a more diverse range of analogies and 
concepts and include larger sample sizes for improved statistical power and result reliability. 
We intend to continue designing analogical scenarios based on the SBF theory, providing 
scaffolding for analogical reasoning and investigating the impact of different reflection 
questions on students' learning with analogies to gain further insights. 
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Abstract: This paper attempted to study the effectiveness of learning approaches 
between Seminars Course, and Science Project Course in the context of research skill 
development; Observation, Planning, Organizing, and Presentation skills. Besides,  
each process of learning could increase the essential research skills, This process 
required learner’s effort to work in group within two semester. The learners received 
and continued to this CRSS approach the high level of learning achievement in the 
context of research skills; Observation, Planning, Organizing, and Presentation. 
Furthermore, the finding of this study could be expressed to the correlative soft skills 
could be used more than one course, which can be designed others curriculum 
involved.  

 
Keywords: Seminars Course, Research Skills, Science project 

 
 
1. Introduction 
 
Science Project’s considered as a significant learning approach in every level. Exploring 
Science, Technology, Engineering, and Science Experiment are common supporting Science 
Project in High School. There were various definition, Generally, Science Project were defined 
as an educational activity for students involving experiments or construction of models in one 
of the science disciplines. Students could present their science project, So it could be called 
a science fair project. In this present, Science projects were classified into four main types. 
For instance, Experimental projects, Engineering projects, Display projects, and Theoretical 
projects.   

Science Project development were basically developed by research methodology. For 
instance, research questions, hypothesis, research design, etc. Which are significant 
elements of research development inevitably. In addition, soft skill supporting Science project 
development considered as the other necessary skill called “Research skill”. They also be 
defined as the ability to search for, locate, extract, organize, evaluate, and present information 
that is relevant to a particular topic. Furthermore, there are various skill promoting research 
skill such as, Time management, Communication skill, Information gathers.   

Research skill are continuously significant for Science Project development. Sanchez, 
Marcos, Rivero, and Ruiz ( 2 0 1 7 )  founded that learners could develop soft skills during 
exploring Science Project ( Sanchez, Marcos, Rivero, & Ruiz, 2017). According to the 
Engineering Science Classroom Program, Students were required to study the Seminars 
Course supposed to train research skills, research methodology in order to preparing student 
for Science Project development in Grade 11th. Hence, various soft skills in the seminars 
course were used to create and develop Science Project.  
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According to the correlation between Seminars course, and Science Project course, 
authors assumed to study the effectiveness of learning Seminar Course to Promoting 
Research Skills in Science Project Course by using research skill as the criteria to assess.   
 
2. Related Study 
 
2.1 Seminars Course and Science Project 
 
The Word “Seminar” come from Latin, and it means “seed”. In general, the seminar method 
encouraged active participants, a group of participants were guided to interact with each other 
in class. In addition, the seminar defined as the applicable to settings from conferences to 
other meetings or training. Most of Seminar’s topic are the research seminars. Nevertheless, 
this course was popularized in the senior high school and undergraduate level to discuss, 
exchange, and construct knowledge too. The students were provided with the opportunities to 
present their papers which supported presentation and public-speaking skills. McMullin (2014) 
also defined that this learning approach often accompanied by a visual presentation and even 
hands-on (McMullen, 2014). In educational institutions of all levels, there are various 
objectives. The seminar  promoted the basis learning of students. It focused on instruction 
that was designed for the student to gain specific knowledge within the academic area. In the 
same time, seminars were an approach for people to increase their educational background 
through lectures, training, and possible experimentation. 

Science Project’s considered as the educational activities supporting experiment or 
construction of model in one of science discipline. This learning approach continuously 
popularized over decades. In particular STEM. In addition, the elementary level increasingly 
taught Science course through science project. Initially, Science  project trained and 
encourage learner the concept of Scientific inquiry. By the way, there were some disruptive 
physical learning methods after the Covid-19 pandemics, traditional learning were 
transformed into virtual learning, include laboratory experiment. Science Projects is another 
fundamental activity creating and constructing knowledge (Jumaat, Dayana, Tasir, & Ashari, 
2017). Moreover, Science Project was the other method support self–efficacy in Secondary 
school in STEM education. Nowadays, Science Project was scoped in the form of Project-
based learning. Haatainen, and Aksela (2021) called this approach as “Project-based science 
learning” (Haatainen, & Aksela, 2021). 

According to the definition and significance of Seminar course and Science Project, 
there are some correlations both in the context of learning methodology. Seminars course 
initially encouraged learner exchanged knowledge through discussion. Hence the necessary 
skills are Critical thinking, Communication, and Reading literacy. Similar to science project, 
learners were encouraged by the intention and hypothesis that curious for various type of 
phenomenon.  

 
2.2 Research Skills 
 
Research skills defined as the ability to search for extract, organize, evaluate and present 
information that is relevant to a particular topic. Academic research was a specific type of 
research. It involved intensive search, investigation, and critical analysis response to a 
research question or hypothesis. In addition, Mydin, Rahman, and Mohammad (2021) defined 
as research skills are the ability to find an answer to a question or a solution to a problem 
(Mydin, Rahman, & Mohammad,  2021). For instance, gathering information, analyzing, and 
interpreting. 

Research skills also considered as a significant in education, it started from observation, 
learners could create research question, and research topic which’s relevant. Secondly, 
planning, a skill helped to determine research design. This process comprised of data 
collection, hypothesis, design experiment, data analysis. Meerah, Osman, Zakaria, Ikhsan, 
Krish, Lian, and Mahmod (2012) studied the RSD, Research Skill Development framework in 
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higher education around the development of skills associated with research skills, and 
interdisciplinary projects (Meerah, Osman, Zakaria, Ikhsan, Krish, Lian, & Mahmod, 2012). 

The definition of research skills was defined in various perspectives. In particular, the 
educational sector. Moreover, somehow, those skills were used to improve and develop 
teaching, learning method (Attakorn, Tayut, Pisitthawat, & Kanokorn, 2014).  

According to the significance of research skills, in particular term of education, they were 
essential for creating and developing Science project. Similar to Salybekova, Issayev, 
Abdrassulova, Bostanova, Dairabaev, and Erdenov (2021), Project-based science learning’s 
also considered as an approach consorting Science Project development in every process of 
Science Project (Salybekova, Issayev, Abdrassulova, Bostanova, Dairabaev, & Erdenov, 
2021).   
 
 
3. Description of Correlation of Research Skills between Seminars and Science 

Project 
 

3.1 Background and Overall Structure 
 
Research skills was an essential skill, they could encourage learners to get more efficient 
learning. The research skills consisted of various skills: formulating questions, observing, 
planning, collecting data, organizing data, and presenting research. Both of courses are the 
required course in the Engineering Science Classroom, King Mongkut’s University of 
Technology Thonburi for Grade 10th and 11th students. Student could practice the research 
skills in those programs.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Correlation of Research Skills between Seminars and Science Project (CRSS). 

 
Seminar course is the course for Grade 10th students. This course is provided into 

three main processes, (Figure 1) the first one is search and find journal article. Then, the 
learners would read the selected article clearly by discuss with the group members and their 
advisor both in virtual world, and reality. After that, each group prepared a presentation. In the 
last process of this course, each group would present the article. According to the learning 
process, learners were required to develop the skills as follow; observation, planning, 
organization and presentation that categorized as a part of research skills. Science project 
course is a course for Grade 11th students. The process consists of four steps. First, choose 
the research topic and do a literature review. Second, learners wrote a research proposal and 
make a presentation material. After that, they could start the experiment. In this process the 
learners were guided by research advisor both in virtual and reality. For the last process, 
learners analyzed the result, and also made a presentation for the results. Hence, in the end 
of this course, learners obtained observe skill, planning skill, organize skill and present skills 
that are significant research skill like the seminar course. (Figure 1) 
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3.2 Overall of Correlation between Seminars and Science Project Course 
 
From the process of seminar course, the students developed the research skills such as 
observation skill, planning skill, organize skill as well as presentation skill that encouraged the 
science project course activity. (Table 1) 
 
Table 1. The Correlation between Research Skill in Seminar and Science Project Course 
Activity. 

Research 
Skill 

Seminar Course and Technology 
supported 

Science Project and Technology 
supported 

Observation 
skill 

Learners obtained observation skill 
through searching an interested 
journal article and analyzing the 
credibility of source. In context of 
Technology-supported, leaners 
mostly used the credible search 
engine to find the article. For 
instance, Google scholar, Research 
gate, Science direct, etc.  

Learners obtained observation skill 
through research topic’s creation 
process: Finding research topic, doing 
literature review as well as the article 
finding in the Seminars course. In 
context of Technology-supported, 
leaners also used the search engine to 
find the credible data source for doing 
the literature review in this process. 

Planning Skill Learners could develop Planning 
skill through a groupwork planning. 
They had to work together in ordered 
to create their comprehensive 
abstract. In the context of 
Technology-supported, learner used 
various application. For instance, 
Zoom for consulting with advisor, 
Chat GPT  for writing guideline. 

Learners developed Planning skill 
through same as in the seminars in term 
of planning the overall project 
development. According to learning 
process, leaners also used various 
application. For instance, Zoom for 
consulting with research’s advisor, 
Miro, Chat GPT, etc. for making 
presentation. 

Organizing 
Skill 

Learners could gain organizing skill 
through preparing to present 
process. It started from presentation 
making. Leaners had to prepare slide 
and practice to present so they 
needed to design and organize 
whole data in Presentation Slide. In 
the context of Technology-
supported, learners popularized to 
use Canva for making presentation, 
and Zoom for virtual consulting with 
advisor.  

The organizing skill obtained from 
seminar course could support the 
experiment design, doing experiment 
as well. They could organize and design 
the experiment follow by research 
proposal. According to doing 
experiment process, learners rarely 
used a virtual conference except 
collecting data.  

Presentation 
Skill 

Learners could gain presentation 
skill. In this process, learners had to 
answer and discuss in class. Hence 
leaners developed the presentation 
skills. In the context of Technology-
supported, learners rarely used the 
technology-supported except their 
own gadgets usage. 

Presentation is the last process of 
learning both in the Seminars, Project 
course. Learners could develop the 
presentation skill through answering, 
discussing in the class. According to 
those process, learners rarely used the 
technology-supported except their own 
gadgets usage.  

 
4. Research Design 
 
4.1 Participant 
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The participant in this study were 81 Grade 11th students in Engineering Science Classroom, 
King Mongkut’s University of Technology Thonburi. All students passed Seminar course in 
Grade 10th and Science project course in Grade 11th.

4.2 Procedure

The procedure of CRSS were divided into 2  parts, the first one was beginning with Seminar 
course (figure 2 )  that consists of 4  main sections including search and find journal article, 
reading comprehended and discussion, preparing to presentation. The second section was a 
Science project course that consists of 4 main sections too, including chose a research topic 
and do a literature review, write a proposal, and prepare to presentation, do the experiment 
and data analyze as well as presentation.

Figure 2. The process of Seminar Course and Science Project Course

4.3 Data Collection

The Questionnaire was designed into 4 items that participant gained. For instance, 
Observation, Planning, Organizing, and Presentation skill variables in ordered to evaluate the 
effectiveness of each research skill that learner developed from the seminars course which’s 
continue to the Science Project course in Grade 11th.  

4.4 Data Analysis

Research skills performance was conducted from 81 students who attended the Seminars 
Course in Grade 10th , and Science Project Course in Grade 11th. All quantitative data were 
analyzed using mean and standard deviation. For example of question, According to seminars 
course learning, Which is the most effective skill that learners develop from?., Which is the 
most effective skill from the seminars course that learners use in Science Project Course?. 

5. Result

5.1 Learning Achievement

The self-evaluation score of learners in the development of research skills; observation, 
planning, organizing, and presentation skills from seminar course was ranging from 3.47±0.78 
to 3.91±0.85 (table 2) and the self-evaluation score of learners in the development of research 
skills from Science Project Course was ranging from 3.44±0.80 to 3.89±0.75 (table 2).

Table 2. Self-evaluation in The Development of Research Skill in the Seminars and Science 
Project

Research skill Mean ± SD
Seminars Course Science Project

Observation 3.75±0.82 3.44±0.80
Planning 3.54±0.76 3.89±0.75
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Organizing 3.91±0.85 3.78±0.83
Presentation 3.47±0.78 3.55±0.79

5.2 The Correlation between Research skills development from Seminar Course and 
Science Project Course

This development showed different levels in each dimension (Table 2). The result showed that 
the participants were able to develop research skills (Observation, Planning, Organizing and 
Presentation) derived from the Seminar Course to work on the project in Science Project 
Course (Figure 3 ).

Figure 3. Correlation of Research skills development from Seminars and Science Project

6. Conclusion

In this context, there can be no doubt that the Seminars, and Science Project are significantly 
develop and improve the research skills in the criteria as follow: Observation, Planning, 
Organizing, and Presentation. One of the consequences was an increase in the number of 
students’ capabilities acquiring both in an academics, and soft skill supporting research skills. 
According to the correlation between research skills in the Seminars, and Science Project 
Course, there are significantly concluded that students derived Planning, and Organizing skills 
as the most effective skill in both two course. Finally, the development of research skill both 
in two course can be consort with Meerah, Osman, Zakaria, Ikhsan, Krish, Lian, and Mahmod 
( 2012) , Attakorn, Tayut, Pisitthawat, and Kanokorn ( 2014) and Salybekova, Issayev, 
Abdrassulova, Bostanova, Dairabaev, and Erdenov ( 2021) that Research Skill Development 
could support interdisciplinary projects, and improved teaching, and learning approaches. 
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Abstract: The 4C’s skills considered as a significant learning skills in 21st Century. 
These skills can be practiced in various learning approach, one of them is Science 
Project. In this study aimed to present the correlation between collaborative learning in 
Science Project course and development of 4C’s skills in participants. The learning 
process required students work in group for a semester. To evaluate the effectiveness, 
participants were assessed 4C’s skills including creative thinking, critical thinking, 
communication, and collaboration as well as integrative knowledge skill after finished 
Science Project course. Finally, the finding of this study ensured that Science Project 
could develop all of 4C’s skills by themselves. Furthermore, It can be another 
alternative tools for design learning to develop student soft skill in the future. 

 
Keywords: Science Project, 4C’s skill, Collaborative Learning, 21st Century Skill 

 
 
1. Introduction 
 
In the latest decade, the educational trends continuously developed and transform in various 
perspectives toward technological development. In addition, learners could access knowledge 
and education easily through online databases. Due to its convenience, there are various soft 
skills that support learning and working called “21st Century skills, the skill, abilities that being 
required for success in 21st century workplace. Academic contents and knowledges 
considered as a core component of this skill, there are 3 main components. For instance, 
Learning and Innovation skill (4C’s), Digital literacy, and Career and Life.    

4C’s skills considered as the soft skill can support both in academic and workplace. It 
comprises of Collaboration, Communication, Critical Thinking, and Creativity. The P21 
Organization defined that 4C’s skills as deeper learning competency (Sudjatmoko, Sofya, & 
Ritonga, 2021). According to 4C’s skill definition, author on behalf of instructor and facilitator 
who managed the Science Project development in Grade 11th students, perceived the 
correlation between 4C’s skills and skill need for Science Project development. Owing to the 
learning outcome of Science Project course anticipated learners to create innovation by 
analyze and criticize from real human demand. In addition, they were anticipated to work as 
teamwork.   

4C’s Skill’s recognized as an important skill need for learning and working in 21st 
century inevitably. Many academic attempted to apply those skills into curriculum. According 
to the Engineering Science Classroom, the senior high school program which expertise in 
Science, and Engineering affiliate with King Mongkut’s University of Technology Thonburi, 
Thailand. This Program offered Science Project course for Grade 11th-12th students in order 
to learn, explore, do project in laboratory experiments, documentary. From those courses, 
learners were anticipated to use various soft skills for working in group. Hence 4C’s skills, For 
instance, Collaboration, Communication, Critical Thinking, and Creativity were significance for 
developing every process in Science Project. 
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2. Related Studies 
 
2.1 Science Project 
 
The concept of Science Project initially defined in 1973, defined as the educational activities 
for laboratory experiment in Chemistry, Biology course. Their definition continuously develops. 
Generally, Science Project were classified into four type. For instance, Experimental project, 
Engineering project, Display project, and Theoretical project. In Thailand, Government have 
attached great importance to science education since 1982. In addition, there are many 
Sciences Projects competition. For instance, SCiUS Forum, MWIT, Princess Chulabhorn 
Science school, and others domestic and international Science Project competition.   

Science Project have played a central role in school for many decades. It’s considered 
as a latest current course that continuously evolve. In addition, it could engage students in 
authentic science experience. Clark, and Dickson (2003) opined that Project can encourage 
sustained reasoning, connect classroom to personal problems, prepare students for lifelong 
learning. Amelia, Tegariyani, and Santoso (2021) founded that Science project could 
encouraged student’s enthusiasm in various dimension; Hands-on learning, the chance to use 
scientific method, and scholarship and prize. 

The evolution of Science learning have continuously developed, particularly last 
decade. Its approach based on the Project-based learning, and Problem-based learning. 
Nevertheless, their learning approach integrated with STEM. Muzana, Jumadi, Wilujeng, 
Yanto, and Mustamin (2021) opined that there’re necessary for improving and developing 
Science learning approach continuously. According to the evolution of Science Project 
learning, 21st century skills were also used to apply in Science Project learning in Nowadays.  

 
2.2 The 4C’s Skills 
 
21st Century’s defined as an essential skill support learning in this century among the 
innovative change. 4C’s categorized as a part of learning and innovative skill. It comprised of 
Critical thinking, Communication, Collaboration, and Creativity. Those concepts popularized 
to use in various part of educational sector, Critical thinking was focused, careful analysis of 
something to better understand it. Second, Communication skill defined as analyzing the 
situation means thinking about the subject, purpose, sender, receiver, medium. Third, 
Collaboration skill meant to allocate resources and responsibilities ensures that all members 
of a team can work optimally. Fourth, Creative thinking was expansive, open-ended invention 
and discovery of possibilities.  

The importance of learning aimed to develop in each skill. Firstly, Critical Thinking’s 
considered as a core skill both in the context of learning. In particular, learning activity. Weng, 
Cui, Ng, Jong, and Chiu (2022) opined that 4C’s are necessary for learning in STEM, 
Education Maker to develop constructionism in digital education (Weng, Cui, Ng, Jong, & Chiu, 
2022). 4C’s Skill’s considered as a main component of 21st Century skill. Putri, Bukit, and 
Simanjuntak (2021) studied each 4C skill that affect to Project-based learning, founded that 
the most effective skill that support PjBL is Critical thinking.  

PjBL could improve the competency of 4C’s skill’s in Economics course. In addition to 
the individual project-based learning, 4C’s skill’s also optimized learning competency through 
Team based project. According to the correlation between 4C’s skill’s and Science Project 
learning, those skills also optimized the learning competency in various approaches. For 
instance, Problem-based learning, and Interdisciplinary learning. 

 
3. Description of Science Project to Supporting 4C’s Skills 
 
3.1 Background and Overall Structure 
 
The Science Project is a course for Grade 11th student of the Engineering Science Classroom, 
King Mongkut’s University of Technology Thonburi. According to the course, learners have an 
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opportunity to do research with University’s Professors. They used their creativity and 
observation skill to create the research topic. Moreover, the leaners were required to 
determine the scope of project, searching for information to do literature review, planning the 
experiment, recording the results, and analyzing a data and presenting. Learners used various 
technology to support their work for all process, such as searching for information on the 
internet (Science Direct, PubMed, ChatGPT, etc.), planning experiments on the Miro board, 
Padlet platform as well as make a presentation slide via Canva or MS power point.  So, this 
course could be practiced the different learning skills in 21st Century. Sometimes, it can be 
called the 4C’s skills. For instance, Creative thinking, Critical thinking, Communication, and 
Collaboration as well as integrative knowledge skill. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The Overall Structure of Science Project to Supporting 4C’s Skills. 
 

The learning process of Science Project course is divided into 4 parts. Part 1 start with 
group division, 3 person/group and choose the research topic. Part 2 start from research 
advisor’s meeting to design and make a scope of research agreement and do a literature 
review. Then, each group would write a research proposal, and present to the research 
committee. Part 3 start with doing the experiment which’s followed by their research proposal 
for collect the data. Finally, Part 4, analyzing the data to conclude. Then the learners have to 
write research report, and present to research committee which are presented in figure 1. 

 
3.2 Design of Learning activity process 
 
In the learning process design, all of learning activity that effected to 4C’s skills practice would 
occur in the classroom and laboratory for 1 semester (approximately 18 weeks). The first 
activity until the last activity that effected to each skill would be explained in the table 1. 
 
Table 1. The Process of Learning Activity Management that Effect to 4C’s Skills in Science 
Project Course. 

Period Activity Process Practical Skill 
Week 
1-2 

Part 1: 
Choose 
research topic. 
 

Learners created group according to their 
interested topic. After that, selected research 
topic obtained from 2 method; University’s 
lecturer, their own interest. 

Communication, 
Collaboration 
skills, and  
Critical thinking 

Week 
3-8 

Part 2: 
Design scope of  
research and do 
the literature 
review.  

Learners met the research advisor to talk 
about the research topic for understand 
clearly, made design research scope’s 
agreement, did the literature review for 
proposal writing. Finally, the learners would 
present a proposal to committee and peers. 

Collaboration, 
Communication, 
Critical thinking, 
and  
Creativity skills 
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Table 1. (Continue)
Period Activity Process Practical Skill
Week 
9-15

Part 3:
Do the
experiment.

After completely presented the proposal, 
they would start the experiment for collect 
research data. When they completed
experimental, they would analyze the data to 
do research conclusion.

Collaboration, 
Communication,
and
Critical thinking

Week 
16-18

Part 4:
Data analysis 
and 
Presentation.

After the experiment was done, the learners 
would analyze data to conclusion and write 
the research report. Then, sent the report to 
research advisor to edit some mistake.
Finally, all of learners would present their 
research results to committee and peers for 
receive some suggestion or idea for research 
develop in the future.

Collaboration, 
Communication, 
Critical thinking, 
and 
Creativity skills

In this study, 4C’s skills, for instance creative thinking, critical thinking, communication, 
and collaboration as well as integrative knowledge would be evaluated during before and after 
finished the Science Project course. Then, the data would be analyzed by statistic program.

4. Research Design

4.1 Participant

The participants of this study were all Grade 11th students in Engineering Science Classroom, 
King Mongkut’s University of Technology Thonburi. All participants enrolled a Science Project 
course that consists of 81 participants.

4.2 Procedure

Science Project course processes were consisted of 4 part which were presented in figure 2.

Figure 2. The Procedure of Science Project Course

In figure 2 showed all process of Science Project course. First, learners chose research topic 
(A). Then, learners met and discuss with research advisor in ordered to make research scope, 
did the literature review in ordered to make a research proposal (B). After that, learners made 
the presentation for research proposal (C). Then, learners did the experiment following the 
research proposal for collect data (D). Finally, learners analyzed the research data obtaining 
from an experiment and concluded it for write research report and make a presentation to 
committee.

4.3 Data Collection & Data Analysis

The technique used for collecting data in this study was student self-assessment. The 
questionnaires used are self-rating on a 5 scale (1-5). The data were collected during before 
and after the Science Project course. Then, the results were compared and analyze by statistic 
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program. The questionnaires were designed into 5 items that include the creative skill, 
collaboration skill, communication skills, critical thinking skill as well as the ability to integrate 
knowledge to problem solving that obtained from the Science Project course. For example, of 
question; before and after you did the Science Project, what is the level score of your creative 
skills? Additionally, 4C’s skill development of learners was assessed by advisor and research 
committee ratings.

5. Result and Discussion

5.1 The 4C’s Skill Development of Science Project

From the results showed that the students thought Science Project can develop their 4C’s 
skills. Moreover, after the student did the experiment in Science Project, the ability to integrate 
knowledge to problem solving increased too which score 4.01±0.78 from 5. Finally, the skills 
that students thought they have developed the most after do the Science Project are 
collaboration skills is 35%, creative skill is 34%, communication skill is 20% as well as critical 
thinking skill is 11% (figure 3).

Figure 3. The 4C’s Skills Development in Science Project Course

5.2 Self-Assessment Score about 4C’s Skills Obtained from Science Project.

After the learners answered the questionnaire completely, the score of each skill before and 
after do the Science Project are presented in the table 2 and figure 4.

Table 2. The Score of Each 4C’s Skills Obtained from Self-Assessment of Student Before 
and After Done The Science Project.

Items
Before After

(Mean±SD) (Mean±SD)
1. Creative skill
The learners usually use creative skill for solve a problem that occur 
while their do the research, and creative skill was used to asking 
question during do the experiment as well as create the presentation 
through various platforms such as Canva and PPT.

3.33±0.77 4.14±0.65

2. Collaboration skill
The learners thought that science project can develop their 
collaboration skill. Because while they were doing the research, they 
contacted to many people, such as research advisor and group 
member for work cooperate include brainstorm via online platforms.

3.57±0.91 4.13±0.77

3. Communication skill
The learners developed a collaboration in group member during did
the experiment, they had to increase communication skill. The learner 
used many applications for the communicate, such as Line, 
Facebook, Discord as well as zoom.

3.26±0.89 4.13±0.61

Collaboration skill
35%

Communication skill
20%

Creative skill
34%

Critical Thinking 
skill
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Table 2. (Continue)

Items
Before After

(Mean±SD) (Mean±SD)
4. Critical thinking skill
The learners developed their critical thinking skill because when they 
had a problem during do the experiment, they had to use a critical 
thinking for analyze the problem and solve it. Sometimes, it also used 
in data analysis or search for reliable information through various 
online platform including Google scholar, Science Direct, etc.

3.44±0.87 4.17±0.71

Figure 4. The Score of Each 4C’s Skills Obtained from Self-Assessment of Student Before 
and After Done The Science Project.

6. Conclusion

From the results, author concluded that the learners could develop their 4C’s skills, 
creative skills, collaboration skill, communication skill as well as critical thinking skill from do 
the Science Project. Moreover, the other significant skill that learners developed from doing
the Science Project is an ability to integrate knowledge to solve other problems based on the 
reasonably. Therefore, learning design for student’s 4C’s skills development is an important 
role for learning in 21st century. Teachers should let them do some activities that allowed they 
think and solve problem with their classmate, rather than only focus on lecture-based learning.
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Abstract: Artificial Intelligence of Things (AIoT) is the most emerging era of a 
combination of Artificial Intelligence (AI) and the Internet of Things (IoT), which is 
exponentially gaining researchers' attention with every passing day because of its 
broad applicability in various sectors. Technology 4.0 in the industry focuses on 
effective object sorting of conveyors and energy saving. There is an increase in the 
need for industrial employee training. However, the new technology of conveyor 
systems to enhance performance has yet to be widespread. However, the new 
technology of conveyor systems to enhance performance has yet to be widespread. 
Owing to the learning material for training is expensive. It is also not possible to 
simulate the operation of a comprehensive system. Industrial employees need to 
understand the big picture, causing problems in learning and lacking practical skills. 
Especially new industrial employees may need more knowledge and experience when 
operating errors; they can have problem-solving skills to seek solutions. Therefore, we 
proposed the implementation of an object-sorting training kit based on AIoT technology. 
In the experiment, nineteen industrial employees from many industrial enterprises 
participated in three days of training activities. The results show increased employee 
performance with an AIoT training kit that can simulate object sorting with color and 
size and then offer a dashboard. They can understand how to save energy in 
manufacturing. Mainly, they have practical skills and positive perceptions toward this 
study. 
 
Keywords: AIoT, professional development, learning tool, engineering education 

 
 
1. Background and Motivation 
 
Artificial Intelligence of Things (AIoT) is the most emerging era of a combination of Artificial 
Intelligence (AI) and the Internet of Things (IoT), which is exponentially gaining researchers' 
attention with every passing day because of its broad applicability in various sectors 
(Ishengoma et al. 2022). Especially in the industrial sector many researchers’ effort to present 
new technologies based on AIoT (Matin et al., 2023; Xian et al., 2023; Wang et al., 2022). For 
example, Nishimura et al. (2021) presented AIoT industrial controllers programming of an 
industrial automation controller, which features capabilities, virtualization, and open-source 
software integration while creating the possibility to integrate machine learning models into 
the automation process. Cheng et al. (2021) proposed an AIoT module that uses AI algorithms 
to identify objects, calculate locations for items in automated production, and then send the 
information to the controller in the automation process. Technology 4.0 in the industry focuses 
on effective object sorting of conveyors and energy saving. There is an increase in the need 
for professional training for industrial employees (Chookaew & Howimanporn, 2022). 
However, the new technology of conveyor systems to enhance performance has yet to be 
widespread. Owing to the learning material for training is expensive. It is also not possible to 
simulate the operation of a comprehensive system. Industrial employees need to understand 
the big picture, causing problems in learning and lacking practical skills. Especially new 
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industrial employees may need more knowledge and experience when operating errors; they 
can have problem-solving skills to seek solutions. In addition, 

Therefore, we proposed the implementation of professional development training for 
industrial employees with an object-sorting training kit based on an AIoT platform. The 
significant contributions of the research studies are as follows:

To develop an AIoT platform for proper AIoT training in the industrial sector.
To evaluate industrial employee performance after participating in AIoT training. 
To investigate industrial employees’ perception toward AIoT training.

2. Development of Artificial Intelligence of Things platform

2.1 AIoT platform

Initially, we designed the prototype of the AIoT platform for use in training activities based on 
the architecture of AIoT, which is composed of the following four layers:

Laver 1: The device layer includes various hardware for input and output devices such 
as load cell, photoelectric sensor, encoder, and DC motor.
Laver 2: The connectivity layer includes hardware and software that links cloud storage 
to controllers and sensors such as Omron PLC: NX1P2 that can connect the network via 
TCT/IP.
Laver 3: The cloud layer includes data storage and access via Node-Red, an application 
programming interface (API).
Laver 4: The user communication layer includes web portals on the monitor and mobile 
applications.

Figure 1. Architecture of AIoT

After, we developed the prototype of the AIoT training kit, as shown in Figure 2 (a), which is 
the part of the training kit, and Figure 2 (b) is the part of the PLC for the controller. In addition, 
fuzzy inference is used for energy efficiency experiments to make decisions on wind energy 
saving with MATLAB (Howimanporn et al.,2021), as shown in Figures 3 (a) and 3 (b). 
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In addition, the data for processing in this system are three inputs: speed, weight, and 
distance. We use all input data, the conditions obtained from the rules of data in the MATLAB 
program, to be written into the PLC device, as shown in Figure 4. (a-c). 

 

 
(a)  

 
(b) 

Figure 2. (a) structure of AIoT training kit      (b) PLC kit  
 

 

    
(a)                                                               (b) 

 
Figure 3. (a) and (b) the screenshots of MATLAB 
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(a)  speed                                     (b)  weight 

     
(c) distance 

 
Figure 4. (a) - (c) The PLC algorithm programming based on input data 

 
2.2 Training course 
 
In this study, we have designed the learning activity in three days. These learning activities 
focus on hands-on learning processes that can support student development of learning 
outcomes (see Figure 5). We designed the learning outcomes based on four concepts in three 
days consisting of: 
 Day 1: Able to use the computer to connect PLC and to program to control hardware and 

machine.  
 Day 2: Able to display data on the dashboard. 
 Day 3: Able to use AI technology for data decision-making to save energy. 

 

      
(a)                                                               (b) 

Figure 5. (a) and (b) the AIoT hands-on learning activities for industrial employees. 
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3. Results

3.1 Results of industrial employees’ performance after participating in AIoT training.

Figure 6 shows the results of industrial employees' performance scores after the training 
experiment. We found that industrial employees have high performance (HP) of more than 80 
percent (42 %), middle performance (MP) between 79-60 percent (42%), and low performance 
(LP) between 69-40 percent (16%). We found that the industrial employees who are low 
performance need a background in AI concepts, so that is a barrier for them in application.

       

Figure 6. The performance score of industrial employees.

3.2 Results of industrial employees’ perception toward AIoT training.

Table 1 shows the results of industrial employees’ perception of AIoT training, which shows 
three dimensions of satisfaction at high levels. In addition, Table 2 showed a positive response 
to activity. Most employees mention that they like participating in training activities through 
learning opportunities in new technology for their industrial development.

Table 1.  The industrial employees’ satisfaction

Satisfactions Mean SD Level
Training process 3.88 0.89 High
Training activities 3.67 1.12 High
Training usefulness 3.94 1.04 High

Note: 1.00-1.50 = very low, 1.51-2.00 = low, 2.51-3.50 = moderate, 3.51-4.50 = high, 4.51-5.00 = very high.

Table 2.  The industrial employees’ response

Employees Responses
No.1 “I wish I had more time to train in new technology. Because I want to have 

the ability to do my work more, I would like to attend the training again if 
there is an opportunity.”

No.2 “The training kit is very good and can be used for real experiments. Able to 
apply knowledge to practical use in industrial plants.”

No.3 “This training is a new experience that can be applied, and beneficial to work 
admire the speaker and a good team paying attention to operators.”

No.4 “The training set is interesting because it is something new in the industry to 
reduce energy consumption and use appropriate energy.”

No.5 "The training set is diverse and interested in further application of shadows. It 
is a way to learn more."

No.6 “It is interested in bringing the learning package to develop industrial workers 
that improve the country's industry further is great.”

565



4. Conclusion 
 
The overview of the proposed professional development training for industrial employees on 
AIoT is essential to motivate them to improve technology skills it has achieved implementation.  
The training course proposed an object-sorting training kit based on AIoT technology to 
promote industrial employees’ understanding and practical skills. After training, their improved 
performance, and positive responses. Thus, this course can be deployed to guideline 
professional training in the industrial sector. Nevertheless, the limitation of this study is that 
we explored the industrial employees’ performance levels of AIoT and their perception of 19 
employees in a few industrial enterprises. This finding may not be generalized to other 
contexts. Thus, future studies should aim to expand the sample size and include employees 
from various industrial enterprises. 
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Abstract: Engaging young people in citizen inquiry could facilitate the process of 
constructing learning outcomes through investigation and reflection on their 
experiences. This study aimed to investigate the effects of using the citizen inquiry 
approach on students’ learning outcomes regarding environmental awareness, 
scientific explanation, and scientific communication. An intensive science camp 
regarding the citizen inquiry approach to plastic pollution has been developed and 
implemented for elementary school students. The results showed considerable 
improvement in their learning outcomes after interacting with the intervention. However, 
there is a challenge and opportunity to redesign the implemented approach with the 
support of mobile technology to improve their learning outcomes. This paper proposes 
how we could transform the citizen inquiry approach with digital devices to promote 
elementary school students’ environmental awareness, scientific explanation, and 
scientific communication. 

 
Keywords: Citizen science, inquiry-based learning, environmental awareness, 
scientific communication, scientific explanation 

 
 
1. Introduction 
 

Currently, there is a growing global trend in citizen science initiatives to reduce the 
amount of plastic pollution in the environment. Citizen science is an approach that involves 
the public in scientific research related to scientists’ interests (Silvertown, 2009). This 
approach allows people to participate in scientific projects and collect and analyze data, 
regardless of their educational background (Aristeidou et al., 2013). By engaging the public in 
citizen science, individuals can learn about science in a real-life context and bridge the gap 
between scientific communities and the general public (Bonney et al., 2014; Herodotou et al., 
2014). For example, Ballard et al. (2017) studied and analyzed two youth-focused programs, 
called  Environmental Science Agency. It aimed to link conservation learning and action. They 
found the program enhanced various aspects of environmental science agency. Despite the 
growth of youth participation in citizen science, studies on achieving rigorous environmental 
education and conservation science are scarce.  

Addressing plastic pollution through citizen science is effective for youth education. 
Despite the integration of environmental issues into school curricula increasing (Rickinson & 
Lundholm, 2008), current methods still have limitations in fostering youth environmental 
awareness (Dalu et al., 2020; Robertson & Krugly-Smolska, 1997). To promote the application 
of citizen science in the school education context, Herodotou et al. (2018) proposed citizen 
inquiry, a transformative approach combining inquiry-based learning and citizen science. It 
aims to involve citizens in all scientific inquiry stages including the conception of a project, the 
definition of research objectives, the selection of methods for data collection and analysis, and 
the implementation of research. Moreover, Aristeidou et al. (2020) used online citizen inquiry 
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to scaffold students in scientific processes during citizen science activities, reporting 
meaningful involvement and practice of inquiry skills. 

In the process of citizen inquiry, mobile or smartphone are beneficial leaning tools. It can 
provide learners with access to a wide range of resources, facilitating data collection and 
analysis, and promoting collaboration and engagement (Sharples et al., 2015; Suárez et al., 
2018). Thus, there is a need to develop better version of citizen inquiry approach to promote 
their environmental awareness and motivation among individuals (Henderson & Green, 2020; 
Williams et al., 2019). Furthermore, scientific competencies, such as scientific explanation and 
communication, are also crucial outcome for learning science by citizen inquiry. 

In conclusion, promoting young people to learn science through citizen inquiry 
addressing environmental issue, such as plastic pollution, requires not only scientific inquiry 
skills, but also environmental awareness, scientific explanation, and effective scientific 
communication. This study aims to investigate an effect of traditional citizen inquiry learning 
integrated open inquiry approach on students’ environmental awareness, scientific 
explanation, and scientific communication, and introduce a proposal for a mobile-assisted 
citizen inquiry learning approach in learning of plastic pollution for elementary school students. 
 
 
2. Review of Literature 
 
2.1 Citizen Science and Citizen Inquiry 
 
Citizen science, a growing field involving the public in scientific projects, benefits both the 
public and scientific community through quality data collection and increased scientific literacy 
(Bonney et al., 2009). However, its traditional model has been criticized for limiting research 
questions and participant diversity (Haklay, 2013; Jordan et al., 2011). The citizen inquiry 
approach addresses these limitations by encouraging active knowledge construction (Dewey, 
1916; Hmelo-Silver et al., 2007), empowering citizens to make informed decisions (Sharples 
et al., 2013) and merging elements of citizen science and inquiry-based learning (Aristeidou 
et al., 2013). 

In 2014, citizen inquiry was defined as a research collaboration involving scientists and 
the public (Herodotou et al., 2014). it combines principles of inquiry-based learning and citizen 
science for relevant, authentic investigations (Aristeidou et al., 2017). It also bridges the gap 
between citizen science and inquiry-based learning in informal education (Aristeidou et al., 
2017). 
 
2.2 Citizen Inquiry of Plastic Pollution 
 
Citizen inquiry into plastic pollution has grown since the 1990s, with initiatives like the 
International Coastal Cleanup (ICC) launched in 1986, involving volunteers in beach cleanups 
and data collection on plastic debris, informing policy decisions (International Coastal 
Cleanup, 2017) Recent projects include the Plastic Citizen project, where young people 
collected data on plastic pollution (Burden et al., 2021) and the “Plastic Pirates” program, 
allowing students to collect and share data about riverbank trash (Gudrun, 2022).  

These initiatives show citizen inquiry’s effectiveness in addressing environmental 
concerns and its role in scientific processes. Thus, citizen inquiry has been instrumental in 
tackling plastic pollution, leading to policy and behavioral changes. 
 
2.3 Inquiry-Based Learning and Guided-inquiry Process 
 
Scholars have indicated inquiry-based learning strategies can support students in constructing 
and developing content knowledge and enhancing comprehension of the scientific 
investigation (Srisawasdi & Panjaburee, 2019). Inquiry-based learning involves students 
actively participating in scientific investigations, exploring concepts, and fostering inquiry skills 
(National Research Council, 2000). On the other hand, guided inquiry learning offers students 
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guidance throughout the process. It includes a series of steps that steer students through the 
inquiry process which would help them gain necessary knowledge and skills (Bell et al., 2009). 
It can be seen as a part of inquiry-based learning with more teacher involvement.  

Guided inquiry engages students in investigations and simulations related to 
environmental issues, helping them understand the impact of human activities on the 
environment and explore the causes, effects, and solutions to these problems (Sholahuddin 
et al., 2020). It also provides opportunities for students to ask questions, design investigations, 
analyze data, and construct scientific explanations based on evidence (Stone, 2014). 
Furthermore, it enhances scientific communication skills through activities such as presenting 
findings, writing lab reports, and participating in scientific discussions, enabling students to 
communicate scientific information clearly and effectively to different audiences (Sarwi et al., 
2018). 
 
2.4 Mobile-Assisted Learning in Citizen Inquiry Approach 
Mobile-assisted learning is using mobile devices to support learning. While, citizen inquiry is 
a way of engaging citizens in scientific research. Those can be combined for effective learning 
experiences. Mobile devices provide easy access to information, real-time data recording, and 
facilitate collaboration among citizen scientists. They also offer interactive learning through 
educational apps and gamified activities (Herodotou et al., 2019; Kukulska-Hulme, 2011). 

Research indicates that mobile-assisted learning enhances engagement, motivation, 
and understanding in citizen inquiry. Kukulska-Hulme (2011) found that mobile devices 
improved engagement, motivation, and understanding of scientific concepts related to air 
pollution. Similarly, Herodotou et al. (2019) found that mobile-assisted learning facilitated data 
collection, analysis, and collaboration among participants. 
 
 
3. Methodology 
 
3.1 Participants 
 
The study was conducted as an intensive science camp with 29 students aged 10-12 years 
old from Demonstration School of Khon Kaen University, international division Thailand. The 
camp took place both within and outside the school premises, all within the university area. 
 
3.2 The Intensive Science Camp 
 
A -day science camp was designed in the plastic pollution theme to help students recognize 
the effect of plastic on the surrounding environment through the plastic problem and 
experiment. All activities were created using citizen inquiry and guided inquiry. All activities in 
the camp were conducted mainly in English with some Thai in the section where students 
seemed struggle to understand. 

The camp was divided into three stages: Ignite, Explore, and Evaluate, based on the 
work of Srisawasdi & Kroothkeaw, (2014). How the experimental procedure of the intensive 
science camp was conducted was shown in Figure 1. 

In the ignite stage, it consists of two sub-processes and there was a total of 25 minutes. 
The first sub-process is an inquiry question. In the process, students were presented with an 
question entailing their investigative inquiry in a real context as citizen (15 minutes). They will 
use the inquiry question as a main compass to explore the rest of the learning missions in the 
camp. In the second sub-process, a series of scientific background and information related to 
the question has been provided to students for engaging their existing ideas and information 
about plastic pollution and microplastic (10 minutes). 

In the explore stage, this stage also contains two sub-process and there was a total of 
195 minutes. The first sub-process is investigative procedures, and they were described all 
the learning missions for the camp (20 minutes). 
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Figure 1. Experimental Procedure of The Intensive Science Camp

For the investigative procedures, there were three citizen inquiry-related practices 
consisting of plastic waste investigation (65 minutes), microplastic lab investigation (30 
minutes), and plastic circular economy investigation (30 minutes). Figure 2 illustrates the three 
learning missions in the camp intervention.

Figure 2. Illustrative examples of learning mission 1 (left), learning mission 2 (middle),
and learning mission 3 (right)

In Figure 2, the three inquiry learning missions could be described as follows.
Mission 1 - What can you tell me about these plastics? This mission was conducted 

using a field-based collaborative inquiry approach using quadrat sampling methods. Students 
will count the amount of plastic, living things and vegetation in the designated 4-square meters 
plotted area. It was adapted from Ghaffari et al., (2019). 

Mission 2 - Can you trust what you see? Students will try to find microplastics in the 
given water sample. In this mission was adapted from “Microplastics in the Classroom” mission
of Blue Ocean Society, (2022). Each group explored the microplastics in the given water 
sample with portable microscope kit which was attached to their mobile devices.

Mission 3 - The 4 Rs: Students will –explore the feasible ways of reducing plastic 
pollution by using 4Rs from the 9R Framework of Kirchherr et al., (2017), which are – Reduce, 
Reuse, Recycle and Repurpose. Students worked in groups to study stations set up by 
researchers and were guided by a facilitator.

The second sub-process of the explore stage is data analysis. students gather and 
analyze data from all missions Then, combining quantitative and qualitative data to form a 
conclusive explanation.

In the evaluation stage, it consists of two sub-processes with 55 minutes. The first sub-
process, result communication (45 minutes), is where students were asked to explain and 
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(29 students)
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(Answer via recording videos)

Ignite Stage

Explore Stage
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Inquiry Question

Scientific Background
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Conclusion
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(Answer via recording videos)
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Evaluation
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Communication
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65 minutes
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communicate their understanding. Then, they exchanged ideas on plastic pollution solutions 
with peers and teachers. 

In the last sub-process of the evaluation stage (10 minutes). This is when researchers 
and students try to conclude the whole key concept of the camp and answer question together. 
This would also depict the whole system of plastic pollution from plastic production to soil 
settlement and water contamination which, eventually, come back to harm humans. 
 
3.3 Data Collection 
 
Students’ environmental awareness was assessed before and after the camp through video-
recorded responses to questions about plastic pollution. It then were scored using framework 
of Lederman et al. (2014). Scientific explanation was assessed through three worksheets 
designed to assess their scientific explanation according to the framework of Mcneill (2008). 
Scientific communication was evaluated through a final video-recorded response. Then 
scored based on work of Lederman et al. (2014). The transcriptions were also analyzed to 
depict the level of circularity in the chosen Rs of students and to interpret the effect of the 
treated intervention on their understanding. Scores were given based on whether they stated, 
mentioned, or offered information that was previously presented in the intervention. 
 
3.4 Analysis of data 
 
3.4.1 Environmental Awareness 
 
Students individually answered three questions related to Missions 1-3 via video. 
Transcriptions were evaluated by two experts for environmental awareness at three levels - 
naïve, mixed, and informed. Any disagreements were resolved through discussion until 
consensus was reached. Then, scores before and after each mission were compared and 
depicted in a line graph to compare changes in students’ environmental awareness due to the 
intervention. 
 
3.4.2 Scientific Explanation 
 
The worksheets from mission 1-3 were given to students. After the camp is finished, each 
worksheet was examined for the level of each component – claim, evidence, and reasoning –
using the criteria of McNeil (2008). Then it went through the process of grouping. If the 
students had a similar score in each component, they fell into same group e.g., if student has 
level 0 cross claim, evidence, and reasoning, they will fall into group 000 – where each number 
describes the level of each element respectively. After that, the frequency of the students in 
each group was counted to determine the abundance of the students in each group.  
 
3.4.3 Scientific Communication 
 
All students were presented with a final question. They answered by recording video. Then 
the video transcriptions were scored within three levels – naïve, mixed, and informed. The 
frequency was counted and calculated as percentage. Also, the level of circularity was 
analyzed based on the work of Kirchherr et al., (2017). The scores -2, -1, +1, and +2 were 
assigned to recycle, repurpose, reuse, and reduce respectively. If the multiple Rs were 
chosen, it would be assigned to the highest score. This was assigned to the X axis.  

The comprehension in the camp intervention was evaluated and given score -1 and 1 
were given to each criterion where 1 was given when the answer was true and vice versa. The 
sum calculation was made to determine the total number of scores. This will be the Y-axis. 
The data from the individual was plotted to create bubble graph. 
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4. Result 

4.1 Environmental Awareness

To depict the comparison of change of the score, the line graph was created in Figure 3. It is 
important to note the data collection occurred at the end of the camp day. Some students may 
have been absent due to early pick-up, which should be considered when interpreting the 
results.

Figure 3. Result of Environmental Awareness for Individual Student. Comparing 
Between Before and After the Camp of 3 Missions

In mission 1, most students showed noticeable improvement from ‘Naïve’ to ‘Mixed’ or 
‘Mixed’ to ‘Informed’ levels after the camp (M1A), compared to before (M1B). However, some 
students’ scores remained unchanged. Mission 2 results were similar, with some students 
maintaining the same ‘Naïve’ level in both pre- and post-mission assessments (M2B and M2A). 
Mission 3 (M3B and M3A) showed similar trends, but interestingly, some students regressed 
from ‘Mixed’ to ‘Naïve’. The rest of the details was depicted in figure 3.

4.2 Scientific Explanation

Student scores were categorized into groups based on the three components of scientific 
explanation - claim, evidence, and reasoning. This led to further grouping into 7 categories as 
shown in Table 1.

Table 1 Group Classification of Students' Level of Explanation

Group Description Score
I Score from all each component of claim, evidence, and reasoning were 

found to be correlated 
000, 111,
222

II Students could form claims and conduct experiments for evidence, but 
struggled to create the link between claim and evidence

121

III Students could create somewhat level of claims and conducted the 
experiment to extract the evidence on somewhat or strong level but 
unable to create the link between claim and evidence.

110, 120

IV Students could make only claim. 100
V Students could only conduct the experiment to bring out the evidence 

but unable to create both claim and reasoning.
010

VI Students trended to use their prior knowledge to create the evidence 
then link it with claim to create reasoning

101

VII Students trended to make a guess when making the reasoning and 
ignored the stated claim.

021

Figure 4 presents the number of students in each group from Missions 1, 2, and 3. 
Group I had 3, 1, and 6 students for each mission respectively, but most students were in 

2, 1, 4

3, 6, 5

7

1, 2
4, 7

6

3, 5

2 4, 1

3, 6
7

5Naïve

Mixed

Informed

B = Level of environmental awareness from mission 1 before camp
A = Level of environmental awareness from mission 1 after camp

M2B = Level of environmental awareness from mission 2 before camp
M2A = Level of environmental awareness from mission 2 after camp

M3B = Level of environmental awareness from mission 3 before camp
M3A = Level of environmental awareness from mission 3 after camp
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Group III. This suggests that the intervention fostered some scientific reasoning elements, but 
students may have struggled to link claim and evidence to form valid scientific reasoning.

Figure 4. Number of Students in Each Group from Each Mission

The second largest - Group III- suggests that students could make claims and draw 
evidence from Missions 1 and 2 but struggled with reasoning. Also, group VI is notable as 
students seemed to use prior knowledge for reasoning, despite being unable to extract 
evidence from the experiment. While in group VII, students appeared to attempt reasoning 
despite a lack of claim.

4.3 Scientific Communication

Figure 5 shows the number of students at each level. The majority, 50% or 13 students, are 
at the ‘naïve’ level, while only 11.54% or 3 students reached the ‘informed’ level.

Figure 5. Number of Students from Each Level of Awareness

The correlation between the selected circularity level and their comprehension in the 
intervention is depicted in Figure 6. Most students fall into quadrant 2 of the graph, indicating 
they chose low-level circularity to tackle plastic pollution, but their statements were based on 
intervention information. The second largest group is in quadrant 1, indicating that they chose 
higher-level circularity, and their statements were based on the intervention. Few students 
stated information not from the intervention.

Figure 6. Result of Students’ Circularity Level and Understanding
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5. Discussion 
 
The study conducted a camp with three missions to assess students’ environmental 
awareness, scientific explanation skills, and communication abilities. The results provide 
valuable insights into the effectiveness of the intervention and areas for potential improvement. 
The camp appears to have had a positive impact on students’ environmental awareness. 
However, some students showed no change or even regression, possibly due to a lack of 
exposure to environmental concepts (Hungerford & Volk, 2013). In terms of scientific 
explanation, most students understood parts of it but struggled to connect claims and evidence 
to create reasoning. This suggests that there is room for improvement in helping students form 
valid scientific reasoning. This could be due to insufficient topic knowledge or difficulty 
transferring skills to new contexts (Choowong & Worapun, 2021; Seifert et al., 2022). A lack 
of interest or motivation in science could also hinder the development of evidence gathering 
and reasoning skills (Anderhag et al., 2016). 

In scientific communication, few students achieved the highest level, indicating a need 
for more targeted practice. Also, varying levels of prior scientific knowledge or communication 
abilities among students could be a contributing factor (Weigold, 2001). Most students chose 
low-level circularity but based their statements on intervention information, suggesting they 
grasped some camp concepts. However, few students stated information not from the 
intervention, indicating a potential gap in their understanding. Future interventions should 
consider strategies for differentiated instruction to foster each skill of students. 
 
 
6. A Proposal for Activity Incorporated Within Technology Learning. 
 
Although there was progress in increasing environmental awareness, explaining science, and 
communicating science of students, there's still space to do better in these areas. To do that, 
this section puts forth an idea to improve this intervention by making better use of technology. 
By bringing in more advanced tools during these camps, we could make the outcomes even 
better. To do that, the incorporation of technology and mobile learning in creative ways during 
the intervention should be made. For instance, instead of just reading from paper, interactive 
videos could be used to teach and provide information to students. Also, rather than writing 
on paper, students could use mobile apps to complete their assignments, which would give 
them quick feedback.  

 

 
Figure 7 A Schematic Diagram of Proposed Mobile-Assisted Citizen Inquiry Approach on 

Plastic Pollution Phenomenon  
Moreover, when doing an interview with students, it could be done online as a group instead 
of recording each person separately. The propose is that by using these technology tools, it 
can make learning more exciting and effective for students attending these camps, making 
them more interested in the environment and better at communicating scientific ideas. In the 
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end, hopefully, this could potentially lead to creating young children to be more resilient and 
become greater global citizens. Figure 7 displays a conceptual idea of mobile-assisted citizen 
inquiry approach for the learning of plastic pollution. 
 
7. Conclusion 
 
The study found that an intervention improved students’ environmental awareness and 
scientific reasoning, but some students responded less, and challenges remained in linking 
claims with evidence. Despite using guided inquiry and citizen inquiry, scientific 
communication skills varied among students. The intervention’s success in fostering 
environmental awareness and scientific reasoning was noticeable, but enhancing scientific 
communication skills needs more comprehensive strategies. 

While there were improvements, there’s still room to do better. The study suggests using 
advanced technology tools to make learning more engaging and effective. For example, using 
interactive videos for teaching, mobile apps for assignments, and online group interviews. 
These tools could make learning more exciting, increase interest in the environment, and 
improve communication of scientific ideas. This could lead to the development of resilient 
young global citizens. A concept of a mobile-assisted citizen inquiry learning approach for 
learning about plastic pollution is also presented. 
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Abstract: In the realm of education, the integration of Artificial Intelligence (AI) has 
emerged as a transformative force, offering the potential to reshape conventional 
learning paradigms through the provision of personalized and adaptive educational 
experiences that cater to the unique requirements of each learner. While the promise 
of AI in education is undeniably compelling, its implementation is accompanied by a 
nuanced tapestry of ethical challenges, notably in the context of learner autonomy and 
agency. The connection between learner autonomy, ethical considerations, and AI in 
education is carefully examined in this research. A thorough literature analysis reveals 
what is learner autonomy and its potential effects on it. It examines different ethical 
issues such as algorithmic biases and decreased active involvement that arise from 
balancing AI's educational augmentation with preserving learner autonomy. In order to 
strengthen student autonomy in AI-integrated learning settings, the study suggests best 
practices to address challenges faced for achieving learner autonomy.  

 
Keywords: AIED, Leaner centricity, learner autonomy, learner agency, challenges, 
practices  

 
 
1. Introduction 
 
A rapidly growing topic called artificial intelligence in education (AIED) promises to provide 
each student with individualized learning opportunities that cater to their unique needs and 
learning preferences. The use of AIED as a technology engine for educational innovation can 
also be used to support the development and reform of instructional strategies and delivery 
systems. Additionally, AIED can be utilized as a technical instrument to unlock the "learning 
black box," allowing for the precise quantification and clear expression of social, psychological, 
and academic knowledge. However, the use of AIED has also raised more ethical questions 
and hazards about a number of issues, including learner autonomy and personal data (Nguyen 
et al., 2023). Additionally, AIED raises ethical issues such as the possibility that AI may be 
used to violate students' privacy, discriminate against members of marginalized groups, and 
foster a culture of surveillance in the classroom. Therefore, it is crucial to create moral 
standards for using AIED that guarantee that this technology is utilized in a way that is 
beneficial to all. 
  The integration of Artificial Intelligence in Education (AIED) introduces a complex 
ethical landscape concerning the pursuit of learner-centricity in relation to autonomy. Learner 
autonomy, a cornerstone of effective education, allows individuals the agency to shape their 
learning paths according to their preferences. However, the extensive capabilities of AIED 
systems, while aiming to optimize learning experiences, can inadvertently compromise learner 
autonomy if they become excessively prescriptive or make decisions on behalf of learners 
without their involvement. Such instances could curtail learners' freedom of choice, inhibiting 
their ability to explore diverse topics or adopt alternative learning strategies. Scholarly 
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discussions have highlighted concerns over the potential erosion of learner autonomy and 
agency arising from the integration of AI into education (Shum, S. J. B., & Luckin, R. (2019). . 
Moreover, the convergence of privacy and autonomy issues emerges with the concept of 
affective capture, wherein behavioral nudges informed by AI-driven insights could potentially 
infringe upon learners' privacy and autonomy (Nemorin, 2017). To comprehensively address 
these challenges, this study embarks on a systematic literature review to unravel the intricate 
dimensions of learner autonomy and agency in the context of AIED and learner-centricity. 
In pursuit of a holistic understanding, this research seeks to answer pivotal research 
questions: 
 RQ1. Definition of "learner autonomy and agency": Delving into the conceptual 
underpinnings of learner autonomy and agency, this question aims to provide a clear and 
nuanced comprehension of these crucial aspects. 
 RQ2. Challenges in Achieving Learner-Centricity with Respect to Learner Autonomy 
and Agency: This question investigates the hurdles and complexities that emerge in the quest 
for learner-centricity, particularly concerning the preservation of learner autonomy and 
agency. 
 RQ3. Best Practices from the Literature to Address Challenges: By surveying existing 
literature, this question seeks to identify and elucidate best practices that have been proposed 
as effective strategies to mitigate the ethical challenges linked to learner autonomy and 
agency within the AIED framework. 
  
 Through this systematic exploration, we aim to illuminate the multifaceted terrain of 
learner autonomy and agency within AIED, providing insights into the challenges that arise 
and proposing potential solutions to foster a balanced integration of AI that upholds learner-
centricity while respecting their autonomy and agency 
 
 
2. Methodology  
 
2.1 Systematic literature review  
  
 The literature review commenced by selecting appropriate keywords and constructing 
a focused search string. To comprehensively assess the impact of AIED across various 
dimensions including transparency, fairness, privacy, and the integration of autonomy within 
this context, a targeted exploration was undertaken. The initial search string employed was 
"(Artificial Intelligence OR AI) AND (Education) AND (Ethics) AND (Transparency OR 
Accountability OR Privacy OR Fairness OR Explainability OR Autonomy)," which guided the 
retrieval of relevant literature. This inclusive combination of keywords facilitated a 
comprehensive search across 8 distinct databases, including ERIC, JSTOR, Taylor & Francis, 
Scopus, Science Direct, IEEE, and ACM. The scope of analysis was refined to encompass 
peer-reviewed articles published in the English language from the years 2013 to 2023. 
Subsequently, articles were subject to stringent screening, as illustrated in the PRISMA 
analysis in Figure 1. The figure depicts the application of diverse inclusion criteria and the 
resultant count of articles that met the requisites for thorough scrutiny and detailed analysis. 
 On the basis of the finalized publications on autonomy that were analyzed, we have 
provided answers to our study questions. The findings about autonomy are discussed in the 
section after this. 
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Figure. 1: Systematic Literature Review PRISMA Diagram

3. Findings 

3.1 Concept of Autonomy and Agency 

Ethical frameworks often link agency with autonomy, which means the ability to live by one's 
own rules. Agency refers to a person's ability to take action and make choices based on their 
personal goals and values. It determines the range of options and achievements they can 
pursue in a meaningful way (Ilkka Tuomi , 2023). In the ethical frameworks, it is considered 
that agency subsumes autonomy and it is connected to freedom, free will, and oppression. 
Positive freedom is the capacity to act on one's free will, while negative freedom is freedom 
from external control. Autonomy allows individuals to choose from these imagined alternatives 
based on their own evaluations and values. Autonomous actions reflect personal value 
choices, and the individual can be held morally responsible for their decisions. (Ilkka Tuomi , 
2023). According to Right to Autonomy, learners should be provided the choices mentioned
in figure 2 (Holmes, W., Persson, J., Chounta, I. A., Wasson, B., & Dimitrova, V. (2022).

                                 
Figure 2: Choices to be given to leaner

Ability to 
effectively 
question 

Right not to 
subject to a 
automated 

decision 

Freedom to 
opt out 

    Right to 
Autonomy
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1. Individuals have a right not to be subject to a decision that is made solely through 
automated processing if these decisions have legal consequences or significantly 
impact individuals.  

2. The ability to effectively question and challenge judgments informed and/or made by 
an AI system, as well as to request that such decisions be reviewed by a human.  

3. The freedom to opt out of AI-enabled manipulation, personalized profiling, and 
projections. 

 Currently, AI assistants have become versatile in their functions, aiming to offer 
guidance and support to users. They fulfil various roles, from providing information and 
answering queries to managing tasks and offering recommendations. However, their presence 
and influence can impact how individuals perceive and process information. When AI 
assistants provide advice or recommendations, they act as external or extrinsic influences on 
a person's decision-making process. This can alter the way individuals perceive certain 
information, leading to changes in their cognitive biases. Cognitive biases are mental shortcuts 
or patterns that can influence how people interpret and make judgments about information 
and manipulate one’s intrinsic motivation by encouraging and providing support (Nguyen, A., 
Ngo, H. N., Hong, Y., Dang, B., & Nguyen, B. P. T. (2023).  
  AI systems, including personalized learning, intelligent tutoring, chatbots, emotional 
support, automated grading, learning analytics, language learning, and proctoring, are widely 
used in education. However, when these systems restrict learners' choices and excessively 
regulate and monitor their actions without their involvement or permission, it undermines 
learners' autonomy and agency (Akgun & Greenhow, 2021; Adams et al., 2023). AI systems 
often rely on vast amounts of data to make predictions, limiting learners' options to prevent 
perceived faults (Nguyen et al., 2023). Online proctoring during exams can also impede 
learners' natural behaviors, such as muttering to themselves or taking breaks (Coghlan et al., 
2021).Learner autonomy is essential for empowering individuals and giving them control over 
their destinies. Neglecting learner autonomy poses challenges, emphasizing the importance 
of respecting learner choices. The following section discusses these challenges and the 
reasons why AI in education should uphold learner autonomy 
 
3.2 Ethical Challenges and the Importance of Learner Autonomy in AIED  
 
Learner autonomy is a very crucial thing while a child is learning and when it is ignored learner 
gets affected deeply and it impacts their future learnings. According to Piaget, at the age of 
seven or eight, a child's moral thinking shifts from heteronomy to autonomy. Heteronomy is 
when a child uses authoritative rules for his/her moral judgments. Whereas autonomy is when 
a child takes moral judgments on their own will. Piaget stressed that autonomy grows through 
social cooperation. In child psychology, the development of identity, self-image, self-efficacy, 
and growth mindset is closely connected to the advancement of autonomy. Consequently, 
there are assertions that children are social actors who require comparable freedoms and 
rights as other members of society (Ilkka Tuomi, 2023). Worries about autonomy arise when 
leaners’ freedom to act according to their own values and interests is restricted or reduced. 
For instance, predictive algorithms that predict future actions based on people's metadata can 
intensify existing biases and prejudices in society. This raises significant concerns about social 
inequalities (Akgun, S., & Greenhow, C., 2022).  
 One of the key ways this impact is seen is through the vast amount of data that AIED 
systems use. These systems gather data from various sources, including learner interactions, 
performance metrics, and historical patterns. However, this data might carry inherent biases, 
reflecting the societal and cultural contexts from which it was collected. When AIED systems 
rely heavily on biased data, they can inadvertently perpetuate and amplify existing inequalities 
and stereotypes. Additionally, the prescriptive nature of AIED systems can impact learners' 
sense of autonomy. When students receive automated recommendations and instructions, 
they might feel compelled to follow them without fully understanding the rationale behind those 
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choices. This could diminish their ownership and agency over their learning journey and 
weaken their critical thinking skills.  
 The challenges relating to learners' autonomy are highlighted by the recently expanded 
use of AI in education. A few number of scholars have discussed these difficulties and 
provided a few practices that deal with learner autonomy in a leaner-centric approach.   
 

3.2 Best practices for ensuring learner autonomy and agency 
 

The previous sections discussed what is learner autonomy, and what are the challenges. 
This section, Table 1 lists many strategies for overcoming and challenges related to sustaining 
to learner autonomy.  

 
Table 1: Practices to address challenges related to learner autonomy  

Practices What it addresses 

Obtaining learner assent Respects learners' capacity for choice and autonomy 

Clearly communicating that learners have 
the freedom to opt out of sharing their data Respect learners' privacy and autonomy 

Leveraging AI systems to enhance 
learners' Agency 

Fosters autonomy across cognitive, social, and cultural 
dimensions 

Prioritizing accuracy in AI development 
and deployment 

Avoids false information dissemination and safeguards 
users' capacity for autonomous cognition, emotional well-

being, and social development 
Avoiding the use of words or algorithms 
promoting computational propaganda in 

AIED systems 
Protects learners from manipulation 

Providing comprehensive training 
programs for educators 

Equips educators with the requisite skills to implement 
AIED effectively and reduce potential manipulation of 

learners' thought processes 
 
In K-12 educational settings, where legal consent might not be applicable to children, a 

proactive approach to empower learners is through obtaining their assent. It is imperative to 
clearly communicate, using age-appropriate language, that learners have the freedom to opt 
out of sharing their data, thereby respecting their capacity for choice (Adams et al., 2023), 
(Nguyen et al., 2023). Leveraging AI systems to enhance learners' agency fosters autonomy 
across cognitive, social, and cultural dimensions, enabling them to realize their full potential 
(Adams et al., 2023). 

However, while interacting with AI systems, challenges arise, potentially limiting learner 
autonomy. For example, the provision of hints and suggestions by the system can impact 
decision-making. To mitigate this, it is essential that AI development and deployment prioritize 
accuracy, avoiding false information dissemination, and safeguarding users' capacity for 
autonomous cognition, emotional well-being, and social development (Nguyen et al., 2023). 
Ethical considerations extend to the linguistic and algorithmic elements employed; the use of 
words or algorithms promoting computational propaganda should be avoided within AIED 
systems (European Parliament, 2021). 

In facilitating this transition, comprehensive training programs for educators are crucial. 
Equipping educators with the requisite skills to implement AIED effectively enables them to 
tailor, filter, or minimize the automation of AI systems, thereby reducing potential manipulation 
of learners' thought processes and promoting their identity development. This multifaceted 
approach, encompassing informed assent, learner agency, ethical system design, and 
educator training, serves as a foundation for the ethical and responsible integration of AI in 
educational contexts 
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4. Discussion and Conclusion  
  
Personalized learning through artificial intelligence in education (AIED) has the potential to 
transform education by tailoring content to individual students. However, ethical concerns 
arise, particularly concerning learner autonomy and agency. Learner autonomy refers to a 
student's ability to choose what they learn, while learner agency involves taking control of their 
learning. AIED systems that are overly prescriptive can unintentionally limit learner autonomy 
and agency. Addressing these ethical issues requires a comprehensive strategy to preserve 
and respect learner autonomy and agency. Key steps include providing transparency and 
choice to learners. This means giving students clear information about how AIED systems 
work and allowing them to opt out of certain features, empowering them to actively participate 
in their learning journey. Furthermore, ensuring fairness and impartiality within AIED systems 
is crucial. Rigorous data collection and analysis methods, along with careful curation of 
features and algorithms, are essential to prevent discrimination and ensure equal access to 
quality education for all learners. Protecting learner privacy is another cornerstone of this 
ethical framework. Balancing the collection and use of data with the principles of necessity 
and proportionality is vital. Learners should also have the ability to access and control their 
own data. Empowering learners with knowledge is equally important. Educating them about 
the potential benefits and risks of AIED helps them make informed decisions and exercise 
informed agency. Additionally, stakeholders like educators, educational designers, institutions, 
policymakers, and developers can benefit from these insights. Educators can use this 
information to navigate ethical challenges and use AIED in ways that respect learner 
autonomy and agency. Policymakers can develop responsible AIED policies, and developers 
can create ethical and beneficial AIED systems. 
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Abstract: Artificial intelligence in education (AIED) is the use of artificial intelligence 
techniques and tools to enhance and support learning and teaching processes. 
However, AIED also raises ethical challenges related to transparency, which is the 
ability to understand how AIED systems make decisions that influence educational 
outcomes. This paper reviews the literature on transparency in AIED, and presents a 
set of learner centric guidelines for ensuring transparency. The paper uses the 
Transparency Index Framework by Chaudhry et al. (2022) as a guiding tool, and 
discusses the best practices for providing information, allowing oversight, and 
respecting rights and choices in AIED. The paper also illustrates these practices with 
examples of ethically and transparently designed AIED systems. The paper concludes 
by highlighting the trade-offs and precautions involved in ensuring transparency in 
AIED, and suggests future research directions. This paper contributes to the ethical 
discourse on transparency in AIED by providing a comprehensive overview, identifying 
the best practices and challenges, and proposing the learner centric guidelines. 
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1. Introduction 
 
Artificial intelligence in education (AIED) is a rapidly developing field that aims to create 
personalized learning experiences for each student, tailored to their individual needs and 
learning styles (Xu, 2020). AIED can also be used as a technological engine of educational 
innovation, promoting the reform and development of educational modes and teaching 
methods. Furthermore, AIED can be used as a technical tool to open the “learning black box,” 
through which educational, psychological, and social knowledge can be accurately quantified 
and made explicit. However, the adoption of AIED has also led to increasing ethical risks and 
concerns regarding several aspects such as personal data and learner autonomy (Nguyen et 
al., 2023). Moreover, AIED poses ethical challenges such as the potential for AI to be used to 
discriminate against students from marginalized groups, violate students’ privacy, and create 
a culture of surveillance in the classroom. Therefore, it is important to develop ethical 
guidelines for the use of AIED that ensure that this technology is used in a way that is beneficial 
to all. 

Some of the ethical aspects of AIED that have been identified by researchers and 
practitioners include cultural integration, accountability, fairness, equity, affordability, security, 
privacy, and human dignity (Holmes et al., 2022). These aspects reflect the values and 
principles that should guide the design, development, and deployment of AIED systems. 
Among these aspects, transparency stands out as a key ethical principle that guides the use 
of artificial intelligence in education (AIED). Transparency means that AIED systems should 
provide sufficient information and explanation about how they make decisions and what data 
they use. Transparency is important for ensuring fairness, accountability, and trust in AIED 
systems. However, transparency is often challenged by the issue of “black boxes” in AI, which 
are software that do not reveal how they analyze input data to arrive at their outputs. This can 
create ethical dilemmas and risks in various domains, such as medical education, where AI 
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systems are intended to assist physicians with patient care (Katznelson & Gerke, 2021). 
Therefore, ethicists emphasize the moral requirement for transparency in AI and argue that 
algorithms should be accompanied by explainability (Farrow, 2023). Moreover, transparency 
is valued by educators and learners who use AIED systems. For example, Holmes et al. (2022) 
found that educators might prefer an AI system that sacrifices some accuracy in favor of 
providing greater transparency in decision-making processes. Yu and Yu (2023) also stated 
that “transparency stands out as the primary ethical principle guiding the advancement of AI 
implementation in the field of education” (p. 9). 

Previous researchers have explored the ethical challenges of AIED (Adams et al., 2023, 
Holmes et al., 2022, Nguyen et al., 2023). However, most work has been broad and few 
studies have focused on specific aspects like transparency or learner autonomy. Chaudhry, 
Cukurova, and Luckin (2022) addressed transparency in AIED using an ML pipeline 
framework. They accounted for transparency at various stages of the AI development process 
from data collection to deployment. They shortlisted studies using popular frameworks for 
documentation, robustness and reproducibility for each ML pipeline. They also improved their 
framework based on interviews of education stakeholders. Their framework was robust and 
new, but mainly technical. Farrow (2023) emphasized using a socio-technical lens to look at 
ethics in AIED. This means looking beyond technical solutions and incorporating educational, 
legal and policy dimensions. There is also a need to consider trade-offs when ensuring 
transparency, such as sacrificing accuracy. This is a complex issue that needs discussion. 
Therefore, more research is needed in this area using a systematic and socio-technical 
approach to ethics in AIED. 

The purpose of this paper is to review the literature on transparency in artificial intelligence 
in education (AIED), and to present a set of learner centric guidelines for ensuring 
transparency. Transparency is an ethical challenge in AIED, as it affects the ability to 
understand how AIED systems make decisions that influence educational outcomes. The 
paper uses the Transparency Index Framework by Chaudhry et al. (2022) as a guiding tool, 
and discusses the best practices for providing information, allowing oversight, and respecting 
rights and choices in AIED. The paper also illustrates these practices with examples of 
ethically and transparently designed AIED systems. The paper aims to contribute to the ethical 
discourse on transparency in AIED by providing a comprehensive overview of the existing 
literature, identifying the best practices and challenges, and proposing the learner centric 
guidelines. The paper is guided by the following research questions: 

 What are the causes and consequences of the problem of lack of transparency in 
artificial intelligence in education (AIED)? 

 How can effective and ethical strategies be developed and implemented to address 
the problem of lack of transparency in AIED and its associated challenges and trade-
offs? 

In this paper, the authors first conceptualized transparency based on the Transparency Index 
Framework proposed by Chaudhry, Cukurova, and Luckin (2022). This framework offers a 
comprehensive and multidimensional perspective on transparency in AI in education. They 
then derived a keyword string from this framework: (Artificial Intelligence OR AI) AND 
(Education) AND (Ethics) AND (Transparency OR Accountability OR Safety OR Fairness OR 
Explainability OR Autonomy). They conducted a systematic search using the PRISMA 
framework and shortlisted 15 papers that met their inclusion criteria (Moher, D., et al., 2015). 
In addition to these papers, the authors also referred to the document Recommendation on 
the Ethics of Artificial Intelligence by UNESCO (2021), which provides a global standard for 
ethical AI in the educational domain. The details of the PRISMA process are illustrated in Fig 
1. 
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Fig. 1. PRISMA analysis details 

 
This paper has three sections. Section 2 explains the objectives and method of the paper. 
Section 2.1 discusses the lack of transparency in AIED and its implications for decision-
making, learning outcomes, and ethical values. Section 2.2 explores some strategies to 
address the ethical challenges of AIED, such as legal and policy frameworks, learner 
autonomy and agency, human oversight and accountability, and trade-offs and precautions. 
Section 3 discusses the trade-offs involved and the precautions that must be taken when 
implementing transparency in AIED. It also concludes the paper with a summary and some 
suggestions for future research. 
 
 
2. Findings 
 
This section presents the findings of the systematic review on ethical transparency in AIED. 
The section is organized into two subsections: the first one discusses the lack of transparency 
in AIED and its ethical implications, and the second one proposes strategies to address these 
ethical challenges. These findings are illustrated in Fig 2 which lists down the findings of this 
paper. 
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Fig. 2. A list of the findings on lack of transparency in AIED and strategies to address 

ethical challenges 
 
2.1 Lack of transparency in AIED 
 
2.1.1 Concept of transparency in AIED 
 
Transparency is a key concept in artificial intelligence in education (AIED) that has implications 
for decision-making processes. Transparency can be defined in different ways depending on 
the perspective and the context of AI use in education or information transfer. However, a 
common theme is that transparency refers to the availability and accessibility of information 
about how AI systems make decisions and what data they use. This section presents some 
possible definitions of transparency from the literature. Turilli and Floridi (2009) defined 
transparency as the availability of information, the degree of availability, or the role of 
information in the decision-making process (as cited in Yu & Yu, 2023). Jobin et al. (2019) 
defined transparency as the requirement that when AI is used in education or information 
transfer, the specific parameters, source, responsibility, investment, and impact of AI should 
be disclosed to enhance accountability, modification, interpretation, and communication 
between AI users, educational researchers, and practitioners (as cited in Adams et al., 2023). 
Siegel et al. (2018) defined transparency as the degree to which the determinations or 
predictions of AI systems are revealed to relevant parties in ways that those parties prefer and 
can understand (as cited in Coghlan et al., 2021). These definitions illustrate the complexity 
and diversity of transparency in AIED. Transparency is also closely related to other concepts 
such as explainability, explicability, responsibility, and accountability in the context of AI and 
data (Nguyen et al., 2023). Yu and Yu (2023) emphasized that transparency has become a 
prominent concern in the use of AI for educational purposes. Transparency is important for 
ensuring fairness, trust, and communication in AIED systems. 
 
2.1.2 Examples of opaque decision-making in AIED 
 
Transparency in artificial intelligence in education (AIED) is important for understanding how 
AI systems are making decisions and what are the implications of those decisions for the 
users. However, transparency can be challenged by the existence of AI systems that are not 
transparent, meaning that they do not reveal how they make decisions or predictions, or what 
data or models they use. This is also known as the ‘black box’ problem, or the lack of 
transparency of the processes and workings that convert input to output, which is a major 
structural aspect of the ‘black box’ model of computation (Farrow, 2023). The ‘black box’ 
problem can create various ethical issues and risks for the AIED community and stakeholders, 
such as: 

Lack of transparency in 
AIED

Concept of transparency in AIED

Examples of opaque decision-making 
in AIED

Ethical challenges associated with 
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False trust and confidence: Users may not understand, question, or challenge the AI 
decisions or predictions that are accurate but not transparent (Holmes et al., 2022). 

Negative impact on autonomy, agency, and self-regulation: AI systems may influence 
the learning process without providing a detailed account of how the algorithm works, or how 
it affects the learners’ behavior, motivation, or outcomes (Farrow, 2023). 

Reduction of engagement, motivation, and satisfaction: AI systems may deliver 
feedback to learners without explaining the criteria, evidence, or rationale behind it, or how it 
can be used to improve learning (Farrow, 2023). 

Unfair or discriminatory outcomes: AI systems may use biased or incomplete data sets 
that favor certain groups of learners over others, or that do not account for the diversity and 
variability of learners’ needs, preferences, and contexts (Holmes et al., 2022). 

Violation of rights, interests, and well-being: AI systems may not disclose the purposes, 
methods, or outcomes of their data collection, analysis, or reporting, or that do not obtain 
informed consent or respect the privacy and ownership of the users’ data (Sahlgren, 2023). 

Confusion, inconsistency, or ambiguity: AI systems may not reveal the regulatory roles, 
responsibilities, or conditions of their design and use, or that do not address the ethical 
challenges or concerns raised by the AIED community or other stakeholders (Sahlgren, 2023). 
 
2.1.3 Ethical challenges associated with lack of transparency in AIED 
 
The lack of transparency in different aspects of artificial intelligence in education (AIED) 
systems can pose various ethical challenges for the AIED community and stakeholders. 
Chaudhry et al. (2022) classified the lack of transparency into three categories: data collection 
and analysis, decision making, and deployment of the AIED environments. 

Data collection and analysis. The lack of transparency in data collection, analysis, and 
reporting may raise issues of informed consent, data ownership, data privacy, data quality, 
and data accountability. These issues can affect the rights, interests, and well-being of the 
individuals whose data are collected, processed, or used by the AIED systems (Holmes et al., 
2022). 

Decision making. The lack of transparency in the teaching decisions and the system’s 
model of the learner may affect the trust, understanding, and agency of the learners and 
educators, and may limit their ability to challenge or improve the AIED systems. These issues 
can affect the learning outcomes, experiences, and opportunities of the learners and 
educators who interact with the AIED systems (Holmes et al., 2022). 

Deployment of the AIED environments. The lack of transparency in the design and 
deployment of AIED systems may result in unintended or harmful consequences for the 
learners, educators, and wider society, such as bias, discrimination, manipulation, or 
exploitation. These issues can affect the quality, equity, and accountability of the AIED 
systems and their impact on various aspects of society (Holmes et al., 2022). 

In addition to these three categories, there are also other ethical issues that can arise 
from the lack of transparency in AIED systems, such as: 

Ethical guidelines and regulations. The lack of transparency in the ethical guidelines 
and regulations of AIED systems may create confusion, inconsistency, or ambiguity among 
the AIED researchers and developers, and may hinder their ethical responsibility and 
accountability. These issues can affect the validity, reliability, and credibility of the AIED 
research and development and their compliance with ethical standards and legal obligations 
(Holmes et al., 2022). 

Benefits and costs of AIED innovation. The lack of transparency in the potential 
benefits and costs of AIED innovation may prevent the AIED community from balancing the 
ethical risks and opportunities of their work, and may undermine their social impact and value. 
These issues can affect the innovation potential, sustainability, and scalability of the AIED 
systems and their contribution to social good (Holmes et al., 2022). 
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2.1.4 Examples of transparent decision-making in AIED 
 
Some examples of transparency in artificial intelligence in education (AIED) systems are as 
follows. One example is bots or intelligent tutoring systems (ITS) that provide clear and 
understandable feedback, guidance, and explanations to learners and educators about their 
learning goals, progress, and outcomes. These systems can help to enhance the trust, 
understanding, and agency of the users and support their learning processes and outcomes 
(Farrow, 2023). Another example is automated assessment tools that reveal the criteria, 
methods, and evidence used to evaluate learners’ performance and provide constructive 
suggestions for improvement. These tools can help to ensure the validity, reliability, and 
fairness of the assessment and foster the learning and development of the users (Farrow, 
2023). A third example is predictive analytics dashboards that display the data sources, 
assumptions, and limitations of the models used to generate predictions and 
recommendations for learners, educators, and institutions. These dashboards can help to 
inform the users about the rationale, accuracy, and uncertainty of the predictions and 
recommendations and enable them to make informed decisions and actions (Farrow, 2023). 
A fourth example is plagiarism checkers that show the original sources of the text that are 
matched with the learners’ submissions and indicate the degree of similarity and originality. 
These checkers can help to promote the academic integrity, honesty, and creativity of the 
users and prevent the misuse or abuse of the AI systems (Farrow, 2023). A fifth example is 
fairness-promoting algorithms that monitor and mitigate the potential bias or discrimination in 
the data sets, models, or outcomes of AIED systems and ensure that they benefit all learners 
equally. These algorithms can help to protect the rights, interests, and well-being of the users 
and foster the quality, equity, and accountability of the AIED systems (Holmes et al., 2022). 
 
2.2 Strategies to address ethical challenges 
 
2.2.1 Legal and policy frameworks to address bias and discrimination in AIED 
 
To address the issues of bias and discrimination in AIED and ensure transparency, several 
legal and policy frameworks have been proposed by researchers. One of them is a code of 
best practice that the AIED community can rely on in designing and deploying AIED 
technologies in diverse educational contexts, incorporating guidance addressing the issues of 
fairness, accountability, transparency, bias, autonomy, agency, and inclusion specifically at 
the intersection of AI and the learning sciences (Holmes et al., 2022). Another framework is 
an educational framework that embeds the principles of AI ethics in education, and also ethics 
issues such as responsibility, inclusion, fairness, security and explainability in conducting 
educational research, to raise awareness and foster critical thinking among educators and 
learners (Nguyen et al., 2023). Furthermore, a website that publishes and updates the ethical 
principles for AIED, inviting feedback and improvement suggestions from various 
stakeholders, such as researchers, educators, learners, policymakers, and the public, has 
been suggested as a way to facilitate communication and collaboration on AIED ethics 
(Nguyen et al., 2023). Additionally, an automatic method by text analysis that can evaluate the 
ethical implications of AIED research papers and systems, providing feedback and 
recommendations to the authors and reviewers, has been developed to enhance the quality 
and accountability of AIED research (Holmes et al., 2022). Finally, a regulatory framework that 
ensures that AIED systems are subject to rigorous testing and auditing before and after 
deployment, to detect and mitigate any potential harms or biases that might affect the users 
or the society, has been advocated as a necessary measure to ensure the trustworthiness 
and responsibility of AIED systems (Holmes et al., 2022). 
 
2.2.2 Strategies to promote learner autonomy and agency in AIED 
 
Researchers have suggested several strategies to promote learner autonomy and agency in 
AIED and ensure transparency. One of them is developing negotiation-based adaptive 
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learning systems that allow learners to choose the type and frequency of support, scaffolding 
of not only knowledge but also metacognition and self-regulation skills, and feedback on their 
learning progress and outcomes (Nguyen et al., 2023). Another strategy is providing learners 
with control over their data, such as the ability to access, edit, delete, or share their data with 
others, and informing them about how their data is collected, stored, processed, and used by 
the AIED system (Holmes et al., 2022). Moreover, adopting fairness-promoting algorithms that 
can detect and mitigate any potential biases or harms that might affect different sub-
populations and demographics of learners, and ensuring that the AIED system does not favor 
or disadvantage any groups of learners based on their characteristics or backgrounds, is a 
crucial strategy to ensure equity and justice in AIED (Holmes et al., 2022). Furthermore, 
explaining the role and function of the AIED system to the learners in a simple and 
understandable way, such as using visualizations, examples, or analogies, and providing them 
with opportunities to ask questions, give feedback, or challenge the system’s decisions, is a 
key strategy to enhance trust and engagement in AIED (Farrow, 2023). Finally, encouraging 
learners to develop AI literacy skills, such as understanding the basic concepts and principles 
of AI, its capabilities and limitations, its ethical and social implications, and how to collaborate 
effectively with AI systems, is a vital strategy to empower learners and prepare them for the 
future of education (Nguyen et al., 2023). 
 
2.2.3 The importance of human oversight and accountability in AIED 
 
Transparency is a fundamental principle for ethical AIED, and it requires human oversight and 
accountability from the various stakeholders involved in the design and use of AIED systems. 
One of the reasons why human oversight and accountability in AIED are important is that they 
ensure that AIED systems are developed and used with good intentions, integrity, and careful 
consideration of potentially harmful factors, such as bias, discrimination, or manipulation 
(Nguyen et al., 2023). Another reason is that they empower the human stakeholders, such as 
educators and learners, to have control over the design and use of AIED systems, and to 
make informed decisions about when and how to rely on AIED systems for their educational 
purposes (UNESCO, 2021). Moreover, human oversight and accountability in AIED allow the 
attribution of ethical and legal responsibility for any stage of the life cycle of AIED systems, as 
well as in cases of remedy related to AIED systems, to physical persons or to existing legal 
entities (UNESCO, 2021). Furthermore, human oversight and accountability in AIED enable 
the protection of personal information throughout the life cycle of the AIED system, by adopting 
a privacy by design approach that considers the potential risks and harms of data collection, 
processing, and use (UNESCO, 2021). Finally, human oversight and accountability in AIED 
facilitate the auditability, traceability, explainability, and communicability of the AIED systems, 
by providing clear and open information about the data, the system, and the business model 
of AIED, as well as the purposes, conditions, roles, responsibilities, and trade-offs involved in 
AIED (Nguyen et al., 2023). 
 
 
3. Discussion and Conclusion 
 
This paper has reviewed the literature on transparency in artificial intelligence in education 
(AIED), and presented a set of best practices for ensuring transparency in AIED systems. 
Transparency is an ethical challenge in AIED, as it affects the ability to understand how AIED 
systems make decisions that influence educational outcomes. The paper has discussed the 
best practices for providing information, allowing oversight, and respecting rights and choices 
in AIED, and illustrated them with examples of ethically and transparently designed AIED 
systems. The paper has also examined the role of transparency in fostering communication 
and collaboration among the different stakeholders involved in AIED, such as educators, ed-
tech experts, and AI practitioners. The paper has contributed to the ethical discourse on 
transparency in AIED by providing a comprehensive overview of the existing literature, 
identifying the best practices and challenges, and proposing the learner centric guidelines. 
The paper has also acknowledged the trade-offs and precautions involved in ensuring 
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transparency in AIED, such as privacy and security issues, information and cognitive overload, 
data or algorithm misuse or abuse, ethical dilemmas or conflicts, and unintended or adverse 
outcomes. In the ensuing discussion, the paper offers the authors’ perspective on the initially 
posed questions and provides key takeaways for the readers. 
 
3.1 Causes and Consequences of Lack of Transparency in AIED 
 
The origins of the deficiency in transparency in AIED are intricately rooted in a combination of 
factors. These factors include biased algorithms, concerns surrounding data privacy, and a 
general lack of transparency in AI-driven decision-making processes, all of which contribute 
to this problem. Consequently, the implications are extensive, impacting not only the 
impartiality and fairness of educational outcomes but also eroding confidence in AI-driven 
educational technologies. These challenges, while not insurmountable, demand purposeful 
and ethically grounded approaches. 
 
3.2 Strategies to Address Ethical Challenges 
 
The review outlined a range of strategies to tackle the ethical challenges associated with 
transparency in AIED. Legal and policy frameworks play a pivotal role in ensuring 
accountability, fairness, and transparency in the development and deployment of AIED 
systems. Approaches such as the formulation of a code of best practice, the integration of AI 
ethics principles into educational frameworks, and the establishment of websites dedicated to 
ethical guidelines hold significant promise. 

Promoting learner autonomy and agency in AIED is imperative to empower students 
and ensure transparency. Granting learners control over their data, embracing fairness-
promoting algorithms, and facilitating comprehension through explanations are measures that 
can foster trust and engagement in AI-enhanced educational environments. Additionally, 
equipping learners with AI literacy skills prepares them to confront the ethical challenges 
presented by an AI-driven world. 
 
3.3 The Importance of Human Oversight and Accountability 
 
Transparency in AIED cannot be achieved without the presence of human oversight and 
accountability. Active participation in the design and utilization of AIED systems by educators, 
learners, policymakers, and other stakeholders is paramount. Such involvement ensures that 
systems are developed and employed with ethical considerations, integrity, and due regard 
for potential adverse consequences. Moreover, it facilitates the allocation of ethical and legal 
responsibility and safeguards personal information via a privacy-by-design approach. 
Crucially, human oversight and accountability enhance the auditability, traceability, and 
explainability of AIED systems, thereby fostering transparency and trust. 
 
3.4 Trade-offs involved when implementing ethical use of AIED to ensure 

transparency 
 
Ethical use of AIED, particularly to ensure transparency, involves some trade-offs that need 
to be carefully considered and balanced by the researchers, developers, and users of AIED 
systems. One of the trade-offs is between accuracy and explainability of AI algorithms, as 
some AI models, such as deep neural networks, may achieve high performance but are 
difficult to interpret or justify their decisions (Nguyen et al., 2023). Another trade-off is between 
scalability and contextualization of AIED systems, as some AIED systems may be designed 
to reach a large and diverse audience but may not account for the specific needs, preferences, 
and cultures of different groups of learners or educators (Holmes et al., 2022). Moreover, a 
trade-off exists between innovation and regulation of AIED research and development, as 
some AIED research and development may aim to explore new possibilities and opportunities 
but may face ethical challenges or constraints from existing policies or guidelines (Holmes et 
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al., 2022). Furthermore, a trade-off occurs between privacy and personalization of AIED 
systems, as some AIED systems may require a large amount of data from the users to provide 
tailored and adaptive support but may also pose risks to the users’ data protection and 
ownership (Nguyen et al., 2023). Finally, a trade-off arises between autonomy and oversight 
of AIED systems, as some AIED systems may enable the users to have more control and 
agency over their learning but may also require human intervention or supervision to ensure 
quality and accountability (Holmes et al., 2022). 
 
3.5 Precautions that must be taken while ensuring transparency in AIED 
 
Ensuring transparency in AIED requires some precautions that must be taken by the 
researchers, developers, and users of AIED systems. One of the precautions is to respect the 
privacy and confidentiality of the users’ information and to obtain well-informed consent from 
the users before using their data for any purpose (Nguyen et al., 2023). Another precaution is 
to explain and justify the AI algorithms for specific educational purposes, but to avoid revealing 
sensitive or personal information about the users, such as their identity, performance, 
behavior, or preferences (Nguyen et al., 2023). Moreover, a precaution is to be transparent, 
traceable, explainable, and communicable in the process of establishing, conducting, 
monitoring, and controlling regulations of AIED, but to balance the interests and rights of 
different stakeholders, such as developers, educators, policymakers, and users (Nguyen et 
al., 2023). Furthermore, a precaution is to be transparent in the audibility of the regulation of 
AIED and to address acknowledgment and responsibility for each stakeholder’s actions 
involved in the design and use of AIED, but to consider the potential trade-offs, risks, and 
harms that may arise from the use of AIED systems (Nguyen et al., 2023). Finally, a precaution 
is to accompany the transparency of AIED systems with the provision of guidance, feedback, 
and support to the users, especially the learners, to help them understand, trust, and challenge 
the AIED systems, and exercise their agency and rights over their own data and learning 
outcomes (Nguyen et al., 2023). Additionally, a precaution is to ensure transparency with 
respect to the needs of the user. An excessive amount of transparency can potentially 
overwhelm users, for example, when intricate details concerning the AI Model are disclosed 
to individuals lacking technical expertise (S. Amer-Yahia, personal communication, July 14, 
2023). Striking the right balance between transparency and privacy is equally imperative. For 
instance, in the context of an AIED (Artificial Intelligence in Education) system, disclosure of 
the reasons behind a student's failure in a specific test should remain undisclosed unless 
expressly requested by the student, as this information must not be accessible to others (S. 
Amer-Yahia, personal communication, July 14, 2023). 
 
3.6 Limitations and future research directions 
 
This paper has some limitations that should be acknowledged and addressed in future 
research. First, it may not capture the full range and diversity of perspectives and approaches 
on transparency in AIED, as it may have excluded some relevant papers that used different 
terms or frameworks. Second, it does not consider other ethical principles that are equally 
important for AIED, such as privacy, beneficence, non-maleficence, justice, and human 
dignity. These principles are interrelated and may have implications for transparency in AIED. 
Third, it proposes some strategies to address the ethical challenges of AIED, such as legal 
and policy frameworks, learner autonomy and agency, human oversight and accountability, 
and trade-offs and precautions. However, these strategies are not exhaustive or definitive, 
and they may have their own limitations and challenges. To advance the research on 
transparency in AIED, we suggest the following future directions based on the limitations of 
this paper: (1) conduct a more comprehensive and systematic review of the literature on 
transparency in AIED, using a broader range of search terms and databases, and applying a 
more rigorous and transparent selection and analysis process; (2) explore the interplay and 
trade-offs between transparency and other ethical principles in AIED, such as privacy, 
beneficence, non-maleficence, justice, and human dignity; (3) evaluate the effectiveness and 
feasibility of the proposed strategies to address the ethical challenges of AIED, such as legal 
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and policy frameworks, learner autonomy and agency, human oversight and accountability, 
and trade-offs and precautions. 
 The paper hopes to stimulate more discussion and debate on the ethical challenge of 
transparency in AIED, as well as to inspire more innovation and collaboration among the AIED 
community. Transparency is not only a technical or legal issue, but also a moral and social 
one. Transparency is not only a means to an end, but also an end in itself. Transparency is 
not only a challenge for AIED, but also an opportunity for AIED. By embracing transparency 
as an ethical value and a design principle, AIED can become more trustworthy, responsible, 
and beneficial for education. 
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Abstract: The growing integration of Artificial Intelligence (AI) in education has
brought forth ethical quandaries, particularly concerning its role in assessment
methodologies. This research paper delves into the intricate ethical implications
linked to the use of AI-driven technologies for educational evaluation. Through an
extensive literature review, this study explores the potential merits and drawbacks of
AI application in educational assessments, addressing concerns encompassing
fairness, transparency, privacy and the inherent biases embedded in algorithmic
decision-making. This article critically assesses the ethical aspects of AI incorporation
in formative and summative evaluations, examining its repercussions on student
learning encounters and academic outcomes. By scrutinizing the viewpoints of
educators, students, policymakers and technologists, this paper provides insights into
the complex ethical predicaments arising when AI assumes the role of evaluating
human aptitudes and understanding. The findings underscore the essentiality of a
well-balanced approach that upholds ethical principles, human discernment and the
responsible advancement of AI technologies to ensure equitable and impartial
educational assessment practices during the AI-driven epoch.

Keywords: Ethical implication, AI-driven technologies, Educational assessments.

1. Introduction

The rapid integration of Artificial Intelligence (AI) into diverse domains has opened up a
world of opportunities and complexities, and the education sector is no exception. In
particular, the application of AI in educational assessment has ignited significant interest and
discussions. Assessment, a cornerstone of education, traditionally reliant on human
evaluation, now stands at the crossroads of technological innovation with the potential for
improved efficiency and objectivity. However, this transition brings forth a host of ethical
considerations that warrant careful examination.

This paper sets out to explore the intricate ethical implications surrounding the
utilization of AI in educational assessment. As AI-driven assessment tools garner
momentum, questions arise concerning fairness, transparency, privacy, bias and the broader
impact on the quality of learning experiences. Addressing these ethical dimensions becomes
pivotal in harnessing the transformative potential of AI while ensuring the preservation of
ethical values. By conducting a comprehensive review of the existing literature, this study
aims to shed light on the multifaceted ethical dilemmas entwined with the integration of AI in
educational assessment. Through an exploration of the perspectives of stakeholders ranging
from educators to technologists, a nuanced understanding of the complex challenges
associated with entrusting algorithms with the evaluation of human knowledge and
capabilities will emerge. Moreover, this research critically evaluates the ethical
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considerations within both formative and summative assessment contexts, providing a
holistic view of AI's possible implications on educational methodologies.

Ultimately, the study underscores the significance of a balanced approach that
upholds ethical principles while harnessing the potential of AI in education. By engaging with
these ethical concerns, a responsible and effective integration of AI in educational
assessment can be fostered, ensuring that technological advancements align with the
principles of equity, transparency, and the enhancement of educational practices.

2. Literature Review

As part of our research, we have performed two types of literature reviews: meta-synthesis
and scoping review. As we delve deeper into the ethical implications of utilizing Artificial
Intelligence (AI) in education, it becomes essential to categorize and understand the various
domains within which AI is making an impact. From our literature review, we identify a
systematic hierarchy for organizing and analyzing AI in education as a) AI in Teaching and
Learning, b) AI in Assessment, and c) AI in Literacy Curriculum.

AI in Teaching and Learning: Various studies collectively emphasize the growing significance
of AI integration in education. In their respective works, Roll and Wylie (2016) delve into the
utilization of AI within the context of intelligent tutoring systems, while Sharples (2022)
thoroughly examines the promising prospects of AI in enhancing the teaching of creative
writing.

AI in Assessment: Recent research in education and assessment has emphasized the role
of AI in assessment. Jia et al. (2022) advocate for distinguishing assessment from feedback
in higher education, Baker et al. (2023) further this exploration in essay scoring, while
Schneider (2023) applies AI to autograde short-answer questions, and Swauger and Kalir
(2023) investigate AI's potential in detecting online exam cheating. These studies collectively
highlight AI's transformative influence on education and assessment.

AI Literacy Curriculum: In recent academic discussions, Holmes (2023) underscores the
significance of cultivating AI literacy among teachers to support their students' AI literacy
development. Wang and Lester (2023) stress the importance of K-12 AI literacy curricula in
preparing students for a changing job market, acknowledging the challenges and the need
for evidence-based research in curriculum development. Rets et al. (2023) emphasize the
value of interdisciplinary research teams in AI knowledge production, bridging the gap
between machine learning and educational theories. Finally, Porayska-Pomsta (2023) calls
for a broader understanding within the AIED community of AI's implications on human
functioning, learning, and socio-cultural impacts, urging vigilance against potential risks and
misuse of AI research and outcomes.

Now, we will discuss ethical concerns regarding a few studies.

2.1 Existing AI-Based Methods for Educational Assessment:

2.1.1 Bi-Directional Recurrent Knowledge Tracing Neural Network:

Delianidi and Diamantaras (2023) present an approach to assessment through the
Bi-Directional Recurrent Knowledge Tracing Neural Network (KT-Bi-GRU). This model uses
the recurrent neural networks (RNN) to predict student performance and trace their evolving
knowledge states over time. The KT-Bi-GRU model incorporates a dynamic sub-network
featuring a recurrent Bi-GRU layer for accurate knowledge state estimation and a
non-dynamic, feed-forward sub-network for predicting answer correctness. Leveraging
student interaction history collected through an Intelligent Tutoring System (ITS), the model
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offers personalized educational recommendations. Notably, the model's architecture
integrates embedding and convolutional layers for preprocessing input data, which holds
immense potential for reshaping assessment practices (Delianidi and Diamantaras, 2023).

Ethical concerns:

1. Transparency and Explainability: Deep neural networks can be challenging to interpret,
making it difficult to explain how decisions are reached. It is important to develop
methods for explaining the predictions made by the model, especially when those
predictions impact students' educational paths.

2. Feedback and Learning Impact: The use of AI in educational assessment could impact
the way students receive feedback and learn. Depending on how the technology is used,
it could potentially discourage risk-taking or discourage exploring beyond the scope of
predicted outcomes.

2.1.2  Data-Driven Methods for Feedback Generation:

Lu and Cutumisu (2021) explore data-driven methods for automated feedback generation,
capitalizing on deep-learning algorithms to map student work to expert feedback. This
approach includes models such as CNN, CNN+LSTM, and CNN+Bi-LSTM, which form an
autograder system aimed at providing personalized feedback on students' essays. The
autograder system utilizes AI to analyze essay content and structure, generating
constructive feedback based on learned patterns from expert feedback. This AI-driven
feedback mechanism streamlines the feedback process, offering timely and consistent
support to students in enhancing their writing skills (Lu and Cutumisu, 2021).

Advantages :

1. Efficiency: Automated essay scoring can significantly speed up the assessment
process, providing rapid feedback to students and teachers.

2. Consistent and Transparent Automated Essay Scoring Criteria

Ethical concerns:
1. Bias in the automated scoring algorithm: There is a potential for the algorithm to be

biased, which could result in unfair treatment of certain groups of students. This could
be due to factors such as the algorithm being trained on biased data or the algorithm
not being able to accurately capture the nuances of certain types of writing.

2. Generic feedback: There is a risk that the automated feedback generated by the system
could be too generic and not tailored to the individual needs of each student. This could
limit their learning and growth, as they may not receive feedback that is specific to their
strengths and weaknesses.

3. Reduction in the number of human teachers and evaluators: The use of AI technology in
education could lead to a reduction in the number of human teachers and evaluators,
which could have negative implications for employment and the quality of education.
This could also lead to a lack of human interaction and support for students, which
could impact their motivation and engagement.

2.1.3 Automated Peer Review Evaluation:

Liu et al. (2023) delve into the realm of automated peer review evaluation, proposing a
machine-based approach to assess peer assessments through natural language processing
and machine learning techniques. The study addresses the challenge of limited labeled data
by introducing a pseudo-labeling approach, which enhances the evaluation of peer reviews
by identifying problem statements and suggestions in comments. By leveraging a
semi-supervised learning method, the proposed approach offers a comprehensive
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evaluation of peer assessments, thereby contributing to the enhancement of peer-based
learning and assessment practices.

Ethical concerns:
1. One concern is the potential for biases and inaccuracies in the data used to train and

evaluate AI models. As mentioned in the document (Liu et al., 2023), obtaining labeled
data for predicting helpfulness can be challenging, especially when it involves subjective
criteria. This raises concerns about the reliability and validity of the data used to train
and evaluate models.

2. Another concern is the potential for privacy and confidentiality violations when using
student reviews as a source of labeled data. Students may not feel comfortable sharing
their feedback with others, especially if they fear retaliation or negative consequences.
This can lead to incomplete or biased data that may not accurately reflect the
helpfulness of peer reviews.

2.1.4 Automated Grading Systems:

Automated grading systems have gained prominence for their potential to expedite
assessment processes. However, their limitations in understanding nuances and
fact-checking content raise ethical and practical concerns. While these systems offer
efficiency, they lack the depth of human understanding and critical analysis required for
comprehensive assessment. Human instructors remain essential for providing meaningful
feedback and evaluating complex student submissions accurately.

Ethical concerns:
1. Regarding security concerns, the paper states that appropriate security precautions must

be taken to avoid unauthorized access to the system, particularly with regards to
protecting the test program (section 4).

2. The paper acknowledges that the use of an automatic grading system may lead to a
decrease in the quality of the programming style of students, as even inefficient solutions
are accepted (section 3).

3. The paper also notes that the use of AI in education may make it easier for students to
copy assignments, which goes against the aim of the grading system to promote
self-responsibility (section 3).

4. The paper acknowledges that the impartiality of the system may lead to a lack of human
interaction and feedback, which is an important aspect of education (section 1).

2.1.5 Automated Feedback Generation for Student Project Reports - A Data - Driven
Approach: 

The work of Jia et al. (2022) underscores the significance of instant feedback in promoting
academic achievement and student success. Their focus lies in providing automated
feedback for student project reports through the Insta-Reviewer system. This data-driven
approach involves a two-step process: an unsupervised method summarizes the original
reports to an appropriate length, followed by a supervised text-to-text generation model that
produces plausible feedback. The paper emphasizes the need for greater attention to ethical
considerations in feedback generation, particularly regarding potential concerns with
text-generation methods. Issues such as generating improper or offensive language, as well
as unintentionally revealing private information, are highlighted. To mitigate these concerns,
the authors fine-tune models with domain-specific data and manually inspect generated
feedback to ensure ethical compliance.

Ethical concerns:
1. The potential for generating improper or offensive language, which may appear in text

generation.
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2. Another concern arises from the use of pre-trained language models, which can
inadvertently produce personally identifiable information due to the lack of careful filtering
during the corpus collection process from the internet.

3. This unfiltered data can lead to models replicating harmful language or sensitive
personal details acquired during pre-training.

4. Additionally, there is a lack of systematic methods to evaluate a system's effectiveness in
avoiding the generation of inappropriate content.

These concerns are substantiated by references to studies by Celikyilmaz et al. (2020),
Gehman et al. (2020), Bender et al. (2021), Li et al. (2022), and Malmi et al. (2022). The
paper suggests that researchers in the field should remain vigilant and actively investigate
potential ethical issues in text generation.

2.2 Various Assessment Methods in Education Utilizing Artificial Intelligence: 

The study by Al Braiki et al. (2020) explores diverse assessment methods in education that
leverage artificial intelligence. These methods encompass: 

● Multiple-Choice Questions: Using the approach of computer-based grading and
administration enables efficient and automated assessment.

● Automated Essay Scoring: AI tools facilitate subjective evaluations of essays. MIT's
Enhanced AI Scoring Engine is an example of an automated system developed for this
purpose. 

● Calibrated Peer Review: This method involves peers evaluating and providing feedback
on each other's work, guided by calibrated criteria. 

3. Data Collection Methodology Used in Literature Reviewed:

This research paper adopts secondary data collection methodologies which involve using
existing data collected by someone else for a purpose different from the original intent. We
analyzed and interpreted this data to extract relevant information.

a. Published Sources: In our research, we've extensively referenced published sources,
such as books, academic journals, magazines, and newspapers to extract pertinent data
and support our study's objectives.

b. Online Databases: We have harnessed the capabilities of online databases to access a
diverse range of secondary data, including research articles, statistical information,
economic data, and social surveys, enriching our study with a comprehensive set of
information.

c. Publicly Available Data: Leveraging publicly available data shared on various platforms,
websites, and social media channels, we have gained unique insights that have added
depth to our research by considering diverse perspectives.

d. Past Research Studies: The foundation of our research rested upon thorough
examination and analysis of past research studies. By building upon the methodologies
and insights of these studies, we have advanced the field by contributing novel
perspectives and interpretations.

4. Cultivating Personalized Learning and Data-Driven Insights:

The integration of artificial intelligence (AI) and learning analytics with game-based learning
holds immense potential for education. Students benefit from personalized learning
experiences as AI analyzes their game interactions, adapting content and offering real-time
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feedback. This fosters critical skills alongside knowledge absorption. Teachers gain insights
from AI-driven analytics, identifying student trends and tailoring instruction. Administrative
tasks can be automated, freeing up time for individualized mentoring. AI tools like sentiment
analysis provide emotional insights, aiding timely support. Adaptive testing adjusts question
difficulty, reducing anxiety and enhancing motivation. Overall, this synergy empowers
students, equips teachers, and reshapes education into a dynamic and personalized journey.

4.1.1 The Nomads:

The integration of a mathematics educational game, "The Nomads," with a continuous
conjunctive model (CCM) for stealth assessment showcases the potential of game-based
learning analytics in transforming mathematics education. The game's adaptive expertise
training and dynamic problem-solving tasks align with modern pedagogical needs,
addressing limitations of traditional classroom teaching. The integration highlights the
transformative role of digital game-based learning (DGBL), enhancing student engagement,
self-confidence, and mathematical skills. AI-driven analytics, including Bayesian networks,
enable real-time assessment, personalized feedback, and skill acquisition tracking. While
this study offers valuable insights into student performance and learning progress through
gameplay, it also underscores the need for larger and more diverse sample sizes, as well as
refinement of assessment models. The fusion of game-based learning, learning analytics,
and AI tools holds great promise for reshaping education, empowering both educators and
learners to unlock new dimensions of effective and engaging mathematics instruction.

4.2 Serious Game Interaction With Medical Emergency Scenario:

Focused on a medical emergency simulation game, the research demonstrates how player
interactions can be harnessed to improve educational game design and assessment. By
analyzing player behaviors and engagement, the study unveils valuable insights into learning
progression and the efficacy of the game's content. The evidence-based assessment
approach employed in this study serves as a powerful tool for educators, enabling them to
gauge student learning outcomes based on game interactions. This approach holds
immense potential for personalized and evidence-driven teaching strategies, facilitating more
effective educational experiences. 

4.3 Maximize Students Sense Of Choice In Elective Subjects:

This study highlights the significant impact of maximizing students' sense of choice in
elective subjects on school enrollment and academic performance. By employing the
optimized "simulated annealing" algorithm, schools and colleges can efficiently allocate
students to their preferred elective subjects, enhancing student engagement and
satisfaction. The research underscores the evolving nature of student preferences and the
need for educational institutions to adapt accordingly. Through the innovative algorithmic
approach, the administrative burden of subject allocation is dramatically reduced,
streamlining the process to a mere fraction of the previous time. Ultimately, the
implementation of this tool holds the potential to foster a more student-centric learning
environment, empowering both educators and students by aligning elective subject choices
more closely with individual preferences and aspirations.

4.4 Teaching Learning Analytics:

The technique introduces the Analytics Model for Teacher Inquiry (AMTI), emphasizing the
integration of Teaching Learning Analytics (TLA) to enhance teaching practices. By bridging
classroom interactions and data analysis, TLA offers teachers valuable insights into student
engagement, interaction, and outcomes. The study underscores the need for teachers to ask
pertinent questions, analyze data, and link insights to classroom practices. TLA holds the
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potential to empower educators with data-informed strategies, fostering dynamic learning
environments that improve teaching techniques and enhance student-centered learning
experiences. Despite obstacles like workload and familiarity with new tools, the study
emphasizes the ethical considerations of data collection and the benefits of incorporating
TLA into regular teaching practices.

4.5 Track Students’ Distress During Educational Gameplay:

This assessment technique employs multimodal data fusion to track students' distress during
educational gameplay, using techniques like facial expression analysis and gameplay
performance. The integration of various data streams enhances the prediction of
cognitive-affective states, aiding adaptive support and learning analytics. While focused on
the game "Zoombinis," the approach has broader implications for understanding student
emotions and engagement. This technique offers educators insights to tailor interventions
and curriculum, ultimately creating more effective and supportive learning environments.
Further research, including speech data analysis, could extend the method's applicability,
benefiting both teachers and students.

5. Ethical Dimensions in AIED Assessment

The infusion of AIED into assessment introduces diverse ethical dimensions that demand
meticulous examination:

5.1. Privacy:

The accumulation and analysis of personal data by AIED systems evoke apprehensions
about student privacy (Selwyn, 2020). Upholding transparent data usage practices and
securing informed consent from students are ethical imperatives within this context. Students
express concerns about the use of their learning data, emphasizing the need for
safeguarding their personal information. Stakeholders, including administrators and diversity
leaders, identify concerns with data collection, access, and regulations, underscoring the
importance of responsible data handling. The potential for biased decisions based on learner
data analysis is acknowledged, raising privacy issues. Moreover, there is a lack of consistent
definitions and conceptualizations of privacy and related concepts like ethics and
transparency within the context of learning analytics. To promote privacy and autonomy,
efforts are made to inform students about data flows and provide them with informed
consent regarding data usage.

5.2. Fairness:

AIED systems possess the capacity to perpetuate biases present within the data they learn
from (Diakopoulos & Friedler, 2019). Striving for fairness and equity in assessment
outcomes mandates continuous monitoring and adjustment of algorithms to mitigate bias.
Addressing fairness in learning analytics is a central theme across the literature.
Stakeholders emphasize the need to counter biased decisions stemming from learner data
analysis. Efforts are made to ensure equity in learning analytics, with recommendations to
incorporate diverse perspectives and inclusive practices. Stakeholders also express
concerns about the limitations of data and its potential to reinforce inequalities. Fairness is
underscored through stakeholder accountability and collaboration in data collection and
analysis, aiming to create a more equitable learning environment for all.

5.3. Transparency:
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The opacity of AI algorithms can hinder learners' comprehension of assessment outcomes
(Hill et al., 2019). Ethical utilization of AIED necessitates clear explanations of the
decision-making process, enabling learners to foster trust and engagement with the
technology. Transparency is a key consideration in responsible learning analytics practices.
Ethical reflections within the learning analytics community emphasize the importance of trust
and transparency. Stakeholders, including administrators and diversity leaders, play crucial
roles in ensuring transparent practices. However, privacy-related concepts like ethics and
transparency are often not consistently defined or conceptualized. The literature stresses the
significance of informing students about data flows and promoting transparency in the use of
their information to build a more transparent and accountable learning analytics ecosystem.

5.4. Autonomy:

Balancing personalized learning facilitated by AIED with learners' autonomy poses a
nuanced challenge (VanLehn, 2018). Educators must contemplate the ways in which AIED
influences learners' capacity to make informed decisions about their learning pathways.
Autonomy emerges as a significant principle in the context of learning analytics. Informed
consent is a crucial aspect of autonomy, ensuring that students are well-informed about how
their data will be used. Privacy is promoted as a means to support individuals'
self-determination, allowing them to control their personal information. Contextual
differences in autonomy among various stakeholders are recognized, and efforts are made
to engage students in discussions about data privacy and literacy. Ultimately, promoting
autonomy in learning analytics involves respecting individuals' control over their data and
fostering a sense of ownership and empowerment.

Conclusion: 

In the realm of modern education, the integration of Artificial Intelligence (AI) in assessment
has ignited both promise and ethical complexities. This research has delved into these
intricacies, revealing a landscape where fairness battles bias, transparency tussles with
opacity, and privacy intertwines with data sharing.

From educators to policymakers, the chorus of perspectives underscores the ethical
tightrope that AI treads in education. Amidst the potential efficiencies, there is an ethical
imperative to ensure AI-driven assessments uphold human values, provide clear
explanations, and respect data privacy.

As we steer education toward AI-infused frontiers, this research attempts to serve as
a guiding light, urging an ethical framework that harmonizes technological advancement with
human-centric educational principles. The compass points to a future where AI enhances
learning without eclipsing the core values of fairness, transparency, and equity.

In conclusion, the use of Artificial Intelligence (AI) in education brings both exciting
possibilities and important ethical concerns, especially in assessment. We have explored
how AI can help evaluate students in new ways, from predicting knowledge to giving
personalized feedback. While these advances can make assessments more efficient and
accurate, we must be careful about fairness, privacy, and bias. Our study looked at various
AI methods for assessment, like grading multiple-choice questions and scoring essays
automatically. These methods can save time and offer insights, but they also need to be
transparent and unbiased. Through surveys, interviews, and analyzing existing research, we
learned that many people worry about how AI might affect education. Teachers, students,
and policymakers all have different views. Also the students worry about their data being
used in ways they don't understand, so being open and transparent is really important. Some
see AI as a useful tool, while others are concerned it might replace human judgment. In the
end, finding the right balance between AI and human involvement is crucial. While AI can
help us in many ways, it's important to remember that education is not just about numbers
and algorithms. Human understanding and ethical values play a big role in assessing
students' learning. We need to use AI responsibly, making sure it respects fairness, privacy,

607



and the well-being of students. By doing so, we can create a future where AI enhances
education while keeping ethical values intact.
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Abstract: In the age of rapid Artificial Intelligence (AI) advancement, universities 
worldwide have responded by offering specialized AI and Machine Learning (ML) 
courses to meet industry demands. However, amidst this surge in AI education, AI 
deployment's ethical and societal implications often need more attention. Unlike 
traditional algorithmic programming, AI involves intricate decision-making processes 
that are challenging to predict or explain, demanding a comprehensive understanding 
of its ethical dimensions. Various global initiatives have highlighted the ethical 
considerations surrounding AI, resulting in an increased emphasis on integrating ethics 
education into AI curricula. Despite this, there remains a gap in addressing these vital 
aspects across the broader AI education landscape, with ethics often relegated to the 
periphery of computer science courses. In this context, this paper explores the 
imperative for ethics courses in undergraduate AI education in India. We examine 
educators ' awareness and perceptions regarding ethics education in AI curricula 
through interactions with faculty members participating in professional development 
programs and workshops focused on AI pedagogy. Our analysis reveals that there is 
a pressing need to extend discussions on ethics beyond mere privacy concerns and 
traditional performance metrics, integrating real-life scenarios into the curriculum. This 
paper serves as a preliminary step towards a need for a general framework in 
structuring ethics education in AI in India, aiming to initiate a more comprehensive and 
standardized approach to AI ethics education, fostering responsible AI development in 
the future. 

 
Keywords: AI Education, Ethics, Teacher perception, Active Learning 

 
1. Introduction 
 
The rapid evolution of Artificial Intelligence (AI) has led to significant advancements in 
various industries, transforming how businesses operate and enabling previously 
unimaginable innovations. As AI technologies continue to penetrate different sectors, there is 
a growing demand for a skilled workforce capable of harnessing the power of AI to drive 
innovation. In response, universities worldwide have begun offering specialized courses and 
programs in AI and Machine Learning (ML) to equip students with the necessary skills to 
meet industry demands. 
However, amidst this surge in AI education, a critical aspect often receives inadequate 
attention – the ethical and societal implications of AI deployment (Jobin et al., 2019). Unlike 
traditional algorithmic programming solutions, AI operates in a distinct manner, often 
involving complex decision-making processes that are challenging to predict or explain. This 
unique nature of AI necessitates a comprehensive understanding of its ethical dimensions to 
ensure responsible and beneficial deployment (Buiten et al., 2019).  
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Recognizing this imperative, various global efforts have raised concerns about the ethical 
considerations surrounding AI (Hagendorff, 2020). Consequently, the integration of ethics 
education into the AI curriculum has gained prominence. While some universities have 
introduced topics and even entire courses dedicated to AI ethics, more attention must be 
paid to these essential aspects in the broader AI education landscape. Ethics units are 
frequently relegated to the concluding segments of computer science courses, indicating 
their lower priority than technical topics. Even within pertinent disciplines like machine 
learning, where ethical considerations are profoundly relevant, the standard integration 
practice remains limited (Garrett et al., 2020). 
Several noteworthy examples, however, emphasize the significance of addressing AI ethics 
within educational frameworks (Khan et al., 2022). Initiatives attempting to map AI ethics 
teaching practices often employ human-driven approaches, where topics of interest are 
identified and categorized based on instructor descriptions or open coding (Garrett et al., 
2020). Despite such endeavors, a comprehensive and standardized approach to integrating 
AI ethics across curricula still needs to be discovered (Javed et al., 2022). 
This paper examines the necessity for incorporating ethics courses into undergraduate AI 
education, particularly in the context of India. We explore this need by engaging with 
participants in faculty development programs and workshops dedicated to AI instruction. 
Through these interactions, we aim to gain insights into the awareness and perspectives of 
educators within the Indian context, considering the region's socio-cultural diversity and 
unique ethical beliefs. Our goal is to understand how ethics education can be effectively 
integrated into AI curricula. By analyzing these perspectives, we contribute to the ongoing 
dialogue on promoting responsible AI development, advocating for a more comprehensive 
and standardized approach to AI ethics education. Although this paper does not delve into 
pedagogy, it serves as an initial step in guiding instructors. We identify the ethical topics 
currently addressed in AI courses, providing insights into the existing state of AI ethics 
education and raising pertinent questions. Our intention is to catalyze further research that is 
tailored specifically to the Indian educational system, ultimately establishing standardized 
practices for ethics in AI education. 

2. Ethics in AI  
 
2.1 Global Discussion 
 
The current state of literature concerning the inclusion of ethics in AI-based courses reflects 
the heightened awareness of the ethical dimensions of artificial intelligence (Khan et al., 
2022). Numerous institutions and organizations have emphasized the importance of ethical 
principles in AI, focusing on values such as Transparency, Privacy, Accountability, Fairness, 
Autonomy, and Explainability (Florida et al., 2018). Several committees and organizations 
have also introduced their frameworks and guidelines for the ethical implementation of AI 
technologies. (Floridi et al, 2018 & Jobin et. al., 2019) 
However, despite the widespread acknowledgement of these principles and the proliferation 
of ethical frameworks, a significant challenge still needs to be solved - effectively integrating 
these ethical considerations into training materials, especially within the courses, to prepare 
the future AI workforce. The translation of abstract ethical principles into tangible, actionable 
content for AI education is an ongoing challenge. 
Furthermore, there is a recurring concern within the literature about the perceived ambiguity 
and generality of ethical principles outlined by many organizations (Eitel, 2021). This 
ambiguity can lead to varied interpretations and applications of these principles, making it 
challenging to establish a standardized approach to ethical education in AI. Additionally, it 
has come to light that technology firms involved in AI and autonomous systems development 
often follow ethical guidelines based on their interpretations and priorities (Saheb, 2023). 
This further underscores the need for a comprehensive and standardized approach to ethics 
education in AI courses to ensure that future AI professionals are well-equipped to navigate 
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the complex ethical landscape of the field. As we delve deeper into the evolving discourse 
on ethics in AI, addressing these challenges and fostering a more consistent and robust 
ethical foundation for AI education remains a paramount concern. 
 
2.2 Ethics in Global Curriculum 
 
AI has made its way into school and college curricula, but the absence of a standardized 
framework has resulted in diverse implementations (Miao et al., 2022). Instructors often 
interpret and incorporate AI differently, leading to variations in curriculum content and 
teaching methods (Javed et al., 2022).  
The strategies to achieve ethics education objectives remain subjects of ongoing 
deliberation (Eitel, 2021). Ethical components are mandated in Computer Science (CS) 
programs in the United States to secure accreditation. However, universities and educators 
are responsible for deciding how to execute this mandate (Javed et al., 2022). The 
advantages of ethics education are evident; discipline-specific ethics instruction has been 
shown to foster ethical growth and imbue students with the conviction that ethics is intrinsic 
to their profession, transcending mere public relations considerations (Knight, 2014 & 
Loescher, 2004). Furthermore, the field of CS has long advocated for a more comprehensive 
integration of ethics throughout the curriculum, including technical courses (Martin et al., 
1996). Despite some progress in this direction, it has yet to become standard practice 
(Fiesler, 2020 & Saltz, 2019). 
Additional queries arise regarding the methods of imparting ethics education, stemming from 
the notion that an ethics curriculum is optimal in breaking away from isolation and giving it a 
structured form (Eaton, 2018). Furthermore, proposals suggest incorporating project-based 
learning and utilizing science fiction as a tool for speculative exploration (Burton, 2015). 
Researchers have additionally pinpointed that global curricula demonstrate deficiencies in 
disciplinary breadth. They frequently exhibit limited geographical coverage, a bias toward 
Western cultures, and a tendency to offer courses primarily at just one academic level (Saltz 
et al., 2019). 
This paper endeavors to initiate a discourse on integrating ethics into India's undergraduate 
(UG) curriculum for Artificial Intelligence (AI). This objective is achieved through interactions 
with UG computer science instructors and examining AI-based curricula to assess the 
inclusion of ethical components.  
 
3. Ethics in AI Curriculum in India 
 
Within educational research, scrutinizing syllabi and soliciting instructors' viewpoints on the 
subject matter is a customary approach to evaluating curricular requisites (Chong, 2016). 
This methodology has been frequently employed to offer insights into pedagogical strategies 
within the field of computer science (Becker, 2019). Assessing a syllabus is an effective 
means of ascertaining the components of knowledge encompassed within a course (Becker, 
2019). Prior research has effectively applied this methodology to delineate the content and 
objectives of general technology ethics courses (Fiesler, 2020). 
In this study, our focus centers on the domain of AI ethics within the context of AI courses 
and dedicated ethics-oriented courses. To steer our analysis, our principal research query 
was formulated as follows: What themes pertaining to Ethics in AI (Principles) are 
encompassed within AI-based courses offered at a selection of prominent universities in 
India? What is the comprehension and viewpoint of undergraduate (UG) instructors from 
various Indian universities regarding the instruction of ethics in AI? 
Our dataset was bifurcated into two segments for analysis. We gathered instructors' 
perspectives on Ethics in AI during AI education workshops. Their responses were 
systematically collected through the utilization of Mentimeter activities. Simultaneously, the 
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scrutiny of syllabi was conducted by mining online resources for syllabi related to AI 
education within the top 100 undergraduate institutions in India specializing in engineering 
and technology.  
 
3.1 Instructors’ Perspective on Ethics in AI 
 
Sixty responses were collected from various instructors across three AI Education 
workshops. A specific segment of these workshops was dedicated to engaging instructors in 
discussions regarding their perspectives on the necessity of ethics in AI education. These 
interactions were conducted using open-ended questions through the utilization of 
Mentimeter. Mentimeter is an interactive presentation and polling tool that enables real-time 
audience engagement and feedback during presentations and events (Mentimeter, 2023). 
The responses were recorded and later presented to the participants to guide subsequent 
discussions.  
The questions posed during these interactions were divided into three sections. Initially, 
instructors were asked about their teaching experiences in AI. Following this, their 
viewpoints on 'What ethical challenges they encountered or perceived in the design and 
implementation of AI-based solutions' were sought. Subsequently, a scenario-based 
discussion was conducted, requiring instructors to design a lunch recommendation system 
for school children while considering the perspectives of various stakeholders, including 
management, students, parents, and doctors (Payne, 2019). Following an exercise involving 
an ethics matrix (Payne, 2019), the instructors were once again queried regarding their 
perspectives on the integration of ethics within the AI curriculum. Figure 1 illustrates a 
selection of responses recorded through Mentimeter. 
For analysis, the responses were categorized into challenges related to data quality or 
responses and ethical and moral perspectives. This categorization followed coding based on 
associations derived from the existing literature (Khan et al., 2022).  

Figure 1: Mentimeter response recorded during one of the sessions. 
 
Based on the data, it was observed that 90% (54) of the instructors had taught a course in 
artificial intelligence. The perceived ethical challenges were evenly distributed among ethical 
and moral aspects, with data quality challenges encompassing privacy as the most 
frequently reported concern in the former category and issues of reliability, authenticity, and 
validity in the latter category, as indicated in Figure 2. Following the discussion session and 
the activity involving the design of a learning exercise for teaching ethics in AI using an 
ethics matrix, participants were once again invited to share their perspectives. It was 
observed that some of the earlier responses had been consolidated, reflecting a more 
balanced distribution of concerns related to privacy, explainability, fairness, and reliability. 
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Figure 2: Participant perspectives on ethics in AI before and after the ethics session. 

 
During focused group interactions with the participants, a recurring theme emerged 
regarding the need for a structured framework to guide the development of teaching 
materials and activities related to ethics. As relevant topics arose, these issues were raised 
sporadically without a dedicated session or structured approach. Furthermore, participants 
noted that using an ethics matrix with practical examples, such as designing recommender 
systems, helped them streamline their thought processes. Such a framework would facilitate 
the creation of activities that enable learners to engage with ethical considerations while 
designing AI-based solutions. 
As discussed in previous sections, the absence of a universal framework has been identified 
as a challenge. Most of the participants in this study hailed from institutions where course 
curricula are structured at the university level. Thus, we embarked on the second phase of 
this research to investigate whether any structured methods or frameworks, either as 
individual courses or integrated into broader curricula, were being employed in teaching 
ethics in AI within Indian academia. In this phase, we explored universities and autonomous 
institutions where instructors had the autonomy to shape course curricula. 

3.2 Ethics in AI in UG curriculum.  
 
In this study, we compiled a list of the top 100 institutions in India specializing in engineering 
and technology by amalgamating data from the QS World Ranking and India's national 
equivalent ranking system. Subsequently, we systematically crawled the webpages of each 
of these institutions to amass comprehensive information regarding courses related to 
Artificial Intelligence (AI), Machine Learning (ML), Deep Learning, Soft Computing, and 
Ethics in AI. We meticulously recorded both the names and contents of these courses. 
Additionally, we scrutinized the course details to identify the utilization of terms commonly 
associated with ethics frameworks, as outlined by (Khan et al., 2022). It is crucial to 
acknowledge that due to disparities in website structures among institutions, a substantial 
amount of manual data extraction was requisite, and we continue to engage in ongoing 
efforts to maintain this data collection process. The forthcoming analysis encompasses 
findings from a 25% subset of institutions, selected randomly from public and private 
institutions for web crawling. Notably, our dataset exclusively comprises autonomous 
universities, and colleges affiliated with universities were excluded if the parent university 
was already represented in our dataset. 
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Figure 3: Inclusion of Ethics in AI for Institutions that offer AI-based courses.  

 
Based on our initial data analysis, as shown in Figure 3, it is evident that 44% of the 
institutions offering AI-related curricula do not explicitly mention ethics in AI within their 
course descriptions. On the other hand, 40% of the institutions refer to ethics and allocate 
one or two sessions for discussions on ethics, while 6% incorporate ethics into the course 
title. Upon examining the course curricula, it becomes apparent that most courses within the 
40% and 6% categories predominantly emphasize ethics within the context of engineering 
design without explicitly addressing the ethical principles relevant to AI. These courses touch 
upon terms like privacy, reliability, accuracy, and robustness, but often in assessing solution 
efficiency or comparing different algorithms. In some instances, there appears to be a 
tentative shift toward discussing the real-world implications of accuracy and robustness 
within specific scenarios. Notably, one elective course, "Ethics in AI", explicitly sets an 
objective to "Apply ethical principles and commit to professional ethics and responsibilities 
and norms of engineering practice." Only two courses delve into the ramifications of ethical 
practices in the use of AI, particularly about policy, with one of these being specific to AI in 
education. 
Based on this preliminary analysis, it is apparent that while most courses underscore the 
importance of robustness, accuracy, and reliability as performance metrics, a significant 
portion confines discussions of ethical considerations in AI to professional ethics in 
engineering. This underscores the pressing need for a standardized framework, even at the 
national level, to guide the incorporation of ethics in AI education. Only two-course 
descriptions allude to a structured framework encompassing privacy, explainability, 
robustness, and accuracy. 

4. Discussion and Conclusion 
 
Based on the preceding analysis, there is an urgent necessity to expand the discourse 
surrounding privacy and other efficiency parameters beyond the conventional performance 
metrics of AI. It is imperative to explore their ramifications within the context of the 
contemporary world, particularly within real-life scenarios. Furthermore, providing learners 
with opportunities to grapple with ethical dilemmas by extending these discussions across 
multiple perspectives, as exemplified in the school recommender system workshop, is 
essential. Privacy garners extensive attention, a trend reflected in the responses obtained 
from participants in our pre-workshop perception survey. However, a perceptible shift in 
participants' perspectives occurred following discussions and activities utilizing the ethics 
matrix within real-life scenarios. Their concerns extended to encompass explainability, 
robustness, accuracy, and more. Our observations suggest that implementing a 
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standardized framework, in our case, the ethics matrix, enables participants to systematize 
their thoughts concerning ethical concerns. 
Additionally, it facilitates their ability to empathize with the predicament of selecting the 
appropriate perspective for fine-tuning algorithms. In such cases, it prompts contemplation 
on the steps required to enhance the transparency of the algorithmic processes and tuning 
parameters, allowing users to make informed decisions regarding reliance on the output and 
its extent. Intriguingly, we noted substantial discussions on ethics in AI within Indian school 
curricula, predominantly centered on the four pillars of ethics: privacy, explainability, 
robustness, and accuracy (Miao et. al. 2022). However, this emphasis must be noticed in 
undergraduate (UG) curricula. 
Our data collection process is ongoing as we engage with instructors to gain insights into 
their perspectives on ethics in AI across various institutions. Further in-depth analysis, 
coupled with exploring questions such as the impact of university-based curricula and the 
variability among curricula in autonomous institutions, will significantly contribute to our 
understanding of and structuring ethics education in AI. Such analysis can facilitate the 
development of a unified framework for teaching and learning ethics in AI, grounded in real-
life contexts and experiential learning. 
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Abstract: In the rapidly changing ChatGPT world, human skills training is the need of 
the hour. With a large amount of data, ChatGPT is training itself day by day to understand 
human prompts and to provide appropriate results. A lot of prompt engineering courses 
educate learners in structuring the prompts based on how the ChatGPT engine 
processes any prompt and response. However, these courses do not target specific 
cognitive skills required by users (learners) to unfold, understand, and express what they 
really need and want to know from ChatGPT. In this paper, we look at ChatGPT as a tool 
to support knowledge acquisition and we discuss the questioning skill as an essential 
cognitive skill required to interact with and make optimal use of ChatGPT capabilities. 
We argue that risk to the fairness of access does not just stem from the monetary 
availability of such technologies, but it can also arise from the unpreparedness of the 
target users. The AI and ethics of AI literacy communities should also focus on training 
individuals on the cognitive skills needed to become optimal users of such technologies. 

 
Keywords: ChatGPT, Cognitive skill, Question Posing, Prompt Engineering 

 
 
1. Introduction 

The advancement of AI-powered chatbot, ChatGPT has opened a new door to education. It is 
trained to perform complex tasks and give answers like humans. In education, ChatGPT is a 
more efficient tool compared to traditional search engines as it searches possible multiple 
sources and offers a written answer in a human-understandable form instead of only providing 
a list of multiple sources (Cascella et al., 2023). It can help students to access fine-grained 
information in a simplified way using prompts. ChatGPT can be used by learners to solve tasks 
such as writing code and explaining code and can be used to scaffold instructors in creating 
personalized programming exercises in computing education (Prather et al., 2023).  ChatGPT 
has the potential to provide personalized support and feedback to students at different levels of 
complexity (Farrokhnia et al., 2023). It also has shown the capability to stimulate critical thinking 
among students by providing a set of questions designed based on every student's knowledge 
level and preferences to challenge them (Cotton et al., 2023). 

However, a large array of articles has also discussed the limitations and drawbacks of 
ChatGPT. Gao et al. (2023), emphasize on lack of thorough comprehension of the meaning of 
the words that ChatGPT processes. Although it can spot patterns and arrive at reasonable 
solutions, it does not fully understand the meaning of the words (Bogost, 2022). This could lead 
to responses that occasionally lack depth and insight (Borji, 2023). Particularly for performing 
tasks that require a nuanced understanding of specific domain knowledge (Dimitrov, 2023). As 
pointed out by Zhong et al. (2023), while exploring the understanding ability of ChatGPT, it was 
observed that ChatGPT may generate some contradictory or unreasonable responses. They 
proposed that it can be overcome by advanced prompting strategies, i.e., the manual few-shot 
or chain of thought (CoT), which provides manual intermediate reasoning steps. Zheng (2023), 
tried to understand the failures of ChatGPT in complex open-domain question-answering 
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sessions. They found that the model gives general answers, not specific ones, and found the 
problem of ChatGPT in knowledge memorization, recall, and reasoning. So, they recommended 
providing background information, and external knowledge as specific as possible and 
decomposing complex problems into subproblems. 

Loconte et al. (2023), showed that a large language model like ChatGPT lacks cognitive 
ability that needs to integrate with human prefrontal lobes, known as “prefrontal functions”. They 
investigated ChatGPT’s intelligence power using the same test used to evaluate prefrontal 
functioning in humans. They found poor planning abilities and difficulty in understanding others’ 
intentions and mental states. Hence ChatGPT lacks such demonstrable cognitive abilities. 

2. User Competencies needed for ChatGPT 
 

2.1 Prompt Engineering Skill 

Prompt engineering allows learners to communicate effectively with ChatGPT by providing 
specific refined prompts. There exist different courses that aim at improving learner’s prompt 
engineering skills. These courses center on instructing prompt patterns and structuring 
sentence components to address specific challenges. The courses primarily aim to enhance 
learners’ understanding of Natural Language Generation (more specifically GPT) systems, such 
that the learners can determine the refinements of prompt patterns before engaging with 
ChatGPT. The process of refining prompt patterns involves selecting appropriate words while 
defining the prompt's focus, scope, and boundary. White et al. (2023), introduced a 
comprehensive catalog of prompt engineering techniques, classified into six pattern categories: 
input semantics, output customization, error identification, prompt improvement, interaction, and 
context control. The input semantics category focuses on understanding human prompts to 
generate relevant output, serving particularly well when faced with ill-structured prompts. Within 
the prompt improvement category, the use of question refinement prompt patterns allows 
ChatGPT to produce improved versions of user prompts. 

2.2 Question Posing Skill 
 

We argue that improved prompt generation necessitates not only a nuanced 
comprehension of generative AI technology, as taught through prompt engineering courses, but 
also demands cognitive skills essential for formulating relevant inquiries, commonly known as 
"question posing” (chin et al., 2010). The optimal utilization of the tool hinges on the capacity to 
formulate a well-constructed prompt that in turn depends on both the learner’s prompt 
engineering skills and their skill to precisely articulate the needed question. Crafting adequately 
useful prompts involves an individual’s competency at various levels including: 

1. Analysis and Identification of Knowledge Gap: Identifying the gaps, inconsistencies, 
and conflicts in the prior understanding of the context. These are commonly expressed 
in the form of questions. 

2. Prompt Generation: Generation of prompts based on the identified question and 
prompt engineering techniques. 

 
Users should be able to express what they truly need from the generative AI system. Individuals 
must be able to reflect and express what they don't know and what they want to know. They 
must be able to decompose their knowledge needs based on their priorities. ChatGPT may 
solve complex open-question answering problems if prompts are carefully decomposed based 
on user priorities. Users who have been trained with question-posing (and prompt engineering) 
skills have a completely different ChatGPT experience than users who have not been trained. 
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Figure 1. Antecedent cognitive processes to prompt generation 
 
As illustrated in Figure 1, before writing any prompt, learners need to know what they know, 

what they don't know, or what they want to know, in order to receive a more specific response 
from ChatGPT. It is essential that users are aware that "what I know" represents prior knowledge 
checking, and "what I don't know" represents the context gaps. By identifying gaps in 
knowledge, users will be able to frame more focused questions from the beginning. 

Prompt engineering has its own challenges like achieving the desired results on the first try, 
controlling the level of creativity of the result, and understanding and evaluating the reasoning 
behind the generated responses. Question posing (QP) can help to overcome some of the 
challenges of prompt engineering. QP is a cognitive tool that helps learners to think at a deep 
level and articulate their conflicts and beliefs to take meta-linguistic moves and formulate their 
concepts (Sasson et al., 2018). Question posing contains three parts. (1) Learners need to 
formulate what they know in the context based on their prior experience in the learning situation 
(Hwang et al., 2020). (2) Learners need to know what they don't know in the current context. (3) 
Frame questions targeting the gap (Mishra et al., 2015). According to Hwang et al. (2020), 
learners have difficulty in posing questions. Question posing is a skill that may help to pose the 
correct question on the first try.  
 
3. Generative AI: Threats to Fair Access 
 
In the context of education, today or in the future, if the quality of education is closely linked to 
artificial intelligence in education (AIED) systems, it becomes imperative to address the potential 
threats to equitable access to these systems. Ensuring equitable access to such technologies 
will directly influence equitable access to quality education. Among the common risks 
associated with these AIED systems is the risk of "access to the system", specifically, access 
to its capabilities. 

Most of the time, we discuss external factors, such as the digital divide, the unavailability of 
devices for learners from underprivileged socio-economic backgrounds, and barriers to 
technology integration in education (Tsai et al., 2012; Hsu, 2016; Kopcha, 2012). However, as 
discussed before, learners' internal characteristics such as questioning skills can also 
significantly block one's access to the capabilities of intelligent AIED systems, including 
ChatGPT, as discussed before. In Figure 2, we have classified threats to fairness of access into 
external and internal factors. For example, the digital divide falls within the external category, 
while internal threats encompass an individual's lack of knowledge, cognitive skills, or 
competencies that directly hinder one's ability to make use of the affordances and capabilities 
that technology has to offer.             
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 Figure 2. Categories of Threats to Fairness of Access 
 
4. Discussion 
 
UNESCO reports that during COVID-19, 850 million pupils, or half of the world's student 
population, were not able to attend school or college due to economic and social factors. This 
was stark evidence of inequitable access to e-learning primarily due to the digital divide. 
According to Singh et al. (2022), e-learning plays an important role in facilitating access to 
quality education. In the last eight years, the Government of India launched several e-learning 
initiatives, such as the Internet Saathi program, DIKSHA platform, Unnati project, E-pathshala, 
etc., as part of the Digital India campaign. These and similar projects throughout the world 
demonstrate the already significant reliance on information technology in education. It will not 
be surprising when quality education will similarly begin to rely on artificial intelligence-based 
educational technology in the very near future. We can easily anticipate such a future given the 
example of the technological storm brought in by the popular emergence of generative AI 
technologies in recent times. It should be noted that ChatGPT was launched on November 30, 
2022, and the number of ChatGPT users exceeded 100 million by February 23. At this point, 
however, it is imperative to ask: How many of these 100 million users already had or have 
acquired the right competencies to make optimal use of ChatGPT-like technologies? The 
forthcoming reliance on AI in the educational domain is unavoidable, and at this point, it is 
imperative that we identify necessary preparations to take these technologies to individuals, 
including the needed training to develop the necessary competencies in individuals to make 
optimal use of such technologies. 

We did not intend, in this paper, to present an exhaustive categorization of internal and 
external threats to fair access. Instead, our objective is to emphasize the need to identify and 
dig deeper into the essential internal competencies needed by users (learners, teachers, etc.) 
in order to effectively utilize existing and evolving artificial intelligence-based educational 
technologies, and develop training programs to develop such competencies among individuals. 
More specifically, we intended to emphasize the need to scaffold the development of question-
posing skills with a lens that students' questions are critical to their exploration of new knowledge 
and deeper conceptual understanding (Mishra et al., 2015), especially in the context of AI 
supported self-learning modalities. 
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Abstract: The recent growth of the AIED field has made available several new tools to 
facilitate personalized learning and teaching. However, this has also raised concerns 
over the ethical principles and inclusivity guidelines that should monitor the use of AI 
tools in the classroom, especially in K-12 settings. This paper looks at some primary 
use cases of AI in education and reviews the concerns and challenges raised by AIED 
researchers over applying AI in K-12 educational spaces. We then discuss the ethical 
guidelines suggested by global agencies, government organizations, and AIED 
scholars, to direct educational policies that can help integrate AI tools in K-12 
classrooms in a more ethical and inclusive manner. 
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1. Introduction 
 
The research field of Artificial Intelligence in Education (AIED) has grown considerably over 
the last decade, leading to the availability of a range of new AI-driven tools to facilitate learning. 
The primary end-user of most of these learning tools, viz., intelligent tutoring systems, is the 
learner; while other tools aimed more directly to support classroom educators, such as teacher 
dashboards and automated assessment systems, have also been developed. More recently, 
the growth and popularity of generative AI and large language models like ChatGPT (OpenAI, 
2023) has led to further interest in leveraging the power of generative AI for applications in 
education.  
 While personalized learning tools driven by learning sciences principles and AI 
technologies have facilitated a greater understanding of learner difficulties and therefore 
enabled the provision of adaptive support to address student needs during learning, the 
application of AI models in classroom settings comes with its own ethical challenges. This 
becomes even more important when AIED tools are applied to K-12 (elementary through high 
school) spaces, where researchers have noted an ethics policy gap in governing the use and 
impact of AI for children (Adams et al., 2023).   
 In this context, this paper presents an overview of some of the major use cases of AI 
in education, outlines the key ethical concerns and risks identified by scholars and 
practitioners on the use of AI in K-12 educational spaces, and discusses guidelines and 
opportunities that can be used to develop educational policies to address these concerns for 
AI-integrated K-12 classrooms.  
 
 
2. Applications of Artificial Intelligence in Education 
 
The rapid development of artificial intelligence (AI) technologies in the last few decades has 
presented several opportunities for computer scientists and learning sciences researchers to 
develop AI-powered learning tools and systems to support and enhance student learning. 
Personalized computer-based learning environments such as intelligent tutoring systems 
(Anderson et al., 1985; Azevedo et al., 2022), and open-ended learning environments (Land, 
2000) track student activities during the learning process to inform “learner models” that 
attempt to capture an understanding of the dynamic cognitive, emotional, and behavioral 
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states of the learner as they learn. This information is used to detect the key moments during 
learning when the learner is facing difficulties and may benefit from receiving external support. 
This support, or adaptive scaffolding, is then often provided through system prompts or via 
pedagogical agents who engage the learner in conversational dialogues to gain a more 
contextual understanding of their current learning needs and guide them accordingly towards 
more efficient learning strategies and improved learning outcomes (Segedy et al., 2013; 
Munshi et al., 2022). The use of these personalized learning systems in the classroom also 
has the potential to reduce teachers’ workload, especially in large classrooms where it may 
be difficult for the teacher to keep track of the obstacles faced by each individual learner as 
they work on a problem or task. Since teachers are at the epicenter of the classroom learning 
process, researchers have developed “teacher dashboards” to communicate the learner 
assessment information gained by these AI systems to the teacher (Aleven et al., 2022). 
 Beyond applications to directly foster student learning via intelligent learning 
environments, AI also has other use cases in K-12 education. For example, AI-driven 
automated essay scoring or exam grading tools can be used to assist the educator with 
administration tasks. AI models can also act as an instructional aid to the teacher by analyzing 
syllabus and course materials to propose personalized content (Chen et al., 2020). 

Over the last year, with the availability and increased attention on generative AI tools 
like ChatGPT, there has also been discussions in the research community on using generative 
AI to address challenges in education. Kasneci et al. (2023) suggest how large language 
models like ChatGPT can help elementary school students develop reading comprehension 
skills by providing explanations and summaries of complex texts, and also help semi-automate 
students’ task grading by identifying both the strengths and weaknesses of the learning task 
at hand (Kasneci et al., 2023; Soc & Heng, 2023). However, researchers also caution against 
potential unethical and discriminatory use of AI technologies like ChatGPT in learning contexts 
(Mhlanga, 2023). 

In summary, the field of AIED has grown in conjunction with recent advances in 
educational psychology and the learning sciences to come up with AI-powered learning 
systems that can both provide learners with a personalized learning experience and support 
educators in their instructional process in the classroom. However, ethical concerns raised 
around the use of AI systems in K-12 education need to be identified and addressed before 
these systems are integrated into classrooms. We discuss some of the major concerns below.   
 
3. Ethical Concerns Around the Use of AI in K-12 Education 
 
Akgun et al. (2022) outline the key ethical concerns associated with AIED applications in K-12 
education along four categories: (1) privacy; (2) surveillance; (3) autonomy; and (4) bias and 
discrimination.  

AI tools often require the user to consent to sharing sensitive personal information 
(gender, demographics, location, etc.) as part of the initial user agreement. This presents 
privacy concerns, especially in cases where the use of these tools is required by the school 
and there is less agency on part of the end-users (teacher and students) to decide on 
consenting to the collection of personal information by the tool. AIED systems that use 
machine learning and predictive modeling algorithms to better understand learner behaviors 
and adapt the learning process to their needs may also need to track and monitor learner 
activities and/or conversations in the learning environment, thereby leading to surveillance 
concerns. In this context, the knowledge of being monitored may also make the learner feel 
unsafe and inhibit their level of participation in the learning task (Akgun et al., 2023). AIED 
platforms that are less open-ended and compel the learner to move along a specific learning 
trajectory driven purely by the judgments of a predictive algorithm may also take away 
learners’ decision-making autonomy on their own learning process. Additionally, research has 
shown that AI models may have their own inherent biases (Roselli et al., 2019; Ntoutsi et al., 
2020). If a K-12 learner is given feedback based on incorrect interpretation of their mental 
states or other behavioral characteristics by a machine learning model, it may disengage the 
learner or have even more harmful effects on their mental, socio-emotional and cognitive 
processes. Therefore, a learning environment that is purely AI-driven - without a human 
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educator in the loop – can inadvertently promote discriminatory assessment practices that 
affect learner grades and are detrimental for their future career prospects. 
 To address these concerns, it is imperative to develop guidelines and educational 
policies that ensure that AI systems are used in K-12 classrooms to foster learning in a fair, 
responsible, and inclusive manner.  
 
4. Educational Policies to Govern the Use of AI in Classrooms 
 
Initial conversations around ethical guidelines on the use of AI in education were started more 
than twenty years ago by Aiken and Epstein (2000), but they did not see widespread adoption 
in the development of AIED systems. However, the more recent development of AIED systems 
and the associated recognition of the power of AI in transforming the classroom learning space 
has led to a renewed focus and attention on the ethics of using AI technologies in educational 
contexts. We discuss recommendations from some AIED ethics documents below. We 
adopted the following inclusion criteria for selecting the documents reviewed in this section: 
(a) the document was published by a global agency or government organization; (b) it provides 
policy recommendations on the ethical use of AI in schools; and (c) the document was 
released between the years 2018 and 2023, thereby more accurately reflecting the changing 
education landscape during the COVID period and the increasing shift towards digital learning 
in a post-COVID world that makes it even more important to develop ethical policies for the 
use of AI in education. 

Adams et al. (2023) performed a content analysis of four globally relevant AIED ethics 
guidelines released between the years 2019 and 2021 by the World Economic Forum (2019), 
IEAIED (2021), UNESCO (2021), and the United Nations Children’s Fund (2021) – and 
identified four key ethical principles to guide AI policy development specifically pertaining to 
K-12 applications:  
(1) ensuring pedagogical appropriateness of the AI system by weighing its positive effects 
(adaptive learner support) against potential negative social or development outcomes;  
(2) protecting children’s rights, by taking steps such as actively involving children in AI policy 
development or by ensuring the AI is explainable in age-appropriate language that allows the 
child to provide informed assent to its use;  
(3) taking initiatives to develop AI literacy for students, teachers, as well as parents; and  
(4) ensuring teachers’ well-being and clearly defining teachers’ roles and preparing them to 
work effectively in AI-integrated learning spaces. 
 These principles are further echoed in an “Insights and Recommendations” document 
released by the US Department of Education in May 2023 on the use of AI in schools, which 
discusses the need to develop a national education-focused AI policy (Cardona et al., 2023). 
The guidelines in this document emphasize keeping humans (teachers and students) in the 
instructional loop, aligning AI models to a shared vision for education, designing these models 
using modern learning principles, prioritizing trust, informing and involving educators, and 
focusing research and development efforts on addressing context and enhancing trust and 
safety in AIED.  
 The European Union’s recent ethical guidelines on the use of AI in teaching and 
learning focus on ensuring agency and children’s rights in system design and use, maintaining 
AI-driven learning systems’ technical robustness and resilience to attack, and overall building 
“trustworthy AI” that is transparent, accessible, and inclusive considering use by children of all 
genders and demographic characteristics, with a special focus on learners with special needs 
(European Commission, 2022). 

AI policy strategies produced by several other countries also focus on taking measures 
to promote ethical and inclusive AI in education with more contextual focus on the unique 
education landscapes of these countries. For instance, the National Strategy for Artificial 
Intelligence released by NITI Aayog in India calls for developing “AI technologies that are 
capable of imparting quality education to India’s linguistically diverse population” and setting 
up “a consortium of Ethics Councils at each Centre of Research Excellence” to ensure that 
the development of AI products adhere to standard ethical practice guidelines (NITI Aayog, 
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2018). 
UNICEF’s recent policy guidance for the use of AI on children further emphasize that 

AIED businesses must create system guides and have internal codes of conduct in place that 
ensure that their software and hardware development teams implement these AI systems 
keeping the ethical considerations and their effects on children in mind (UNICEF, 2021).  

In the changing educational space where AI technologies are heavily applied in the 
classroom, AIED researchers further caution against developing systems that “attempt to 
replace the teacher” or “diminish the human role and the human potential for learning and 
growth” by relying only on inferences provided by data-driven systems. Instead, AIED models 
should be transparent and explainable, and help teachers better understand learner needs 
and optimize their teaching process, and additionally provide teachers with “new and creative 
roles that might not have been possible before the use of technology” (Holmes et al., 2022). 
 
5. Towards Ethical and Inclusive AI-Rich K-12 Classrooms  
 
This paper reviewed some major application areas for artificial intelligence in the field of 
education and outlined ethical challenges and concerns raised by AIED researchers, policy-
makers and other stakeholders. While AI-driven personalized learning models have the 
potential to positively transform the classroom teaching and learning process by providing 
educators and learners with a wide range of tools and scaffolding mechanisms to become 
more efficient at the task at hand, AI system developers must understand the risks and 
concerns of their end-users and take all possible steps to build ethical and inclusive AI learning 
environments. Clear government policies on ethical AIED, driven by the guidelines reviewed 
in this paper, can be a great first step towards ensuring accountability, transparency, privacy, 
and fairness in AIED system development, so that educators and all learners can feel safe in 
leveraging the benefits of integrating AI into their classrooms.  
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Abstract: This paper examines the factors that affect the sustainable use of
Minecraft-based lesson plans. We focus specifically on teachers who received
training on using What-If Hypothetical Implementations in Minecraft (WHIMC), a set
of Minecraft worlds designed to teach astronomy, geosciences, and ecology. We
commissioned a group of teachers to develop lesson plans using at least one of the
WHIMC worlds and pilot their implementation in their classes. Another group of
teachers received training on developing learning modules with WHIMC but had the
freedom to choose when and how to implement their lesson plans during the school
year. The teachers cited logistical impediments, scheduling impediments, lack of
technical resources, lack of curricular alignment, changes to teaching modalities,
limited time for practice, and anxieties about classroom management as barriers to
sustainable use of WHIMC. They suggested the training of additional teachers to
create a community of practice whose members can collaborate and support each
other’s use of WHIMC for STEM education.

Keywords: WHIMC, Philippines, Game-based Learning

1. Context

In 2020, the Ateneo de Manila University (ADMU) and the University of Illinois
Urbana-Champaign (UIUC) entered into a partnership in which UIUC allowed ADMU to use
its What-If Hypothetical Implementations in Minecraft (WHIMC;
https://whimcproject.web.illinois.edu/) in schools in the Philippines. WHIMC is a set of
computer simulations built in Minecraft Java Edition to engage students in “what if” questions
such as “What if Earth had no moon?” or “What if Earth had a slightly colder sun?” WHIMC
immerses students in these alternate versions of Earth, giving them opportunities to see how
the planet’s geography and life forms would differ under these circumstances. It enables
students to use science tools to collect data about these alternate Earths and record their
observations.

The UIUC team successfully used WHIMC in summer school programs (Lane, et al.,
2022). It also recently partnered with several planetariums to include WHIMC installations
among the planetariums’ exhibits. Furthermore, UIUC has used the data collected from their
WHIMC deployments to study learner-related phenomena such as the structure and skill
level of learner scientific observations (Hum, et al., 2022) and STEM interest behaviors
(Gadbury & Lane, 2022), among others.

Leveraging on UIUC’s success, the goal of the ADMU team was to determine
whether WHIMC could cultivate Filipino learners’ interest in STEM. ADMU researchers were
motivated by the need to improve Science, Technology, Engineering and Mathematics
(STEM) achievement in the Philippines. The PISA National Report on the Philippines
(Philippines Department of Education, 2019) said that, compared to the OECD average of
489 in math and 489 in Science, Filipino students scored a low 353 and 357 respectively.
Only 1 out of 5 attained the minimum proficiency level in math. These results are
corroborated by students’ performance in the National Achievement Test, where only 25%
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demonstrated mastery levels in math and only 5% of test takers demonstrated mastery
levels in science.

Through a 2021 grant from the Philippines’ Department of Science and Technology,
the ADMU purchased 212 Minecraft Java Edition licenses and rented a server that allowed it
to mirror the UIUC WHIMC site. The ADMU team then worked with teachers to help them
gain familiarity with WHIMC and develop lesson plans that integrated WHIMC in science,
math, and even English classes. The ADMU team also provided the teachers with technical
support during actual conduct of these lessons.

Since then, the ADMU team has trained 23 teachers for WHIMC Java Edition and 24
teachers for WHIMC Education Edition. In the ADMU WHIMC Java Edition server, over 304
students were able to explore it. Furthermore, it developed a Minecraft Education Edition
version of some of the worlds (see teachers’ guide through bit.ly/WHIMCEETeachersGuide).
This version has been used by 78 students and 5 teachers in 2 Philippine schools. The
ADMU team also used the data from its deployments to study the effects of WHIMC on
student STEM interest (Tablatin, Casano, & Rodrigo, 2023), the relationship between STEM
interest and student affective states such as frustration and boredom (Esclamado, Rodrigo,
& Casano, 2022), and to compare the quality of Philippine and US student observations
(Casano & Rodrigo, 2022).

Despite these successes, continued use of WHIMC is not guaranteed. Indeed, now
that the DOST grant has ended, the overarching question we pose in this paper is one of
sustainability. Will teachers continue using WHIMC as the ADMU project team starts
removing the scaffolds? In this paper, we attempt to examine what factors contribute or
hinder the sustainability of WHIMC use in Philippine classrooms.

2. Sustainability of Educational Technology Initiatives

In the context of educational technology initiatives such as WHIMC, sustainability is defined
as persistent and ongoing change of the educational culture (Neiderhauser, et al., 2018).
Sustainability is a process that unfold when support systems are established and the
community in which the initiative takes place maintains the initiative over time. When an
initiative is sustained, the innovation or intervention becomes richer and more sophisticated
as it evolves. Initiatives factor in changes in context. Increased knowledge of and comfort
with the innovation prompts stakeholders to maximize the innovation’s affordances.

These characteristics of sustainability are evident in many Minecraft applications.
The work of Lincenberg and Eynon (2021) discusses how educators use Minecraft to
transform classrooms into social spaces where teachers and students could visit or
challenge each other, spaces where students could respond to the curriculum in their own
ways, e.g. by solving problems that their teachers gave or that they defined themselves. A
review by Baek, Min, and Yun (2020) shows how Minecraft has been successfully integrated
in science, math, social science, and language subjects, and has been shown to increase
creativity, improve technology skills, increase collaborative skills, and encourage
communication.

There are, however, many factors that hinder the sustainability of educational
technology initiatives. Ertmer (1999) classifies these barriers into two: first-order barriers are
extrinsic to teachers. These include lack of equipment, time, training, or support.
Second-order barriers are intrinsic to teachers. These include teachers’ underlying
perceptions about how teaching and learning should take place. First-order barriers are often
cited particularly in developing world contexts. In Tanzania, for example, barriers included a
lack of basic infrastructure and a lack of motivation and support from school management
are impediments (Kafyulilo, Fisser, & Voogt, 2016). In the Philippines, the cost of Internet
access, the lack of curricular alignment, and insufficient teacher professional development
make it difficult for schools, teachers, and students to incorporate technology in their classes
(Rodrigo, 2021).

Second-order barriers have been discussed in the context of Minecraft-based
lessons. Thinking of ways to incorporate Minecraft in lessons necessitates familiarity with
technology in general and Minecraft in particular. This creates work that is over and above
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regular teaching tasks. Innovations such as Minecraft also necessitate a constant upgrading
of skills and constant adaptation, which challenges teachers’ already limited time
(Thorsteinsson & Niculescu, 2016).

This paper reports feedback from teachers who were trained to use WHIMC about
the factors that helped or hindered them from using WHIMC in their classes, and the
likelihood that they will use WHIMC (again) in the future. By asking teachers for their
feedback, we assess WHIMC’s sustainability. Is it likely to continue being a useful tool for
teachers and students in Philippine classrooms or will first- or second-order barriers become
so insurmountable that the use of WHIMC is more likely to fizzle out as so many education
technology initiatives do?

3. Data Collection

3.1 Participant Selection

All of the partner teachers were endorsed by the researchers’ institutional partners and
teacher participants who attended the module development training using WHIMC under the
project were invited to participate voluntarily in an online focus group discussion (FGD)
session. The module development training provided varied, as there were school schedules
that allowed a five-day online training while others had only one full working day available
but held on-site in the school’s own laboratory. In general, the format of the trainings held
provided first a short orientation about the educational framework of WHIMC, a discussion
on the features of Minecraft, and a short demonstration on how to navigate through the
WHIMC worlds. Then, the teachers were provided an opportunity to initially explore the
WHIMC worlds assigned using lent Minecraft accounts and a training guide. The training
guide contained three to five guide questions for each WHIMC world that would allow the
teacher participants to look into the content and environment of the WHIMC world. After
being able to explore the WHIMC worlds, the teachers were given the space to design and
draft their learning modules for their own classes. This was done individually for some
schools, while other schools designed a module as a group according to the grade level they
taught. The presentation included a feasibility assessment by the teacher on whether they
could fully implement and integrate Minecraft in their classes. Afterwards, everyone is given
a chance to present their module drafts to the rest of the participants and trainers, and hear
feedback about how they could improve the module developed. Finally, the trainers gave an
orientation on how to prepare their classes for a WHIMC lesson.

Upon invitation to attend the FGD, the teachers were provided session schedule
options with a maximum of 1.5 hours each session. The confirmed FGD participants were
sent an electronic calendar invite with an online conference link where the FGD would be
held at least two weeks before the FGD session schedule they had chosen. On the FGD
session schedule, the teacher participants gathered at the online meeting room hosted by
the project manager and the project leader. 

3.2 Focus Group Discussions

The project leader and project manager prepared a presentation and an online word
document for the FGD. The online word document served as the main data gathering tool to
collect the FGD participants’ basic information and notes on their responses to the FGD
questions.

The session began with the project manager and project leader welcoming the
participants. The project manager proceeded to state the session objectives, which was “to
identify the factors that motivate or hinder the implementation of a WHIMC module in the
classroom. During the FGD, participants were given five (5) minutes to post their responses
the question applicable to their situation on the Google Doc file provided. The project
manager and project leader facilitated the discussion in the online meeting room, where the
participants were given the space to share about their responses to the group.
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There were two (2) questions raised during the online session. The first question was
applicable to the teachers who had already developed and implemented a lesson plan in at
least one class, and read by the project leader or manager, “If you implemented a WHIMC
lesson plan before, would you implement it again? Why or why not?” The other question was
applicable to the teachers who had not implemented a WHIMC lesson plan yet, and asked “If
you did not implement one before, why? Would you implement one now? Why or why not?” 

4. Results and Discussion

The project team was able to interview a total of nine (9) participants, five (5) male and four
(4) female basic education teachers, working in Philippine private and public basic education
institutions. The participants had an average age of thirty-five (35) years old, with an average
of eleven (11) years of basic education teaching experience, and an average of ten (10)
years of teaching a STEM-related subject.

Four (4) teachers who were trained to use WHIMC did not pursue the implementation
of a WHIMC lesson plan in their actual classes. The remaining five (5) did so. All of them
expressed that, if given an opportunity, they would implement a WHIMC lesson in their
classes again. One female teacher from a private school shared that she had observed the
depth of learning from her students as they used WHIMC in their class. The students’
discussion went beyond the intended topic, and had seen how theoretical concepts actually
happen through their exploration inside the WHIMC worlds. She also observed that it
developed their affective and social skills, since the students were able to play, communicate
and collaborate on their movements within the WHIMC Java Edition server during their
online WHIMC class. Two (2) other teachers expressed that they would choose to implement
a WHIMC lesson as a supplement or enrichment activity in their classes. For example, it was
shared by one of them that there are topics, such as the solar system, where it is difficult to
think of experiments for. Thus, the WHIMC worlds exploration could be a good tool to help
the students learn deeper about the topic. Then, one teacher from a public school shared
that she saw how eager the students were during class which encouraged her to plan for
another WHIMC lesson.

The first-order barriers cited by both groups of teachers were similar:
1. Logistical impediments. Given that the schools only have a common computer

laboratory, which was usually used for the computer education subject, venue
availability for a WHIMC class was seen as a concern. It was raised that the school
would hopefully increase the computer laboratories and/or update their policies to allow
the students to bring their own devices or laptops.

2. Lesson scheduling. The WHIMC lessons tended to be quite lengthy, exceeding the
usual class period length for some schools. One teacher noted that they had limited
contact time with the students within a week (e.g. three times a week to teach one
module). The challenge to teachers was to integrate WHIMC into these limited time
slots. Having more time would make implementing a WHIMC module more feasible.

3. Technical resources. For schools that implemented a WHIMC lesson through an online
modality, it was said to be more convenient if the school had available computers to lend
to avoid any delays in the student’s accomplishment of the WHIMC class’ activities.

4. Curriculum alignment. Of the four (4) teachers who were not able to implement a
WHIMC lesson, three (3) were assigned to teach computer education. Their curriculum
goals and competencies were not aligned to the content of WHIMC, and focused on
other STEM areas such as robotics and programming. Meanwhile, for one of the
teachers under this group that taught Science (specifically, Physics), it was raised that
the developed module during the teacher training was not fit for the lesson topics his
class had in the pipeline.

5. Changes in teaching and learning modalities. Throughout the school year, policies
on the teaching and learning modalities have constantly shifted due to the changing
COVD-19 restrictions, to which the schools adjusted to every now and then. The change
from flexible learning, partially on-site and fully on-site classes affected the lesson
planning of the teachers.
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The second-order barriers cited by both groups of teachers included the following:
1. Limited time to practice the lesson design or for dry runs. Teachers said that they

had limited time to explore WHIMC and practice their lesson designs. Additional time to
practice would give them more chances to think of and implement WHIMC-based lesson
in their classes. They could also use the time to improve upon the lessons that they had
already created.

2. Concerns about classroom management. Related to the second first-order barrier,
teachers expressed anxiety about how they would manage a WHIMC-based class
during a 50-minute class period. They were not sure they would be able to orchestrate a
proper exploration of the worlds, given the limited time.

The teachers did have some suggestions about how these barriers could be overcome.
They suggested that WHIMC training be made available to more STEM teachers. This
creates a community of practice whose members can work together on common lesson
plans, thereby allowing the school to implement WHIMC-based lessons across more
sections of a grade level, as the STEM subjects are usually taught by multiple teachers.

5. Conclusion

We found that for both groups of teachers, those who were and were not able to implement
a WHIMC lesson, encountered similar first- and second-order barriers. They noted the
feasibility of running a WHIMC lesson in their classes was hindered due to logistical,
technical and curriculum concerns. To be able to address said barriers, the school
administration’s support is needed to be able to realize the material and content support
needs of the teachers. The difference seemed to be that those who were able to implement
were also able to overcome the limited time for practice and any anxieties they might have
had about classroom management. The teachers did not mention barriers similar to the ones
cited in prior literature (see Thorsteinsson & Niculescu, 2016) but it is consistent with some
of the findings of general impediments to the use of technology in developing world
classrooms (see Rodrigo, 2021).

In summary, to successfully sustain the implementation of Minecraft-based lessons, it
requires the support of school leadership for the needed facilities and technological
infrastructures. Having a community of teachers that are equipped to develop and manage
such kinds of lessons is also important to push for the institutionalization of lesson plan
development and implementation. Additionally, having a more stable mode of teaching and
learning as well as a community of practice would allow teachers to successfully plan and
consider integrating Minecraft in their class topics.
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Abstract: Given the increasing international emphasis on the importance of identifying 
and critiquing media content and the proper use of information and communication 
software, it is imperative to enhance students’ media and information literacy 
education. In this study, an educational board game for media and information literacy 
was developed to cultivate the basic knowledge of media and information literacy 
among university school students in Taiwan. A quasi-experimental study was 
conducted to investigate the effects of the educational board game on students' 
learning achievement and flow state. Results showed that the educational board game 
increased students' learning achievement and flow state, but no difference was found 
between the collaborative-team gaming group and the competitive-multiplayer gaming 
group in terms of learning achievement and flow state. 

 
Keywords: Media and Information Literacy, Educational Board Game, Flow State, 
Learning Achievement 

 
 
1. Introduction 
 
With the development of information technology, people no longer limit their sources of 
knowledge to traditional media such as newspapers and magazines or television news. The 
younger generation is inclined to access all kinds of information online using mobile devices. 
However, the vast amount of information available on social media is full of inaccuracies, 
some of which were created with the intention of falsifying real information. These articles 
often have the plausible presentation of real figures and information, which is known as “fake 
news” (Jones-Jang et al., 2019). Fake news spreads rapidly through the Internet, causing 
negative impacts on various sectors such as politics, business, and even philanthropy 
(Vafeiadis et al., 2019). For instance, intentional dissemination of fake news during a specific 
period led to the occurrence of the Brexit referendum in the UK, or decreased people's 
willingness to wear masks during the COVID-19 pandemic (Isaak & Hanna, 2018; Kouzy et 
al., 2020). It is evident that the public's behavior can easily be misled by misinformation. 
Children in the digital age are surrounded by a plethora of trustworthy and untrustworthy 
information on a daily basis. This places a great deal of stress on the development of their 
emotional and cognitive abilities, which may increase their anxiety, damage their self-esteem 
or distort their worldview (Howard et al., 2021). Although these young people believe that 
they are confident in the use of these tools in an era when they are dealing with digital 
products, the fact is that they are watching violent pornography and distorted news 
messages while using mobile devices on their own (Ofcom, 2020). Meanwhile, problems like 
cyber addiction and cyber bullying are growing every year (Ofcom, 2020). Therefore, it is 
vital that alternative media and information literacy education material be further developed 
(Alexander & Galina, 2020). 
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The term “gamification” refers to the application of game mechanics to non-game 
contexts. This new approach to teaching and learning has been widely accepted in recent 
years in education, and has been integrated into business training, as it can lead to greater 
motivation and engagement of participants (Caponetto et al., 2014). Gamification is now 
widely used in various kinds of courses, such as traditional physical classrooms, MOOCs, or 
other online courses, as well as mixed courses and platforms where gamified content can be 
applied (Dicheva et al., 2015). Gamification manifests itself in the form of, but is not limited to 
digital games, virtual classes, and competitive activities. Compared to simply incorporating 
game mechanics into the curriculum, game-based learning integrates instructional goals into 
a game to support teaching or student learning. It is another form of applying games in 
educational settings (Cardinot & Fairfield, 2022). Board games have a long history, and the 
integration of educational content into board games is not a recent development. Subjects 
such as mathematics, social sciences, language, and more have educational board game 
products available. Particularly in academic contexts, educational board games are a recent 
hit. BoardGameGeek, the world's leading board game website, has classified educational 
board games as a separate type of board game (BoardGeekGame, 2023). As cognitive skills 
are valued in the 21st century, game-based learning that incorporates elements of gameplay 
into the classroom provides learners with a space to explore, be creative, explore topics of 
interest in groups, and promote opportunities for inquiry and questioning (Pinedo et al., 
2022). Learning tasks in game-based learning can reduce the complexity of cognitive 
learning, clarify thinking strategies, and direct learners' attention to the learning outcomes, 
thereby giving learners a greater opportunity to further develop and control the problem-
solving learning process and thus achieve their learning goals. Learners can have a positive 
impact on their emotions and persistence in learning through teacher guidance, 
encouragement, questioning of learners and sharing of knowledge and experience while 
reducing the cognitive load of learning (Cai et al., 2022). 

The study aimed to investigate the effects of using board games in a media and 
information literacy course on students' learning achievement and flow state, and provided 
suggestions for teachers who plan to use educational board games for media and 
information literacy education in the future. 

The research questions are as follows: 
(1). Does the expanded contextual education board game have any effect on 

learners' learning achievement of media and information literacy? 
(2). Does the educational board game have any effect on the flow of learners? 

 
 
2. Literature Review 
 
2.1 Media and information literacy 
 
As technology advances, diverse media from computer devices and mobile phones are 
taking over the traditional press’s dominant position in society. When individuals watch 
television, play games, or browse the web, they may be potentially interfered with by 
government authorities, policies or rules. These include possible issues such as cultural 
diversity, visual media presentation or aesthetic design, or the complexity of media 
presentations or text composition. Nowadays, multimedia presentation highly contrasts with 
the traditional linear media of the past (Livingstone, 2004). Students' media literacy in the 
early years is not sufficient to cope with the large volume of digital information. Therefore, 
other literacies, such as information literacy, digital literacy and information and computer 
literacy, have been proposed to help people develop robust media literacy skills. 

Although there is a distinction between overlapping and independent literacy in media 
literacy, many scholars have suggested that an integration of the two can attempt to address 
the issues which are considered in the field of media and information literacy education 
today (Leaning, 2019; Mackey & Jacobson, 2011). As new social media and online 
interaction models have emerged, independent literacy skills have failed to address the 
challenges. In 2013, the United Nations Educational, Scientific and Cultural Organization 
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(UNESCO) pointed out that the ability to distinguish evidenced data and information from 
various information and dissemination platforms is a competency that should be possessed 
by digital natives in the 21st century(UNESCO, 2013).   

Based on the scope of information and media literacy defined by UNESCO, critical 
thinking can effectively enhance students' ability to identify the accuracy of information (Al-
Zou’bi, 2021). The improvement of information and media literacy can also benefit the 
general public in other domains. Currently, in addition to traditional lecture-based instruction, 
the education sector has adopted various technological tools to teach information and media 
literacy. For example, in the field of economics education, the integration of information and 
media literacy can serve as a fundamental component for students to understand the digital 
economy, helping them discern which economic information is usable and trustworthy, 
thereby avoiding financial risks and developing sound economic literacy (Mukhtar & Putri, 
2021).On the other hand, games are also effective tools for assisting children in developing 
critical thinking about media. They promote student collaboration and discussions with peers 
in the classroom, aiding in the development of literacy. Games can also integrate and reflect 
their daily media experiences (Costa et al., 2018). 
 
2.2 Game-based learning 
 
The use of educational board games is more limited than that of general gameplay. The 
main reason is that educational board games have a specific learning objective and a 
specific appeal, especially for primary school students, university students and even adults 
(Liu et al., 2020). Their design places emphasis on balancing the learning content with 
playfulness. It also examines whether the knowledge retained by learners in the gameplay 
can be appropriately applied to real-world situations. An effective game-based learning 
environment should support learners in their choice of actions, in moving towards their 
defined goals, and in experiencing the learning outcomes of their chosen actions. Even if a 
mistake is made by choosing the wrong option, the risk-free setting of the game environment 
provides learners with the challenge of failing, inspiring them to revise their ideas and re-plan 
their actions to succeed in the gameplay after they figure out the correct approach (Tay et 
al., 2022). 

Compared to traditional lecture-based lessons, game-based learning can lead to 
better learning outcomes and higher motivation. It is also more engaging for students to 
improve their problem-solving skills (Al-Azawi et al., 2016). The benefits of game-based 
learning are not limited to the results of tests (Sailer & Homner, 2020). Learning outcomes 
are generally categorized as cognitive outcomes, motivation and learning behaviors (Sailer & 
Homner, 2020). Cognitive knowledge involves conceptual knowledge of the intended 
learning objectives, including facts, principles, as well as application-oriented procedural, 
strategic and contextual knowledge. The result of learning motivation includes the learner's 
intrinsic motivation, dispositions, preferences, attitudes, confidence and self-efficacy. 
Learning outcomes refer to technical skills and motor skills (Sailer & Homner, 2020). Game-
based learning has a significant impact on improving cognitive outcomes, and it is better 
able to help students improve their learning performance than traditional methods (Chen et 
al., 2020; Ou et al., 2021). Furthermore, another advantage of game-based learning is that it 
is not limited to classroom settings. It continues to have a positive impact on learners in 
informal educational environments as well. By setting some basic expectations, game-based 
learning can yield unexpected outcomes (Alam, 2022). In the 21st century, which 
emphasizes cognitive skills, game-based learning provides learners with opportunities to 
explore, unleash their creativity, engage in group inquiries on topics of interest, and foster 
learning spaces that promote discussion and questioning (Pinedo et al., 2022). 
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2.3 Flow state 
 
A flow state is a state in which an individual focuses on an activity without noticing external 
things (Csikszentmihalyi, 1991). Therefore, the flow state can be influenced when learners 
participate in, attend, or exert mental effort during an activity (Kiili et al., 2021). The design of 
an educational board game must take into account the elements of participants, tasks and 
objects. This means that it includes clear objectives, immediate feedback, potential control 
over fun, ease of use and a sense of control over the activity. Flow consists of three stages, 
namely flow antecedents, flow experience and flow consequences. When educational 
games incorporate the above elements, they make it easier for learners to enter a state of 
mind-flow (Kiili, 2005). Flow has also been found to be strongly correlated with learning 
achievement. When learners have a more focused flow state, they have better learning 
results. On the other hand, the use of competitive elements in the game also makes a 
difference in the flow of learners' minds, and group game designs are more immersive than 
individual game designs. The relationship between flow and learning achievement is also 
influenced by the mediating effect of students' learning satisfaction (Chan et al., 2021; Kim & 
Park, 2021; Ryu et al., 2022). Moreover, flow has been found to be strongly correlated with 
learning achievement. When learners experience a more focused state of flow, their learning 
outcomes tend to be superior. The presence or absence of competitive elements in games 
also influences the occurrence of flow among learners. Group game designs are more 
conducive to immersion in activities, and the relationship between flow and learning 
achievement is influenced by the mediating effect of learner satisfaction (Chan et al., 2021; 
Kim & Park, 2021; Ryu et al., 2022). Currently, there are various scales available for 
measuring flow. Examples include the Flow State Scale (FSS), the Dispositional Flow Scale 
(DFS-2) (Jackson & Eklund, 2002; Jackson & Marsh, 1996), as well as scales designed 
specifically for certain activities, such as Kiili's (2006) Flow Scale for Games to understand 
flow experiences during gameplay and Pearce et al.'s (2005) Flow State Scale. In this study, 
considering the pre-test and post-test design as well as the experimental timeframe, we 
chose to use an 8-item flow state scale. 

 
 

3. Method 
 
Hi-MyLife, an educational board game for media and information literacy, was developed as 
the teaching material for this study. The board game offers two distinct gameplay modes: 
Faction Battle and Multiplayer Competition. In the Faction Battle mode, players team up in 
pairs, working collaboratively to tackle card-based challenges. Conversely, the Multiplayer 
Competition mode requires all four participants to independently brainstorm solutions to 
these challenges. The core gameplay involves drawing cards that depict various story 
scenarios. Players then choose answer cards from their hand to decipher the challenges and 
accumulate points. Following each round, learners revisit any story scenario cards they 
initially answered incorrectly, getting another chance to tackle the challenges. Ultimately, the 
player with the highest score emerges as the victor of the game. The participants were first-
year students taking a digital learning theory course at a national university in northern 
Taiwan. A total of 28 participants took part in the study. The participants were randomly 
assigned by the researcher to groups of four, with 16 participants in a collaborative-team 
(CT) game group, while 12 participants were in a competitive-multiplayer (CM) game group. 

The experimental process is shown in Figure 1. After a brief introduction and 
explanation of the rules of the board game, the pre-test, which lasted 15 minutes, was 
conducted. The pre-test consisted of a scale of flow state and a learning achievement test of 
media and information literacy. The scale was developed by Pearce et al. (2005) using a 5-
point Likert scale with eight questions on enjoyment, engagement and control, with options 
of strongly agree, agree, neutral, disagree and strongly disagree. The learning achievement 
test on media and information literacy was developed by the research team based on the 
current IT textbooks for primary and secondary schools, and was reviewed by two experts. A 
group is assigned to a set of board games with the same game accessories. However, the 

693



game rules vary depending on the group. The collaborative-team gaming group had four 
players divided into two teams to compete against each other, whereas the competitive-
multiplayer (CM) gaming group was designed for four players to compete against each 
other. The session lasted 90 minutes. After the intervention, a post-test was administered to 
the participants, which consisted of an 8-item Flow State Scale and a 20-item Media and 
Information Literacy Learning Achievement Test. The items in the Media and Information 
Literacy Learning Achievement Test were different from those in the pre-test. The post-test 
session lasted for 20 minutes.

Figure 1. The experimental process.

4. Results

4.1 Learning achievement of media and information literacy

Table 1 shows the homogeneity of the CT gaming group and the CM gaming group. The 
results conformed to the assumption of homogeneity (F = 0.476, p > .05); however, the test 
of normal distribution was not found. Therefore, the Wilcoxon Signed Rank Test was used to 
examine whether there was a significant difference in the learning achievement of the two 
groups after participating in the educational board game. 

The overall pretest of learning achievement (M = 29.64, SD =11.86) was significantly 
different (M = 37.32, SD = 11.16) from the overall posttest of learning achievement (Z = -
2.27, p < .01) in media and information literacy learning. 

Table 1. Levene's test results for learning achievement in media and information literacy

F df1 df2 p
0.476 1 26 0.496
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Table 2. The Wilcoxon Signed Rank Test of all participants 
tests N M SD Mean Rank Sum of Ranks Z 

Pretest 28 29.64 11.86 9.61 86.50 -2.27** Posttest 28 37.32 11.16 15.56 264.50 
**p < .01 

 
To investigate whether there were any significant differences in the learning 

achievement of the two groups after using different modes of the educational board game, 
the Mann-Whitney U test was used. Table 3 shows that there was no significant difference 
(Z = -0.917, p > .05) in the posttest of the learning achievement of the CT gaming group and 
the CM gaming group. 

 
Table 3. Wilcoxon signed-rank test for learning achievement using board game grouping 

board game grouping N M SD Mean 
Rank 

Sum of 
Ranks U W Z 

CT gaming groups 16 39.38 11.96 15.72 251.50 76.50 154.50 -0.917 CM gaming groups 12 34.58 14.69 12.88 154.50 
 

4.2 Flow state for media and information literacy learning 
 
Table 4 presents the homogeneity of the CT gaming group and the CM gaming group 
according to the Levene's test, which meets the homogeneity assumption (F = 1.134, p 
> .05) and normal distribution for the data. Therefore, paired samples t tests were performed 
to examine whether there was a significant difference in the flow state of learning of the two 
groups after playing the educational board game. The CT gaming group showed a significant 
difference (t = -2.23*, p < .05) between the pretest (M = 3.41, SD = .684) and the posttest (M 
= 3.64, SD = .714) for flow state. The CM gaming group showed a significant difference (t = -
2.32*, p < .05) between the pretest (M = 3.36, SD = 0.64) and the posttest (M = 3.79, SD = 
0.60) for flow state. There was also a significant difference (t = -3.19**, p < .01) between the 
pretest (M = 3.39, SD = 0.65) and the posttest (M = 3.71, SD = 0.66) for the overall flow 
state. 
 
Table 4. Levene's test results for flow state when accessing media and information literacy 

F df1 df2 p 
1.134 1 26 0.297 
 

 
Table 5. Learning achievement for media and information literacy using paired samples t tests 

Groups N Mean(SD) t p Pre-test Post-test 
CT gaming groups 16 3.408(.684) 3.643(.714) -2.23* .042 
CM gaming groups 12 3.357(.636) 3.794(.599) -2.32* .041 
The overall result 28 3.386(.650) 3.708(.660) -3.19** .004 

*p < .05, **p < .01 
 

To investigate whether there were differences in the flow state of students in the two 
groups after playing the educational board game, analysis was conducted using an 
independent sample t test. Table 6 shows that no significant difference was found in the flow 
state of the CT gaming group and the CM gaming group (t = -0.59, p > .05). 
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Table 6. Flow state in media and information literacy using independent sample t tests 

Groups N Mean SD t p 

CT gaming groups 16 3.64 0.71 -0.59 .559 
CM gaming groups 12 3.36 0.60 

 
To further understand the differences in the qualitative results, the qualitative analysis 

presents the results based on the students' feedback. The categorized data are shown in 
Table 7. The data can be categorized into three main categories, namely gaming rules, 
learning materials and game components. 
 
Table 7. Student feedback 

Dimensions Feedback 
Game rules The game rules are too difficult and it is not clear how to play the game. 

A bit more diversity can be added to the characters. 
Learning 
materials  

Some questions are vague, while some narrative answers are 
ambiguous. Keywords for each question can be annotated. 

Game 
components 

Function cards are too many, while props are also abundant. Simplifying 
them would be better.  

 
 

5. Discussion and Conclusions 
 
The purpose of this study was to investigate the difference in the learning achievement and 
flow state of students in the CT and CM gaming groups when playing an educational board 
game about media and information literacy. The research findings revealed that the 
educational board game designed for promoting media and information literacy had a 
significant impact on overall student learning achievement. This discovery aligns with the 
findings of Li and Hou (2022), underscoring the effectiveness of utilizing board games as 
educational tools in enhancing student academic performance. Compared to traditional 
lecture-based teaching, board games offer a more motivating and engaging learning 
experience. Their game mechanics, coupled with the ability to seamlessly integrate visuals 
and text, contribute to the establishment of effective learning pathways. The factors of 
rewards, tokens, and competition in gameplay increase the enjoyment of learning. In 
addition, this study also found that the educational board game improved students' flow 
experience, which is in line with Lin and Wang's (2022) finding that the integration of board 
game materials into academic learning activities can enhance students' flow states.  

However, this study also found that collaborative-team gaming did not affect 
students' perceptions of flow state compared to competitive-multiplayer gaming, in contrast 
to Hou and Keng (2021) who found that collaborative-team gaming resulted in greater 
immersion in a state of flow. Our result demonstrated that the possibility of having a more 
knowledgeable learner who led or dominated the game play, whereas a lack of discussion of 
the content of the materials during gameplay prevented students from engaging in the game. 
In addition, no differences were found in the learning achievements of the collaborative-team 
gaming group and the competitive-multiplayer gaming group. The results differ from those of 
Azhar et al. (2022) who found that collaborative-team gaming learning was associated with 
better learning achievement than competitive-based learning. This may be due to the fact 
that the grouping in this study did not take into account the variables of students' 
backgrounds such as gender, personality traits, and cognitive style, which may have 
prevented the collaboration from being effective (Liao et al., 2019). 

According to the findings of this study, it is recommended that teachers who wish to 
use educational board games in the future should consider the differences in the selection of 
teaching materials according to the students' personalities. Regarding the teaching of media 
and information literacy courses, teachers may consider incorporating elements of board 
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games into the course design. This could be used as an alternative approach for certain 
learning topics or as a replacement for traditional lecture-based classroom assessments. 
Those who develop educational board games in the future can conduct tests with similar 
target groups in stages and collect possible feedback so that the content and game design 
can be further revised according to their needs. For future educators or researchers who 
wish to explore the content of educational board games, the variables of students' 
backgrounds or other technological media, such as augmented reality, can be incorporated 
into the study for further discussion. 
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Abstract: With the rise of artificial intelligence (AI), cultivating the AI abilities of the new 
generation of learners has become crucial. However, currently, there is a lack of tools 
in education found to effectively enhance students' AI abilities. To discover effective 
ways to foster students' understanding of AI concepts and skills, this research 
developed an Artificial Intelligence Image Recognition Robot unit, which was conducted 
through a series of AI courses in conjunction with educational robots. There are total 
of 41 undergraduates participating the instructional experiment. The first half of the 
experiment focused on introducing AI concepts and implementing image recognition 
models, while the second half involved robot programming and a robot board game 
competition. At the beginning and the end of the nit, students completed the AI Learning 
Achievement Test, the Programming-Oriented Computational Thinking scale and the 
Robot Self-Efficacy Scale to assess differences before and after the unit. The research 
found that by taking the AI Image Recognition Robot unit, students' AI learning 
achievements, programming-oriented computational thinking, and robot self-efficacy 
were significantly enhanced. This suggests that students will be better equipped to 
evaluate and understand the effectiveness of algorithms in programming and problem 
solving in the future. It is recommended that robots be incorporated as educational 
tools when engaging in AI learning. 

 
Keywords: Artificial Intelligence, Educational Robot, self-efficacy, Computational 
Thinking 

 
 
1. Introduction 
 
With the rise of artificial intelligence (AI), it is being widely used in various fields and 
industries, bringing great changes to people's lives. With its rapid development, the demand 
for personnel with AI skills is gradually increasing, and it is crucial to cultivate the ability of AI 
for the new generation of learners (Su et al., 2022). However, how to effectively train 
students to learn AI concepts and technologies is lack of empirical study evidences. 
Relevant studies have mentioned that learning the CT concept and implementation from 
learning by doing of educational robots plays a key role in AI education, and allowing 
students to participate in the development and production of robots can effectively promote 
their interest and understanding in the field of AI (Dodds et al., 2006). Therefore, this study 
used educational robots with the hope of improving students' learning achievements in 
learning AI. 

Self-efficacy is a theoretically and empirically robust motivational belief, and people 
with high self-efficacy put in more effort and persist for longer than those with low self-
efficacy (Klassen & Klassen, 2018). This study used the Robot Self-Efficacy Scale to test 
whether this unit can improve students' robot self-efficacy and enable them to explore robot 
learning more actively, so as to help them obtain deeper help and inspiration in the field of AI 
in the future. Computational thinking, a way of solving problems and understanding 
computational processes, plays an important role in the modern digital generation 
(Witherspoon et al., 2017). There is a close relationship between computational thinking and 

699



programming. Writing programs helps to improve students' computational thinking ability, so 
that they can solve real-life problems using this ability (Selby, 2015). This unit used the 
Programming-Oriented Computing Thinking scale to test whether the writing of robot 
programs can improve the performance of students' computing thinking, which will help 
students to effectively solve problems in AI or everyday life in the future. 

Both aspects play an important role in learning to apply AI technology. Therefore, 
through robot self-efficacy and programming-oriented computational thinking, we wanted to 
detect the influence of students' mental state when learning about AI, and thus we proposed 
the following two research questions: 

 Does the artificial intelligence image recognition robot unit affect students' programming-
oriented computing thinking? 

 Does the artificial intelligence image recognition robot unit affect students' robot self-
efficacy?  

 
 
2. Literature review 
 
2.1 Educational robots 
 
In Papert's constructivism, it is mentioned that if learners can engage in hands-on learning 
themselves, it will be more effective for understanding knowledge (Papert, 1980). Integrating 
educational robots into the classroom allows students to have complete control over the 
entire learning process, engaging them in hands-on activities that enhance their active 
participation and focus. This approach makes the teaching content more meaningful and 
interesting (Chaidi et al., 2021). Additionally, involving students in the development and 
creation of robots can effectively stimulate their interest and understanding in the field of 
artificial intelligence (Dodds et al., 2006). It not only improves learners' motivation to learn 
and their ability to collaborate in teams, but also enables them to learn from mistakes. 
Various studies have shown that educational robots indeed have a positive impact on 
students (Castro et al., 2018). Through constructing and programming robots, students' 
computational thinking is significantly enhanced, making educational robots a highly effective 
teaching tool for promoting computational thinking development (Chaidi et al., 2021; Ioannou 
& Makridou, 2018; Qu & Fok, 2021). 
 
2.2 Computational Thinking 
 
Computational thinking is an important concept that is of great interest to the international 
education community, and cultivating students' computational thinking has become an 
important task to promote the development of IT talents (Yang et al., 2020). Wing (2006) 
mentioned that computational thinking is the ability to solve problems, construct systems and 
understand human behavior based on computer science. Computational thinking 
emphasizes thinking at different levels and in different fields, and can cultivate learners’ 
critical thinking skills so that they can be applied to solve other daily life problems. 
Computational thinking has also been identified as an indispensable and important skill in 
learning AI knowledge (Kim et al., 2021). 
 
2.3 Self-efficacy  
 
Self-efficacy refers to an individual's estimation of or belief about his or her own ability in a 
specific situation or task. It is one of the factors that affect human activities. It directly or 
indirectly affects human behavior, such as personal motivation, thinking mode, and the 
amount and time of personal effort to complete an activity (Bandura, 2006). Self-efficacy is a 
theoretically and empirically robust motivational belief that has been shown to play an 
important role in learning and developing new skills (Klassen & Klassen, 2018). This study 
measures students' robot self-efficacy, which is used to evaluate learners' self-efficacy in 
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learning robotics, that is, learners' motivational beliefs when learning about robots (Tsai et 
al., 2021). 
 
 
3. Method 
 
3.1 The Artificial Intelligence Image Recognition Robot Unit  
 
For this study, we designed an artificial intelligence image recognition robot unit. The topics 
include the concept of artificial intelligence and machine learning, the implementation of 
image recognition model training and robot programming, and so on. We used the 
Teachable Machine platform launched by Google for image recognition implementation, as it 
is easy to operate and does not require programming or any professional knowledge. (Figure 
1). In this study, each student was assigned the task of utilizing the platform, teachable 
machine, to implement image recognition. The students were given specific assignments to 
hone their skills in training image recognition models comprehensively.  Upon completion of 
recognition, learners could import the trained image recognition model into the robot 
program. 
 

 
Figure 1. The Interface of the Teachable Machine Image Recognition Platform 

 
The programming unit utilizes the BlocklyDuino platform, through which students 

learned how to write robot programs online. The platform allowed them to experiment with 
importing code into the robots and successfully operating the robots (as shown in Figure 2). 

 

 
Figure 2. The Interface of the BlocklyDuino Programming Platform 

 
The post-competition used the "Shopping Robot Game" developed by Professor 

Ting-Chia HSU's team from National Taiwan Normal University. This board game combines 
the concepts of artificial intelligence and the Internet of Things. Players can control the 
robots in the game using their own trained image recognition models and programmed code. 
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The game aims to apply the knowledge learned in the unit and enhance learners' motivation 
through gameplay. Following the principles of the Internet of Things, players roll the dice on 
the webpage to move the robots on the map (Figure 3) and collect materials. By utilizing 
image recognition, players add the collected materials to their shopping carts strategically, 
aiming to gather the required items from the shopping list in the board game.

Figure 3. The Map of the Shopping Robot Game

3.2 Research Framework

In this study, the research framework was divided into independent and dependent 
variables. The independent variable was the artificial intelligence image recognition robot 
course, while the dependent variables were learning achievement, programming-oriented 
computational thinking, and robot self-efficacy, as shown in Figure 4.

Figure 4. Research Framework

3.3 Experimental Design

In this study, the curriculum was divided into two parts, with the first part focusing on 
introducing the concepts of artificial intelligence, machine learning, and the implementation 
of image recognition. The second part emphasized robot programming and the 
implementation of a board game involving image recognition robots. Figure 5 illustrates the 
unit design.
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Figure 5. Instructional Design

The first part of the course introduced the fundamentals of artificial intelligence and 
machine learning. Participants were assigned the tasks of implementing and testing image 
recognition models. In the second part, hands-on learning was emphasized. Learners were 
introduced to the concept of robot motor movement and provided with partially completed 
programming code in a block-based format. Participants were responsible for completing the 
missing sections in the code. After finishing the code, they used BlocklyDuino to write the 
robot board game program and subsequently tested the written program.

Towards the end of the curriculum, participants were grouped as necessary to 
engage in an educational board game titled "Shopping Robot Game." Following a brief 
introduction from the teacher, the game commenced, accommodating students in pairs or 
groups of four. They utilized the programs and models they had developed earlier to 
manipulate the robots within the board game. After the game concluded, a summary session 
was held to recap the experience.

The curriculum consisted of two parts: AI image recognition and robot programming, 
with each part lasting for 3 hours, for a total of 6 hours to complete this AI image recognition 
unit. After completing the learning unit, participants were asked to fill out the learning 
achievement test, the robot self-efficacy scale, and the programming-oriented computational 
thinking scale to assess the differences in participants' abilities before and after the unit. The 
experimental process is illustrated in Figure 6.

Figure 6. Experimental Process Flowchart

3.4 Experimental Participants. 

The participants in this study were first-year students from an engineering-related 
department at a national university in the northern region of Taiwan. The study adopted a 
quasi-experimental research design and was conducted during the Computer Introduction 

703



course offered by the department. The two-week instructional content focused on artificial 
intelligence image recognition. The total number of participants in the study was 41. 
 
3.5 Experimental Tools.  
 
3.5.1 Artificial Intelligence and Computational Thinking Test   
 
To investigate whether there was a significant difference in learning achievement after 
completing this unit, the Artificial Intelligence and Computational Thinking Test was used to 
assess learners' performance. This test includes both multiple-choice questions and 
matching questions. There are 14 multiple-choice questions and three matching questions, 
totaling 17 questions, with a maximum score of 100 points. 
 
3.5.2 Programming-Oriented Computational Thinking Scale  
 
In this study, students completed the Programming-Oriented Computational Thinking Scale 
to understand whether their programming-oriented computational thinking was influenced 
after completing the artificial intelligence image recognition robot unit. This scale was 
adapted from the scale developed by Kılıç et al. (2021) and consisted of three dimensions: 
Conceptual Knowledge, Algorithmic Thinking, and Evaluation. The original scale had a 
Cronbach's alpha reliability coefficient of .97. For this study, the dimensions of Conceptual 
Knowledge and Algorithmic Thinking were used for measurement, comprising a total of 19 
questions. The Cronbach's alpha reliability coefficients for these two dimensions were .89 
and .94, respectively. The scale utilizes a Likert-type 5-point scale for evaluation, with higher 
scores indicating better programming-oriented computational thinking abilities. The example 
of the items are shown as follows. I am clear about the learning concepts of robotics. I can 
link robotics concepts with other learning subjects. I can evaluate several robotic solutions 
for solving a problem.  
 
3.5.3 Robot Self-Efficacy Scale  
 
In this study, students completed the Robot Self-Efficacy Scale to understand their level of 
robot self-efficacy after completing the artificial intelligence image recognition robot unit. The 
scale used in this study is based on the one developed by Tsai et al. (2021), which consists 
of five dimensions: Conceptual Understanding, Technical Skills, Application, Analysis, and 
Collaboration. The full scale contains a total of 16 items, and has a Cronbach's alpha 
reliability coefficient of .97. Each item is evaluated using a Likert-type 5-point scale, with 
higher scores indicating higher levels of robot self-efficacy. The example of the items are 
shown as follows. I can use the loop structures (for,while, etc.) appropriately. I can write a 
program that can do more than one operation at the same time. I can create simple 
algorithms without using unnecessary codes in the program.  
 
 
4. Research results 
 
4.1 Learning Achievement in Artificial Intelligence and Computational Thinking 
 
As shown in Table 1, the paired-samples t test was used as the statistical method to 
examine the difference in students' learning achievements in artificial intelligence and 
computational thinking concepts before and after the course. The research results revealed 
a significant difference between students' pretest (M = 73.22, SD = 9.13) and posttest (M = 
83.29, SD = 7.48) scores in artificial intelligence and computational thinking learning 
achievements (t = -7.11***, p < .001). This indicates a noticeable improvement in students' 
learning achievements after taking the artificial intelligence image recognition robot course. 
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Table 1. Paired Samples t Test for Learning Achievement in Artificial Intelligence and 
Computational Thinking Concepts 

Mean(SD) t N Pretest Posttest 
73.22(9.13) 83.29(7.48) -7.11*** 41 

***p < .001 

 

4.2 Programming-Oriented Computational Thinking 
 
As shown in Table 2, paired-samples t tests were conducted to examine the difference in 
students' programming-oriented computational thinking before and after the course. The 
results revealed significant improvements in both dimensions, namely Conceptual 
Knowledge (t = -5.44***, p < .001) and Algorithmic Thinking (t = -6.89***, p < .001). This 
indicates that students' programming-oriented computational thinking showed a noticeable 
improvement after completing the artificial intelligence image recognition robot unit. 
 
Table 2. Paired Samples t Test for Programming-Oriented Computational Thinking 

Factors N Mean(SD) t Pre-test Post-test 
Conceptual 
knowledge 

41 2.93 
(0.81) 

3.46 
(0.58) 

-5.44*** 

Algorithmic 
thinking 

41 2.54 
(0.82) 

3.22 
(0.67) 

-6.89*** 

***p < .001 

 

4.3 Robot Self-Efficacy Scale 
 
As shown in Table 3, the paired samples t-test was used to detect the difference in the robot 
self-efficacy of the students before and after the unit. The results showed that practice, 
cooperation, comprehension and analysis all reached significant levels: practice (t = -3.52***, 
p < .001), collaboration (t = -2.55*, p < .05), comprehension (t = -3.61***, p < .001), and 
analysis (t = -3.56***, p < .001). It means that after the students took the artificial intelligence 
image recognition robot unit, the practice, cooperation, understanding and analysis of the 
robot self-efficacy of the students showed a clear trend of improvement. 
 
Table 3. Paired Samples t Test for Robot Self-Efficacy 

Factors N Mean(SD) t Pre-test Post-test 
Practice 41 2.73 

(0.92) 
3.16 

(0.76) 
-3.52*** 

Collaboration 41 2.93 
(0.94) 

3.30 
(0.78) 

-2.55* 

Comprehension 41 2.75 
(0.86) 

3.23 
(0.76) 

-3.61*** 

Analysis 41 2.81 
(0.82) 

3.36 
(0.74) 

-3.56*** 

*p < .05, ***p < .001 
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5. Discussion and conclusions 
 
The research findings indicate that after the two-week artificial intelligence image recognition 
robot unit, students' artificial intelligence learning achievement, programming-oriented 
computational thinking, and robot self-efficacy were significantly improved. Their 
performance after the unit was superior to their performance before the unit. The results 
demonstrate that integrating educational robots into the artificial intelligence image 
recognition classroom effectively enhances students' programming-oriented computational 
thinking. This suggests that students who learned artificial intelligence through educational 
robots were more effective in evaluating and understanding the effectiveness of algorithms 
when programming and problem solving. 

Furthermore, concerning robot self-efficacy, the unit indeed boosted students' belief 
in their own abilities when working with robots. This means that students who participated in 
this unit had higher levels of self-efficacy in learning about robots, leading them to set more 
challenging goals for themselves and to strive to achieve them. Therefore, if educational 
robots can effectively enhance students' self-efficacy in learning, it will greatly benefit their 
personal motivation, thought processes, and effort levels when acquiring artificial intelligence 
skills. 

Therefore, if educational robots can effectively enhance students' self-efficacy in 
learning, it will greatly benefit their personal motivation, thought processes, and effort levels 
when acquiring artificial intelligence skills. 
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Abstract: In a programming course, a teacher has to teach not only programming 
concepts and syntax but also how to implement programs. However, teachers do not 
have enough time to complete the tasks. To address the problem, this study developed 
a four-step learning activity in a flipped classroom, which consists of testing, task 
assigning, collaborative problem-solving, and presentation. This study also conducted 
an instructional experiment for examining the effects of the four-step learning activity 
on students’ classroom participation, learning performance, and course satisfaction. 
The results showed that the students with the four-step learning activity and the 
students with the traditional instruction demonstrated the same level of classroom 
participation. While the students with the four-step learning activity had higher learning 
performance than the students with the traditional instruction. The students perceived 
that the four-step learning activity can facilitate learning motivation, classroom 
interaction, learning performance, and help-seeking. They hoped that the four-step 
learning activity can be used in other programming courses in the future. 

 
Keywords: flipped classroom, collaborative problem-solving, programming 

 
 
1. Introduction 
Computational thinking (CT) refers to a set of problem-solving skills, such as solving problems, 
designing systems, and understanding human behavior, by drawing on concepts fundamental 
in computer science (Wing, 2006). It can be applied to solve everyday problems and has been 
advocated as a fundamental twenty-first century skill that students need to develop. Therefore, 
researchers, educators, and policy makers have concentrated on CT in the recent few years. 
In addition, the development of artificial intelligence (AI) technology has increased the 
accuracy of prediction and recognition. Some AI libraries have made programmers develop AI 
applications easier. More and more people and companies have begun to invest in research 
and industrial applications related to artificial intelligence. Therefore, AI-related applications 
are gradually appearing, such as image recognition, voice assistants, autonomous driving, 
and data science. Programming is considered to be a key tool for acquiring CT experience 
and developing CT skills and is the foundation of artificial intelligence. Therefore, in order to 
enable students to develop CT skills and apply artificial intelligence to solve domain problems 
and design innovative applications, it is most important to cultivate students’ programming 
concepts and abilities.  
 
In programming courses, students need to understand the programming concepts (such as 
function, passing by value, and addressing) and syntax of programming languages (such as 
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the syntax of control structures, function declaration and call, and object-oriented), Students 
also need to acquire the abilities to use the learned programming concepts and syntax to solve 
computational problems. Therefore, programming is not only a course for conceptual 
understanding but also a subject that needs to be practiced. In general, programming courses 
may be two credits or three credits a semester. In a traditional lecture-based classroom, 
teachers may not have enough time to teach programming concepts and syntax and guide 
students to implement programming codes. To solve the problem, the flipped classroom may 
be a good approach. In a flipped classroom, teachers can record a video that introduces the 
programming concepts and syntax taught this week; and students can watch the video to learn 
these concepts and syntax before the class. In the classroom, teachers can assign several 
computational problems for the students to practice the programming concepts and syntax. 
When students implement their codes, teachers can provide appropriate guidance and 
suggestions for students and can also have more interactions with the students in the 
classroom. 
 
However, it may not be enough to just upload the videos on the Web for students to watch 
before class, and to assign several programming problems for students to solve in the 
classroom. Students may not actively watch the pre-class videos, and may not have the ability 
and motivation to solve the computational problems in the classroom. Ultimately, let the flipped 
classroom approach failed. In order to enhance the flipped classroom approach, teachers 
should design suitable instructional activities for facilitating pre-class video viewing and in-
class activities. This study designed a four-step activity, including quizzes, task assignments, 
cooperative problem-solving, and code explanation to enhance the flipped classroom 
approach. In addition, this study also conducted a four-week experiment for understanding the 
impact of the four-step activity on classroom participation, learning performance, and course 
satisfaction. 
 
 
2. Flipped classroom instruction 
 
The traditional lecture-based approach uses a teacher-centered method. Students passively 
accept the knowledge taught by teachers and have fewer opportunities to interact with 
teachers and classmates. This approach cannot effectively cultivate students' self-discipline 
and high-level thinking skills (Lai & Hwang, 2016). The flipped classroom instruction responds 
to this issue by transforming teaching into a student-centered approach. It is divided into two 
activities: pre-class activities and in-class activities (Long, Cummins, & Waugh, 2017). In the 
pre-class activities, students build up their basic knowledge through different online learning 
activities, such as video viewing activities. In the in-class activities, the teacher conducts 
different learning activities, such as group cooperative learning, problem-based learning, and 
project-oriented learning. Students apply the knowledge they have acquired before class to 
develop cooperation and higher-level thinking skills. 
 
Although flipped classroom instruction offers these benefits, previous studies have shown 
mixed results. Karabulut-Ilgu et al. (2018) analyzed 30 papers that compared the traditional 
lecture-based approach with flipped classroom instruction and found that 15 papers reported 
that the students in flipped classroom instruction demonstrated better learning outcomes than 
the students in the traditional approach, 5 papers reported mixed results, 8 papers reported 
no difference, and 2 papers reported that flipped classroom instruction had worse learning 
outcomes than the traditional approach. The mixed results may be due to the pre-class 
learning activities and in-class learning activities. Therefore, more studies are needed to help 
us understand how to conduct pre-class and in-class activities in flipped classroom instruction 
for maximizing students' learning outcomes. 
 
In-class activities are very important for flipped classroom instruction because they help 
students apply, integrate and evaluate the knowledge learned in the pre-class activities. In the 
classroom, teachers generally conducted cooperation, problem-solving, or project-based 
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learning activities. For example, Chen , Chen, & Chen (2015) used the flipped classroom 
approach in a statistics course. They used a cooperative learning activity in the classroom. 
The students were divided into groups. Group members discussed the pre-class videos. After 
the discussion, the teacher gave feedback for the students’ discussion. Finally, each group 
completed a group report. Sun, Xie, & Anderman (2018) used the flipped classroom approach 
in a calculus course. In the in-class activity, the teacher first explained the content of the pre-
class videos with some examples and then divided the students into groups.  Group members 
have to collaboratively solve several problems. Finally, the teacher selected several groups to 
report their answers. 
 
The flipped classroom approach has also been applied to programming courses. In 
programming courses, the in-class activities were similar to those used in other courses, 
including cooperation, problem-solving, and testing. For example, Chiang (2017) used the 
flipped classroom approach in an object-oriented analysis and design course, the students 
went to edX to watch instructional videos before class.  They needed to solve problems 
encountered in edX during class. Durak (2018) used the flipped classroom approach in a 
programming course. In the classroom, the students solved several computational problems 
and then collaboratively complete a group project. Chis, Moldovan, Murphy, Pathak, & 
Muntean (2018) used the flipped classroom approach in a programming course. In the 
classroom, the students first solved several computational problems and then completed a 
test. Cakiroglu & Ozturk (2017) used the flipped classroom approach in a programming 
course. In the classroom, the teacher divided the students into groups and then gave the 
students several computational problems. The students then collaboratively solved them. 
Finally, They reported their answers. These studies used different in-class activities for the 
flipped classroom approach. Therefore, this study refers to the activities used in the previous 
studies to develop a four-step in-class activity. 
 
3. Four steps in-class activity 
 
This study used the flipped classroom approach in a programming course. The flow of the 
weekly flipped classroom activity is as follows: 
1. The teacher published a video lecture on a learning management system before one 

week of the class. 
2. Students watch videos within a week. 
3. In the classroom, the teacher uses the four-step in-class activity. The four steps are 

testing, task assignment, collaborative problem solving, and code explanation. 
 

Step 1 is testing. In this step, students conducted an online test at the beginning of the class. 
A testing system was developed. Teachers can build up a test sheet by the testing system. 
The testing system allowed teachers to design three types of questions: multiple choice, filling, 
and open-ended questions. When students conduct a test, the test sheet was displayed. The 
students then answered the questions in order. The order of the questions is random, so the 
students answered the same questions, but the order of the questions was different, which 
can reduce the chance of students’ cheating. 

 
After the testing step, the students then worked in a group of two to solve several 

computational problems  (step 2 task assignment). The grouping of the students considered 
the students' preferences and their academic performance. The problems assigned by the 
teacher considered the students' academic performance and testing outcomes. After the 
grouping and problems assigned, the students collaboratively solved the problems in groups 
(step 3 collaborative problem solving). If they cannot solve the problems, they can ask the 
teacher for assistance. Finally, the teacher selected a group for each problem. The selected 
groups explained their code about the computational problems (step 4 code explanation). 
 
4. Method 
 

710



This study conducted an experiment. The students in the control group were 37 undergraduate 
students. They took part a programming course for 16 weeks to learn python programming 
language. The course teacher used a traditional lecture-based approach in the course. The 
teacher first introduced the programming concepts in the classroom. He then assigned several 
computational problems related to the introduced programming concepts and syntax, and the 
students solved the problems in the classroom. Therefore, for a 3-hour in-class activity, the 
teacher taught programming concepts and syntax for about 1.5 hours, and the students wrote 
the code for the problems for 1.5 hours. The teacher also assigned 1-3 computational 
problems as weekly homework assignments. The students must complete the assignments 
and upload their assignments to the learning management system after class. 
 
The students in this experimental group were 33 undergraduate students. They took part a 
programming course to learn python programming language. The course teacher and learned 
content were the same as the control group. However, because of the course schedule, the 
teacher used the traditional lecture-based approach before mid-term exam and used flipped 
classroom approach with the four-step in-class activity after the mid-term exam. Therefore, 
our analysis focuses on the learning performance after the mid-term exam.  
 
 
5. Results 
 
 
5.1 Classroom participation 
 
In this study, the number of roll calls after the midterm exam was used as the degree of 
classroom participation. There were 5 roll calls after the midterm exam of the control group, 
and 8 roll calls after the midterm exam of the experiment group. We first calculated the 
percentage of roll calls, and then used the independent sample t-test to compare the difference 
in the percentage of roll rolls between the two groups. The results showed that the percentage 
of roll calls of the students in the control group (N=37, mean=88.65, SD=21.36) was not 
significantly different (t=-1.315, p=0.193) from the students in the experiment group (N=33, 
mean=94.32, SD=14.35). The result meant that the four-step activity has no significant impact 
on students' course participation. 
 
5.2 Learning performance 
 
This study compared the students' final exam scores. An independent sample test was 
conducted to compare the final exam scores of the two groups. The results showed that the 
students in the control group had significantly lower (t=-6.010, p<0.000) final exam scores 
(N=37, mean=24.54, SD=19.42) than the students in the experiment group ( N=33, 
mean=53.45, SD=20.83), which indicates that the four-step in-class activity can significantly 
improve the learning outcomes of the students. 
 
5.3 Students’ attitude to the four-step activity 
 
At the end of the course, the students in the experiment group must answer an attitude 
questionnaire. The questionnaire contains 8 questions, using a 5-point Likert scale from 1 
(strongly disagree) to 5 (strongly agree), filled in anonymously. The results are shown in 
Table 1, which shows that students believe that the flipped classroom approach with the 
four-step activity had better effectiveness on learning motivation, learning performance, 
classroom interaction, and help-seeking than the traditional lecture-based approach. They 
hoped that the flipped classroom approach can be used in future programming courses. 
 

Table1: Students’ attitude to the four step approach 
question Mean SD 

711



Compared with the traditional lecture-based 
approach, I think the flipped classroom 
approach with the four-step in-class activity 
can improve my learning motivation 

3.83 0.91 

Compared with the traditional lecture-based 
approach, I think the flipped classroom 
approach with the four-step in-class activity 
can improve my learning performance 

3.90 0.84 

Compared with the traditional lecture-based 
approach, I think the flipped classroom 
approach with the four-step in-class activity 
increase my interaction with the teacher. 

3.41 1.00 

Compared with the traditional lecture-based 
approach, I think the flipped classroom 
approach with the four-step in-class activity 
can increase my interaction with my 
classmates.  

4.03 0.96 

Compared with the traditional lecture-based 
approach, I think the flipped classroom 
approach with the four-step in-class activity is 
more interesting 

3.86 0.83 

When I have problems in class, I can get help 
more easily in the flipped classroom approach 
with the four-step in-class activity than in the 
traditional lecture-based classroom. 

3.79 0.92 

Compared with the traditional lecture-based 
approach, I prefer the flipped classroom 
approach with the four-step in-class activity. 

3.66 0.80 

Compared with the traditional teaching 
method, I hope that the future programming 
courses can use the flipped classroom 
approach with the four-step in-class activity 

3.62 0.72 

 
 
6. Conclusion 
 
This study designed a four-step in-class activity for the flipped classroom approach. An 
experiment showed that the students in the flipped classroom approach with the four-step 
activity and the students in the traditional lecture-based approach had the same classroom 
participation.  However, the students in the flipped classroom approach with the four-step 
activity had better learning performance than the students in the traditional lecture-based 
approach. The students also believed that the flipped classroom approach with the four-step 
activity can promote learning motivation, classroom interaction, learning performance, and 
help-seeking. They also hoped that the flipped classroom approach with the four-step activity  
can be used in the future programming courses. These results showed that the flipped 
classroom approach with the four-step activity is indeed helpful for programming courses. 
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Abstract: The purpose of this study was to determine whether educational board 
games have a significant impact on learning motivation by developing the information 
media literacy educational board game Hi-Life. It also examined the differences in 
learning motivation between the competitive group and the cooperative learning group 
through a randomized experimental design. A total of 26 students from a national 
university in northern Taiwan participated in the study, 14 students in the control group 
for cooperative game-based learning and 12 students in the experimental group for 
competitive game-based learning. Through the analysis of the Mann-Whitney U test, 
the results showed that the dimension of Relevance was significant in both the 
experimental and control groups. Although the rest of the dimensions are not 
significant, the overall data showed that the average values of the three dimensions of 
Relevance, Confidence and Satisfaction were all higher than 3.5. The students 
demonstrated a favorable learning motivation in the ARCS model after playing the 
educational board game. 

 
Keywords: Game-based learning, competitive game-based learning, cooperative 
game-based learning, learning motivation 

 
 
1. Introduction 
 

Because technology enhances the pace of information exchange, people often receive 
the latest information about their lives through smart mobile devices such as computers and 
cell phones. As technology advances, people can post their own comments or share 
information on social media, which has raised concerns about the reliability of information. 
Thus, information media literacy has become an important issue that people need to be aware 
of. Therefore, there is an urgent need to develop innovative instructional material of 
information media literacy nowadays. 

Game-based learning refers to the reimagining of learning tasks to make them more 
engaging and meaningful, ultimately leading to effective learning outcomes (Plass et al., 2020). 
Moreover, game-based learning incorporates various motivational elements for learners, such 
as enjoyment, competition, cooperation, and challenges (Olejniczak et al., 2020). In the realm 
of competitive and cooperative game-based learning, certain studies indicate that both 
competition and collaboration can provide beneficial learning effects for students, fostering a 
harmonious overall teaching atmosphere and promoting active engagement in the classroom 
(Rodríguez et al., 2023). 

Collaborative game-based learning enhances the positive atmosphere in the 
classroom and encourages students to actively participate in learning activities (Naumoska et 
al., 2023). Competitive game-based learning makes learning more enjoyable and increases 
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student engagement and motivation. However, it may also lead to negative teaching 
environments and detrimental effects if not well-designed, emphasizing the importance of 
effective instructional design (Altawalbeh et al., 2023). 

The sample of this study was drawn from students who took the theories and practice 
of digital learning at a national university in Taiwan. They were randomly divided into two 
groups: the cooperative group as a control group and the competitive group as an 
experimental group. Participants will learn information media literacy through educational 
board games. The study attempted to investigate the effect of game-based learning on 
learning motivation. It will also explore whether there was a difference in learning motivation 
between the cooperative group and the competitive group. Therefore, the research questions 
are as follows: (1).Did educational board games have a significant impact on learning 
motivation of information media literacy?  (2).Was there a difference in learning motivation of 
information media literacy between competitive game-based learning and cooperative game-
based learning? 
 
 
2. Literature 
 
2.1 Educational Board Games 
 

Recently, game-based learning (GBL) has become popular in both teaching and 
learning.  Compared to traditional learning methods, GBL can increase the effectiveness and 
efficacy of learning (Lin, 2019) and is more likely to increase motivation to learn (Plass et al., 
2015). Among the many types of GBL, the design of a board game is the most commonly used 
method. Educational board game refers to use the teaching materials related to educational 
themes to design the board game. Students are immersed in the contexts or story situation to 
explore and learn through an event or storyline. In order to improve students' learning 
effectiveness and stimulate their learning interest and motivation while transforming the 
traditional lecture-based teaching approach, educational board games have been recently 
integrated into the curriculum to enable students to learn through playing the games. 
 
2.2 Competitive vs cooperative GBL 
 

Apart from playing board games, some studies have incorporated other elements into 
course design such as competition and cooperation in GBL. For example, researchers like 
Kirschner et al. (2011) gave students the opportunity to work individually or collaboratively to 
solve biology-related problems. Results showed that students were better able to handle 
complex and cognitively demanding problems when working cooperatively. Fu et al. (2009) 
helped students learn about computers through the web-based game-based learning; and 
findings suggested that both cooperative and competitive learning elements can boost 
students’ enjoyment of learning and stimulate different types of knowledge growth. Students 
are more likely to exhibit stronger analytical skills when competition is introduced. On the other 
hand, cooperative learning helps create a greater degree of generalized abilities. 
 
 
3. Method 
 

The developed instructional board game was employed in this empirical study, with 
four information media literacy-related themes of copyright, personal assault, fake news, and 
fraud. A total of 26 students from a national university in northern Taiwan participated in the 
study, with 14 students in the control group and 12 students in the experimental group. The 
three-lesson experiment period with a total of 120 minutes was planned for the study. Prior to 
the study, the instructor explained information media literacy and rules of board games in 20 
minutes. Then, the intervention was conducted using the designed themes in the board game. 
After the game, students completed the questionnaires on the learning motivation.  
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The study used the ARCS Learning Motivation Scale developed by Keller (2010), 
which consists of four dimensions: Attention (with an alpha value of .83), Relevance (with an 
alpha value of .81), Confidence (with an alpha value of .92), and Satisfaction (with an alpha 
value of .90). In this study, 4 to 5 questions were selected from each dimension, with a total 
of 17 questions. The questions were scored on a 5-point Likert scale, with a score of 1 for 
"strongly disagree" to 5 for "strongly agree". The definitions and sample questions are shown 
in the table below. 

 
Table 1. ARCS model 

Element Definition Questionnaire contents 
Attention 

Attract students' interest 
and curiosity 

The application of this 
educational board game 
appeals to my curiosity in 
many ways. 

Relevance Make the needs of the 
students relevant to their 
objectives and foster a 
positive attitude toward 
learning 

I can connect the board 
game's themes to things I've 
discovered, accomplished, or 
considered in my own life. 

Confidence Support students in 
believing that they can 
successfully learn and 
apply what they have 
learned 

I am confident to be able to 
learn this course through this 
educational board game. 

Satisfaction Enabling students to feel 
a sense of satisfaction 
and accomplishment 
after learning 

I feel satisfied when I have 
completed the activities in 
this educational board game. 

 
 
4. Result 
 
4.1 The post test of ARCS learning motivation 
 

Table 2 shows the scores of ARCS after playing board games. According to finding, 
the mean value of attention is 3.10, relevance 3.58, confidence 3.50, and satisfaction 3.93. 
The three dimensions' scores—relevant, confident, and satisfied—are all greater than 3.5. The 
three demonstrates of the students’ learning motivations were achieved after playing 
educational board games. 
 
Table 2. Result of descriptive statistics on ARCS 

 N Min. Max. M SD 
Attention 26 2.50 4.25 3.10 0.47 
Relevance 26 2.25 4.75 3.58 0.51 
Confidence 26 2.80 4.20 3.50 0.41 
Satisfaction 26 3.00 5.00 3.93 0.57 

 
4.2 The post test of ARCS learning motivation using Mann-Whitney U test 
 

Table 3 presents the difference in posttest scores between the control group and the 
experimental group using Mann-Whitney U test. The results revealed that the only dimension 
which differed significantly was Relevance (U = 37.50, p = .015). All other dimensions were 
not significantly different. This finding shows that the story of board games is relevant to the 
real-life or actual contexts in the competitive scenario. The results also suggests that when 
designing the game, students can be given real-life examples to play that are relevant to their 
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own lives or that they have studied, considered, or reflected on in their own lives with 
competitive pressures.  
 
Table 3. Result of Mann-Whitney U tests for the experimental and control groups on ARCS 

 
Control group Experimental group Mann-Whitney 

U 
p 

N M SD N M SD  
Attention  14 2.92 0.27 12 3.29 0.52 47.50 .051 
Relevance  14 3.36 0.49 12 3.83 0.42 37.50 .015* 
Confidence  14 3.46 0.40 12 3.45 0.44 83.50 .979 
Satisfaction  14 3.79 0.63 12 4.10 0.46 62.50 .255 
*p<.05 

 
 
5. Discussion and conclusions 
 

The sample of this study consisted of 26 students who were enrolled in a class on the 
theory and practice of digital learning. They were randomly divided into two groups: the 
cooperative group for the control group and the competitive group for the experimental group. 
Through Hi-Life, an instructional board game created in this study, students can access 
information media literacy relevant to life-related information. In this study, the impact of 
educational board game learning on learning motivation was investigated, along with exploring 
whether there was a difference in learning motivation between the cooperative group and the 
competitive group. 

Through the analysis of the Mann-Whitney U test, the results showed that the 
dimension of Relevance was significant in both the experimental and control groups and the 
rest of the dimensions of ARCS are not significant. This suggests that information media 
literacy learning through board games have no significant effect on the ARCS learning 
motivation. The overall mean values of the three dimensions of relevance, confidence, and 
satisfaction are all higher than 3.5, despite the fact that there is no significant effect on each 
ARCS learning motivation dimension. This indicates that the students' ARCS learning 
motivation is still positive after playing the board game. This also aligns with the research 
conducted by Rodríguez et al., where both competition and collaboration can provide 
meaningful learning outcomes for students. Furthermore, collaborative game-based learning 
and competitive game-based learning could make learning more enjoyable and increase 
student participation and learning motivation (Naumoska et al., 2023; Altawalbeh et al., 2023). 

In addition, only Relevance was found to be significant in the Mann-Whitney U test 
results, perhaps because the story situations of the board games were more relevant to 
students' daily lives. When students played the board games, they were able to associate 
them with situations that were related to their daily lives or experiences that had happened to 
them. In addition, the mean values of the experimental group were partially larger than those 
of the control group, which could be inferred from the fact that the competitive feature was 
more motivating to the students than the cooperative feature. This finding also echoes Fu et 
al.’s (2009) finding that students show higher analytical ability when competition is present. In 
other words, during the process of playing the board game, students compare their own 
experience with the story situation of the board game and analyze it to obtain scores. 

The study aimed to investigate whether educational board games have an impact on 
the ARCS learning motivation, with the limited focus on the educational themes of information 
media literacy. Therefore, the research limitation is the challenging to determine whether the 
results of this study can be applied to other domains as well. In the future, it is expected to 
increase the comparison of pre- and post-tests results between the control group and the 
experimental group in the future. The sample size can also be increased to ensure greater 
confidence in the results of the learning difference in the ARCS motivation. 
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The purpose of this paper is to share the potential of using embroidery machines 
as a tool with software like TurtleStitch to develop computational thinking in novice learners.
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Abstract: The purpose of this study is to design a scaffolding inquiry-based instruction 
to facilitate non-engineering students in STEM learning and investigates its impact on 
students’ computer programming, science learning and problem-solving performance. 
Employing a pretest-posttest experimental design, the investigation involved 19 
university students who participated in a 3-week scaffolding inquiry-based program. 
The results showed that the instruction have positive effects on non-engineering 
students’ logical thinking, debug, and control in computer programming and concept, 
high-level cognition, practice, apply and communication in science learning. Although 
the instruction improved students problem-solving performance, some students failed 
to solve complicated problems. 

 
Keywords: scaffolding, programming, non-engineering, STEM 

 
 
1. Introduction 
 
Numerous research and educators have paid much attention on STEM education for nurturing 
students’ various competencies. Within STEM activities, students are frequently required to 
design products or propose solutions to solve problems by integrating different disciplines. 
The process facilities students’ conceptual understanding and problem analysis by the 
experience of applying and integrating knowledge and skills from disciplines (Dasgupta, 
Magana, & Vieira, 2019). Hence, STEM has been extensively implemented in varied 
educational contexts. 

Previous studies have indicated that STEM education contributes to the enhancement 
of problem-solving and computer programming competencies. For example, Lin, Wang, and 
Wu (2019) designed a modeling-based physics programming instruction for STEM learning, 
indicating that the modelling process not only enhanced students’ programming abilities and 
physics concepts, but also helped them program solutions to solve problems. Additionally, 
other studies indicated the experiencing in STEM activities could fosters students' problem-
solving competency (Chen et al., 2020). 

Recently, a growing body of research has shifted its focus towards non-engineering 
students within STEM learning. (Hu, Yeh, & Chen, 2020; Lin, Yu, Shih, & Wu, 2021). For 
instance, Hu et al. (2020) investigated the effect of hands-on activity for non-engineering 
students on STEM learning. They found that the activity enhanced students’ learning 
performance and attitude by experiencing the problem-solving process. Another similar study 
by Lin et al. (2021) explored the AI literacy of non-engineering students after participating in 
STEM-based AI hands-on activity. The results revealed that STEM hands-on activity can 
improve non-engineering students’ AI literacy. However, it is relatively challenging for non-
engineering students who lacked learning experience in STEM-related subjects in the past. 
Previous studies indicated that non-engineering students have a lower level of engineering 
skills and computer literacy than engineering students (Mansoor & Ahmad, 2019).  Moreover, 
non-engineering students often fail to perform STEM activities, which may produce a negative 
learning attitude toward STEM learning (Lo et al., 2017). In other words, STEM learning does 
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not always guarantee effective learning for non-engineering students (Lin et al., 2021). Hence, 
how to help non-engineering students with STEM learning is an important educational issue. 

Although STEM problem-solving activities benefit students, some studies found 
potential learning problems during students try to solve problems. Tan et al. (2023) indicated 
that most students encounter problems related to the application of disciplinary knowledge 
and practice when taking part in STEM problem-solving activities. More specifically, students 
often applied low-level scientific concepts to solve problems. The same problem is also found 
in the study by Chang and Tao (2021), indicating that even with inquiry-based instruction, 
students still failed to use high-level conceptions of learning science in STEM activity. 
Therefore, they suggested that an intended connection to reduce the gap between science 
and practice is helpful for students in generating solutions and enhancing STEM 
competencies.  

To help non-engineering students engage in STEM learning, the study developed a 
scaffolding inquiry-based instruction in STEM learning and investigated the impact of the 
instruction on non-engineering students’ performance in computer programming, science 
learning, and problem-solving. More specifically, research questions are presented as follows. 
1. Does the scaffolding inquiry-based instruction facilitate non-engineering students’ 

computer programming self-efficacy? 
2. Does the scaffolding inquiry-based instruction improve non-engineering students’ science 

learning self-efficacy? 
3. What are non-engineering students’ problem-solving performance in the scaffolding 

inquiry-based STEM? 
 
 
2. Method 
 
2.1 Participants 
 
A pilot study using a pretest-posttest experimental design was conducted to explore the effect 
of the scaffolding inquiry-based instruction on STEM learning. The participants of this study 
were 19 university non-engineering students who were designs backgrounds (16 females and 
3 males). They have no experience in making a game and taking part in STEM education. 
Hence, these students are suitable as subjects. 
 
2.2 The scaffolding inquiry-based learning activity 
 
The study designed a game-making learning activity based on an inquiry-based process to 
guide students on the procedural of game development using programming and provided 
scaffolding questions to help students establish a connection between physics and computer 
programming. The activity was created on CoSci (https://cosci.tw), developed by Prof. Liu, 
and used an inquiry process as an instructional framework to engage students in STEM 
learning. The activity consisted of two parts, including a training in programming and a 
problem-solving task. The former aimed to teach students the operation of the game design 
interface, basic concepts of programming, and physics concepts by a sequential inquiry 
process, including playing, exploration, explanation, practice, and reflection phases.  

Except for the playing phases, every phase provided scaffolding questions to guide 
students in understanding the required tasks. For instance, during the exploration phase, 
students were required to observe the data sheet provided by the platform and to respond to 
questions regarding variables that needed to be considered for aircraft/bomb movement. At 
the explanation phase, the students were required to explain the game object movement using 
physics concepts. Moreover, students needed to explain the relationships among variables 
from the previous phase. These questions aimed to help students identify the role of each 
variable in the game and to explore the relationship among the variables by explaining physics 
concepts. It was expected that the support of the scaffolding question facilitated the integration 
and application of disciplinary knowledge. The last phase, the activity provided reflective 
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questions to prompt students evaluate their learning performance and monitor the errors they 
made while designing a mini game. 

Since students lacked computer programming, physics, mathematics and problem-
solving skills, an aircraft shooting a tank mini game as a demonstration to help students 
understand the concept of programming and free fall motion concept. More specifically, the 
demonstration guided students in establishing the relationships among the variables and 
physics concepts, to control the movement of the game objects, to create interaction with 
keyboard input, and handling collision detection. Additionally, there are practice and reflection 
sessions that provided learning opportunities to reinforce the application and integration of 
physics and programming. Finally, students were required to complete a problem-solving 
game task. Differentiating from previous demonstration game, the task was a bombing mission 
where a player controlled a tank to dodges enemy aircraft attacks and simultaneously shot an 
enemy aircraft. In the task, there are four problems, including rendering game objects, objects 
controls, object movement, collision detection.  
 
 
2.3 Procedure 
 
Before the activity, two questionnaires, including computer programming self-efficacy scale 
(CPSES) and science learning self-efficacy (SLSE), were used for 30 minutes as a pretest. 
The scaffolding inquiry-based learning activity lasted for nine 50-min sessions over three 
weeks. The training was implemented in six sessions and the task took three sessions. After 
the activity, the same two questionnaires were employed as a posttest.  
 
2.4 Data collection and analysis  
 
The computer programming self-efficacy scale developed by Tsai, Wang, and Hsu (2018) was 
used to measure students’ perception of programming learning before and after the activity. 
Additionally, the study used the science learning self-efficacy scale (Lin & Tsai, 2013) to 
investigate their perceptions of science learning. The two questionnaires were slightly revised 
to align with the learning activity context. The overall Cronbach’s alpha of the two revised 
questionnaires were .93 and .94, respectively, indicating that the questionnaires were 
sufficiently reliable. The responses to the questionnaires were analyzed by a paired t-test to 
understand the changes before and after the activity. Besides, students' performance in the 
task was evaluated. The task consisted of four problems, each worth 4 points, for a total of 16 
points. 
 
 
3. Results 
 
Table 1 showed the result of students’ computer programming self-efficacy scale using a 
paired t-test. The results indicated that compared with before the activity, students perceived 
a higher level of computer programming skills, including the dimensions of logical thinking (t=-
3.16, p=.005<0.01), debug (t=-3.13, p=0.006<.01), and control (t=-3.50, p<.01). However, the 
algorithm was no statistically significant difference between before and after the activity. In 
other words, students perceived a similar level of algorithm before and after the activity. The 
results suggested that the activity may be helpful for non-engineering students in condition 
statements, revised programming problems and control of programming interface. 
 
Table 1. The result of students’ computer programming self-efficacy before and after the 
scaffolding problem-based activity 
Dimensions Pretest Posttest t-value p-value 

Mean SD Mean SD 
Logical thinking 3.66 0.94 4.72 0.95 -3.16** 0.005 
Algorithm 2.98 0.69 3.44 1.29 -1.65 0.117 
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Debug 3.46 0.75 4.35 1.09 -3.13** 0.006
Control 3.47 1.11 4.61 1.15 -3.50** 0.003

*<.05, **<.01, ***<.001

The result of students’ science learning self-efficacy using a paired t-test was shown 
in Table 2. Significant differences were found in all the dimensions of science learning self-
efficacy. More specifically, compared before the activity, students believed that they obtained 
a higher level of understanding of science concept (t=-3.48, p<.01), and could explain a 
scientific phenomenon using science theory (t=-3.21, p<.01). In addition, they knew how to set 
up variables and collect data during executing game (t=-3.98, t<.01) and were able to apply 
science in the game design (t=-7.36, p<.00). Moreover, they were more capable of expressing 
their ideas properly and clearly using science (t=-8.53, p<.00). These results suggested that 
the activity have a positive effect on science learning.

Table 2. The result of students’ science learning self-efficacy before and after the scaffolding 
problem-based activity
Dimensions Pretest Posttest t-value p-value

Mean SD Mean SD
Conceptual understanding 2.93 0.83 3.33 0.67 -3.48** 0.003
Higher-order cognitive skills 2.87 0.87 3.65 0.56 -3.21** 0.005
Practical work 3.18 0.93 4.05 0.66 -3.98** 0.001
Application 3.06 0.68 3.74 0.46 -7.36*** 0.000
Science communication 2.67 0.77 4.29 0.54 -8.53*** 0.000

*<.05, **<.01, ***<.001

Figure 1. The results of students’ problem-solving performance

Figure 1 showed the outcomes of problem-solving performance that students
completed in the task. More than 80% of students could successfully render game objects in 
appropriated positions on the game scene and controlled objects using input devices. 
Approximately 75% of the students could correctly display object movement, while the rest of 
the students only displayed a partial correct movement and failed to move any objects (15%). 
Regarding collision detection, no students fully completed the four types of collision detection. 
Approximately 40% of the students partially achieved the task, while the rest only achieved
one or two types of collision detections. 

4. Conclusion
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The study designed scaffolding inquiry-based learning instruction for facilitating non-
engineering students in STEM learning. The results showed that the instruction contributed 
not only to enhancing students’ computer programming, but also improving their science 
learning self-efficacy. However, it is worth noting that most students had difficulties in 
integrating programming and physics. The findings of the study serve as references for 
researchers and instructors in integrating scaffolding inquiry learning into STEM learning. 
However, there were some limitations in this study. Due to the small sample size in the study, 
the results may not be generalized. Another limitation was the obtained results based on the 
questionnaire and programming outcome. Moreover, the activity is a short-term program that 
lasted for three weeks.  In future studies, it is suggested to verify this study with a large sample 
size and a long-term program, and to evaluate students’ programming process to identify the 
potential learning difficulties. 
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Abstract: This paper presents the results of a systematic review of the research papers 
on the use of explainable AI in the real world. The present body of research indicates 
there is a huge drive from the academic society in pushing and exploring explainable 
AI across disciplines from a research perspective, and there is inherent need to design 
prototypes with increased complexity to tackle the numerous scientific and 
methodological issues in the process. The main conclusions of the review are that there 
exist serious methodological issues with the use of XAI in complex systems which 
reside on vast or layered information systems spanning across multiple organizational 
units with important data sometimes missing, potentially limiting the validity of the XAI 
approach used in practice. For XAI to work in the real-world context of education, the 
approaches to presenting explanations to the stakeholders such as teachers and 
students should be understandable by them to take appropriate actions or decisions. 
This would highlight the need to study of human-computer interaction between AI and 
users that would lead to better transparency, trust and personalization. 

 
Keywords: Explainable AI, industry applications, education implications 

 
 
1. Introduction 
 
The main goal of the 1955 proposal for the Dartmouth Summer Research Project on Artificial 
Intelligence (AI), a workshop labeled as the birthplace of artificial intelligence was “...to 
proceed on the basis of the conjecture that every aspect of learning or any other feature of 
intelligence can in principle be so precisely described that a machine can be made to 
simulate it.” (McCarthy et al., 2006). Artificial intelligence was then defined as “making a 
machine behave in ways that would be called intelligent if a human were so behaving”, 
which despite the plethora of definitions remains relevant today. Even though AI definitions 
today emphasize the broad reach of artificial intelligence, the formulation given by its 
creators still stands at its core.  
 
Since its beginnings, AI has continuously been developing at a fast pace. In 1964, scientists 
at MIT developed ELIZA, one of the first language processing computing systems which was 
able to imitate a Rogerian therapist. In 1997, IBM’s Deep Blue computer beat the world 
champion Gari Kasparov in chess, thus going down in history as the first computer to win a 
game against a world champion under tournament time conditions. A decade later, a yearly 
tournament for chess engines began, where engines compete against each other. Today, 
digital AI-based assistants such as Siri or Cortana are widely implemented and used in 
everyday life in language processing tasks. 
 
In recent years in particular, the field of artificial intelligence has made major progress in 
almost all its main sub-areas, including computer vision, speech recognition, natural 
language processing, expert systems and decision making (Michael L. Littman, 2021).  AI is 
in some form ingrained into all major fields of human work – finance, security, healthcare 
and medicine, criminal justice, transportation, marketing, telecommunications. With that, AI 
is no longer observed exclusively in the context of accuracy and model optimization; it is the 
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role of humans that becomes a crucial factor. As decisions made by intelligent systems are 
affecting human lives in areas such as medicine or law, the need for understanding how 
these decisions are furnished by AI methods becomes imperative. The notion of explainable 
artificial intelligence (XAI) in most cases implies more than just understanding the model. 
Depending on the area of application and the intended users, XAI is expected to achieve 
goals other than ‘just explanations’. For example, when AI is used for decision-making, it is 
crucial to ensure the model is fair and unbiased; for systems that work with sensitive and 
personal data, privacy must be preserved; and an AI system must be trustworthy – the user 
has to be confident that a model will act as intended. 
 
This paper critically examines the potential of XAI in the real world uses, mapping out the 
studies which move further from the proof-of-concept efforts in order to illustrate the potential 
for the application of XAI in the real world. By doing that, the study is a pioneering effort in 
the field. 
 
 
2. Background 
 
Although explainability is the core of responsible and trustworthy AI, across multiple 
disciplines and areas (Guidotti et al., 2018), there is still no agreement in the literature as to 
what explainability actually is. When talking about explanations in AI, there is no one-size-
fits-all solution – the complexity of the explanations and the amount of detail provided is 
entirely dependent on who the intended users are (Barredo Arrieta et al., 2020). 
Furthermore, since explainability is ultimately a human-agent interaction problem (Miller, 
2019), the solution to explainable AI lies not just in ‘more AI’, but in considering multiple 
aspects of human understanding, drawing insights from psychology and social sciences 
(Barredo Arrieta et al., 2020). Although the uniform definition of explainability remains 
elusive, the term black-box problem is a defining aspect of XAI. The black-box problem is a 
well known phenomenon in the field of artificial intelligence and represents the main 
limitation of effectiveness and usage of machine and deep learning models. As pointed out 
in the DARPA’s Explainable Artificial Intelligence (XAI) Program, there is an inherent tension 
between machine learning performance (predictive accuracy) and explainability; with often 
the highest performing methods (e.g., deep learning) being the least explainable, and the 
most explainable (e.g., decision trees) being less accurate (Gunning and Aha, 2019). 
 
In XAI-related literature, terms explainability and interpretability are often used 
interchangeably (Tjoa and Guan, 2021). Much like with explainability, there is no general 
agreement on the definition of interpretability, as well as no clear distinction between the 
two. However, there exist domains in which they do not convey the same concepts (Ehsan 
et al., 2018). In general, interpretability refers to the ability to explain or present a model in 
terms understandable to humans. It denotes passive characteristics of a model – how easy it 
is for humans to make sense of and identify relations between model’s inputs and outputs 
(Barredo Arrieta et al., 2020) (Došilović, Brčić and Hlupić, 2018). Even though explainability 
is related to interpretability, explainability remains is associated with internal logic behind an 
intelligent system. In contrast to interpretability, explainability denotes an active 
characteristic of a model – how deep human’s understanding of a model's inner workings is 
(Linardatos, Papastefanopoulos and Kotsiantis, 2021).  
 
When differentiating between the two main approaches to generating explanations, the 
literature makes a clear distinction between post-hoc explainability and intrinsic 
explainability. Post-hoc explainability refers to methods which are applied to models that are 
not interpretable by design to improve their interpretability (Barredo Arrieta et al., 2020). 
They do not directly explain the inner workings of the model, instead they offer ‘approximate’ 
explanations such as textual, visual, or example-based explanations. Intrinsic explainability 
refers to models which are interpretable on their own due to their simple structure, such as 
linear regression or tree-based models. However, these models, which often stand to as an 
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interpretable alternative to complex black-box models such as neural networks, are not 
unconditionally interpretable. Taking high-dimensionality or heavy pre-processing and 
feature engineering into account, they are often not more intrinsically interpretable than 
black-box models (Lipton, 2018). 
 
3. Methodology 
 
Since explainable AI is an emerging concept in terms of applicable methods and techniques 
in machine and deep learning, the focus of this review was to get an insight into the state of 
explainable AI, i.e. – are explainable models and frameworks being implemented and 
validated and if so, to what degree. Since explainability is not an easily measured 
component of AI, studies evaluating explainability of the system on real users were an 
important point of interest. In addition, studies validating models on real scenarios were also 
taken into consideration. For the medical and healthcare field, clinicians or experts had to be 
involved in some way, either via design or through validation. 
 
The search for relevant studies on real-life applications of XAI was conducted on Web of 
Science electronic database in the period between December 2021 and March 2022. The 
search query used is a general one in order to gather studies for a wide overview of 
explainable artificial intelligence in a range of domains, which is the main aim of this review. 
At the time of the search, the query returned 1777 results from Web of Science database 
Publication year after 2017 was selected as an additional filter in order to gain focus on the 
current state of applications of XAI.  
 
The 1777 records from Web of Science were obtained for title and abstract screening using 
the inclusion and exclusion criteria agreed-upon during the inter-rater process. Application of 
inclusion and exclusion criteria resulted in the set of 163 studies on which the full-text 
screening was conducted. The full-text screening was more qualitative in contrast to the title 
and abstract screening, which had precisely defined inclusion and exclusion criteria. During 
the full-text screening, focus was on studies that implemented a usable explainable system 
and evaluated explainability of the system on human subjects through user studies. 
Following that, 144 papers were excluded, leaving 19 papers in the final list (Figure 1). 
 

 
 

Figure 1. Screening the paper for final analysis 
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4. Inclusion and exclusion criteria 
 

Final inclusion and exclusion criteria are formed as shown in Table 1. Agreed upon inclusion 
and exclusion criteria between the two raters after the 2nd inter-rater. 

 

Table 1. Agreed upon inclusion and exclusion criteria between the two raters after the 2nd 
inter-rater 

Inclusion criteria Exclusion criteria 

 Include papers proposing XAI models or 
frameworks and: 

o Demonstrating application and 
validating it on a real scenario or a 
simulated real scenario (use-
cases)  
or 

o Performing user-studies or user-
evaluations 

 Include papers about the use of XAI in 
healthcare, medical and biomedical field 
if: 

o Clinicians/experts are involved in 
the study design 

o User-studies with 
clinicians/experts are performed 

 Exclude reviews and overviews 
of XAI field and methods 

 Exclude papers conducting 
surveys about explainability 
and trustworthiness of AI and 
XAI 

 Exclude papers discussing 
design patterns and principles 

 Exclude papers discussing 
ethical issues, bias, 
transparency and trust in the 
context of AI and XAI 

 

 
 

5. Results 
 
A total of 14 studies were included in this review (Table 2). The biggest proportion of studies 
belongs to the healthcare domain, as is the case in a systematic review of explainable AI 
application domains (Islam et al., 2022). Besides six studies from the healthcare domain, 
three studies describe the use of XAI in the domain of human-computer interaction in the 
form of collaborative games or human performance improvement; one study belongs to the 
telecommunications domain; one to the industry domain in the form of supply chain planning 
support; and one to the energy domain through recommendations for energy efficiency. Most 
of the studies are from 2020 to 2021, and they conduct user studies with 5 to 60 participants 
to evaluate their systems and approaches (except for (Irarrázaval et al., 2021)). 
 
Gradient-boosted decision trees along with the Shapley values for generating explanations 
are used in two studies, (Chromik, 2021) and (Melançon et al., 2021). In (Deperlioglu et al., 
2022) , (Xu et al., 2021) and (Wang and An, 2021) neural networks are used as the machine 
learning model while CAM (along with Grad-CAM and DeconvNet) method is used for 
providing visual explanations. Studies (Xie et al., 2020) and (Sardianos et al., 2021) do not 
specify the inner workings of their systems in terms of machine learning and explainable 
models; the focus is on iterative design of the system by following user requirements and 
user feedback. In (Xie et al., 2020) a Clinical Decision Support System is constructed. The 
system has multiple features for generating explanations, such as producing contrastive 
examples, outputting probabilities and the ability to show the most significant observations. 
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In (Sardianos et al., 2021) a recommendation system for energy efficiency with explainable 
and persuasive recommendations is designed. In (Khodabandehloo, Riboni and 
Alimohammadi, 2021) decision tree learning algorithm is used as an intrinsically explained 
model; the decision tree is then parsed to produce natural language explanations. In 
(Samuel, Abdullah and Raj, 2021) granular computing is used to interpret SVM's 
classification and construct syllogisms which are then transformed into natural language 
explanations. In (Gao et al., 2020) a spatial-temporal causal And-Or graph (STC-AoG) is 
used as representation of a robot's knowledge and inferred user's mental state. By parsing 
this graph and applying the proposed explanation generation framework, the robot can 
generate explanations with an aim to correct sub-optimal human behavior in human-robot 
collaboration tasks. In (Das and Chernova, 2020) a Rationale Generating Algorithm is 
proposed; it produces rationales (natural language expressions) which aim to aid the user’s 
decision-making process and consequently increase the user’s understanding of the 
performed task. In (Ehsan et al., 2018) an encoder-decoder network is used to translate 
between state and action information and natural language rationalizations, which serve as 
rationalizations for describing agent behavior. In (Sabol et al., 2020) semantically 
explainable fuzzy classifier CFCMC explains the decision by giving a semantic explanation 
on the possibilities of misclassification, and visual explanations by showing the training 
sample most responsible for a given prediction as well as training samples from other, 
conflicting classes. And finally, in (Irarrázaval et al., 2021) data is first clustered into groups 
using an unsupervised learning approach, after which a CART algorithm is used to construct 
a decision tree from which a set of rules is extracted. 
 

Table 2. The final set of selected studies after the application of the literature review steps 

Author and year Domain ML model Explainable method User study 
participants 

(Xie et al., 2020)  Healthcare - - 6 
(Xu et al., 2021) Healthcare ANN Grad-CAM, Guided 

Grad-CAM 
9 

(Deperlioglu et al., 
2022) 

Healthcare CNN CAM 15 

(Samuel, Abdullah 
and Raj, 2021) 

Healthcare SVM Granular Computing 5 

(Khodabandehloo, 
Riboni and 

Alimohammadi, 
2021) 

Healthcare Decision Tree - 8 

(Sabol et al., 2020) Healthcare Fuzzy Model Cumulative Fuzzy 
Class 

Membership 
Criterion (CFCMC) 

14 

(Irarrázaval et al., 
2021) 

Telecomm
unications 

Clustering, 
CART 

- - 

(Wang and An, 
2021) 

Education* CNN CAM, DeconvNet 30 

(Gao et al., 2020) Human-
computer 
interaction 

- Rationalization 29 

(Ehsan et al., 2018) Human-
computer 
interaction 

Encoder-
decoder NN 

Rationalization 53 
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(Das and 
Chernova, 2020) 

Human-
computer 
interaction 

- Rationalization 60 

(Chromik, 2021) General* XGBoost SHAP 16 
(Melançon et al., 

2021) 
Industry XGBoost SHAP * 

(Sardianos et al., 
2021) 

Energy - Explainable 
Recommendation 

8 

(Westerski et al., 
2021) 

Industry ADM Rationalization - 

(ten Broeke et al., 
2021) 

Healthcare - Explainable 
Decisions 

15 

(Chakraborti et al., 
2019) 

IT - Explainable 
Recommendation 

- 

(Gonzalo-Cristóbal 
et al., 2021)  

Education Monte Carlo + 
ANN 

Explainable 
Recommendation 

12 

(Mirchi et al., 2020) Healthcare SVM Adaptive 
Explanation 

50 

 
 
6. Discussions 
 
There is no doubt that Explainable AI presents one of the most challenging topics in 
contemporary research. With the rise of artificial intelligence, the importance of explaining its 
inner workings is ever so important across disciplines, with the healthcare domain being 
most prominent, especially in the context of medical diagnosis and decision-support tools 
(Islam et al., 2022; Tjoa & Guan, 2021). The prospects and opportunities for medical XAI are 
at first glance many: the improvement of medical diagnosis, help with allocation of 
resources, reduction of bias, further AI development and increased adoption. Nevertheless, 
practical implications of the use of explainable AI across disciplines remain and are therefore 
explored as part of the study presented in this review paper. 

 
Designing explainable AI often comes with difficult design decisions lying at the intersection 
of AI technology and its practical applications. The reviewed studies indicate that the 
ambiguity of the term explainable presents a great challenge. The concept of explainability is 
abstract and must be observed in the context of the user and its environment. Consequently, 
explanations should not be regarded just as just a product, but a multidisciplinary process 
(Khosravi et al., 2022). To achieve this, the human must be put in the focus of the design of 
explainable systems. Just as in decision-support systems, the human-centric approach and 
consideration of context should be the focus when developing XAI platforms. Such an 
approach can be noted in (Mirchi et al., 2020), where the experts’ opinion altered the 
importance of metrics (features) that was determined by the AI model, to ensure that the 
framework was in concordance with the current guidelines of neurosurgical education. In the 
design of the explanations, the authors followed several cognitive and learning models and 
theories, while also ensuring that the given feedback mimics real-life experiences through 
textual, audio and video-based instructions. This type of feedback is claimed to improve self-
guided learning and develop responsibility, which is highlighted as highly beneficial (Winne, 
2021). The claims about benefits and relevance of the framework are however not verified, 
as the conducted user study only validates the technical workings of the model.   

 
Once the explainable AI designs and solutions are in place, they are trialed and tested in 
real-life environments, but the testing is done in a laboratory fashion. The whole experiential 
setup is arranged with maximum support given to the party applying XAI solutions, often 
neglecting the idiosyncrasies of the real world and oftentimes not addressing the realistic 
performance of XAI. The vast majority of screened papers from the medical field only report 
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results in the form of technical metrics such as accuracy and precision, whereas the 
explainable part of the machine learning system often appears to be implemented in order to 
formally justify the XAI label, without much thought or validation on whether these 
explanations are useful in real-life settings. This is also noted in (Liao & Varshney, 2021), 
where the “disconnect between technical XAI approaches and supporting user’s end goals in 
usage context” is identified as one of the pitfalls of developing explainable models. The 
disconnect can be observed in two related aspects; one aspect refers to the lack of cross-
disciplinary research and studies on users’ needs and preferences. The other aspect refers 
to the lack of performance and relevance evaluation of XAI models in real-life settings. (Liao 
& Varshney, 2021) identify the absence of studies providing evidence that incorporation of 
explainable components in AI systems and solutions improves realistic user performance in 
judgment and decision making, while (Adadi & Berrada, 2018) report the lack of XAI models 
evaluation no assessment of their relevance to the user. Some studies warn that giving up 
predictive power in favor of transparency and explainability should be carefully considered 
and properly justified upon (Lipton, 2018).  

 
In the education context, XAI aims to address concerns related to fairness, accountability, 
transparency and ethics in educational interventions supported by AI algorithms (Khosravi et 
al., 2022). XAI can benefit teachers by gaining a better understanding of how AI systems 
work and make decisions, which can help them to better integrate AI tools into their teaching 
practice. For students, XAI can personalize their learning experiences by providing 
explanations that are tailored to their individual needs and characteristics. Explainable AI 
can support student’s self-regulation by providing transparency and interpretability of the 
predictions and recommendations, which can help students better understand their 
performance and take appropriate actions to improve it (Afzall et al., 2021). For XAI to work 
in the real-world context of education, the approaches to presenting explanations to the 
stakeholders such as teachers and students should be understandable by them to take 
appropriate actions or decisions. This would highlight the need to study of human-computer 
interaction between AI and users that would lead to better transparency, trust and 
personalization. 

 
Serious methodological issues surface with the use of XAI in complex systems which reside 
on vast or layered information systems spanning across multiple organizational units, where 
data sharing is limited. Such inherent issues reflect on the quality of integration of XAI 
solutions heavily and raise the question of whether the totality of information contributing to 
the actual workings of the processes is well modeled and described. What is more, in some 
cases important data from certain section of a system might be totally missing, potentially 
limiting the validity of the XAI approach used in practice. (Melancon, 2021), in their 
cooperation with Michelin, points out the lack of data as a restricting challenge, due to the 
absence of a standard practice of archiving all data in detail. In the medical domain, despite 
continued improvements of electronic health records, data quality and availability still present 
an issue (Gerlings, 2022). 
 
 
7. Conclusions 
 
The complexity of XAI solutions presents a hurdle to their seamless user adoption. This does 
not come as a surprise, since there is a huge drive from the academic society in pushing and 
exploring explainable AI across disciplines from a research perspective, and there is 
inherent need to design prototypes with increased complexity to tackle the numerous 
scientific and methodological issues in the process. (Westerski, 2021) noted that, in their 
case, the introduction of a framework which is significantly different from users’ current 
habits had a negative impact on adoption of the system. To minimize those negative effects, 
users should be involved in the process of design and validation, with keeping in mind that 
the same models have very different results depending on organization profile. 
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Last but not the least, the issues of data collection processes and data privacy are tightly 
related to the implementation of XAI systems in real-life scenarios, as such systems heavily 
relying on a variety of data sources. Although the manipulation and processing of such data 
presents a challenge itself, data privacy remains an insurmountable issue, since explaining 
data inevitably leads to discovering certain sensitive bits and information. Ethical and trust 
issues regarding model transparency and the overall black-box problem of AI emerge across 
domains. As an example, the explanations are crucial for pedagogical effectiveness of a 
digital system, as well as gaining students’ and teachers’ trust in given decisions (Conati et 
al., 2018). 
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Abstract: The present study aims to conceptualize and develop a comprehensive 
series of STEM lessons enriched by robotics, meticulously guided by the 5E inquiry 
model. By skillfully weaving together robotics and STEM education, while adhering to 
a well-defined pedagogical framework, this research endeavor seeks to bridge the 
existing gap in the effective amalgamation of CT education within the diverse realms 
of STEM education. A pilot study conducted in a primary school demonstrated the 
positive results in CT skills test. 
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1. Introduction 
 
With the collaborative efforts of teachers, researchers, and educators, the field of STEM 
education has witnessed a remarkable surge in research activities. Students now have the 
privilege of engaging in diverse forms of STEM education, notably those enriched with 
technology-driven components (Tekdal, 2021). In an era characterized by rapid 
technological advancements and the proliferation of computing tools—such as programming 
and coding platforms—the integration of these tools into STEM activities has become an 
inevitable progression (Shute et al., 2017; Chongo et al., 2020). This infusion of computing 
tools amplifies the advantages of STEM education for students, prominently fostering the 
development of Computational Thinking (CT) skills—a quintessential 21st-century 
competency (Barr & Stephenson, 2011). Computational Thinking embodies a systematic 
approach to unraveling problems and designing systems. It draws upon foundational 
concepts such as logic, abstraction, pattern recognition, and algorithmic design to skillfully 
deconstruct and conquer intricate challenges (Wing, 2006; National Research Council, 
2010). 

Traditionally entrenched in the domain of computer science and computing-related 
pursuits, Computational Thinking now finds itself pervading a spectrum of STEM contexts 
(Lee & Malyn-Smith, 2020). Numerous instances underscore the integration of CT skills 
within STEM education, with coding tools like mBot, Scratch, and app Inventor lending 
support to this trend. Nevertheless, the seamless amalgamation of CT education into STEM 
contexts, harmonized by well-crafted pedagogical principles, remains somewhat 
constrained. 

In response, this study endeavors to conceive and develop a comprehensive series of 
robotics-facilitated STEM lessons, meticulously guided by the 5E inquiry model. By 
innovatively interweaving robotics and STEM education, while adhering to a well-defined 
pedagogical structure, this study aims to bridge the existing gap in the effective integration of 
CT education within STEM domains. 
 

750



 
 
2. Literature Review 
 
Computational Thinking (CT), initially introduced by Papert (1980) and subsequently 
elaborated upon by Wing (2006), has emerged as a foundational concept. It was initially 
recognized as a cornerstone within the realm of computer science, involving "problem-
solving, system design, and comprehension of human behavior, drawing upon fundamental 
computer science concepts" (Wing, 2006). The construct of CT was refined by Campbell and 
Heller (2019) and Yin et al. (2020) to encompass decomposition, abstraction, pattern 
recognition, and algorithmic thinking. Grover and Pea (2013) further delineated CT skills to 
comprise elements such as abstraction, pattern generalization, algorithms, logic, problem 
decomposition, debugging, productivity and performance constraints, parallel thinking, and 
systematic information processing. Amid the contemporary landscape, CT has solidified its 
place as a pivotal competency in the 21st century. Consequently, over the past decade, a 
multitude of theoretical and empirical studies have been conducted to unravel its nuances 
(Sands et al., 2018). Among these explorations, investigations into CT education within 
STEM contexts have consistently demonstrated its efficacy in nurturing CT development, 
bolstering STEM knowledge acquisition, and fostering higher-order cognitive skills, including 
creativity and problem-solving prowess (Ogegbo & Ramnarain, 2021). 

As a captivating pedagogical approach in STEM education, robotics has garnered 
significant attention due to its inherently interdisciplinary nature. Prior research has 
underscored the potential of infusing CT education through robotics design to foster robotics 
literacy, encompassing concepts like simple machines, sequencing, order, and control 
(Cejka et al., 2006). These facets naturally align with engaging contexts such as 
environmental exploration, innovative creation, and pragmatic problem-solving. The rapid 
strides taken in the realms of artificial intelligence and robotics technologies have facilitated 
the integration of diverse programming tools within AI-driven projects. Yet, the intricate 
nexus between intelligent robotics technology and the cultivation of computational thinking 
within the framework of STEM education remains a domain ripe for exploration. In light of 
this, the current study explored the impacts of robotics-enabled STEM lessons on students' 
computational thinking and their motivation to engage with these innovative lessons. 
 
 
3. Research Questions 
 
Based on the above research background, this study aims to design a robot-enabled STEM 
program to develop students' computational thinking skills and enhance their learning 
motivations, Specifically, the research questions are as follows: 

1) To what extent does robotics-enabled STEM education impact students' 
computational thinking knowledge? 

2) To what extent does robotics-enabled STEM education influence students' 
learning motivations? 
 
 
4. Methodology 
 
4.1 Participants 
 
To ascertain the sample's representativeness and accessibility, the study employed the 
purposive sampling method. This approach involved selecting all Grade 4 students from a 
local primary school in Hong Kong, renowned for its emphasis on ICT education. Prior to 
commencing the intervention, requisite permissions were secured from both the students' 
parents and the students themselves, ensuring voluntary participation. Subsequently, a total 
of 56 students, aged approximately 11 years on average, were chosen from four distinct 
classes.  
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4.2 Instruments 
 
4.1.1 Computational Thinking skill Test 
 
Drawing upon the works of Shute et al. (2017) and Curzon et al. (2019), an assessment of 
students' computational thinking skills was executed through a carefully designed test. This 
evaluative tool encompassed 20 questions, each necessitating students to articulate their 
problem-solving approach. The comprehensive problem-solving process comprised five 
distinct stages of computational thinking: identification and representation of strategies for 
problem resolution, decomposition of problems into manageable segments and identification 
of critical information, recognition of patterns, trends, and regular inferences, and a final 
review of the adequacy of the problem-solving solution. The scoring system allocated up to 5 
points to each question, reflecting the progression through these stages (Table 1). 
Consequently, the maximum achievable score was set at 100 points. To ensure the validity 
of the assessment, the test questions underwent meticulous screening and correction by 
both frontline teachers and subject matter experts prior to its formal administration. 
 
Table 1. Dimension Classification of the Student Motivation Questionnaire 

Component Definition Score 
Algorithmic 

thinking 
Identifying and representing routines to solve a problem or 
task, like ordered, step-by-step instructions 

1 

Decomposition Breaking down one problem, algorithm or process into smaller 
parts such that the partial results can be later integrated to 
more easily solve or understand the whole problem 

2 

Abstraction Identifying essential elements of a problem or process; this 
involves simplifying and hiding detail 

3 

Pattern 
recognition 

Inferring and identifying patterns, trends or regularities in a 
certain problem or process 

4 

Evaluation/ 
debugging 

Reviewing the adequacy of solutions or elements to a problem 5 

 
4.1.2 Learning Motivation Questionnaire 
 
The students' motivation was assessed using a questionnaire consisting of 13 questions, 
categorized according to the framework developed by Glynn et al. (2011) (as presented in 
Table 2). This questionnaire comprises a range of motivation-related aspects, including 3 
items related to intrinsic motivation, such as "I find the prospect of working with robots 
intriguing," 3 items reflecting extrinsic motivation, such as "Acquiring knowledge about 
robotics will benefit my learning and future growth," 4 items concerning self-determination, 
such as "I am committed to investing substantial effort into learning robotics," and 3 items 
gauging self-efficacy, such as "I hold the belief that I performed well in the robotics activity." 
Respondents were requested to provide their responses on a 5-point Likert scale, spanning 
from "strongly agree" to "strongly disagree." In ensuring the reliability and validity of the 
questionnaire, a preliminary test of the questions was administered. This validation process 
yielded favorable results, with a Cronbach's alpha coefficient of 0.781 and a Kaiser-Meyer-
Olkin (KMO) measure of 0.870, indicating strong internal consistency and reliability. 
 
Table 2. Dimension Classification of the Student Motivation Questionnaire 

Dimension Item 
Intrinsic motivation I think it is interesting to work with robots. 
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I think knowledge of computer engineering, 
mathematics, physics and mechanical sciences is 
necessary to master robotics. 

Winning events and competitions is very important to 
me. 

Extrinsic motivation Understanding robotics technology will help my learning 
and future development. 

Participating in robotics activities will improve my 
academic performance. 

I think I will be able to use what I have learned from the 
robotics activities in other courses. 

Self-determination My future career dream is to become a scientist 
I intend to put a lot of effort into learning robotics. 
I will gather information from different sources, such as 

math and physics, to use in robotics activities. 
If I have a problem, I will continue to try and solve it by 

reading the material without anyone's help. 
Self-efficacy I am able to express and explain my ideas to my team 

I believe that I have done a good job in robotics 
activities. 

I participate actively in team activities. 
 
4.2 Robotics-enabled STEM Curriculum 
 
Collaborative efforts between educators and researchers culminate in the design and 
execution of Computational Thinking (CT)-focused STEM lessons, synergistically bolstered 
by the utilization of VEX Robotics toolkits. Specifically, the VEX Robotics toolkit, recognized 
for its educational value, offers an array of block-based coding tools tailored to students from 
kindergarten to grade 12. This inclusive approach translates into an "interactive, 
programmable robot that bridges the realms of Computer Science and Computational 
Thinking, transcending digital screens to become a tactile experience for Pre-Primary 
students." Guided by the established 5E inquiry model, the lessons seamlessly align with 
existing VEX activities available at https://education.vex.com/stemlabs/go/activities. The 
incorporation of the 5E inquiry model ensures an engaging and comprehensive learning 
process encompassing engagement, exploration, explanation, elaboration, and evaluation.  
Therefore, this study drew on the existing activities of VEX GO and modified them according 
to their characteristics and the cognitive characteristics of grade 4 primary students to form 
the final robot-supported STEM curriculum. The lesson plan can be found in Table 3, where 
students constructed an Astronaut Vault. The course lasted for 5 classroom hours. By 
intertwining CT principles with robotics education through the VEX Robotics toolkit and 
grounding the pedagogical approach in the 5E inquiry model, the collaborative endeavor 
seeks to foster an immersive and impactful STEM learning journey. 
 
Table 3. Exemplar of lesson plan 

5E Inquiry phase Student Activities 
Engagement Students are introduced the lunar rover through watching videos 

and answer the related questions about lunar rover. 

Exploration 

Student are asked to work with their classmates to build an 
astronaut vault which could speed quickly toward an object 
and stop before hitting it. They are discussing the design 
ideas and build the model 

Explanation Students are invited to present their design and do 
demonstrations, with further explaining how it works. 
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Elaboration Student are further elaborate their design based on teacher 
feedback and other group’s comments. 

Evaluation The students answer the questions about CT knowledge and 
skills in the activities. 

 
4.3 Data Collection and Analysis 
 
The dataset for this study comprises three distinct categories: the pre-test and post-test 
results measuring students' computational thinking skills, the pre-test and post-test 
outcomes gauging students' motivation through a questionnaire, and unstructured interviews 
conducted with the students. To ensure data collection consistency, the students' 
computational thinking skills and motivation to learn questionnaires was administered by 
their classroom teachers both prior to and following the intervention. Furthermore, 
unstructured interviews were carried out with three selected students under the guidance of 
a facilitator, who then recorded the collected data.  

The ensuing data analysis encompasses both quantitative and qualitative 
methodologies. Initially, the students' computational thinking skills test results and their 
academic motivation outcomes underwent descriptive statistical analysis in SPSS. This 
encompassed the computation of total mean scores, standard deviations, and paired sample 
t-tests to ascertain the disparities between students' pre-intervention and post-intervention 
scores. Additionally, variations in each facet of academic motivation was visually 
represented using line graphs generated in EXCEL. Lastly, the interview transcripts from the 
students were analyzed to glean profound insights into their computational thinking skills and 
motivation to learn. 

 
 

5. Results 
 
5.1 Computational Thinking skills 
 
An examination of descriptive statistics pertaining to students' total scores in computational 
thinking skills, both in the pre-test and post-test (refer to Table 4), revealed a notable trend: 
the students' post-test scores surpassed their pre-test scores. Evidently, this signifies a 
discernible enhancement in the students' overall computational thinking skills following the 
intervention. 
 
Table 4. Scores of the pre-test and post-test  

Test M SD SE 
Pretest Score 67.717 6.298 .865 
Posttest Score 81.422 6.387 .894 

 
Subsequently, a paired samples t-test was employed to analyze the pre-test and 

post-test results of the students' computational thinking skills assessment. The outcomes 
indicated a substantial disparity between the students' pre-test and post-test scores (p 
< .05), affirming a noteworthy improvement in their computational thinking skills subsequent 
to the intervention. 
 
5.2 Learning Motivation  
 
Descriptive statistics were applied to the students' pre-test and post-test motivation scores, 
with the findings outlined in Table 5. The results unveil varying degrees of advancement in 
the four dimensions: intrinsic motivation, extrinsic motivation, self-determination, and self-
efficacy, following the intervention. Among these dimensions, post-intervention self-efficacy 
registered the highest mean score, closely followed by intrinsic motivation. This pattern 
underscores how the intervention notably bolstered students' confidence in ICT-related 
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learning and fostered a heightened willingness to propel their learning through personal 
initiative. 
 
Table 5. Students' learning motivations of the pre-test and post-test 

Test Dimension M SD Skewness SE Kurtosis SE 
Pretest IM 3.71 1.09 -1.124 0.319 0.748 0.628 

EM 3.63 1.18 -0.850 0.319 0.042 0.628 
SD 3.14 1.1 -0.067 0.319 -0.557 0.628 
SE 3.81 1.11 -1.045 0.319 0.731 0.628 

Posttest IM 4.01 1.06 -1.369 0.322 1.600 0.634 
EM 3.83 1.14 -1.149 0.322 0.814 0.634 
SD 3.43 1.16 -0.388 0.322 -0.439 0.634 
SE 4.04 1.08 -1.271 0.322 1.458 0.634 

Note: IM: Intrinsic Motivation; EM: Extrinsic Motivation; SD: Self-Determination; SE: Self-efficacy 
 
Paired-sample t-tests were subsequently conducted for each individual dimension as 

well as the overall mean, aiming to ascertain any distinctions between the pretest and 
posttest conditions. The findings are presented in Table 6. When analyzing the overall mean, 
the posttest total score significantly exceeded that of the pretest (p < .05). This substantial 
discrepancy points towards a marked elevation in students' overall motivation to learn 
subsequent to the intervention. Further examination of each dimension showcases 
noteworthy trends. Intrinsic motivation, self-determination, and self-efficacy displayed 
notable increments post-intervention, exhibiting statistically significant improvements. 
However, the variation in extrinsic motivation—pertaining to external incentives like 
monetary rewards or other external inducements—was relatively modest between the pre-
test and post-test stages. This suggests that post-intervention, students' motivation wasn't 
largely driven by external factors. Instead, the intervention primarily centered on bolstering 
their learning confidence and cultivating a genuine interest in the subject matter itself. 
 
Table 6. Paired t test of students’ pre and posttest of learning motivations 

Pair t p 
IM -1.926 0.039* 
EM -1.244 0.219 
SD -1.575 0.041* 
SE -1.573 0.021* 

Total -1.816 0.045* 
Note: IM: Intrinsic Motivation; EM: Extrinsic Motivation; SD: Self-Determination; SE: Self-efficacy 
 
5.3 Interviews 
 
At the end of the intervention, three randomly selected students were interviewed to further 
confirm the effectiveness of the robot-assisted STEM programme. Insights from the interview 
data indicated that students consistently agreed on the benefits of integrating robotics into 
the STEM curriculum. The integration of robotics into the STEM curriculum was praised by 
students for infusing an inquiry-based and problem-solving approach, which promoted 
computational thinking skills. 

Students confirmed the effectiveness of these classes in promoting problem solving 
skills by asking "Question 1: Do you think robot-assisted STEM classes have helped you 
with your problem-solving skills?" Students confirmed the efficacy of these courses in 
promoting STEM knowledge and competence. 

Student A: It was okay, I learned general patterns of problem solving in the 
classroom activities. 

755



Student B: I clearly grasped the content of the course, which will help me solve 
problems in the future. 

Student C: It was helpful in developing my computational thinking skills because I 
need to solve a lot of problems on my own. 

For "Question 2: After listening to the whole lesson, did you find the STEM 
programme more interesting?" They became interested in the STEM curriculum through 
robot-assisted STEM learning. In addition, as the intervention culminated, the students 
became more and more emotional-enthusiastic about the upcoming STEM course and 
renewed their resolve to take the related academics seriously. 

In response to "Question 3: How well do you feel you are listening in STEM classes 
now compared to before?" Overwhelmingly, respondents reported that the classes hold their 
attention and provide a way for them to participate more effectively in the classroom. 
Students agreed that they performed better and were more attentive in STEM classrooms 
that leveraged robotics. 

Student A: He likes the way the class is taught compared to before and listens 
attentively in every class. 

Student B: I am interested in robotics, so I am more motivated than before. 
Student C: Sometimes I get sleepy in class, but now I try to stay awake and 

concentrate on the STEM lessons. 
Overall, this instructional approach served as a catalyst for student enthusiasm and 

motivation in the STEM field of study. It not only enriched students' current learning 
experiences, but also fostered their continued interest in future STEM projects. 

 
 

6. Discussions 
 
This study entailed the design and implementation of a robot-enabled STEM program, 
structured upon the 5E model, with the primary objective of enhancing students' 
computational thinking skills and fostering motivation to learn. Significant advancements in 
students' computational thinking skills were observed post-program intervention, signifying a 
tangible improvement as a result of the intervention. This observation aligns with prior 
research indicating that STEM programs incorporating computational thinking elements 
contribute positively to the computational thinking skills of pre-service teachers (Çiftçi & 
Topçu, 2023), as well as similar findings in the context of robotics-enhanced STEM summer 
camp activities and game design for children from diverse regions (Chiang et al., 2022; 
Leonard et al., 2016; Shang, 2023). The current study reinforces these findings, affirming 
that a robot-enabled STEM program effectively enhances computational thinking among 
primary school students in Hong Kong. This pedagogical intervention, brimming with inquiry 
and problem-solving processes, propels students to collaboratively tackle real-life issues. 
This immersive engagement fosters a deeper appreciation for the intricacies of problem-
solving, thereby nurturing their computational thinking prowess (Shute et al., 2017; Barak & 
Assal, 2018). 

Turning to the aspect of student motivation, the preponderance of prior research 
indicates that robot-enabled STEM programs distinctly elevate students' self-efficacy, 
learning attitudes, and enthusiasm for learning (Gomoll et al., 2016; Sisman et al., 2021; 
Üçgül et al., 2022). This study's findings reaffirm these conclusions, while also delving 
deeper to explore the program's influence on self-determination and extrinsic motivation. 
The results underscore that, upon intervention completion, students displayed substantial 
enhancements across intrinsic motivation, self-determination, and self-efficacy. Nonetheless, 
concerning extrinsic motivation, the mean scores witnessed growth, yet the variance from 
the pre-intervention phase did not attain statistical significance. This could be attributed to 
the program's intrinsic nature, which aims to cultivate enjoyment and interest by immersing 
students in inquiry and problem-solving activities, consequently boosting their self-efficacy in 
addressing challenges (Barak & Assal, 2018). As a result, future iterations of the course 
might consider incorporating immediate classroom assessments to amplify external 
motivation in alignment with their learning objectives. 
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7. Conclusions 
 
This study devised a robot-enabled STEM program rooted in the 5E instructional model. 
Through a comparative analysis of students' computational thinking skills and motivation 
prior to and following the intervention, significant insights emerged. The study revealed that 
the integration of robotics within STEM education holds the potential to foster considerable 
enhancements in students' computational thinking skills. Moreover, the infusion of robotics 
into STEM curricula yielded positive outcomes, ameliorating students' intrinsic motivation, 
self-determination, and self-efficacy. 

This realization underscores the prospect for educators to leverage similar STEM 
programs in the future. By orchestrating comparable initiatives, teachers can ignite students' 
fascination for STEM learning, nurture adept problem-solving abilities, consequently 
augmenting their computational thinking proficiencies. In doing so, a harmonious 
advancement of students' STEM literacy can be achieved. 

Nevertheless, this study is not without its limitations. Although it validated the efficacy 
of robotic-enabled STEM courses in bolstering intrinsic motivation, self-determination, and 
self-efficacy, the discernible impact on students' external motivation was not statistically 
significant between pre- and post-tests. This aspect presents an avenue for future 
refinement. A potential approach involves the integration of immediate classroom 
assessments, strategically aimed at amplifying external motivation. 

In conclusion, this research underscores the transformative potential of robot-enabled 
STEM initiatives. By harnessing the power of robotics within the framework of STEM 
education, educators can foster a well-rounded development of students' computational 
thinking skills, intrinsic motivation, and self-determination, thereby paving the way for a 
comprehensive advancement of students' STEM literacy. 
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Abstract: This paper discusses the concept of seamless learning and its alignment 
with Interest-Driven Creator (IDC) Theory in response to Tak-Wai Chan’s keynote at 
the 1st MetaACES 2023. He introduced the Seamless Interest-Driven Co-Creator 
(SIDC) learning framework — an integration of seamless learning and IDC learning. 
This paper also explores the educational implications of SIDC learning framework.  
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1. Introduction 
 

In 2006, Chan and his team introduced the concept of a "seamless learning space" in their 
groundbreaking work titled "One-to-one technology-enhanced learning: An opportunity for 
global research collaboration." In this work, Chan et al. (2006) emphasised the shifting trends 
in student learning beyond traditional classrooms. They attributed this shift to the increased 
affordability of personal digital devices among schoolchildren and college students. 
Essentially, the widespread availability of affordable digital devices gave these students the 
opportunity to engage in learning outside of school, anytime and anywhere, with anyone. This 
innovative development raised students' expectations regarding the use of personal digital 
devices for learning within their school environment. Chan and his colleagues firmly believed 
that the line separating learning inside and outside classrooms could become increasingly 
blurred, due to advancements in future learning technologies. In their view, it was entirely 
feasible for students to seamlessly continue their learning experiences across various 
environments. 

The notion of seamless learning space is about designing learning environments that leverage 
digital technologies, placing emphasis on "where to learn", "when to learn", "who to learn with", 
and "what kind of tools for learning" (Chan et al., 2006). At the same time, this seamless 
learning space must integrate the aspect of "how to learn" within the future educational 
learning landscape. Within this context, the tenets of Interest-Driven Creator (IDC) learning 
aligns seamlessly with the concept of a cohesive learning space. IDC theory emphasises the 
importance of tailoring learning to students' interests, promoting creative activities driven by 
those interests, and fostering a habitual culture of learning (Chan, et al., 2018). In other words, 
IDC learning champions how students engage in learning activities based on their individual 
interests, making it a natural fit for the seamless learning environment.  
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2. Seamless Learning and IDC Learning 

Integrating a seamless learning space and IDC Theory spawns a new concept — Seamless 
Interest-Driven Co-Creator (SIDC) Learning. Tak-Wai Chan presented the SIDC Learning 
framework in his keynote at the 1st MetaACES 2023 (14 June 2023, Hong Kong). The 
framework emphasises four fundamental orientations: learning, harmony and well-being 
(Harwell), equity, and environment. He envisaged that educators can optimise the proposed 
framework to design practical and unique student learning experiences in the seamless 
learning space. By considering the aforesaid orientations, educators can create a holistic 
environment that ignites and supports students' interests, promotes their well-being, provides 
equitable access to resources, and ensures a safe learning environment. 

The learning element in the framework focuses on developing students' interest in a seamless 
learning world. IDC learning recognises that students become more engaged and motivated to 
create knowledge when they are genuinely interested in a topic. When students practice 
learning routines that are meaningful to them, they are conditioned to focus and engage in the 
learning process. When these learning routines are repeated incessantly, students form a 
learning habit that becomes second nature to them. It is possible to extend this learning habit 
into a learning ritual. Learning ritual is more than learning habit because it revolves practices 
that are meaningful to the learners. When learners practice a set of learning ritual, their mind 
and body become conditioned to focus and engage in the learning process. This structure can 
enhance concentration and overall learning performance. Seamless learning complements 
this by providing diverse contexts and opportunities for students to pursue their interests. 
Educators can create a seamless learning space that is non-judgmental — a learning 
environment where students are free and comfortable to express their ideas, try new things 
and take risks without detrimental learning consequences to themselves. Educators may 
inject some elements of confusion and wonder in the SIDC learning environment. Exposing 
students to learning activities that would create a little confusion but are interesting enough to 
hold the learner's attention, can create mental space for students to respond to new or 
unfamiliar learning situations (Wong et al., 2023). Designing learning activities with 
well-regulated confusion will likely hold students' attention thus leading to deeper learning.  

In addition, the "seamless" element in IDC learning encourages educators to curate diverse 
learning resources such as textbooks, online articles, videos, podcast and many others to 
support learner's needs. Educators will have more flexibility to tailor learning experiences to 
each student learning needs and preferences. By curating diverse learning resources, 
educators can provide multiple pathways for their students to learn according to their learning 
styles and interests. Sourcing for rich and varied learning contents allows students to have 
wider exposure to differing viewpoints and cultures thus fostering a more comprehensive 
understanding of the subject matter. When educators design multimodal learning activities 
that incorporate diverse resources, students are able to stay focused and become more 
engaged learners (Wong & Md Khambari, 2022). In other words, multimodality promotes a 
better learning experience for learners across different learning contexts (formal education, 
informal learning, and real-world experiences) as it incorporates the use of multiple sensory 
modalities such as visual, auditory and tactile methods.  

Learning assessment can also be conducted more fluidly — continuous alternative 
assessments and feedback can be integrated into the home and school learning 
environments. It is an excellent idea to incorporate diverse learning assessment methods to 
provide timely feedback and support learners' progress regardless of being in the home or 
school learning environment. The SIDC learning environment provides opportunities for 
students to engage in self-learning or collaborative learning experiences, explore real-world 
applications of their knowledge, and acquire academic and 21st-century competencies.  
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In his keynote, Tak-Wai Chan also introduced the concept of “Harwell” as another critical 
aspect of the SIDC framework. It is a portmanteau of two words — Harmony and well-being. 
SIDC learning equates to happy learners. Learning happiness pertains to experiencing joy, 
both during and following the learning journey. When students are engaged in interest-driven 
activities, they experience a sense of fulfilment and satisfaction. This corresponds with 
Maslow's hierarchy of needs, as students' harmonious interactions with themselves, others, 
and the environment contribute to their overall well-being. Learners need to be in harmony 
with themselves, the people around them, and the environment. Harmony can be considered 
an affective learning outcome — it is achieved when the student’s learning needs are fulfilled, 
gaining a sense of satisfaction and experiencing inner peace. Inevitably, this leads students to 
feel a sense of belongingness, being happy and eventually becoming lifelong learners. This 
outcome resonates well with IDC theory which promotes the following assumptions for 
designing learning activities to optimise students’ learning experience:  

1. Learning is tailored to the learner's interests; 
2. Learning activities are conceived as creative endeavours driven by these interests; 
3. The integration of interest-driven creative activities into students' everyday schedules 

fosters a habitual culture of learning. 

Educators must play a vital role in ensuring Harwell is supported in the SIDC learning 
environment. Students need to have a clear understanding of whom to connect with — to 
nurture emotional, mental and physical well-being. They must be able to harmonise these 
three facets to flourish as happy learners. It is the educators’ responsibility to create a 
constructive synergy between themselves and their students and also families to create a 
harmonious learning environment. 

SIDC learning's focus on accessibility promotes equity in education. The seamless world is 
extremely dynamic, often enabled by affordable digital technologies. This allows students from 
different socioeconomic backgrounds to access learning resources without discrimination. 
The SIDC learning experience can be heightened as the cost of owning digital technologies 
has significantly reduced in recent years. Governments worldwide are giving serious attention 
to disadvantaged students by equipping them with quality digital devices for learning. No 
students are left behind when learning switches from the school learning environment to the 
home learning environment. In other words, students' interest-driven learning process is not 
disrupted when such a switch occurs. This aspect of SIDC learning is crucial for addressing 
educational disparities and ensuring all students have equal opportunities to pursue their 
interests. By reducing barriers to access, seamless learning fosters inclusiveness and 
empowers students to explore diverse areas of knowledge. 

Environmental safety, both physical and digital, is an essential consideration in both seamless 
learning and IDC learning. The SIDC framework acknowledges the need for environmental 
safety and hygiene, particularly in light of emerging challenges such as infectious diseases. 
The COVID-19 pandemic is an excellent example of this worry. In his keynote, Tak-Wai Chan 
warned us that the world is on the brink of peril. He stressed that the pervasive use of digital 
technology has caused many detrimental impacts on society.  The ubiquity of digital 
technology at an affordable price has also exacerbated the situation. The phenomenon of 
digital addiction is a significant cause of concern. Digital addiction encompasses the 
excessive and compulsive use of digital devices, mobile applications and online contents, 
often causing detrimental effects on the users’ well-being. In the context of learning, students 
are drawn towards the attraction of social media, video games, streaming platforms and other 
digital distractions that interferes with their studies.  The instant gratification and continuous 
connectivity afforded by ubiquitous digital technologies contribute to the reinforcement of 
addictive behaviours. 
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The SIDC framework also highlights the importance of digital literacy and online safety. As 
students engage in seamless learning experiences across various environments, educating 
them about responsible digital citizenship, online norms, and critical evaluation of online 
information is crucial. 

 

3. Implications for Education  

The integration of seamless learning and IDC Theory has some implications for education. 
Educators can cultivate students' curiosity and motivation by designing learning experiences 
that leverage students' interests, leading to deeper engagement and better learning 
outcomes. Seamless learning provides a platform for students to explore their passions 
beyond the boundaries of traditional classrooms, fostering creativity, innovation, and 
self-directed learning. 

Furthermore, the SIDC framework promotes a learner-centric approach to education. It 
recognises that students have diverse interests, learning styles, and needs. By embracing 
seamless learning, educators can personalise learning experiences to cater to individual 
student's interests and preferences. This customisation enhances student agency. 
Additionally, it empowers educators to present the learning contents that pique learners’ 
interest, maximising their understanding and capability to connect with the curriculum and the 
real world settings. In essence, students are more likely to view their studies as more 
meaningful, leading to a more positive learning experience. 

SIDC Learning also encourages collaboration and community engagement. Through 
seamless learning spaces, students can connect with peers, experts, and communities of 
practice. These interactions provide opportunities for cooperative learning, sharing ideas, and 
receiving feedback, thereby enriching the learning experience. Additionally, community 
involvement and real-world connections enhance the authenticity and relevance of students' 
learning, bridging the gap between classroom knowledge and its application worldwide. 

However, implementing SIDC learning requires thoughtful design and responsible use of 
technology. Educators must ensure seamless connections between different learning 
contexts support meaningful learning experiences rather than distractions or addictive 
behaviors. Attention should be given to designing educational games and digital resources 
that align with learning goals and promote engagement, rather than perpetuating superficial 
learning experiences. The onus of designing interesting learning activities lies in the hands of 
the educators who are willing to embrace SIDC learning. Exposing student teachers to the 
SIDC framework at the teacher preparatory level would serve as a good starting point to shape 
their instructional practices to be resonant with the philosophy of SIDC learning. They in turn 
will likely apply the philosophy in their instructional practices when they teach in the actual 
classrooms as full-fledged teachers.  

 
 
4. Conclusions 
 
When learning is driven by interest, better learning outcomes can be achieved. These learning 
outcomes can be fortified when educators play a vital role in supporting students' well-being 
and creating a harmonious learning environment while ensuring accessibility and 
inclusiveness in education. However, it is crucial for the stake holders to address the 
responsible use of technology, considering environmental safety and digital literacy, to avoid 
distractions and addictive behaviours. Overall, the SIDC learning framework offers 
opportunities for students to explore their interest, collaborate with peers and experts, and 
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bridge the gap between classroom knowledge and real-world application. By embracing this 
framework, educators can empower students to take ownership of their learning journey and 
promote the love for lifelong learning. 
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Abstract: This paper presents MEGA World, a platform that allows teachers to create 
their own virtual worlds for their course so their students can learn required knowledge 
and skills as well as be stealth assessed in a non-pressure environment. Students will 
walk through the learning and assessment activities by wondering and exploring the 
virtual world via interest driven. In this paper, various quest types will be introduced, 
and their use cases will be explained with the content from four graduate level and 
undergraduate level courses in Athabasca University. At the end, users’ experiences 
and their preliminary perceptions toward the use of MEGA World will be summarized – 
users spent on average 70 to 81 minutes on the gameplay activities even they were 
introduced MEGA World and its activities in the last second week of the term/semester; 
moreover, they had very positive opinions on the use of it to replace the supervised 
exam. 
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1. Introduction 
 
Students in the 21st century have more different ways to learn than the students before 
(Prensky & Berry, 2001). They live in a media-rich environment where they can learn 
different knowledge from innovative and interactive ways such as games (Chang & Kinshuk, 
2010). Computer games have an engaging and immersive nature, have inspired academics 
to adopt and deploy educational games and game-based learning to courses (Tobias & 
Fletcher, 2007). Educational games are interactive and can get students motivated in 
learning; therefore, they can enhance the cognitive process with gradual increase in difficulty 
while improving students’ learning performance and their understanding of the subject 
(Tobias, S. et al., 2011). 

Barr (2018) finds the attitude the undergraduate students have toward the use of 
commercial video games to develop skills and competencies. Their result shows that the 
students have positive perception in favor of having video games to assist their learning and 
also believe they can develop their communication skill as well. Similarly, Wouters and 
colleagues (2013) find that the adoption of digital game in the learning activities can improve 
students’ learning motivation and make them be more active while working on problem-
oriented learning activities. 

Although there are different game genres, Gros (2007) lists seven game genres that 
are agreed broadly: (1) action game; (2) adventure game; (3) fighting game; (4) role-playing 
game; (5) simulation game (6) sports game; and (7) strategy game. Among the above 
mentioned seven game genres, Podjačevs and Skorobogatova (2017) indicate that the use 
of role-playing in learning is one of the most efficient methods to learn a foreign language as 
well as to develop mental personality. The role-playing game allows students to play a role 
of fictional character to explore the virtual world – which is aligned with developing skills of 
decision-making, cooperation, problem-solving, and social interactions (Chang & Lin, 2014). 

MEGA World (Multiplayer Educational Game for All) is a platform developed by 
Chang and Kinshuk (2010). The platform allows teachers to create virtual worlds, quests for 
learning and assessment, non-player characters (NPCs), quest and reward items/tools for 
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their students to learning via role-playing in the game. The rest of the paper is organized as 
follows: Section 2 introduces MEGA World and Section 3 explains the various quest types 
with real world course content. A preliminary user perception toward the use of MEGA World 
in a formal university course is summarized in Section 4. At the end, Section 5 briefly makes 
a summary and discusses the limitations.  
 
 
2. MEGA World 
 
MEGA World hosts multiplayer game worlds (i.e., virtual worlds) in which students can 
interact with non-player characters (NPCs), items, and other students. MEGA World as an 
educational role-playing game platform was proposed and developed by Chang and Kinshuk 
(2010). MEGA World supports any language and can access any existing external 
resources, e.g., multimedia, materials, online meetings, etc. Teachers can create their virtual 
worlds (see Figure 1) as well as create learning and assessment activities (i.e., quests in the 
game) for students. Students can learn specific knowledge and reach the learning goal of 
ActionScript programming language (Kuo, et al., 2010), research methodology (Li, et al., 
2018), and English (Xu, et al., 2016) by taking and solving those quests while playing. 
 

 
Figure 1. MEGA World v3.0 in Dark Theme (access: https://megaworld.game-server.ca). 

 
MEGA World v3.0 currently has twelve (12) quest types include calculation, 

conversation (Chang, et al., 2019), fill-in-the-blank, greeting (check-in), item collection and 
delivery (check-in with item), multiple choice, short answer, single choice, sorting, speaking, 
treasure hunting (coordinates), and true/false quest type. Teachers are also provided 
management portal (see Figure 2) in which editors like map and quest editors are available 
so they can freely expand their game worlds and design quests in different levels for 
different subjects/topics according to their own teaching plan.  

A virtual world (map) can host students who enroll in different courses. Teachers can 
design one or more professions to associate to a course they teach and any quest the 
teachers design and create should be linked to a profession if it is related to the 
course/subject matter. With this design, students must become a designated profession first 
(see Figure 3) before they can start the learning process and they won’t be able to see 
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advanced level of the knowledge/skill as the teachers can control the learning progress via 
profession levels and/or hierarchy.  
 

 
Figure 2. Management Portal for Teachers. 

 

 
Figure 3. A profession is associated with a course or a learning subject. 

 
 
3. Example Quests in Real Course 
 
In this section, several quest types include Sorting Quest, Speaking Quest, Treasuring 
Hunting Quest, and Conversation Quest, are introduced with the course content in the real 
world.  

As Figure 4 shows below the sorting quest type could be used by teachers to ask 
their students to match and connect the key concepts and their definitions. Of course, the 
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sorting quest type can also allow teachers to ask their students about the correct steps and 
actions of a procedure or process. The teacher of Java Programming language course asks 
students to match the definitions of the three types of Java: Java Mobile Edition, Java 
Enterprise Edition and Java Standard Edition. 

 

 
Figure 4. Sorting Quest 

 
Besides the open-end short answer quest type, MEGA world also supports 

“speaking” based short answer quest type. It is like the short answer quest, but it asks 
students to enter their answer via speaking into a microphone instead of typing their answer. 
With the speaking-based quests, teachers can force students to practice their speaking skill 
under a non-pressure environment. Figure 5 shows a similar speaking quest that 
International English Language Testing System (IELTS) has. While speaking to the mic, 
students can see how the computer recognizes their words correctly or incorrectly – so they 
can make proper changes and practice more to ensure people could read their words. 
 

 
 Figure 5. Speaking Quest 

 
Another worth to mention quest type in MEGA World is the treasure hunting 

(coordinates) quest. This quest type allows teachers to create a scenario that students may 
see in the real world while conducting a task. For example, for conducting literature review 
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students may use their devices (e.g., computer, laptop, or even mobile phone) to access the 
academic database via their university library. Figure 6 shows a quest, “finding the 
literature”, that gives the student a “Computer” as tool and asks the student to “go to library 
at (4, 1)” on the map “digging” the mentioned paper out and bringing back to the NPC “Ted’s 
Tester”. When the student reaches the library at (4, 1), he or she uses the given tool to “Dig” 
and finds the article. This kind of quest solving experience makes students not only get 
familiar with the operation and flow of doing a task, but also emphasizes the important 
tools students will need for completing a task. 

 

 
Figure 6. Treasure Hunting Quest 

 
MEGA World also bridged with Speaking-based Conversation Quest (SCQ) System 

at https://conversation.megaworld.game-server.ca (Chang, Chen, Wu, & Yu, 2019; Chen, 
Chang, Wu, & Yu, 2018; Li, Chang, & Wu, 2020). Teachers can create and manage (see 
Figure 7) the conversations that they want their students to learn and practice via speaking 
to the mic. A conversation can be on any topic and difficulty level in any language. The 
speech recognition is supported by the Web Speech API built-in majority of the browsers 
include Chrome, Edge and Safari (https://developer.mozilla.org/en-
US/docs/Web/API/SpeechRecognition#browser_compatibility). 
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Figure 7. Conversations can be created by teachers. 

 
Since teachers would like to have their students learn proper responses to people in 

speaking a language, they can create and arrange the conversation branches alone or with 
other teachers together. A branch can be reused, and a conversation can continue by 
jumping from one place to another place in the conversation tree as Figure 8 shows below. 

 

 
Figure 8. A Conversation Tree.  

 
Teachers then can create a conversation quest in MEGA World and link the quest in 

MEGA World with the conversation tree in the SCQ System with the conversation identifier 
(i.e., an id number). When students work on solving the quest, they will be redirected to the 
SCQ System and speak to the Non-Player Character (NPC). When they complete the 
conversation, the NPC will send a mark back to MEGA World so the conversation quest can 
be concluded. 
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Figure 9. Conversation Quest 

 
 
4. Preliminary User Perception 
 
Four undergraduate and graduate level courses at Athabacsa University have virtual worlds 
(i.e., maps), NPCs, and quests created on MEGA World; they are Java Programming, 
Managing Innovation and Change in Information System, Research Methodology, and 
History of Psychology. This section summarizes users’ perceptions toward the use of MEGA 
World in Java Programming learning subject. The Java Programming course has four maps, 
twenty-four NPCs, and 108 quests distributed in 10 levels. 

In the Java Programming course, 11 students were asked to use MEGA World as a 
self-assessment tool and then voluntarily report their perceptions include whether or not they 
have seen similar game before, do they think MEGA World can be a self-assessment tool, 
do they think if MEGA World can replace the supervised exam, and do they want to play 
more in other courses in the future. Among nine users who provided their opinions, at the 
end seven users’ feedback is considered and summarized in this paper due to two users 
were not really playing in the course’s virtual world but other virtual worlds instead. 

In average, the seven users played 70 to 81 minutes and most of them solved 10 to 25 
quests while two of them solved only 2 to 6 quests. Six users rated the quests are easy, not 
difficult, beginner level, or easier side while one user rated 7 out of 10 for the difficulty level 
of the quests. Most of the users, five of them, had never seen similar games before while 
one had seen, and one had not seen such game in Massively Multiplayer Online (MMO) 
game form.  

Regarding their perceptions on whether MEGA World can be a self-assessment tool, 
most of them believe so – only one user disagreed and explained that he or she preferred 
quizzes with selectable answers and automated code testing instead. While six out of seven 
users believed MEGA World can be used as a self-assessment tool, they all suggested 
having more quests in higher difficulty levels. This is understandable as the virtual worlds’ 
first 28 quests belong to the first two levels of the course and none of the users proceeded 
beyond that probably because this activity is voluntarily, and they want to spend more time 
on it after 70 to 81 minutes or more.   

For the possibility of replacing the traditional supervised exams with MEGA World, six 
of them except the one who preferred quizzes and automated code testing had very positive 
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opinions including “while I prefer project-based assessment but consider it is and supervised 
exams are equivalent,” “I get very stressed and overwhelmed on exams and I would think 
this platform would lighten that aspect for me,” “this is a good idea to replace traditional 
exams actually,” “assuming the exam question are replaced by the question or activities in 
the quest, then it could replace supervised exams,” “I would heavily support this.” Besides 
the positive perceptions, users also suggest to still having some supervision so MEGA World 
is not considered an open book exam that students can research answers while playing it. 

 
 

5. Conclusion 
 
This paper introduces MEGA World, a multiplayer education game platform that allows 
teachers to create their own virtual world maps, non-player characters (NPCs) and role-
playing quests for their courses. MEGA World currently has 12 quest types that cover most 
of the question types used in a quiz and exam. Besides the common question types like 
true/false, single choice, multiple choice, and fill-in-the-blank, MEGA World also supports 
sorting, speaking, conversation, treasure hunting, and open-end short answer quest types. 

The research team has created virtual worlds, NPCs, and quests for four courses at 
Athabasca University, including Java Programming, Managing Innovation and Change in 
Information System, Research Methodology, and History of Psychology. Taking Java 
Programming course as example, the course has 24 NPCs dispatched on 4 maps offering 
students 108 quests distributed in 10 levels. 

The research reports users’ preliminary perceptions toward the use of MEGA World in 
the Java Programming course as a self-assessment tool and the possibility of replacing 
supervised exams with MEGA World. Six out of seven users believed MEGA World is good 
for use as self-assessment tool and had very positive opinions on the use of it to replace the 
supervised exam. One user expressed his/her feeling about exams – stressful and 
overwhelming – and thought MEGA World can lighten this aspect very much. Finally, one 
user considered MEGA World to be equivalent to supervised exams while he or she prefers 
project-based assessment. 

There is one recommendation according to the results the research team would like to 
remind practitioners, including teachers and educators who may want to adopt multiplayer 
educational game activities into their courses. As the results show that on average the users 
spent 70 to 81 minutes on the gameplay in MEGA World, they have done about 10 to 25 
quests out of the 108 quests the virtual world has for the course content. The 10 to 25 
quests belong to the first two difficulty levels while the 108 quests created for 10 difficulty 
levels. Under such circumstances, users explicitly express their desire to see more difficult 
quests and have positive willingness and attitude toward the use of MEGA World to replace 
the supervised exams. 

Since the course has MEGA World and its gameplay activities arranged at the last 
second week of the course, one week before they are supposed to write the supervised final 
exam. They cannot put more effort and time in terms of doing gameplay activities and 
completing more quests. The research team would recommend practitioners to start the 
gameplay activities earlier and even at the beginning of the course. In such a case, users 
can have time to play more – the more they play, the more difficult quests they can see and 
practice to solve. Their gameplay progress could match the syllabus and weekly 
teaching/learning plan and even be considered as either preview or review of the course 
content that they have been taught in the class. 
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Abstract: This paper treats the user study for web-based VR education contents 
supporting VR-goggles. Educational materials using multimedia have ability to 
enhance the education efficiency rather than text books. Similarly, educational 
materials using new technologies like VR have ability to attract much interests of 
students. Based on Interest-Driven Creator Theory (IDC Theory), this means 
educational materials using VR may have high educational efficiency. For experiment 
subjects and exercise subjects, the most efficient learning environments should be the 
same as the real ones as possible. Educational materials using VR can provide virtually 
students with high immersive learning environments. Therefore, educational VR 
materials supporting VR-goggles may have higher education efficiency rather than the 
others. This may justify Seamless Interest-Driven Creator Theory (SIDC Theory). So, 
this paper introduces several web-based VR education contents, and also show simple 
user study results especially for the comparison between their web-browser mode and 
VR goggle mode. 
 
Keywords: IDC Theory, SIDC Theory, Educational materials, VR, User study 

 
 
1. Introduction 
 
In this paper, we introduce several VR education contents supporting VR-goggles and show 
the user study results for the comparison between their web browser mode and VR goggle 
mode. This research is one of the activities of our center called ICER (Innovation Center for 
Educational Resources)(ICER, Aug. 2023) belonging to Kyushu University Library of Kyushu 
University, Japan because the mission of ICER is to provide students with educational 
materials using recent ICT and to support teachers for their creating such educational 
materials. In addition, our university established new institution called Data-Driven Innovation 
Initiative in April, last year. It consists of five divisions. We also belong to one of the divisions 
called NOE(Division of Next generation Open Education promotion)(NOE, Aug. 2023). Its 
mission is to promote Education DX(Digital Transformation), currently, we focus on the 
development of XR(VR/AR/MR) contents. Our ICER and NOE have various equipment and 
devices such as VR goggles, 3D scanners, and 360VR cameras for developing e-learning 
materials including XR contents like VR tours. Using these devices effectively, we want to 
develop a lot of e-learning materials for students of our university. To do so, we have already 
proposed the development framework for web-based VR education contents that supports 
lidar data(PCD: Point Cloud Data) and 360VR images/videos(Okada, et. al, Feb. 2023, Okada, 
et. al. Jul. 2023). In addition, we have proposed web viewers supporting VR-goggles for 3D 
model data, PCD and 360VR images/videos (Okada & Oki, Mar. 2023). 

Educational materials using multimedia have ability to enhance the education efficiency 
rather than text books. Similarly, educational materials using new technologies like VR have 
ability to attract much interests of students. This can be derived from Interest-Driven Creator 
Theory (IDC Theory). For experiment subjects and exercise subjects, the most efficient 
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learning environments should be the same as the real ones as possible. Educational materials 
using VR can provide virtually students with high immersive learning environments. Therefore, 
educational VR materials supporting VR-goggles may have higher education efficiency rather 
than the others. This may justify Seamless Interest-Driven Creator Theory (SIDC Theory). So, 
this paper introduces several web-based VR education contents, and also show simple user 
study results especially for the comparison between their web-browser mode and VR goggle 
mode. 

The remainder of this paper is organized as follows: next Section 2 describes related work. 
We explain the proposed framework and its functionalities using the VR tour contents in 
Section 3. In Section 4, we briefly introduce the proposed web viewers. Section 5 shows the 
user study results and discuss about them. Finally, we conclude the paper in Section 6. 
 
 
2.  Related Work 
 
Usually, we have to use any toolkit systems when creating web-based interactive 3D 
educational materials. Our laboratory proposed IntelligentBox(Okada & Tanaka, 1995) that is 
a development system for interactive 3D graphics desktop applications and uses it for our 
research purposes. There have been many desktop applications actually developed using 
IntelligentBox so far. In addition, we proposed web-version of IntelligentBox(Okada, 2013) and 
developed web-based applications using it. However, those cannot support VR goggles such 
as Meta Quest 2. Unity is the most popular game engine in the world (Unity, April 2023), that 
enables creating web contents supporting VR goggles such as Meta Quest 2. It is a very 
powerful toolkit for creating desktop and web-based 3D graphics applications including VR 
applications. However, the use of Unity requires programming knowledge and skills of the 
operations for it. Therefore, it is not easy for standard end-users like teachers to use Unity. 
Therefore, we proposed the development framework for web-based VR contents like VR tours. 

There are many commercial services for creating interactive web contents using 360VR 
camera images. The service of RICOH (THETA, April 2023) does support 360VR images but 
not 360VR videos nor PCD. The service of Matterport (Matterport, April 2023) does support 
360VR images and PCD but not 360VR videos. Contrarily, our proposed development 
framework consists of three systems those are for walkthrough contents of 360VR images, for 
navigation contents of 360VR videos and for walkthrough contents of PCD. These are 
differences between our development framework and the others. For the convenience of 
standard users like teachers, we also proposed web viewer applications for 3D model data, 
PCD and 360VR images/videos. 

As the educational efficiency of e-learning materials using VR, we have not investigated 
related works enough yet. As a preliminary research, we show user study results for web-
based VR education contents supporting VR-goggles in this paper. 
 
 
3.  Web-based VR contents supporting VR-goggles 
 
Last year, we made VR tour contents of the university library building for our open campus 
event to appeal that the building is one of the biggest university libraries in Japan. In the 
followings, we explain two types of VR tour contents of the university library using 360VR 
images and 360VR videos. 
 
3.1 Walkthrough content of 360VR images 
 
Figure 1 includes three screen shots of the walkthrough content of 360VR images, 3rd floor of 
the library building. The map of 3rd floor appears in the left upper part of each screen shot. 
On the map, there are many orange dots totally over 100 each indicates the place at that each 
360VR image was taken. By clicking on the orange dot, its corresponding 360VR image will 
be displayed as the next 360VR scene. Similarly, by clicking on one of the thin grey cylinders 
in a 360VR scene, the 360VR image taken at the same location will be displayed as the next 
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360VR scene. In this way, you can walk through on the floor. This VR tour content supports 
multimedia like standard image files and movie files as shown in the middle part(standard 
movie) and right part (standard image) of Figure 1. 
 

 
Figure 1. Four screen shots of the walkthrough content of 360VR images, 3rd floor of 

the library building. 
 
3.2 Navigation content of 360VR videos 
 
Figure 2 includes three screen shots of the navigation content of 360VR video, 3rd floor of the 
library building. The lower middle part of each of the three screen shots is a control panel for 
the 360VR video, i.e., play, pause, backward, forward, etc. The upper left part of each figure 
is the map of 3rd floor. There is a cyan color closed polyline that means the moving path 
actually the person wearing a portable 360VR camera on the top of his/her head moved 
through the floor when taking this 360VR video. By clicking on the polyline, the 360VR video 
moves to the corresponding 360VR scene. Similar to the system for the above walkthrough 
content, this content also supports multimedia like standard image files as shown in the middle 
figure and the right figure. The 360VR scene automatically changes according to the current 
playing point of the 360VR video. Therefore, we call this type of contents are navigation ones. 
 

 
Figure 2. Three screen shots of the navigation content of 360VR video, 3rd floor of the 

library building, and 3rd floor map. 
 
 
4. Web Viewers for 3D model, PCD and 360VR images/video 
 
Figure 3 shows four screen shots of the web viewers. Its left upper part is the 3D model viewer 
of a brain model. Its right upper part is the PCD viewer of CT exercise room. Its left lower and 
right lower parts are the 360VR image viewer and the 360VR video viewer of CT exercise 
room. You can see [Enter VR] button on the right lower part in each screen shot. This button 
is for changing web-browser mode into VR-goggle mode. 
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Figure 3. Four screen shots of the web viewers of 3D model(left upper), PCD(right 

upper), 360VR image(left lower) and 360VR video(right lower). 
 
 
5. User Study Results 
 
We carried out simple user evaluation by the students of Graduate School of ISEE(Information 
Science and Electrical Engineering) of our Kyushu University. The number of students is 26. 
The user evaluation contents are VR tours (Walkthrough and Navigation) of University Library 
already shown in Figure 1 and Figure 2, and 3D model viewer of a Skeleton model. These 
contents in VR-goggle mode are shown in Figure 4, Figure 5 and Figure 6. 

Table 1 includes three questions and Figure 7 shows their results. The left of the figure is 
for the walk-through content of 360VR images, the middle is for the navigation content of 
360VR video, and the right is for the 3D model viewer of a skeleton model. 

About question 1: Operability and responsiveness, the answer results are not bad because 
the mean values of the three contents are 3.2, 3.5 and 3.8. Although the usage of VR-goggle 
controllers was not explained, most students can operate by their selves. 
 
Table 1: Questions 

Q1: Operability and responsiveness ( 1: Bad - 5: Good ) 
Q2: Immersive ( 1: Weak - 5: Strong ) 
Q3: 3D sickness ( 1: Strong - 5: Weak ) 

 

 
Figure 4. Screen shot of the walkthrough content of 360VR images, 3rd floor of the 

library building, in VR-goggle mode.  
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Figure 5. Screen shot of the navigation content of 360VR video, 3rd floor of the library 

building, in VR-goggle mode. 
 

 
Figure 6. Screen shot of the 3D model viewer, a skeleton model, in VR-goggle mode. 

 

 
Figure 7. Answer results against the questions of Table 1, left is for the walk-through 

content of 360VR images, middle is for the navigation content of 360VR video, and 
right is for the 3D model viewer of a skeleton model. 

 
About question 2, Immersive: the answer results are very good because the mean values 

of the three contents are 3.8, 4.1 and 3.7. Because the experience of a VR-goggle is the first 
time for most students, many students felt wonderful experience by the high immersion of VR-
goggle. 
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About question 3, 3D sickness: the answer results are not bad because the mean values of 
the three contents are 3.4, 2.8 and 3.8. The navigation content is the moving action of a 360VR 
video, so most students felt 3D sickness rather than the other two contents. 
   We also received some free description comments such as “This was my first time using VR 
goggles, and the immersive experience greatly changed due to the image quality and 
operability. I was intrigued by the high level of technology that makes me think that the VR 
industry will become more popular in the future” and “I was surprised because it was more 
immersive than I expected. I wanted some VR goggles”. Totally, most of the comments are 
positive and a few are negative. Therefore, we should develop more VR education contents 
to provide students.  
 
 
6.  Conclusion 
 
The development of educational VR contents is not easy and needs much time. So, in this 
paper, we introduced our proposed development framework for web-based VR education 
contents and our proposed web viewers for 3D model data, PCD and 360VR images/videos. 
We should use new technologies for educational materials because we think that they can 
attract much interests of students and have possibility to enhance educational efficiency 
derived from IDC Theory. In this paper, we also showed simple user study results about web-
based VR education contents like VR tours. From some comments of the students, it was 
clarified that education contents supporting VR-goggles are more interesting than those not 
supporting VR-goggles. 

As future work, we will try to ask teachers to use the proposed development framework for 
actually creating more web-based VR education contents to clarify the usefulness of the 
framework. Furthermore, we will create several educational VR contents with the framework 
and ask students to learn using the contents. After that, we will consult the students for more 
deeply evaluating educational efficiency of the contents. 
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Abstract: In this paper, we present a model development pipeline for dynamic Facial Expression 

Recognition (FER) aimed at quantifying learning in virtual classrooms. The proposed pipeline 
involves the use of partial labels for training dynamic FER models, followed by the use of a 
self-supervised federated learning approach in further enhancing the model's performance on 
new subjects, addressing both continual learning needs and privacy concerns. This work 
ultimately contributes to advancing learning quantification in virtual classrooms by integrating 
partial label training and federated learning strategies for dynamic FER. 

  
Keywords: Federated learning, Privacy preserving deep learning, Facial expression recognition, 

Partial Label Learning 
  
  

1.  Introduction 
  

The assessment of student engagement consists of varied interactive 
components that can generally be divided into behavioral, affective and cognitive 
dimensions (Mandernach, 2015). In online learning environments, student 
engagement has typically been determined based on facial video recordings (Gupta 
et al., 2016; Dhall et al., 2020; Shen et al., 2022). Hence, dynamic facial expression 
recognition (FER) is an area of research that can be leveraged on for student 
engagement. 

Despite the extensive research on both static and dynamic FER (Li & Deng, 
2020), there still exists challenges that hinder the use of FER in applications. In 
general, FER suffers from subjective annotations and inherent similarity between 
emotion classes (Wang, Weijie & Sebe, Nicu & Lepri, Bruno., 2022). In addition, the 
variability in emotional expressions across subjects, as well as the lack of large 
dynamic FER datasets further enhances the difficulty of the task. 

However, this raises yet another significant challenge which is the case of 
privacy. As FER data typically contains participant’s faces, many would prefer not 
to have this data shared with others. A possible solution to this is the use of feature 
extraction methods to provide anonymity of training data. However, feature-
extraction based methods generally achieve worse results when compared to end-to-
end based methods (Tsalera et al., 2022). In order to overcome this issue, (Salman & 
Busso, 2022) developed a privacy preserving personalisation method for dynamic 
FER using federated learning. Their proposed method used a lightweight model that 
reduced the computation required for local training on an edge device. Furthermore, 
the use of federated learning allows for continual adaptation of the model without 
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comprising user privacy. The federated learning approach (Salman & Busso, 2022) 
allows for the local unsupervised training of a dynamic FER model, where local 
models are trained using pseudo labels generated by an image FER, and then used to 
update the central model via FedAvg. By combining this federated learning 
methodology with partial label learning, our work presents a generalized pipeline for 
developing a model which addresses the various challenges inherent to dynamic FER, 
which we evaluate on the CREMA-D dataset. 

 
2.  Related Work 

  
2.1  FER 

 
Based on the form of input data, the FER task can be further categorized as 

image facial expression recognition and video or dynamic facial expression 
recognition. In dealing with video FER, several approaches (Kahou, Michalski, 
Konda, Memisevic, & Pal, 2015; Lee, Choi, Kim, & Song, 2019; Lu et al., 2018) 
utilized convolutional neural networks architectures such as the VGG (Simonyan & 
Zisserman, 2014) or ResNet (He, Zhang, Ren, & Sun, 2016) to capture spatial 
features. These are then often paired with a Recurrent Neural Network (RNN) to 
handle the temporal features. The Long Short-Term Memory (LSTM) (Hochreiter & 
Schmidhuber, 1997) model is commonly used for this purpose. 

 
2.2  Federated Learning 

 
Federated learning is a decentralized approach for machine learning where 

the training process takes place across multiple client devices rather than in a 
centralized server (Zhang et al. 2021). In this setup, each client holds its own local 
dataset and computes updates to a local model. Instead of sending raw data to a 
central server, only the model updates (gradients) are communicated back and 
aggregated by a central entity known as the aggregator. This in turn preserves privacy 
as raw data is not shared.   

  
3.  Methodology 

  
3.1 Models 

 
Similarly to (Salman & Busso, 2022), the proposed pipeline relies on two 

models - an image facial expression recognition model (IFER) and a dynamic video 
facial expression recognition model (VFER), both of which share the same feature 
extractor. For our feature extractor and IFER, we leverage the pretrained EmoNet 
model from (Toisoul et al., 2021), due to being trained for image facial expression 
recognition on the large diversity of faces in the AffectNet dataset, as well as having 
a small size of 2M parameters, making it ideal for performing inference on edge 
devices. We extract the final classifier module of the EmoNet as our IFER, taking 
only the 6 relevant emotions in the CREMA-D dataset, and the rest of the EmoNet 
model is used as the shared feature extractor between the IFER and VFER. Both the 
feature extractor and IFER are kept frozen throughout our experiments. On the other 
hand, the VFER consists of an LSTM model that takes in the sequences of the 
extracted features from the EmoNet backbone before predicting the overall emotion 
of a video sequence. While the VFER is used for dynamic FER, the IFER is used to 
generate pseudo labels necessary for self-supervised federated learning, by averaging 
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the output of the IFER across every frame of the input video, and assigning the most 
probable class as the pseudo label if its maximum confidence, c passes the threshold 
of c=0.5. Otherwise, the sample is discarded and not used for training. 

 

 
Figure 1. Model architectures for VFER and IFER 

 
 3.2 Using probability distributions as labels 
 

Previous studies (Salman and Busso, 2022) have utilized the majority rule for 
allocating the final annotation to each clip. In this work, we improve upon the 
annotation scheme by using partial labels to reflect the relative probabilities of the 
annotations in the final label. As per (Wang, Weijie & Sebe, Nicu & Lepri, Bruno., 2022), 
modeling FER as a Partial Label Learning (PLL) task addresses subjective 
annotations and inherent similarities among various facial expressions. In our 
implementation, we convert the distribution of votes into a probability distribution 
using the softmax transformation. To ensure the emotions with zero votes correspond 
to a probability of zero, we first map every instance of zero votes to a large negative 
number before applying the softmax function. We then train our VFER on these 
probability distributions using the Kullback-Leibler Divergence loss (Kullback & 
Leibler, 1951). 

 
Formula for transforming vote distributions into target probability distribution: 

 
 

 
 

3.3 Federated Learning 
 
During the inference phase, we deploy separate copies of the VFER to 

multiple test subjects, which we refer to as the local model. In this phase, we first 
train the local VFER model for a given test subject by using a subset of the given 
subject’s videos. To simulate federated learning, we discard the associated labels and 
assign the local videos with pseudo labels generated by the IFER instead. The local 
VFER copies are each then trained on the respective subject’s newly labeled videos. 
Once all the local copies of the VFER models have been fine-tuned, FedAvg is used 
to aggregate the local copies into a single central model. Following this, the updated 
central model is evaluated on the unseen test set and the results are reported. 
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Figure 2. Federated learning framework for proposed dynamic facial expression 

recognition 
  
 

4.  Experimental evaluation 
  

4.1  Dataset split 
 

The dataset chosen is the CREMA-D dataset (Cao et al., 2014), which 
contains 7,442 audio-visual video clips from 91 actors spread across six emotion 
classes - happiness, sadness, neutral, anger, fear and disgust. Each clip has 4 to 12 
annotations with 95% of the clips having 8 or more annotations. We select labels 
produced solely based on visual data, aligning with our model’s exclusive use of 
video modality. This reduces noise from audio information unavailable to our model. 
To prevent data leakage and allow for an effective simulation of federated learning, 
we group video samples by actors before splitting the data into train, validation and 
test sets, ensuring that samples from the same actor only appear in one set. We also 
aim to keep the gender distribution in each set balanced. This results in a final split 
of 67 actors in our training set, 12 actors in our validation set, and 12 actors in our 
test set. For federated learning, the test set is split into 2 equal segments, with each 
segment containing half of the video samples of every actor. One segment will then 
be used as the adaptation set for federated learning, and the other is used as our test 
set for evaluating the adapted model. 

     
 

 4.2  Implementation 
 
For initial training of the VFER model, we use the Adam optimizer with a 

learning rate of 0.0001 for 20 epochs. On each epoch, the model is evaluated on our 
validation set to detect for overfitting. We then save the VFER weights on the epoch 
which achieves the lowest validation loss. For tuning the hyperparameters for 
federated learning, we evaluated the performance of local models on the validation 
set after each epoch. This led to the observation that locally trained models experience 
severe catastrophic forgetting (McCloskey & Cohen, 1989), immediately demonstrating 
deteriorating validation loss from the first epoch. As a result, we found the ideal 
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hyperparameters for local adaptation to be only a single epoch of training with a low 
learning rate of 0.00001. 

 
4.3  Results 

 
We present the comparison of results on our proposed implementation of 

partial label learning on the CREMA-D dataset in Table 1. As shown in Table 1, 
using partial labels for the training of our initial VFER resulted in an improved model 
across measures of average precision, recall and f1 score on the testing set. Among 
the 6 emotions, the model trained on the partial labels achieved a higher average score 
in classifying Neutral, Happiness, Fear and Anger while underperforming in the 
classifying of Sadness and Disgust, emotions which occur the least frequently in the 
CREMA-D dataset. 

 
Table 1: VFER trained using discrete vs partial labels 

Emotion Precision(%) Recall(%) F1_Score(%) 

Discrete Partial 
labels 

Discrete Partial 
labels 

Discrete Partial 
labels 

Neutral 72.3 65.2 74.5 75.2 73.4 69.8 

Happiness 81.6 88.9 94.1 94.1 87.4 91.4 

Sadness 37.5 32.8 38.9 38.9 38.2 35.6 

Fear 58.2 51.3 44.4 55.6 50.4 53.3 

Disgust 61.0 75.0 52.2 43.5 56.3 55.0 

Anger 49.4 62.9 54.7 52.0 51.9 56.9 

Micro-mean 63.0 64.7 63.4 63.6 62.9 63.3 

Macro-mean 60.0 62.7 59.8 59.9 59.6 60.4 

 
Table 2 presents the effect of federated learning on the model initially trained 

on partial labels. Our results demonstrate that federated learning further enhances the 
performance of the initial VFER trained on partial labels with improvements in 
average precision, recall and f1 score. 

 
Table 2: VFER Performance Before vs After Federated Learning 

Emotion Precision(%) Recall(%) F1_Score(%) 

Before After Before After Before After 

Neutral 65.2 67.1 75.2 77.4 69.8 71.9 

Happiness 88.9 89.9 94.1 94.1 91.4 92.0 

Sadness 32.8 35.7 38.9 37.0 35.6 36.4 
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Fear 51.3 52.0 55.6 54.2 53.3 53.0 

Disgust 75.0 75.5 43.5 53.6 55.0 62.7 

Anger 62.9 60.0 52.0 52.0 56.9 55.7 

Micro-mean 64.7 65.4 63.6 65.2 63.3 64.9 

Macro-mean 62.7 63.4 59.9 61.4 60.4 61.9 

 
  

5.  Conclusion 
  

In conclusion, our study introduces a training pipeline for dynamic Facial 
Expression Recognition (FER). We first verify the effectiveness of using a partial 
label learning paradigm to address subjective labels and intra-class similarities 
between facial expressions (Wang, Weijie & Sebe, Nicu & Lepri, Bruno., 2022) in the 
context of dynamic FER, demonstrating overall improvement in our initial dynamic 
FER model. Subsequently, to address the need for continual learning while 
preserving user privacy, we validate the use of a previously established federated 
learning technique (Salman & Busso, 2022), demonstrating even further 
improvements on our previously trained model's performance.  

Ultimately, by leveraging the methodologies of both partial label learning and 
self-supervised federated learning, we establish a formal model development pipeline 
and demonstrate its effectiveness in addressing the challenges inherent to FER, 
providing a promising technique for practical applications in the quantification of 
learning in virtual classrooms. 
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Abstract: Google Classroom (GC) has become a prominent online learning platform 
in Malaysia since the government’s official announcement and later sees its boost in 
usage again during the COVID-19 pandemic due to the implementation of emergency 
remote teaching. The literature has unveiled that the mean score pertaining to 
technological knowledge in the context of GC usage was the lowest. Therefore, this 
study aims to investigate the level of GC use and the significant influence of facilitating 
conditions, habit, and behavioural intention on GC use behaviour among Malaysian 
teachers. A total of 37 secondary school teachers participated in an online quantitative 
survey consisting of 22 five-point Likert scale items. Descriptive statistics and standard 
regression analysis were used to analyse the data. Findings found that the extent of 
agreement and utilisation of GC during the pandemic were only moderate, requiring 
increased focus as a precautionary measure for potential future scenarios, such as 
another pandemic, where remote learning becomes the sole viable option. Results also 
suggested habit (β = 1.128, p < .0005) as the most significant factor that influences 
Malaysian teachers’ GC use behaviour. Thus, future initiatives in boosting the 
intentions of using GC among Malaysian teachers need to be considered.  

 
Keywords: Google Classroom, Use Behaviour, Secondary Teachers, Malaysiaii 

 
 
1. Introduction 
 
Before the outbreak of the pandemic, the Malaysian Ministry of Education (2019) officially 
announced the use of Google Classroom (GC) as the main online teaching platform for 
national schools. Subsequently, the outbreak of the pandemic has driven the implementation 
of emergency remote teaching, where teachers were obligated to fully adopt GC as their main 
medium of instructional delivery. It is undeniable that the application of e-learning has 
improved due to the outbreak of the pandemic (Hoque et al., 2020; Mokhtar, 2020). However, 
in the study by Zakaria et al. (2021), they indicated that educators recognise the benefits of 
Google Classroom as an effective online learning platform but obstacles arise due to limited 
knowledge and facilities making the integration of online learning through Google Classroom 
more difficult as compared to face-to-face teaching. A recent study by Piaralal et al. (2023) 
also revealed that the mean score for technological knowledge in relation to the use of GC 
was the lowest. Consequently, they concluded that teachers should prioritize upgrading their 
technological proficiency to effectively promote the intention to use Google Classroom 
(Piaralal et al., 2023). 

The sudden shift from traditional face-to-face classrooms to the new norm of sole 
online teaching and learning indisputably created new challenges for educators around the 
globe, not to mention those from underrepresented countries where information and 
communication technology (ICT) growth is only at the emerging stage. Thus, this study 
focuses on three constructs, which are facilitating conditions, habit, and behavioural intention 
to investigate the GC use behaviour among teachers. These teachers as the actual 
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implementers of GC can reveal crucial information after the execution of the platform for more 
than two years. The key information on GC use from this study can add great significance to 
the existing body of knowledge regarding the use of GC in Malaysia. 

 
1.1.1 Main research objective 
 
Addressing the problems stated earlier, the main objective of this paper is to determine the 
level of agreement of the three constructs, the level of GC use behaviour and how much 
variance in GC use behaviour can be explained by facilitating conditions (FC), habit (HB), and 
behavioural intention (BI). 
 
1.1.2 Specific research objectives 
 
This paper thus sets out to achieve the following specific research objectives: 
1. To determine the level of agreement on facilitating conditions, habit, behavioural intention 

of using GC among secondary school teachers. 
2. To determine the level of GC use behaviour among secondary school teachers. 
3. To investigate the influence of facilitating conditions on GC use behaviour among 

secondary school teachers. 
4. To investigate the influence of habit on GC use behaviour among secondary school 

teachers.  
5. To investigate the influence of behavioural intention on GC use behaviour among 

secondary school teachers. 
 
1.1.3 Research questions 
 
This paper aims to answer the following research questions: 
1. What is the level of agreement on facilitating conditions, habit and behavioural intention of 

using GC among secondary school teachers? 
2. What is the level of GC use behaviour among secondary school teachers? 
3. Is there a significant influence of facilitating conditions on GC use behaviour among 

secondary school teachers? 
4. Is there a significant influence of habit on GC use behaviour among secondary school 

teachers? 
5. Is there a significant influence of behavioural intention on GC use behaviour among 

secondary school teachers? 
 
1.1.4 Hypotheses 
 
Aligned with the objectives of the study, the following hypotheses were proposed: 
H1: There is a significant influence of facilitating conditions on GC use behaviour among 
secondary school teachers. 
H2: There is a significant influence of habit on GC use behaviour among secondary school 
teachers. 
H3: There is a significant influence of behavioural intention on GC use behaviour among 
secondary school teachers. 
 
 
2. Literature Review  
 
Generally, it has been found that past studies on educational technologies and online learning 
platforms like GC were often focusing on higher educational settings (Basher, 2017; Dash, 
2019; Dewi et al., 2022; Kumar & Bervell, 2019; Mafa, 2018; Olumorin et al., 2022; 
Shaharanee et al., 2016). Besides, most of the past studies also focused on the effectiveness 
and impacts of these online learning platforms (Basher, 2017; Dash, 2019; Shaharanee, 2016), 
limited studies were found to focus on the actual use of GC and applications. 
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2.1 The utilisation of Google Classroom in Malaysia 
 
Before GC was launched by Google Apps for Education in 2014 (Piaralal et al., 2023), the 
government introduced the Frog Virtual Learning Environment (VLE). Frog VLE is an online 
based system, offering various features such as uploading documents, videos, and chatroom 
for teachers to communicate with their students (Rahayu et al., 2019). Today, GC is a part of 
the Google Workspace for Education (formerly known as G Suite in Education). It is an 
application that is user-friendly that enhances teachers’ work performance by fostering active 
learning during online teaching and learning (Ahmad et al., 2022). In addition, GC also allows 
teachers to share teaching resources such as pictures and videos effortlessly, besides 
distributing assignments, carrying out quizzes, and doing grading works online (Chung, 2022; 
Rosni et al., 2022). Following the discontinuation of the Frog Virtual Learning Environment, 
GC which offers a variety of benefits, further presents itself as a superior platform and has 
become a prominent platform to schools in Malaysia.  
 
2.2 Common challenges encountered during online teaching and learning  
 
Often in the process of online teaching and learning, poor Internet connectivity poses the main 
challenge to both educators and students (Cheok et al., 2017). Educators and students from 
rural areas were reported as facing more challenges compared to those in urban areas to 
conduct online teaching and learning (Nation, 2019). On the other hand, Cheok et al. (2017) 
and Lepp et al. (2021) mentioned that some teachers viewed lack of time as the major concern 
in the implementation of e-learning. The teachers claimed that the overload of work in school 
had restrained their intentions of exploring and learning the system further (Cheok et al., 2017). 
Teachers have expressed the need to be trained so as to overcome the challenges of using 
educational technology in online teaching and learning. The issue of inadequate ICT skills 
among teachers has also been highlighted by Nidup (2022) as one of the prominent barriers 
to teaching online. In fact, both Cheok et al. (2017) and Rauf and Swanto (2020) have 
indicated that without an appropriate training environment, access to the necessary 
technology, and support from relevant authorities, teachers would lack the self-confidence to 
successfully incorporate educational technologies within their classrooms. 

In addition to this, Rauf and Swanto (2020) have highlighted that there are several 
other aspects that may affect their use of using educational technologies in online classroom 
teaching and learning. Therefore, this study sets out to investigate the level of GC use and the 
significant influence of facilitating conditions, habit, and behavioural intention on GC use 
behaviour among Malaysian teachers.  

 
2.3 Theoretical and Conceptual Frameworks 
 
This study adapted Venkatesh et al. (2012)’s Unified Theory of Acceptance and Use of 
Technology 2 (UTAUT 2) by narrowing the focus solely on the three constructs (facilitating 
conditions, habit and behavioural intention) that directly contribute to the use behavior of GC 
among teachers. Venkatesh et al. (2003) explained facilitating conditions were initially a core 
construct from the Model of PC Utilisation (MPCU) which was derived mainly from the theory 
of human behaviour. Facilitating conditions were defined as objective factors in the 
environment that observers agree which make an act easy to accomplish (Venkatesh et al., 
2003). In this study, facilitating conditions is referred to the provision of support such as 
Internet connection, modern technology, technical assistants, computers, and laptops 
(Malaysian Ministry of Education, 2013) for Malaysian teachers to utilise GC during the 
pandemic. 

On the other hand, habit was defined as the act of automatically performing behaviours 
because of the learning that has occurred (Venkatesh et al., 2012). Nikian et al. (2013) have 
also stated that teachers’ repetitive use of technology would be a form of habitual routine in 
daily teachings. In this study, habit is referred to Malaysian teachers’ routine use of GC 
automatically for online teaching and learning during the pandemic. 
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Figure 1. Conceptual framework of this study. 
 

Behavioural intention to use was initially defined by Fishbein and Ajzen (1980) as the 
degree of likelihood that a person makes use of a certain technology or application. It has also 
been stated by Venkatesh et al. (2012) that behavioural intention plays a role as the key 
predictor of certain technology use. In this study, behavioural intention is referred to as 
whether Malaysian teachers intend to use GC in the future. 

Finally, use behaviour has been referred to as the actual usage of a certain technology 
or application by Venkatesh et al. (2012). In this study, use behaviour is referred to as the 
consistency of using GC for online teaching and learning among Malaysian teachers during 
the pandemic. Consequently, with all the constructs and variables defined, the research 
framework of this study is depicted in Figure 1, along with the hypotheses that were proposed 
to align with the research objectives of the study. 
 
 
3. Method 
 
This study employed a quantitative approach to answer all the research questions of the study. 
An online questionnaire was used to gather the data needed in investigating the influence of 
facilitating conditions, habit, and behavioural intention on the use behaviour of GC among 
Malaysian teachers. Besides, the level of agreement on facilitating conditions, habit, 
behavioural intention of using GC among the teachers and the level of GC use behaviour 
among the teachers during the pandemic were also determined by using descriptive statistics 
(research questions 1 & 2). Multiple regression was employed as the inferential statistics 
method to address research questions 3, 4, and 5. 
 
3.1 Research instrument, sampling, and data collection  
 
In this study, an online survey tool known as Qualtrics was used to build and distribute the 
online questionnaire survey. The questionnaire consisted of two sections: Section A for the 
collection of respondents’ demographic, while Section B comprised 22 items measuring the 
facilitating conditions, habit, behavioural intention, and use behaviour of GC respectively 
(https://tinyurl.com/ympr6tsx). Each item was measured on a five-point Likert scale. 

As for the data collection, 56 responses were collected initially through Qualtrics. After 
the cleaning of data by removing partial responses and speeding responses, there was a total 
of only 37 responses which were valid for further analysis. As suggested by Maxwell (2000) 
and Statistics Solutions (2021, August 2), the rule of thumb for getting an adequate sample 
size is following the ratio of subjects to predictors be at least 10:1. Thus, the sample size of 
37 subjects to three predictors (facilitating conditions, habit, and behavioural intention) of this 
study is sufficient to obtain valid and actual findings.   
 
3.2 Reliability and validity of the instrument  
 
The Cronbach’s Alpha test was used to access the reliability of the questionnaire used to 
collect data for this study. As depicted in Table 1, the Cronbach’s Alpha values for all the 
variables ranged from .783 to .974, which were considered ideal as all of them were more 
than .7 (Taber, 2018), proving that the instrument used in this study had an ideal internal 

Facilitating Conditions 

Habit 

Behavioural Intention 

Use Behaviour 

H1 

H2 

H3 
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consistency and reliable. In addition, a panel of two experts in the field of Malaysian 
educational technology have also reviewed the questionnaire to ensure its content validity. 
 
Table 1. Reliability statistics of the predictor variables and dependent variable 

Variable Cronbach’s Alpha Cronbach’s Alpha based 
on Standardized Items 

Number of Items 

Facilitating 
conditions 

.783 .778 5 

Habit .944 .945 5 
Behavioural Intention .971 .972 5 
Use Behaviour .974 .975 7 

 
 
4. Results and Findings  

 
4.1 Demographic information  

 
In this study, there were 11 males (29.73%) and 26 females (70.27%). Figure 2 depicts the 
age distribution of the respondents, the mean score obtained is 36.30 and the mode is 26 with 
the standard deviation of 9.70. Moreover, 13 teachers had more than 15 years of teaching 
experience, followed by 9 teachers with 1 to 5 years of teaching experience, 6 teachers with 
11 to 14 years of teaching experience, 5 teachers with 4 to 10 years, and only 4 teachers had 
less than a year of teaching experience.  

 

 
Figure 2. Age distribution of the respondents. 

 
4.2 Findings on the level of agreement for each variable 
 
Table 2. Indication of level by categorization of mean scores 

Category of Scores Level 
Below 2.33 Low  
Between 2.33 and 3.66 Moderate  
Above 3.66 High 

 
Table 3. Level of agreement on FC, HT, BI and level of Google Classroom use behaviour 

Variable Number of Items Mean of Items Level  
Facilitating conditions 5 3.492 Moderate Agreement 
Habit 5 3.259 Moderate Agreement 
Behavioural Intention 5 3.400 Moderate Agreement 
Use Behaviour  7 3.459 Moderate Use 
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The scale to indicate the level of agreement with the items according to their respective 
means was adapted from Moses et al. (2010). The level of agreement of the variables was 
quantified on five different levels using a five-point Likert scale, ranging from “Strongly 
disagree”, “Disagree”, “Neither agree nor disagree”, “Agree” and “Strongly agree”.  The items 
in each independent variable ranged from “Strongly disagree” – 1 point to “Strongly agree” – 
5 points. The data collected is equally clustered into three levels of agreement namely low 
agreement, moderate agreement, and high agreement as presented in Table 2. From the 
findings, all the variables showed a moderate level of agreement (Table 3) as their means 
were between 2.33 and 3.66. “Facilitating conditions” has the highest mean which is 3.492; 
the lowest mean score is “habit” with a mean of 3.259.  

Meanwhile, the level of GC use behaviour was quantified on five levels ranging from 
“Never”, “Sometimes”, “Occasionally”, “Most of the time” and “Always”. The data gathered 
showed a moderate level of use as the mean was 3.459, also between 2.33 and 3.66. 
 
4.3 Findings from the standard multiple regression 
 
Standard multiple regression was performed to determine if the predictor variables (facilitating 
conditions, habit, and behavioural intention) have had an influence over the use behaviour 
among teachers during the pandemic. The following section reports the multiple regression 
findings, particularly on the model summary, Analysis of Variance (ANOVA), coefficients, and 
normal p-p plot as suggested by Hinton et al. (2014) as these are sufficient in reporting multiple 
regression reports.  

As shown in Table 4, the R-value was reported as .868 while the R2 was at .753. When 
interpreting the findings from the model summary, R2 is often referred to as it explains the 
extent of variance that occurred among the variables being investigated (Hinton et al., 2014). 
In this case, as the R2 was reported as .753, it meant that 75.3% of the variance that occurs 
among variables can be significantly explained. The ANOVA table on the other hand, as 
depicted in Table 5, has successfully reported the occurrence of the three predictor variables, 
facilitating conditions, habit, and behavioural intention as existent when using GC. This was 
proven to be true as the df value was reported at three in the regression and these are 
significant at p < .0005.  
 
Table 4. Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 
1 .868a .753 .730 .71041 

Notes. a. Predictors: (Constant), Mean_BI, Mean_FC, Mean_HB 
b. Dependent Variable: Mean_UB 
 
Table 5. Analysis of Variance (ANOVA) 

Model Sum of Squares df Mean Square F Sig. 
1 Regression 50.739 3 16.913 33.512 .000b 
 Residual 16.654 33 .505   
 Total 67.393 36    

Notes. a. Dependent Variable: Mean_UB 
b. Predictors: (Constant), Mean_BI, Mean_FC, Mean_HB 
 

However, in the coefficients as shown in Table 6, two interesting findings were 
obtained. When reporting the coefficients, Wagner (2015) has stated that unstandardized 
coefficients are referred to explain the effects of predictor variables on dependent variables. 
In the coefficients table at unstandardized coefficients, prominently habit has the highest beta 
value (1.393), which meant that for every occurrence of habit, the use behaviour increases by 
1.393. Contrary to habit, the beta value (β) for behavioural intention was found to be at 
negative, as it was reported as -.397, which indicated that for every occurrence of behavioural 
intention, the use behaviour declines by .397. As for the facilitating conditions, although β is 
recorded at .090, the p-value is .605 which is not significant.  
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Table 6. Coefficients 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

β Std. Error β 
1 (Constant) -.044 .511  -.086 .932 

Mean_FC .090 .172 .056 .522 .605 
Mean_HB 1.393 .229 1.128 6.085 .000 
Mean_BI -.397 .225 -.343 -1.766 .087 

Notes. a. Dependent Variable: Mean_UB 
 

Drawing the results from multiple regression, the research hypotheses, H1 and H3 
were not supported as both facilitating conditions and behavioural intention have no significant 
influence on the GC use behaviour among the teachers during the pandemic. Meanwhile, only 
the second research hypothesis, H2 is supported, and it is proven that habit significantly 
influenced the use behaviour of GC among the teachers during the pandemic.  
 
Table 7. Summary of results 

Hypothesis Description P-value Result 
H1 Facilitating conditions → Use Behaviour .605 Not Supported 
H2 Habit → Use Behaviour .000* Supported 
H3 Behavioural Intention → Use Behaviour .087 Not Supported 

Notes. *p < .05 
 
 
5. Discussion and conclusion 
 
Descriptive statistics reveal that all three levels of agreement on each variable, with facilitating 
conditions, habit, and behavioural intention respectively, have mean values between 2.33 and 
3.66, which is at a moderate level. Given that GC has only been fully utilised since the eruption 
of the pandemic, such a moderate level of agreement and use behaviour points out that there 
might be a need in providing training to teachers. This is supported by the statement of Cheok 
et al. (2017) that teachers have expressed the need to be trained to overcome the challenges 
of using educational technology for online teaching and learning.  

Based on the findings, it was found that facilitating conditions and behavioural intention 
did not significantly influence the GC use behaviour among secondary school teachers. This 
can be attributed to several reasons why these two independent variables have an insignificant 
influence on GC usage. In this study, facilitation conditions refer to the provision of support 
such as Internet connection, modern technology, technical assistants, computers, and laptops 
provided to support the use of GC. If the teachers lacked access to reliable internet 
connections, technical support, or appropriate devices, it could have definitely hindered their 
capability to effectively use GC for their lessons. In addition to that, inadequate professional 
development opportunities related to GC could also lead to a lack of facilitating conditions or 
support among the teachers to successfully implement GC in their teaching and learning. 
Therefore, the facilitating conditions did not significantly influence the use behaviour of GC 
could be due to the lack of facilitating conditions that were available to the teachers, as they 
were working from their respective homes during the pandemic.  

As for behavioural intention, it refers to whether Malaysian teachers plan to use GC in 
their teaching practices in the future. It can also be said as the teachers’ willingness to adopt 
and utilise GC in their lessons but if the teachers are resistant to change or if they did not 
perceive the benefits of using GC, their behavioural intention to use GC might be low. Some 
teachers could have concerns about the effectiveness of using GC in achieving teaching 
objectives and students’ learning outcomes. Another reason could be due to the preference 
that the teachers have for traditional teaching methods compared to online teaching and 
learning could also negatively influence their behavioural intention to utilise GC. These could 
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be some of the reasons that influenced the teachers’ decision to not fully embrace or use GC 
for teaching and learning purposes.  

On the other hand, this research has shown that the use of GC in classrooms during 
the pandemic may have potentially become a normalised routine among teachers due to the 
significance of habit found in the study, which subsequently indicates that it has become a 
habitual routine among the teachers. Not only that, teachers were compelled to utilise GC as 
it served as the sole platform or method available to establish connectivity with students to 
conduct their lessons during the outbreak of the pandemic. Yet, even though the utilisation of 
GC in classrooms was mandatory, it does not necessarily imply that all teachers are equally 
proficient or knowledgeable in using the platform (Zakaria et al., 2021; Piaralal et al., 2023).  

Venkatesh et al. (2003) have previously emphasized that only when facilitating 
conditions, habit, and behavioural intention occur, a person would be most likely to use certain 
technology in the given setting. Narrowing these findings to the Malaysian context, it is thus 
arguable for teachers who lack facilitating support, who are reluctant to routinized GC as part 
of their lessons or who show less likelihood of using GC. This could possibly cause the GC 
use behaviour of teachers consequently to be lesser.  

To summarize, among all the predictor variables, the habit was the best predictor of 
the use behaviour of GC among the Malaysian. In addition, there may be other factors that 
have influenced the use behaviour of GC as shown by the variance, R2, as the three 
constructs only explained 75.3% of the GC use behaviour among the teachers, there was 
24.7% variance that was not explained. It could be other potential variables which were not 
included in this study that have affected the GC use behaviour among the teachers.  

As part of the Malaysian Ministry of Education’s (2013) aspiration to provide quality 
education to students across the nation, when teachers display disinclination in embracing 
educational technology within classrooms, it not only hinders their ability to achieve the 
ministry's goals but also prevents Malaysia from maintaining its educational standards in the 
global context. Hence, the findings from this study found that the extent of utilisation of GC 
during the pandemic was not fully embraced which requires increased focus as a 
precautionary measure for potential future scenarios, such as another pandemic, where 
remote learning becomes the sole viable option.  
 
 
6. Implications of the study 
 
This study has shown a number of pertinent aspects of the actual usage of GC among 
Malaysian teachers. One of the most prominent findings is that Malaysian teachers do not 
have positive intentions in the continuous usage of GC. However, they were using GC mostly 
due to their habitual routine as a part of their regular teaching practice. This is further 
supported by Awang et al. (2019) who stated that proper planning and implementation would 
lessen challenges, thereby alleviating teachers’ resistance toward GC. It is believed that with 
continuous support from teachers, administrators, and the relevant government agencies to 
enhance the quality of online teaching and learning experiences, the initiatives of achieving 
the aspiration of Education 4.0 will be accomplished in the near future (Hoque et al., 2020; 
Nikian et al., 2013). The Malaysian Education Blueprint 2013-2025 has stated that a total of 
10,000 public primary and secondary schools in Malaysia will be provided with 4G Internet 
connectivity and a Virtual Learning Environment (VLE) system to boost the quality of 
educational ICT innovation (Malaysian Ministry of Education, 2013). Further, the Malaysian 
Ministry of Education (2013) has also stated that an environment where teachers are 
constantly trained on using ICT would create a learning environment that has high quality and 
brings great impact on the overall learning achievements. The findings of this study can be 
considered for the planning of future initiatives in boosting the uptake intentions of e-learning 
among teachers in Malaysia.  
 
7. Limitations and recommendations 
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This study, however, may be biased as the data collection was gathered only from the 
Malaysian secondary school teachers’ point of view. In addition, merely employing a 
quantitative method may be inadequate in delivering generalizable and comprehensive data 
that truthfully describes the scenario being examined. Future studies should employ a more 
rigorous research method, include qualitative methods to enrich the quality of research by 
generating rich, interpretive findings from the teachers on the use of educational technology 
during the pandemic, and also recruit a larger sample size to improve the overall reliability of 
the findings.  
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Abstract: Scholars suggested using social networking to assist second language and 
foreign language learning. Researchers in the present study designed and developed 
a Mini Program on the WeChat platform to assist university EFL learners in improving 
self-regulated English writing. This exploratory study aims to investigate the effects of 
WeChat-assisted Self-Regulated English Writing Instruction on university EFL 
learners’ motivation in English writing. A quasi-experimental design with forty-five 
second-school-year university students was conducted for two weeks. Participants 
were randomly divided into the control group, the traditional group and the 
WeChat-assisted group. They took a pre- and post-questionnaire survey on English 
writing motivation before and after the intervention. Descriptive statistic analysis was 
used to show the status quo of the participants’ motivation, paired sample t-test was 
used to analyze the differences in motivation within each group before and after the 
intervention, and ANOVA analysis was used to compare differences in motivation 
between groups after the intervention. Both the traditional approach and the WeChat 
approach generated positive impacts on students’ overall motivation, self-efficacy and 
interest. Students using the traditional approach outperformed those using the 
WeChat-assisted approach but the results did not reach a significant level. 
Implications for future studies are suggested. 
 
Keywords: self-regulated language learning; motivation; foreign language learning; 
technology-enhanced language learning 

 
1. Introduction 
 

The significance of Self-Regulated Learning (SRL) is increasing with the technological 
tools advance. In the domain of English as a second language and foreign language learning 
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(ESL and EFL), previous researchers have conducted much research on investigating 
the application of different technological tools in assisting SRL, such as digital games (e.g., 
Qiao et al., 2022) and mobile apps (e.g., Yang & Song, 2022). According to scholars’ review 
papers in technology-enhanced language learning, they emphasized the using of social 
networks as a promising educational technology research trend in ESL and EFL (Chen et al., 
2020; Zhang & Zou, 2022). However, WeChat, as a social networking application with over 
one billion monthly active users worldwide (Tencent, 2023), has not received much attention 
from researchers. In addition, English writing is one of the most complex and challenging 
skills for EFL learners (Graham et al., 2018). Therefore, the present study designed and 
developed a WeChat Mini Program to assist university EFL learners in improving 
self-regulated English writing. 
 
2. Literature Review 
 
2.1 Self-Regulated Learning in English Writing 
 

The Self-Regulated Learning (SRL) has become a significant characteristic in the 21st 
century (Li et al., 2022). As for self-regulated learning in writing, Zimmerman and Risemberg 
(1997) laid the theoretical foundation by analyzing the writing process from an SRL 
perspective. Harris and Graham (2017) suggested that teachers should conduct the explicit 
instruction on self-regulated strategies for students. Graham et al. (2018) concluded the 
importance of self-regulated language learning (SRLL) strategies on writing and writing 
development across different writing contexts. Many researchers have confirmed the SRLL 
strategy’s positive impacts on second or foreign language writing with empirical evidence 
(e.g., Teng et al.,2022). However, these researchers targeted young learners to investigate 
the impacts of SRLL strategies on English writing. Both Bai et al. (2020) and Teng (2020) 
highlighted the advantages of SRLL for young learners’ English writing. Though many 
existing studies on the SRLL strategy use were on university students, they were from over a 
decade ago (Chang, 2005; Chien, 2012).  

Therefore, more studies are desperately needed to use an intervention to investigate 
university students’ SRLL in EFL writing contexts. Researchers and teachers needs to learn 
about the status quo of university EFL learners’ SRLL. More importantly, continuous 
pedagogical interventions for lifelong learning can become possible.  
 
2.2 Motivation in English Writing 
 

Motivation is generally conceptualized as the psychological incentives to generate 
actions (Barak et al., 2016). Dörnyei (2005) stressed the significance of motivation for 
students to achieve success in EFL. Studies on motivation in ESL/EFL drew much attention 
from researchers but studies specifically focused on motivation in English writing were 
relatively scant (Lee et al., 2018). Later, Guo and Bai (2019) suggested that self-efficacy and 
interest are crucial elements to EFL learners in self-regulated English writing, especially for 
young learners. However, not enough attention is paid to university EFL learners who 
transmitted from traditional middle school to a new and different EFL learning context at the 
university. Therefore, this exploratory study planned to investigate the effects of the 
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WeChat-assisted Self-Regulated English Writing Instruction (SREWI) on these variables. 
Regarding self-efficacy in motivation, extensive research has shown that students 

with high motivation performed better in English writing (Bai et al., 2021; Bai et al., 2022). As 
for SRL, researchers also found the positive impacts of students’ self-efficacy on 
self-regulated English strategy use. Regarding interest in motivation, Dörnyei and Ushioda 
(2013) conceptualized interest in the learning context as the level of a learner’s engagement 
and participation driven by curiosity and challenges. Bai and Guo (2019) found a low level of 
interest in English writing among young learners. They called for more attention to research 
on interest in English writing. Bai et al. (2022) investigated effects of self-regulated English 
writing instruction by an e-learning approach on young learners’ overall motivation, 
self-efficacy, and interest. Their study found a significant increase in interest after the 
e-learning intervention for young learners. Therefore, this exploratory study will involve 
university students to explore their motivation in English writing.The present study 
implemented the SREWI through a traditional approach and a WeChat-assisted learning 
approach. Two experimental groups of students received these two different intervention 
respectively. The primary research questions for the exploratory study included: 
1. What is the status quo of university EFL learners’ English writing motivation before the 
intervention? 
2. Is there any difference in English writing motivation for students before and after the 
intervention in each condition? 
3. Is there any difference in English writing motivation for students after the intervention 
between different conditions? 
 
3.Research Methods 
 
3.1 Participants 
 

Convenience sampling was adopted for this exploratory study. Forty-five 
second-school-year university EFL learners aged from 19 to 24, majoring in civil aviation at a 
comprehensive university in mainland China, took part in the study voluntarily. The 
prerequisite for the students to start the professional training at the aviation academy is to 
meet the English language proficiency criteria. Therefore, it is of great necessity to improve 
their self-regulated English learning. This exploratory study investigated the effects of the 
SREWI on EFL learners’ motivation in English writing.  
 
3.2 Design of the WeChat-Assisted Self-Regulated Writing Instruction Mini Program 
 

Researchers designed a WeChat Mini Program on the SREWI based on the “Cyclical 
Phase Model” (Cleary & Zimmerman, 2012) and the “Self-Regulated Strategy Development 
Theory” (Harris & Graham, 2017). The major purpose of the program was to help students 
learn SRLL strategies for English argumentative writing. There were five lessons to teach 
students SRLL strategies for pre-writing, while-writing, and post-writing stages. As shown in 
Figure 1, this WeChat Mini program supported five main functions for learners, namely 
previewing the lesson by watching a short video clip, investigating learners’ previous 
experience on SRLL by doing a survey, learning SRLL strategies by reading materials and 
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completing tasks, self assessing the study by taking a quiz, and monitoring self-study by 
visiting personal profile and leaderboard. 
 

 
Figure1. Functions of WeChat Mini Program 

 
3.3 Procedures 
 

The study adopted a quasi-experimental design. All the participants took a pre- and 
post-questionnaire survey on motivation before and after the experiment. Before the 
experiment, the researcher sent consent forms to fifty-five students from the same class, their 
College English teacher and the dean of the department to introduce the study’s purposes 
and procedures, and explained that any participant could withdraw the experiment at any 
time of the study. Forty-five students signed the consent form and took part in the experiment. 
All forty-five students were divided into three groups randomly: a control group, a traditional 
group and a WeChat-Assisted group. All the control group, the traditional group and the 
WeChat-Assisted group had the regular College English course and took part in the pre- and 
post-survey. Both of the traditional group and the WeChat-Assisted group received the 
treatment of the SREWI after class for two weeks. However, the traditional group took the 
treatment by reading paper materials and the WeChat-Assisted group by using the WeChat 
SREWI Mini Program designed by the researchers. 

The experiment began on June 2, 2023 and lasted for two weeks.The participants in 
the traditional group and those in the WeChat-assisted group could arrange their own study in 
an autonomous learning environment. As an exploratory study, the researchers did not set 
the requirement on learning time but requested the teacher to remind participants in the 
experimental groups to learn every two days. The post-survey was conducted on June 17, 
2023. The teacher collected the questionnaires immediately after students completed them. 
Because one participant in the WeChat-assisted experimental group did not complete the 
post-survey, data from the other fourteen participants in this group, fifteen in the control group 
and fifteen in the traditional experimental group, was analyzed. 
 
3.4 The instrument for measuring students’ motivation 
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This study used the motivation questionnaire adopted by Bai et al.’s (2022) research. 
Their study reported the high internal consistency of the questionnaire items. The 
questionnaire is a 5-point Likert scale and contains nine items in two subcategories: 
self-efficacy and interest. Participants rate each item from “1” (“completely disagree”) to “5” 
(“completely agree”). In order to assess the reliability of the questionnaire, the data from the 
pre-survey was analyzed and the Cronbach’ s alpha was 0.90. The result indicated that the 
reliability of the questionnaire was high and could be used for further analysis.  
 
4. Results 
 

Descriptive statistic analysis was adopted to describe EFL learners’ motivation status 
quo. Paired sample t-test was used to analyze the differences in EFL learners’ motivation 
within the group before and after the intervention. ANOVA was used to compare EFL learners’ 
motivation differences between different groups after the intervention. 
 
4.1 The Status quo of participants’ English writing motivation before the intervention 
 

Oxford (1990) classified self-reported data for a 5-Likert scale questionnaire into three 
levels: a high level for a mean in the range of 3.5-5.0, a medium level for 2.5-3.4, and a low 
level for 1.0-2.4. Table 1 shows that participants’ overall motivation score was at a medium 
level, slightly over 3.00 (M=3.28, SD=.67). For the two subcategories, the writing self-efficacy 
score (M=3.53, SD=.70) was higher than the writing interest score (M=2.90, SD=.81).  
 

Table 1. Results of participants’ motivation in English writing in the pre-survey 
  Min Max Mean SD N 
 
Pre 
survey 

Motivation 1.78 5.00 3.28 .67 44 
Writing self-efficacy 1.60  5.00 3.53 .70 44 

Writing interest 1.00 5.00 2.90 .81 44 
 
4.2 English writing motivation before and after the experiment within each group 
 

Table 2 illustrates the pre- and post-survey scores of participants’ motivation in the 
control group. Participants’ self-efficacy was at a lower high level (M=3.52, SD=.75) before 
the experiment and increased slightly (M=3.68, SD=.73) after the experiment, even though 
they did not receive any additional intervention. The increase in writing self-efficacy was not 
significant (t=-1.38, df=14, P=.19 > .05). Students’ writing interest was at a medium level 
(M=2.87, SD=.88) before the experiment and increased (M=3.27, SD=.84) after the 
experiment. The writing interest score did not increase significantly (t=-1.99, df=14, 
P=.07 > .05). Participants’ overall motivation was at a medium level (M=3.23, SD=.73) before 
the experiment and increased to a high level (M=3.50, SD=.71) after the experiment. 
However, the overall motivation increase was not significant (t=-2.08, df=14, P=.06 > .05). 

Table 3 illustrates the pre- and post-survey scores of participants’ motivation in the 
traditional experimental group. Participants’ writing self-efficacy was at a high level before the 
intervention and increased after the intervention. The self-efficacy score increase was 
significant (t=-2.45, df=14, p<.05). Participants’ writing interest was at a medium level 
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(M=2.98, SD=.94) before the intervention and increased (M=3.47, SD=1.05) after the 
intervention. The writing interest score improved significantly (t=-2.53, df=14, P<.05). As for 
the overall motivation, the change reached a significant level (t=-2.84, df=14, P<.05), 
increasing from a medium level (M=3.33, SD=.72) before the intervention to a high level 
(M=3.77, SD=.67) after the intervention. 

Table 4 shows the pre- and post-survey scores of participants’ motivation in the 
WeChat-assisted experimental group. Before the intervention, participants’ self-efficacy in 
English writing was at a medium level (M=3.46, SD=.71) and increased to a lower high level 
(M=3.56, SD=.58) after the WeChat-assisted intervention. But the change was not significant 
(t=-.76, df=13, P=.46 > .05). Their writing interest was at a medium level (M=2.86, SD=.63) 
before the intervention and increased (M=3.36, SD=.74) after the WeChat-assisted 
intervention. The interest in English writing increased significantly(t=-2.76, df=13, P<.05). As 
for the overall motivation in English writing, the change was not significant (t=-.65, df=13, 
P=.53 > .05).  

 
Table 2. EFL learners’ motivation before and after the experiment in the control group 

  Mean SD SE Mean Paired t test 
t value df Sig (two-tailed) 

writing self-efficacy pre 3.52 .75 .19 -1.38 14 .19 
post 3.68 .73 .19 

writing interest  
  

pre 2.87 .88 .23 -1.99 14 .07 
post 3.27 .84 .22 

Motivation  
  

pre 3.23 .73 .22 -2.08 14 .06 
post 3.50 .71 .19 

 
Table 3. Motivation before and after the intervention in the traditional experimental group 
  Mean SD SE Mean Paired t test 

t value df Sig (two-tailed) 
writing self-efficacy  pre 3.60 .69 .18 -2.45 14 .03 

post 4.01 .58 .15 
writing interest  pre 2.98 .94 .24 -2.53 14 .02 

post 3.47 1.05 .27 
Motivation  pre 3.33 .72 .19 -2.84 14 .01 

post 3.77 .67 .17 
 

Table 4. Motivation before and after the intervention in the WeChat-Assisted group 
  Mean SD SE Mean Paired t test 

t value df Sig (two-tailed) 
writing self-efficacy  pre 3.46 .71 .19 -.76 13 .46 

post 3.56 .58 .16 
writing interest  pre 2.86 .63 .17 -2.76 13 .02 

post 3.36 .74 .20 
Motivation  pre 3.29 .59 .16 -.65 13 .53 

post 3.37 .47 .12 
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4.3 English Writing Motivation before and after the intervention between groups 
 

One-way ANOVA was adopted to assess the homogeneity of variance before starting 
data analysis between groups. Data from the pre-survey was used to test the homogeneity of 
variance. The results in Table 5 show that there is no significant difference (F(2, 41)=.075, 
P=.928>.05) between groups in participants’ motivation before the intervention. Therefore, 
the results demonstrated that the motivation data from the control and experimental groups 
before the experiment was homogeneous. As there were multiple variables in the study, 
MANOVA was used to generate adjusted means to compare differences in motivation in 
post-survey between groups. 
 

Table 5. Results of ANOVA test on pre-survey data 
 Sum of Squares df Mean Square F Sig. 
Between Groups .071 2 .035 .075 .928 
Within Groups 19.344 41 .472  
Total 19.415 43   

 
4.3.1 Differences in EFL learners’ motivation in post-survey between the control group and 
the traditional experimental group 
 

Adjusted means were used to compare the differences in EFL learners’ motivation 
after the experiment in order to reduce the misinterpretation of the data with multiple variables. 
As it is shown in Table 6, the adjusted mean of the control group is 3.52 and 3.75 of the 
traditional experimental group. However, there was no significant difference (F(1,28)=1.57, 
P=.22 >.05) between the two groups. For the two subcategories of motivation, the control 
group’s adjusted mean of self-efficacy is 3.69 and 4.00 for the traditional experimental group. 
But the difference in self-efficacy was not significant (F(1, 28)=3.38, P=.08 > .05). The 
adjusted mean of interest for the control group was 3.30 and 3.43 for the control group. 
However, the result shows no significant difference in interest between the two groups. Even 
though the traditional experimental group’s adjusted means of overall motivation, self-efficacy, 
and interest in the post-survey were higher than those in the control group, none of the results 
reached a significant level. 
 
Table 6. Differences in motivation in the post-survey between the control group and the 
traditional experimental group 

Variable Group N Mean S.D. Adjusted mean F Sig. 
Motivation Control Group 15 3.50 .71 3.52 1.5

7 
.22 

Traditional Group 15 3.77 .67 3.75 
Self-efficacy Control Group 15 3.68 .73 3.69 3.3

8 
.08 

Traditional Group 15 4.01 .58 4.00 
Interest Control Group 15 3.27 .84 3.30 .21 .65 

Traditional Group 15 3.47 1.05 3.43 
 

4.3.2 Differences in EFL learners’ motivation in the post-survey between the traditional 
experimental group and the WeChat-Assisted experimental group 
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As it is shown in Table 7, the adjusted mean of motivation for the traditional 
experimental group is 3.71 and 3.44 for the WeChat-assisted group. However, there is no 
significant difference in EFL learners’ motivation (F(1, 27)=2.12, P=.16 > .05) in English 
writing between the traditional experimental group and the WeChat experimental group. For 
the two subcategories of motivation, the traditional group’s adjusted mean of self-efficacy is 
3.97 and 3.60 for the WeChat-assisted group. But the difference is not significant (F(1, 
27)=3.70, P=.07 > .05). The traditional experimental group’s adjusted mean of interest is 3.49 
and 3.34 for the WeChat-assisted group. However, the result did not show any significant 
difference between the two experimental groups (F(1,27)=.28, P=.60 > .05). According to the 
analysis, the adjusted means of overall motivation, self-efficacy, and interest of the traditional 
group were higher than those in the WeChat-assisted experimental group in the post-survey. 
However, the results were not significant. 
 
Table 7. Differences in motivation in the post-survey of the two experimental groups 

Variable Group N Mean S.D. Adjusted mean F Sig. 
Motivation Traditional Group 15 3.77 .67 3.71 2.12 .16 

WeChat Group 14 3.37 .47 3.44  
Self-efficacy Traditional Group 15 4.01 .58 3.97 3.70 .07 

WeChat Group 14 3.56 .58 3.60  
Interest Traditional Group 15 3.47 1.05 3.49 .28 .60 

WeChat Group 14 3.36 .74 3.34  
 

5. Discussion and Conclusion 
 

Regarding the status quo of participants’ motivation in English writing before the 
intervention, the overall motivation was at a medium level. It should be noted that the small 
sample size and the participants’ major may influence the results in the status quo of 
motivation in our exploratory study. For our exploratory study, the students’ self-efficacy in 
English writing was at a lower high level. This finding was consistent with Bai et al.’s study 
(2022) with young EFL learners. They found that young EFL learners’ self-efficacy was 
already at a lower high level before the intervention. It showed that both young and 
university-level students reported a lower high level of self-efficacy in English writing. Besides, 
the writing interest for university EFL learners was at a medium level before the intervention. 
However, this finding differs from Bai and Guo’s study (2019). They found that EFL learners’ 
interest was at a low level. There might be two probable reasons for this difference. The 
major reason might be the occupational feature of the participants in our study, because the 
expectation of becoming a civil aviation pilot may stimulate a student’s interest in English. 
Additionally, age might be an influential factor, because the participants in our study were 
university level students but those in Bai and Guo’s study (2019) were primary students. 
Considering the results in self-efficacy and interest, it indicated that age may generate a more 
substantial influence on EFL learners’ interest rather than self-efficacy.  

Regarding the motivation in English writing before and after the experiment within 
each group, both an traditional approach and a WeChat-assised approach generated positive 
impacts on participants’ overall motivation, self-efficacy, and interest. However, the increase 
generated by the traditional learning approach reached a significant level, which implied the 
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effectiveness of the SREWI on facilitating students’ motivation. The WeChat-assited 
approach improved students’ interest in English writing significantly. This finding is consistent 
with previous research. For example, EFL learners’ interest increased significantly after the 
intervention of a technology-enhanced SRL English writing instruction (Bai et al., 2022). 

Regarding the motivation in English writing in the post-survey between groups, the 
SREWI could positively impact participants’ motivation but the improvement was not 
statistically significant. Students who learned the SREWI in a traditional approach 
outperformed those who did not take the intervention. This finding implied the positive effects 
of the SREWI on students’ English writing motivation. However, students who learned the 
SREWI in a WeChat-assisted approach did not perform better than those who took a 
traditional learning approach. As the final examinations were approaching when the study 
was to start, the researchers did not conduct an individual orientation session to explain the 
use of this WeChat Program in detail. Additionally, the small sample size and the short 
experiment period might attribute to the results. 

Therefore, the present exploratory study found the positive effects of 
WeChat-assisted SREWI on EFL learners’ motivation, self-efficacy, and interest in English 
writing. Students who used a traditional learning approach to learn the instruction performed 
better than others in motivation. The WeChat-assisted approach increased students’ interest 
significantly. The findings implied that language teachers could use the applications in the 
market to design appropriate learning tasks and instructions to assist in teaching and 
facilitate students’ motivation in learning (Bai et al., 2022).  

Limitations of the present study and suggestions for future research will be suggested. 
First, the present exploratory study was lack of immediate and effective teacher support 
during the intervention. The implementation of a new technology learning tool requires 
effective teacher support (Zhang & Zou, 2022). Second, the small sample size and the short 
experiment period were limitations of this study. Due to these two factors, the findings of this 
exploratory study cannot be generalized to students in other learning contexts. So, future 
studies are suggested to experiment with a large sample size during a long learning period. 
Third, the design of the WeChat Mini Program impacted the results in the WeChat-assisted 
group. In order to improve the design and quality of this Mini Program, researchers collected 
data on students’ using experience after the experiment and made improvements for the 
program. In future studies, researchers will further improve the program, investigate the 
effects of WeChat-assisted Self-regulated English Writing on other learning outcomes, and 
explore effective approaches for EFL learners to improve their English writing with the help of 
advanced technologies. 

  
 
References 
 
Bai, B., & Guo, W. (2019). Motivation and self-regulated strategy use: Relationships to primary school 

students’ English writing in Hong Kong. Language Teaching Research, 25(3), 378-399. 
Bai, B., Shen, B., & Mei, H. (2020). Hong Kong primary students’ self-regulated writing strategy use: 

Influences of gender, writing proficiency, and grade level. Studies in Educational Evaluation, 65, 
100839. https://doi.org/10.1016/j.stueduc.2020.100839 

Bai, B., Wang, J., & Nie, Y. (2021). Self-efficacy, task values and growth mindset: What has the most 

812



 

predictive power for primary school students’ self-regulated learning in English writing and writing 
competence in an Asian Confucian cultural context?. Cambridge Journal of Education, 51(1), 
65-84. 

Bai, B., Wang, J., & Zhou, H. (2022). An intervention study to improve primary school students’ 
self-regulated strategy use in English writing through e-learning in Hong Kong. Computer Assisted 
Language Learning, 35(9), 2265-2290. 

Barak, M., Watted, A., & Haick, H. (2016). Motivation to learn in massive open online courses: 
Examining aspects of language and social engagement. Computers & Education, 94, 49-60. 

Chang, M. M. (2005). Applying self-regulated learning strategies in a web-based instruction-An 
investigation of motivation perception. Computer Assisted Language Learning,18(3), 217–230. 
https://doi.org/10.1080/09588220500178939 

Chen, X., Zou, D., Cheng, G., & Xie, H. (2020). Detecting latent topics and trends in educational 
technologies over four decades using structural topic modeling: A retrospective of all volumes of 
Computers & Education. Computers & Education, 151, 103855. 

Chien, S. C. (2012). Students’ use of writing strategies and their English writing achievements in 
Taiwan. Asia Pacific Journal of Education,32(1), 93–112. 
https://doi.org/10.1080/02188791.2012.655240   

Cleary, T. J., & Zimmerman, B. J. (2012). A cyclical self-regulatory account of student engagement: 
Theoretical foundations and applications. In S. L. Christenson, A. L. Reschly, & C. Wylie (eds.), 
Handbook of research on student engagement (pp. 237-257). Springer. 

Dörnyei, Z. (2005). The psychology of the language learner. Lawrence Erlbaum. 
Dörnyei, Z., & Ushioda, E. (2013). Teaching and researching: Motivation. Routledge. 
Graham, S., Harris, K.R., MachArthur, C., & Santangelo, T. (2018). Self-regulation and writing, in 

Handbook of Self-Regulation of Learning and Performance (pp.138-152), D. H. Schunk & J. A. 
Greene (eds.). Routledge. 

Guo, W. J., & Bai, B. (2019). Effects of self-regulated learning strategy use on motivation in EFL 
writing: A comparison between high and low achievers in Hong Kong primary schools. Applied 
Linguistics Review, 13(1), 117–139. doi:10.1515/applirev-2018-0085 

Harris, K. R., & Graham, S. (2017). Self-regulated strategy development: Theoretical bases, critical 
instructional elements, and future research. In Design principles for teaching effective writing (pp. 
119-151). Brill. 

Lee, I., Yu, S., & Liu, Y. (2018). Hong Kong secondary students’ motivation in EFL writing: A survey 
study. TESOL Quarterly, 52(1), 176–187 

Li, X., Xia, Q., Chu, S. K. W., & Yang, Y. (2022). Using gamification to facilitate students’ self-regulation 
in e-learning: A case study on students’ L2 English learning. Sustainability, 14(12), 7008. 
https://doi.org/10.3390/su14127008 

Qiao, S., Chu, S. K. W., Shen, X., & Yeung, S. S. S. (2022). The impact of an online gamified approach 
embedded with self�regulated learning support on students' reading performance and intrinsic 
motivation: A randomized controlled trial. Journal of Computer Assisted Learning, 38(5), 
1379-1393. https://doi.org/10.1111/jcal.12684 

Shen, B., & Bai, B. (2022). Chinese university students’ self-regulated writing strategy use and EFL 
writing performance: Influences of self-efficacy, gender, and major. Applied Linguistics Review, 
(0). https://doi.org/10.1515/applirev-2020-0103 

Tencent. (2023). Number of active WeChat messenger accounts Q2 2011-Q4 2022. Retrieved from:  
https://www.statista.com/statistics/255778/number-of-active-wechat-messenger-accounts/. 

813



 

Teng, F. (2020). Young learners' reading and writing performance: Exploring collaborative modeling of 
text structure as an additional component of self-regulated strategy development. Studies in 
Educational Evaluation, 65. 

Teng, M. F., Wang, C., & Zhang, L. J. (2022). Assessing self-regulatory writing strategies and their 
predictive effects on young EFL learners’ writing performance. Assessing Writing, 51, 100573. 
https://doi.org/10.1016/j.asw.2021.100573 

Yang, Y., & Song, Y. (2022). Understanding primary students’ self-regulated vocabulary learning 
behaviours on a mobile app via learning analytics and their associated outcomes: a case study. 
Journal of Computers in Education, 1-30. https://doi.org/10.1007/s40692-022-00251-x 

Zhang, R., & Zou, D. (2022). Self-regulated second language learning: a review of types and benefits 
of strategies, modes of teacher support, and pedagogical implications. Computer Assisted 
Language Learning, 1-38. https://doi.org/10.1080/09588221.2022.2055081 

Zimmerman, B., & Risemberg, R. (1997). Becoming a self-regulated writer: A social cognitive 
perspective. Contemporary Educational Psychology, 22, 73–101.  
https://psycnet.apa.org/doi/10.1006/ceps.1997.0919 

814



Shih, JL. et al. (Eds.) (2023). Proceedings of the 31st International Conference on Computers in 
Education. Asia-Pacific Society for Computers in Education 

 

A Step toward Characterizing Student 
Collaboration in Online Knowledge 

Building Environments with Machine 
Learning 

 
Alwyn Vwen Yen LEEa*, Chew Lee TEOb & Aloysius ONGc 

abcNational Institute of Education, Nanyang Technological University, Singapore 
*alwyn.lee@nie.edu.sg 

 
Abstract: Existing research has substantial progress in uncovering outcomes of 
collaborative learning in recent years, but more attention can be directed towards the 
better understanding of collaborative learning processes via quantitative frameworks 
and methods. Through the use of knowledge building as a collaborative learning 
pedagogical approach, it is possible for researchers to glean deeper insights into 
aspects of students’ collaboration within authentic learning environments. In this paper, 
the multimodal approach of data collection and analysis was conducted with a 
proposed conceptual analytical framework that can characterize constructs of 
collaborative activities in a knowledge building classroom using machine learning 
methods. The application in a pilot is discussed along with how this conceptual 
development can offer a summary of new insights into students’ individual and group 
collaborative trajectories during learning tasks. 

 
Keywords: Computer-supported collaborative learning, student collaboration, 
knowledge building, multimodal learning analytics, machine learning 

 
 
1. Introduction 
 
Since the conceptualization of computer-supported collaborative learning (CSCL) in the late 
1980s, the field and related studies of collaborative activity among a group of individuals for 
the purpose of learning and supported by information and communication technologies 
(Suthers, 2012) have subsequently made significant advancements and inroads into the 
development of technology-enhanced tools and theories to support the collaborative learning 
process (Hernández-Sellés et al., 2020). A plethora of frameworks, methods and techniques 
exists to measure student collaboration in terms of qualitative and quantitative indicators that 
are found within authentic learning environments (e.g., Martinez et al., 2003; Mercer et al, 
2009). Within different forms of collaborative learning and pedagogical approaches, 
Knowledge Building (Scardamalia & Bereiter, 2003) has emerged as a principle-based 
approach where collaboration is a means for community knowledge advancement and 
acquisition, with feasible frameworks and techniques to evaluate the quality of both online and 
offline face-to-face discourse (e.g., Lee & Tan, 2017).   

The measure of student collaboration is however multi-faceted and research studies 
tend to focus on specific notions of collaborations (e.g., engagement; Halpin et al., 2017) to 
avoid over-stretching resources. With the advent of virtual learning environments (VLEs) and 
the affordance of metrics accelerated by digital technology and new norms, recent CSCL 
research and analyses (Jeong et al, 2019) have been able to produce outcomes of 
collaborative learning from CSCL research that are more quantifiable and tangible, but this is 
to the detriment of more emphasis that should be placed on the analysis and understanding 
of collaborative learning processes. Further, heavy reliance on educators’ expertise and 
experience is still expected in practice (Ben-Peretz, 2001), to observe, analyze, and identify 
the different extents and levels of student collaboration, and therefore the use of virtual 
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learning environments contributes to an additional digital layer of surveillance and monitoring 
that educators need to handle as compared to in-person learning. Knowledge building related 
studies were also of no exception and the critical importance of better understanding the 
collaboration processes with educational outcomes as by-products has constantly been 
emphasized but are often times the other way around in most completed studies. 

To address these trends, emergent technologies can be tapped to investigate the 
multidimensions of collaborative activities that influence the quality of collaborative process of 
learning, but with lesser burdens on the educator and without sacrificing the visibility and 
degree of understanding about collaborative activities. An emergent and explored way of 
better understanding the different dimensions of interaction and knowledge growth in a 
collaborative learning environment is to adopt a multimodal learning analytics (MMLA) 
approach to investigate a myriad of multimodal data including physiological data (heart rate, 
skin conductance); physical movement (poses), verbal utterances, tonalities and overlaps of 
voices (Di Mitri, 2018). This approach is wide-ranging in nature and its use is briefly explained 
in this paper as the underlying data collection approach.  

As part of an eventual goal to obtain a comprehensive prediction of the level of 
collaboration in an authentic CSCL environment, the design and development of a conceptual 
multimodal analytical framework is proposed, by conducting the following: 
1. First, to categorize different constructs of collaboration into various analytical levels and 

structures to replicate the possible interactions patterns that exist in a collaborative 
learning environment (i.e., student-student group; student group—teacher).  

2. Next, multimodal data in terms of metrics and what can be measured, will be parsed into 
the proposed micro, meso, or macro levels for further analysis, and also considering the 
complexity and scale of the data involved.  

3. Finally, the framework will aggregate the measurements of the various modalities and 
attempt to integrate them into a single indicator to represent the level of collaboration for 
the measured entity, that is, the group when undergoing group work, and the class during 
whole-class instruction.  

In this paper, apart from presenting and discussing the design and development of a 
conceptual analytical framework that is currently being tested in several knowledge building 
classes, we also report some preliminary findings from a completed pilot case study that used 
machine learning algorithms and the proposed analytical framework to evaluate and verify the 
quality of collaboration and collaborative discourse within a knowledge building and CSCL 
environment. We also seek to answer the following research question: How are aspects of 
collaborative learning processes in a knowledge building environment, whether offline (face-
to-face) or online, characterized and visualized with the aid of an analytical framework to 
determine the extent of collaboration in a CSCL environment? 
 
 
2. Background and Literature Review 
 
2.1 Knowledge Building and relevant VLE (Knowledge Forum) 
 
Knowledge building is an approach that moves away from traditional instruction-based 
learning towards the empowerment of students as members of a knowledge building 
community, allowing them to take charge of their own and the community’s knowledge creation 
processes and the advancement of knowledge (Scardamalia & Bereiter, 2003). Studies on 
knowledge building have found significant, positive impacts on the development of students’ 
metacognition, collaboration, and epistemic inquiry processes for knowledge acquisition 
(Yang et al., 2020) and is often supported by the Knowledge Forum, an online discourse 
platform that facilitates inquiry, discourse, knowledge advancement, and collective cognitive 
responsibility (Chan & Chan, 2011). On the Knowledge Forum, students engage in online 
discourse through writing and reading of notes, as well as building-on to notes of other 
students in class-sized groups or smaller working groups during group work (see Figure 1). 
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Figure 1. Spatial area on the Knowledge Forum for students to post, share, and build on
each other’s ideas.

The value in which the knowledge building approach brings to a CSCL environment is 
the emphasis of valuing student agency and allowing students to figure out gaps, the challenge 
in addressing the gaps, and the way forward. As such, the analysis of content on the 
Knowledge Forum is focused on how students displayed agency and how they approach the 
problem, how they expand the problem, and how they manage collaboration, more than the 
completion of the task (Zhang et al., 2009) and this can be done in several ways, including the 
analysis of epistemic emotions (Teo et al., 2022). It is posited that by being able to identify, 
match, and conceptualize the mentioned processes into clearer, and if possible, more discrete 
indicators of knowledge building and therefore collaboration, it is possible to then triangulate 
the quality of face-to-face discourse with online discourse to attempt a better understanding 
of the nuances of collaboration process in CSCL environments that is less dependent on the 
final performance and outcomes of assigned tasks. 

2.2 Collaboration in a Virtual Knowledge Building Environment

Opinions vary largely when asked to describe a collaborative classroom, considering the 
multifaceted aspects of a CSCL environment. From the knowledge building perspective, 
collaboration is seen as the process of students collectively figuring out the incremental steps 
to improve ideas as well as enacting the steps. Students increasingly take on higher-level
responsibilities (e.g., defining gaps mid-way through the inquiry, determining the required 
experiments and resources, figuring out what additional information might be needed). As 
more students get involved in the collaborative process, they also begin to value the collective 
effort, not just tracking of individual progress, and the class accumulates a diversity of ideas, 
connections across these ideas, with new and novel ideas surfacing that invites further 
questioning. Students can work in small groups and navigate different class-based or group-
based discourse spaces on the Knowledge Forum (see Figure 1), with or without the teacher, 
who acts as a co-constructor rather than a leader and provider of knowledge. Figure 2 shows 
snapshots of a class-based or group-based discussion with the respective sharings and ideas 
reflected on the Knowledge Forum, as possible setups for encouraging and enhancing 
collaboration in a knowledge building environment.

2.3 Tapping on Multimodal Learning Analytics for Characterization

Multimodal Learning Analytics (MMLA) refers to the collection, analysis, utilization, and 
integration of multimodal data to study, characterize, and inform student learning behaviors 
(Rodríguez-Triana et al., 2018). Previous work from Di Mitri et al. (2018) has conceptualized 
a classification framework to conduct extensive literature review on empirical studies in MMLA, 
using the findings to propose a taxonomy of multimodal data for learning, with additional 
research also examining the significance and influence of multimodalities in the collaborative 
process (Rodríguez-Triana et al., 2018). 
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Figure 2. Snapshots of class lesson (top left) and group discussions (bottom left), and 
screenshots (right) of their created and shared notes on the Knowledge Forum.

In all, findings from these studies were able to identify learning analytics modalities 
that could be used to support and enrich learner collaboration, including the use of speech, 
body poses, and facial expressions. As a result, multimodal data can theoretically be used to 
classify and inform different dimensions of learning, but the major impediment in wide-scale 
adoption lies in the need to convincingly weave an integrative picture that includes all 
necessary collaboration process that happened in a CSCL environment, in addition to the 
complex benchmarking effort required to ensure the validity of multimodal analysis of 
collaborative processes beyond the product or final artefacts. This study seeks to identify the 
specifics in the mentioned gaps and also attempts to address several of the difficulties in 
implementation.

2.4 Proposed Design of Conceptual Analytical Framework

Educators and researchers have long viewed teaching and learning from a variety of 
perspective, some of which include the sociological perspective (e.g., Jarvis, 2007) that is 
concerned with structure and functions of the society and educational processes that are 
situated within; the social psychology perspective that studies interactions between teachers, 
students, and other stakeholders (e.g., Gehlbach, 2010); Vygotsky and Piaget’s postulations 
that social interaction is fundamental to cognitive development, albeit with different foci on 
social basis of mind and individual as starting point respectively (Rogoff, 1999); and 
Engeström’s Activity Theory (2000) as a framework for analyzing and redesigning work.  
Among the many other perspectives that take a manifold of view of knowledge that analyzes 
interaction levels and learning processes, we consider that within an increasingly volatile and 
uncertain education landscape, there can be a perspective that builds on evolutionary realism, 
one which is based on Dopfer’s micro-meso-macro architecture (2004) that is motivated by 
the need to handle emergent and highly complex situations as a population, a structure, and 
a process of rules. This adopted micro-meso-macro concept for this study is a multilevel 
classification and analytical framework that was successfully utilized by Lee et al. (2022) to 
understand and study behaviors of and relations of society on different levels, and to explain 
interaction patterns within an ecosystem.

In this concept, the micro is the individual, the meso are parts of the society (e.g., 
groups, organizations), and the macro represents the society as a whole, encompassing 
political, economic, social, and other factors that affects all its members. Through this 
framework, behavioral patterns and interactions within and between the different levels can 
be examined and analyzed in greater detail. Within this study, knowledge building, as an 
approach and pedagogy, handles theories, ideas, and practices in a structure with agents 
(knowledge builders in this study) and the multilevel structure of this framework can be 
adopted to understand ways in which different modalities can be classified to facilitate the 
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identification of different patterns of collaborative activity within and across different interacting 
members in authentic CSCL environments. 
 
 
3. Design and Development of Analytical Framework 
 
3.1 Conceptualization of Analytical Framework  
 
The analytical framework examines the various constructs of students’ collaboration in a 
knowledge building environment, including elements from both in-person and virtual learning 
environment. The stages of data organization, classification, analysis, and visualization are: 

(i) Collection of data from different modalities – Students’ collaborative activities in 
both offline (face-to-face) and online (Knowledge Forum) environments are 
captured using a range of sensing modalities, including video cameras, audio 
recorders, physiological sensors, server data logs, and surveys. Features are then 
generated from the visual, verbal, physiological, textual, and emotional data.   

(ii) Sense-making – The micro-meso-macro concept as explained in section 2.4 is 
adopted to make sense of the different data modalities and to subsequently inform 
the interactions at the following levels and pairings.  
 Micro level – Individual students interacting with artefacts and information. 
 Meso level – Student collaboration in a group is seen as the meso-structure 

where interactions take place within a group of students.  
 Macro level – Interactions within or between student groups and teacher.  
 Micro-meso pair – Students’ collaboration in a group shaped by individual 

students’ speech, actions, and behaviors as the microstructure. 
 Meso-macro pair – Student engagement between groups (meso-structure) can 

be shaped by their interactions or the teacher, who represents part of the 
macro-structure. 

(iii) Relating constructs of students’ collaboration with the micro-meso-macro levels of 
interactions – Table 1 shows how different analyses are categorized at either of 
the two levels of interactions and also based on the constructs of collaboration. 

 
Table 1. How different analyses are categorized at two levels of interactions and based on 
constructs of collaboration  

 Constructs of collaboration 
 
 

Affective 
component 

Social 
component 

Shared 
epistemic 
component 

Pedagogical & 
environmental 
component 

Level 2: 
Student group-
teacher (meso-
macro)  
 
Note: Teacher-
independent 
collaboration may 
occur at this level 

Analyze 
students’ 
emotions in 
response to 
teachers’ 
instructions  

Conduct 
network 
analysis to 
obtain 
collaborative 
measures and 
indices 
 
Analyze 
communications 
and actions at 
both individual 
and community 
level 

Analyze 
teachers’ 
assistance to 
students in 
discussing 
their thoughts 
 

Analyze 
received 
instructions, 
students’ 
interactions with 
devices and 
learning 
artifacts in the 
physical space 

Level 1: 
Student-student 
group  
(micro-meso) 

Analyze 
students’ 
expressions 
towards 
challenges or 
collaboration 
within groups 

Analyze 
implicit and 
explicit 
knowledge 
artefacts that 
shape the 
collaboration 

Analyze 
students’ 
interactions with 
each other, with 
the devices, and 
on the virtual 
discourse space 
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It is to be noted that at level 1, collaborative activities strictly occur without teachers 
and is only between students, while it is possible for students in level 2 to continue 
collaborating with each other with the teacher as an observer (not an active co-constructor). 
The analyses within each level also remain interrelated and may possibly influence other 
analysis within their own levels and across both levels. The interactions are also not restricted 
to a certain area of effect or influence, with each analysis potentially able to influence and 
affect the quality of students’ collaborative learning processes, such as how the analysis of 
students’ emotions in response to teacher’s instructions may still affect students’ collaboration 
within groups. 

(iv) Designing visualization and feedback mechanisms to transfer the sense-making 
process to students – Table 2 shows how various metrics can be conceptualized 
across the modalities and micro-meso-macro levels. 

 
Table 2. Conceptualized list of metrics across the modalities and micro-meso-macro levels  

Levels 
(referring to) 

 
 
 
 
 
 
Modalities 

Micro 
(Students working on 
their own, conducting 
individual reflections, 
with focus on quality 
of individual notes on 
Knowledge Forum) 

Meso 
(Individual students 
interacting with their 
groups, building on 
notes within their 
groups, with possible 
teacher interactions)  

Macro 
(Student interacting 
across groups and co-
constructing with their 
teacher in whole-class 
discussions using 
class-based view on 
Knowledge Forum) 

Face-to-face 
discourse 
(verbal) 

— Semantic patterns of 
speech within group  

Semantic patterns of 
speech across group  

Online 
discourse (on 
Knowledge 
Forum) 

Complexity of 
individual ideas and 
contribution across 
all views 

Types of scaffold 
used within the 
group’s Knowledge 
Forum view 

Types of scaffold used 
within the class’s 
Knowledge Forum 
view 

Knowledge 
Forum activity 

Number of created 
and modified notes, 
and scaffolds used  

Number of build-on 
notes and read notes 
within the group’s 
Knowledge Forum 
view 

Number of build-on 
notes and read notes 
within the class’s 
Knowledge Forum 
view 

Motoric 
actions 

— Hand gestures, body 
movements, and head 
poses during group 
discussions 

Body movements 
when interacting and 
discussing between 
groups 

Electrodermal 
activity 

Individual skin 
conductance level 

Skin conductance 
when interacting 
within group 

Skin conductance 
when interacting 
between groups 

Emotions Epistemic and non-
epistemic (universal, 
basic) emotions 

— — 

Teachers’ 
actions 

— — Teachers’ pedagogy 
(context), speech, and 
actions 

 
3.2 Pulling Modalities Together to Characterize and Measure Student Collaboration 
 
Several machine learning algorithms were found to be appropriate and feasible for making 
sense of the different modalities. Through this study, a pilot was conducted and implemented 
to conduct sense-making and interpretation processes of discourse (online and face-to-face), 
physiological data, and epistemic emotions. To decide on an appropriate choice of methods 
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for the pilot, prior tests (Hartmann et al., 2019) helped to shortlist text classification methods 
for unstructured textual discourse, of which linear regression (LR), neural network (NN), 
support vector machine (SVM), and Naïve Bayes (NB) made the cut for further testing in this 
study. We have also taken into consideration that this shortlist of methods were widely 
surveyed and used in sentiment detection and classification of content categories (Hartmann 
et al., 2019). Convolutional neural networks (CNN) were then used to analyze student 
expressions, together with digital signal processing of data from physiological sensors, to 
determine students’ epistemic emotions (Lee et al., 2023). 

With the above-mentioned methods, the pilot study will be able to identify specific or 
combination of modalities that contribute to collaborative learning and also the extent of 
collaborative knowledge building activity within a CSCL environment. In short, the constructs 
of students’ collaboration are characterized through the combined use of the analytical 
framework with multimodal data and various machine learning methods, so that student 
collaboration during knowledge building activities can be measured and characterized to levels 
of knowledge building. 
 
 
4. Pilot Case Study 
 
4.1 Settings, Participants, Equipment 
 
To obtain data for framework development and machine learning, multimodal data was 
collected from a Primary 5 (Grade 5) class in a Singapore school, where 20 students attended 
a 2.5-hour Social Studies lesson “Man and His Environment” that was crafted as a debate on 
the pros and cons of staying or leaving an assigned area in Southeast Asia, ranging from the 
Mekong river, Anak Krakatoa (Indonesian volcano), or the Sarawak rainforests. Students were 
encouraged to debate the present problems and potential benefits of the geographical area 
they were assigned to and to craft a possible solution for their predicament. Over 50 hours of 
individual video and audio data were collected with students’ consent, in line with local ethics 
review and adherence to regulations for data and privacy protection. This is in addition to 
online Knowledge Forum data that records students’ actions, activities and learning artifacts. 

During the lesson, the following array of sensors were deployed: H6 audio recorder for 
recording verbal discourse, XiaoMi360 camera for capturing student movements and poses 
around a table during collaboration, GoPro camera to provide a third-person view of 
collaborative activities between groups, Empatica E4 wristband for students who gave 
additional consent, and pen-and-paper emotion surveys. Altogether, online Knowledge Forum 
data, verbal, physiological, and emotional data were collected and transcribed, and prepared 
as inputs for processing in the analytical framework with machine learning methods. 
 
4.2 Data Analysis and Findings 
 
While working with Knowledge Forum notes and verbal data, these were broken down into 
discourse turns before analysis for content of speech and the type of verbal moves made by 
the student. The Knowledge Forum data was analyzed for content and student trace activity 
on the platform (e.g., number of notes read, posted, build-on) were also tracked and 
consolidated. Other collaborative indexes of the student’s contribution on the Knowledge 
Forum were also extracted using the Knowledge Building Discourse Explorer (KBDeX, 
Oshima et al, 2012) and networks were analyzed to uncover structures of knowledge building.  

The integrated set of textual data and features (selected K best for training: K=4000 
for verbal, K=3000 for Knowledge Forum) was then readily used to create a machine learning 
model for prediction purposes. To mitigate overfitting since no new data was collected or 
generated, convolutional neural network was chosen for fixed input and output sizes, with 
regularization applied to the model to improve generalizability. Large language models (e.g., 
BERT) were attempted but unfeasible for smaller setups. Model training was conducted using 
verbal and online discourse labels, coded by two knowledge building experts based on the 
knowledge building levels. The levels are casual talk (CT, for verbal data) or non-content (NC, 
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for Knowledge Forum data); question level 1 (Q1) for simple fact-seeking questions; 
explanation level 1 (E1) for simple explanations without elaborations; question level 2 (Q2) for 
expanded explanation-seeking questions; and explanation level 2 (E2) for explanations with 
elaborations, evidence, and justifications. These levels are encoded from 0 to 4 accordingly. 
In this model of five dropout layers (to avoid over-fitting) and one gaussian noise layer (to add 
randomness for robustness), the training accuracy is 0.789 with a test accuracy of 0.601. 

Visual data (video) consisting of motoric actions taps on the OpenPose library to 
analyze various skeletal movements of students and teacher when he appears in frame. For 
video data that capture more details of students’ expressions, convolutional neural networks 
(CNNs) were implemented to identify one of the following nine epistemic emotions: Activeness, 
anxiety, boredom, confusion, curiosity, enjoyment, frustration, interest, and surprise (Lee et 
al., in press). Physiological markers including electrodermal activity and heart rate data were 
analyzed using peak-detection using the E4 software. Seven self-reporting surveys were 
administered between tasks throughout the lesson and the responses related to epistemic 
emotions were also analyzed using IBM Statistical Package for Social Sciences (SPSS) 
software for descriptive analysis and triangulation. 

From the case study, we were able to preliminarily characterize several aspects of 
student collaboration using the analytical framework, which were triangulated with the 
teacher’s instructions, and actions. For example, these characterizations include how greater 
student movements relates with an increase in student responses, while an increase in student 
communications signify better quality of contributions in speech and on the Knowledge Forum. 
Knowledge building contributions on the Knowledge Forum were also found to be expanded 
and better quality (Q2 and E2) than communicated verbally. From the analysts’ point of view, 
several of such instances throughout the 2.5-hour lesson were identified where these 
constructs of student collaborations were prominent. However, limited data for training and 
testing may also mean that the same aspects of student collaboration are challenging to 
reproduce in different contexts and by other students. Nonetheless, the current findings are 
supportive of the framework’s application in examining interaction patterns within a 
collaborative knowledge building environment. 
 
4.3 Aggregation and Visualization of Findings 
 
Using the above findings, it was also essential to aggregate measurements and provide a 
visual interface with simplified information on an interactive dashboard (see Figure 3). This 
dashboard with video playback and seeking functionality also provides an approximate 
measure called the “Fusion score” that incorporates measures obtained from the different 
modalities with adjustable weightages so that the end-user, be it a teacher or analyst, can 
understand the extent of collaboration for a group or class. With a score of 0 to 1, the 
prototype’s fusion score is aligned to three major stages of the knowledge building process, 
starting with idea sharing activities that exhibit scores closer to 0, while idea improvement 
activities will score higher, followed by activities with rise above that will score closer to 1. 

 
4.4 Limitations 
 
Among several limitations, we address two significant limitations that have been briefly 
mentioned thus far and are currently being worked on. The first pertains to the limited datasets 
that can be used for training models, testing, and refining of the analytical framework. A larger 
dataset of five lessons, considered a large trove of data considering the multimodality nature, 
is currently considered for subsequent use, as such an inclusion will be beneficial in testing 
the validity and reliability of the larger system. The other limitation refers to the methodical and 
practical challenges that can affect the sustainability and scalability of this MMLA study, which 
are also highlighted by Yan et al (2022), with recommendations to ensure that MMLA 
innovations that used discontinued technologies are constantly upgraded and caution is taken 
in ensuring minimal systemic bias while using MMLA innovations. 
 

822



 
Figure 3. Interactive dashboard with video playback and seeking functionality, and indicators 

that provide insights about extent of collaboration in a knowledge building lesson. 
 
 
5. Conclusion 
 
CSCL is a well-established field with many technological and theoretical advancements over 
the past few decades, contributing to concerted efforts directed towards the better 
understanding of collaborative learning processes. Through the use of knowledge building as 
a collaborative learning pedagogical approach, a concentrated focus on the learning 
processes allows researchers to glean deeper insights into aspects of students’ collaboration 
in authentic learning environments. The use of MMLA and the proposed analytical framework 
brings together multiple modalities to inform learning behaviors and to characterize student 
collaboration with the aid of machine learning methods. Preliminary findings from a pilot case 
study has shown that several constructs of student collaboration can be characterized and the 
limitations in current form can be duly addressed with sufficient research and time. 
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Abstract: <Eurasia Channel> integrates Internet of Things (IoT) technology to create 
a captivating and intricate complex board game experience for learners. Set against 
the backdrop of ancient China's Silk Road, the game offers players a diverse range of 
tasks while delving into the historical knowledge of the Silk Road. The role of IoT 
technology is crucial, facilitating the transmission of a wide array of data between 
objects and servers, enabling the study of learners' historical thinking performance 
during their engagement with the game. This game also places significant emphasis 
on interaction and entertainment, skillfully blending elements from large-scale complex 
board gaming to enhance the learning process. <Eurasia Channel> seamlessly merges 
education, technology, and entertainment, opening a gateway for learners to explore 
both ancient history and modern technology in an engaging manner. 

 
Keywords: Internet of Things, Complex Board Game, Silk Road, Biorobotic. 

 
 
1. Introduction 
 
IoT technology remains underutilized in STEM education and game-based learning 
(Mavroudi et al., 2012). This study seeks to innovate traditional board games by 
incorporating IoT, enhancing player experience. In formal education, textbooks dominate, yet 
technology prompts varied learning tools, including board games (Paris & Yussof, 2012). 
Board games traditionally lack dynamism, but IoT envisions seamless interconnection, 
adding dynamism through sensors and microcontrollers (Pai, 2017). This study aims to 
develop a complex board game called <Eurasia Channel> that merges education, 
technology, and entertainment, bridging ancient history and modern tech for learners. 
 
2. Related work: Internet of Things in Education 
 
The Internet of Things (IoT) is a technology pioneered by the MIT Auto-ID Center. The core 
functionality of IoT revolves around communication between devices (Pai, 2017). All objects 
utilize RFID as their unique identifier (Haller, Karnouskos, & Schroth, 2009). Existing 
literature predominantly focuses on the technical aspects of IoT (Gong, 2016). However, IoT 
has profound implications for the education sector, bringing forth numerous benefits (Pai, 
2017), such as: (1) enhancing the learning experience, (2) improving operational efficiency, 
(3) reducing costs, (4) ensuring reliability, and (5) addressing security concerns. Therefore, 
IoT technology is a crucial and efficient asset in the field of education. In this study, we have 
designed a board game that leverages IoT technology to enhance engagement and 
interactivity. 
 
3. Game Design 
 
<Eurasia Channel> is based on the design by Chen, Shih, and Chen (2022), which takes 
inspiration from the ancient Silk Road map of China. In this board game, players start on a 
journey using biorobotic horses to complete specific tasks and progress through the game 
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(as shown in Figure 1). Each team represents distinct ethnicities, and individual players 
assume unique roles, engaging in trading various items or constructing stations to earn coins 
and emerge victorious. To enhance the interactive experience, IoT technology is seamlessly 
integrated into the game, responsible for recording all transaction records among players, 
tracking object locations and movement paths, and triggering specific tasks and scores 
through MQTT signals sent to a server. This integrated approach empowers players to easily 
control the biorobotic horses, while enjoying the game's interactivity, ultimately elevating 
immersion and underscoring the indispensability of IoT technology in educational gaming. 
 

Figure 1. Map of < Eurasia Channel > 
 
With the integration of Internet of Things (IoT) technology, players can effortlessly maneuver 
the biorobotic horses by using a terminal. As the biorobotic horse traverses designated 
areas, sensors transmit specific signals to the server via Message Queuing Telemetry 
Transport (MQTT) (Hunkeler, Truong, & Stanford-Clark, 2008). Subsequently, players 
receive targeted missions or scores. Upon successful completion of in-game tasks, the 
game map engages in interactive exchanges with players (as shown in Figure 1 ! 

). During gameplay, players have the opportunity to acquire knowledge 
in mechanics, electronics, geography, and history. <Eurasia Channel> incorporates Internet 
of Things (IoT) technology through the implementation of the MQTT protocol. Upon network 
establishment, RFID sensors are utilized to scan embedded RFID tags on the Silk Road 
map (Figure 1 ! ). Each tag's unique ID triggers distinct events 
displayed on terminals. The server records individual player checkpoints, data, movements, 
statuses, resources, and paths. 

Engaging in < Eurasia Channel> enables players to partake in interdisciplinary 
learning. The integration of IoT technology allows the server to capture various data types, 
facilitating communication among different components. This enhances player engagement 
and interactivity, ultimately fostering the development of historical thinking skills. With all 
RFID sensors in place on the map, IoT devices can transmit tag IDs to specific channels on 
the MQTT Broker. The process begins with the biorobotic horses' movement on the map. 
Upon reaching a designated area, the RFID scanner continuously scans the path beneath 
the robot. Detection of a tag ID prompts the ESP32 to publish data to the designated Broker 
channel. Subsequently, the server subscribes to this channel, retrieves the data, and stores 
it in the database. Ultimately, users can access the database to control the biorobotic horses 
in accordance with the obtained data. System structure is as shown in Figure 2. 
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Figure 2. System Structure 

 
4. Excepted Result 
 
By integrating Internet of Things (IoT) technology into the complex board game, players are 
afforded the opportunity to learn about ancient cultural history and cultivate historical thinking 
while accomplishing tasks. The inclusion of these in-game tasks serves to enhance players' 
motivation to learn, facilitating a continuous state of engagement for learners throughout the 
process of playing and learning. Teachers can effortlessly record all essential information, 
including task completion, scores, and the paths of each team. Beyond collecting these 
quantitative data points, we can further delve into various aspects related to players and the 
game. For instance, we can explore the impact of playing <Eurasia Channel> on players' 
historical thinking abilities. 
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Abstract: When Artificial intelligence has emerged, it has changed the area of 
education dramatically. In this study, a game about Modeled United Nations was 
designed with ChatGPT as one of the players. The study analyzed how ChatGPT will 
affect the students’ resolutions about the international issues in the group discussion 
and negotiation. An API to ChatGPT is used to record the students’ interaction with 
ChatGPT, and a quantitative analysis of interactions and survey is used to collect the 
students’ actions and feedback about the activity. The research has expected the 
students to learn how to use AI technology correctly and have a better understanding 
about the global issues. With the help of AI, the students are also expected to make 
better decision with AI, and have the ability of problem-solving while working as a 
team. 

 
Keywords: AI Chatbot, Model United Nations (MUN), Game Development 

 
 
1. Introduction 
 
Artificial Intelligence (AI) has played a key role in the digital transformation nowadays. The 
emergence of ChatGPT not only has the revolutionary potential for Education, but also 
changes the way how people use AI. With its comprehensive online database and powerful 
Natural Language Processing model, ChatGPT can understand the various questions and 
provide corresponding answers for users. They can learn how to ask ChatGPT questions 
precisely to get the background knowledge and how to use all the information provided from 
ChatGPT to solve the questions.  

In this study, a game about Modeled United Nations (MUN) was designed to 
incorporate international issues and ChatGPT that allows players to use ChatGPT as a 
consultant. This study was to analyze when the students face the conflict issue, how they 
retrieve information from ChatGPT and propose resolutions with ChatGPT’s guidance and 
directions.  
 
2. Related work: 
 
2.1 ChatGPT 
 
The rapid development of Natural Language Processing has brought lots of new applications 
for education. Students can interact and start a conversation with ChatGPT and artificial 
intelligence. They must think and explore about the questions in their own words and receive 
the responses from ChatGPT to personalize the information and making it their own to 
achieve the meaning of learning (Mohammadreza, et al., 2023). ChatGPT can be applied on 
the invention of educational Question Answering System. It can achieve a more intellectual 
system by providing corresponding answers according to the questions.  

Therefore, in this study, we expect the students to view ChatGPT as their learning 
companion or consultant, who they can work with while facing the international issues. The 
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students will use ChatGPT to find the directions of solutions and help them to make the 
reasonable decisions.

2.2 Modeled United Nations

Modeled United Nations (MUN) can elevate students’ learning abilities include speaking, 
negotiation skills, and problem-solving ability.  Besides, it can help students have a better 
understanding on global affairs. During the process of MUN, students will play in the roles of 
ambassadors and discuss current international issues according to the rules and structure of 
the United Nations (Daniel, 2003). This study was designed for a game in the form of MUN. 
While setting conflicts between countries, the student will play as the delegates of each 
country to solve conflicts with other countries by negotiations and conferences. 

3. Modeled United Nations Game Design

This study was designed in the form of MUN. In the game, students will be the 
representatives of different countries. Each country consists of three members and ChatGPT 
as the fourth. Every student will play as a different role in the country to discuss their 
country’s approach to the issues presented. Conflict issues with opposed standpoints will be 
presented in the game so that students can have different perspectives toward the issues. 
During the game, the students can use ChatGPT any time to retrieve information and 
possible resolutions toward the issue. They would form problem-solving directions from the 
responses of ChatGPT and through the discussion between group members. Then, they will 
make declarations for the country they represent. The gaming flow of this study is as Figure 
1. 
Before the game starts, the rules of the game and the operation of the system will be 
introduced to the students. First, the players will be divided into groups. The background 
knowledge about each country will be given to each group. Then, the group discussion will 
start and students can ask for advice by consulting ChatGPT. After gaining response from 
ChatGPT, the students will have to digest the suggestions of ChatGPT, integrate it with their 
ideas, and propose resolutions for the issues. The presentation process will begin once 
every group has finished integrating their ideas completely. Every group will debate and 
negotiate about the resolutions on the issues with other groups. Resolutions will be decided 
during the process of voting at the end of the game. After that, the instructor will ask the 
students’ feedback about the game and provide their own perspectives about the MUN 
activity. 
The study will observe how the students enquire ChatGPT of the issues and what kind of the 
decisions they make from the responses of ChatGPT by using their interaction records. With 
the design of the game, the students can not only enhance their understanding about 
international issues, they are also expected to grow critical thinking and collaboration 
abilities.

Figure 1 Game flow

4. Research design

This study is to realize the interaction between students and ChatGPT during the process of 
MUN. It is designed to discuss about students' cooperation with ChatGPT and analyze how 
ChatGPT influence their decisions. The study will collect research data by video recordings.
At the same time, by using an API to connect with ChatGPT will the researchers save the 
conversation records in the form of CSV files. At the end of the study, students need to fill in 
a quantitative survey to record the students’ feeling about the activity and their thoughts 
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about consulting with ChatGPT. The records will be used to analyze and evaluate the 
interactive effect between students and ChatGPT in the MUN game. 
 
5. Expected Results 
 
This study is designed to help students learn how to discuss with AI and internalize 
knowledge in the response from ChatGPT to help them make decisions through the process 
of the MUN game. While interacting with ChatGPT, students can learn more knowledge and 
perspectives, and consider about the various possibilities of the issues. Playing as a 
teammate or consultant, ChatGPT can provide students valuable information and advices to 
help them have a better understanding of the issues during the game. Moreover, these 
learning experience and skills can help students to gain advantages in the game and have 
important effects for students’ learning in the future 
 
6. Conclusion 
 
In this study, students are expected to learn not only how to debate on international issues 
and make decisions with their teammates, but also how to use AI correctly and combine 
advices from ChatGPT and others to propose resolutions for the issue. AI is also expected to 
help students cooperate with others in a more efficient way and get critical answers from 
ChatGPT. Through the practical participation of MUN, the students can discuss the 
resolutions for the international issues as a team which can promote the students’ retention 
of information and their impression of learning. 
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Abstract: The Internet of Things (IoT) technology has found widespread application in 
various facets of daily life, including education. Through the integration of IoT 
technology and authentic open data into educational materials, students can engage 
in more interactions and develop a sense of participation. This, in turn, enhances their 
learning interests and motivation. Additionally, students can gain a more lifelike and 
tangible learning encounter in the classroom, particularly through scenario-based 
gaming. This research endeavors to utilize the Sustainable Development Goals (SDGs) 
as content for the creation of IoT-integrated classroom games. These games aim to 
immerse participants in the intricate web of social and environmental conflicts. 
Employing an exploratory learning approach, the goal is to augment students' 
awareness of SDG issues and cultivate multiple representation literacies. 

 
Keywords: IOT-integrated Games, Multiple Representations, Data Visualization  

 
1. Introduction 
 
In today's society, IoT technology is increasingly prevalent, touching various life aspects, 
including education. Unlike passive learning from traditional materials, IoT-integrated 
educational resources promise a more practical, engaging, and interactive learning 
experience. This study aims to create an IoT-integrated SDGs scenario game via online 
platforms and IoT firmware. Visualized data from diverse sources will aid seamless 
gameplay. Analyzing students' cognitive recognition and outcomes will form a basis for 
multidimensional representation analysis. IoT devices and sensors will visualize relevant 
data, fostering an immersive learning atmosphere. This enables active involvement in 
content-rich scenarios, aligning with real-world applications. 
 
2. Related Work 
 
2.1 Multiple Representations 
 
"Representation" serves both as a learning medium and a contemplation tool. In the game, 
we analyze students' varied representations through data visualization, aligning with their 
preferences. This fosters comprehensive, multi-dimensional comprehension, linking new 
knowledge with real-life scenarios. Students find more enjoyment and satisfaction in 
learning. Chen, Chen, Zuo, & Hou (2023) highlight that multiple representations stimulate 
thinking and learning. Offering diverse representations promptly supports learning, 
enhancing understanding of surroundings and cognitive growth. This study employs a game 
format with multiple representations, visually showing students' diverse patterns of 
representation during gameplay. 
 
2.2 IOT 
 
In the changing educational landscape, traditional teaching falls short of reform needs. IoT 
and Artificial Intelligence (AI) technologies n education lay the foundation for progress (Yu & 
Mi, 2023).  Merging education and tech drives efficient learning, improves quality. IoT 
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enables personalized education (Tripathy, Mishra, & Dash, 2021), offering real-world 
application through sensors and devices. This enhances comprehension, lowering costs, 
boosting efficiency. This study aims to use IoT for a context-based classroom game, 
amplifing students' practical experience, engagement, and digital skills. The goal is to 
prepare students for the digital future. 
 
2.3 Data Visualization 

 
Duke, Brodlie, Duce, & Herman (2005) propose that visualization initiates when individuals 
possess data they wish to explore and interpret. Visualization involves converting 
information from one representation form to another (Chen & Golan, 2015). Data 
visualization can render information more compelling (Pandey, Manivannan, Nov, 
Satterthwaite, & Bertini, 2014). Moreover, research has indicated a robust connection 
between data visualization and the humanities (Manovich, 2010). In fact, graphical 
representation can be more precise and impactful compared to traditional statistical 
calculations (Tufte, 2001). Hence, our aim is to utilize data visualization techniques to assist 
students in attaining a lucid comprehension of diverse data points. We intend to convert the 
multifaceted data representations generated by students into intuitive and understandable 
charts, images, or visual presentations. This approach will aid students in achieving a 
deeper understanding of the learning material and heighten their learning outcomes. 
 
3. Game Design  

 
This game utilizes task design, game prompts, data exploration, and technological 
assistance from IoT to facilitate diverse forms of communication, interaction, cooperation, 
and coordination among students. The game involves students taking on specific roles, 
including Farmer, Conservation Group, Hunter, Government, and Developer. These five 
members constitute a group, each role equipped with unique physical cards. 

The game's cards have two main purposes. The Inquiry card lets students interact 
with map areas using IoT icons, exploring diverse data like water resources, land details, 
forest distribution, population structure, and animal ecology. Personalized data exploration 
strategies can be formed based on their interpretation of game missions. The Action cards 
are to initiate interaction with other players. It acts as the initial condition for engaging with 
others. Each card is equipped with a sensing device, and corresponding sensing zones are 
established in the game environment. When students use these cards to interact with the 
sensing zones, the screens they possess will promptly exhibit numerical values or dynamic 
scene changes. This grants students an intuitive comprehension of the broader impact of 
their actions within the game (see Figure 1). 

 
Figure 1 Game Schematic 
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4. Expected Result 
 

This study uses IoT tools to enhance students' tech experience, boost motivation, and 
explore diverse data representations within SDG-framed gameplay analysis, uncovering 
multiple literacies. Possible research methods for this study include a combination of 
qualitative and quantitative approaches using in-depth interviews and focus groups to gather 
insights into students' perceptions, experiences, and motivations within the IoT-integrated 
game; at the same time using surveys and gameplay analytics to provide statistical data on 
students' engagement patterns, learning outcomes, and problem-solving strategies. Data 
from these methods will be synthesized to gain a comprehensive understanding of students' 
behaviors and outcomes.  

This research aims to elevate learning motivation through gamification and leverage 
data visualization for students' scientific insight. Gathering multiple representations 
showcases interactive engagement with data and peers in-game, comprehensively 
analyzing learning behaviors, problem-solving, and creativity. This contributes to 
personalized instruction and diverse learning, fostering self-reflection and growth. Efforts 
seek continuous improvement and educational optimization. 
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Abstract: Focusing on the implementation of virtual field trips in elementary school 
classroom, this study aimed to explore pupils’ affective perceptions and cognitive 
performance in either immersive environments (using VR headsets, n=26) or projective 
environments (using traditional projection screen, n=26) through a quasi-experimental 
design. The results showed that the pupils exhibited stronger perceived immersion and 
positive attitudes toward virtual learning and achieved better learning effectiveness in 
the immersive setting than in the projective setting. We are continuing to expand this 
work for more understandings of immersive virtual field trips in elementary classrooms. 

 
Keywords: Virtual reality, field trip, science learning, immersion 

 
 
1. Introduction 
 
Virtual field trips are one of the educational applications of virtual reality (VR) technology for 
instructors to lead learners to explore learning content in virtual environments (Çaliskan, 
2011). Several studies have examined the pedagogical possibility of immersive virtual field 
trips in classrooms (Cheng & Tsai, 2019; Han, 2020). Notably, some studies reported that 
learning science by immersive VR may result in attentional dispersion and cognitive overload 
for learners (Makransky et al., 2019). Compared with learning science by immersive VR, 
students showed less affective perceptions (e.g., motivation, interest, and engagement) but 
performed better when using traditional medium such as slideshows (Parong & Mayer, 2018). 
Similar findings were also documented in Parong and Mayer’s study (2021). However, these 
studies were conducted in the context of research lab rather than in the practical fields such 
as classrooms. Therefore, focusing on the implementation of virtual field trips in elementary 
school classroom, this work aimed to explore students’ affective perceptions and cognitive 
performance in either immersive environments (using VR headsets) or projective 
environments (using traditional projection screen).  Specifically, a series of comparison of 
pupils’ perceived immersion, attitudes, and learning effectiveness in immersive and projective 
virtual field trips will be implemented in this study. 
 
2. Method 
 
2.1 Participants 
 
There were 52 elementary school students from two classes in fifth grade (26 students for 
each class) invited to participate in this study. The gender distribution of the pupils was 
balanced, that is, there were 13 males (50%) and 13 females (50%) for each class. About half 
of the pupils had had experiences in the usage of VR-related applications, indicating that the 
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novelty effects of virtual technology the participants perceived may not interfere the results of 
the current study. 
 
2.2 Experimental design and procedure 
 
A quasi-experimental study was conducted to compare the pupils’ perceived immersion, 
attitudes, and learning effectiveness in immersive virtual field trips with those in projective 
virtual field trips. While the pupils in the experimental group (n=26) were involved in the virtual 
learning activities by individually wearing head-mounted displays (HMDs, plastic cardboard 
used in this study) for freely interacting with the virtual learning elements and navigating the 
virtual scenes, the pupils in the control group (n=26) engaged in the virtual learning activities 
by passively observing the virtual learning elements and scenes through a projective screen 
in front of a classroom. The pupils in the two research groups received the same science 
learning content of solar energy from a VR application for implementing virtual field trips. Two 
teachers with experiences in using the VR application were invited to implement the learning 
activity in the experimental and control groups, respectively. They reached a consensus in 
exploiting the same learning content and instructional strategies. In other words, the possible 
extraneous variables were controlled in this study. 

The learning activities involves three science lessons (approximately 40 minutes for 
each lesson). While the first two lessons were instructed in a traditional way, the third lesson 
was instructed by virtual field trips. Before the virtual learning activity began, the pupils were 
required to complete a pre-test for assessing their prior knowledge in terms of solar energy. 
When the virtual field trips finished, the pupils had to complete a post achievement test and 
respond to two surveys. One instrument was adapted from Jennett et al.’s Immersive 
Experience Questionnaire (IEQ) (2008) including the subscales of (1) basic attention, (2) 
temporal dissociation, (3) transportation, (4) emotional involvement and (5) enjoyment. The 
other one was adapted from the questionnaire including the subscales of (1) usefulness, (2) 
visual appeal, (3) satisfaction, and (4) intention used in Cheng et al.’s study (2019). 
 
3. Results 
 
3.1 Comparison of the pupils’ perceived immersion 
 
To understand the pupils’ perceptions of immersion in the virtual learning activities, a series 
of independent t-test was conducted to examine whether they perceived immersion in the 
immersive and projective virtual field trips in different degrees. According to Table 1, the pupils’ 
perceived basic attention (t=3.43, p<0.01), transportation (t=2.04, p<0.05), emotional 
involvement (t=2.57, p<0.05), and enjoyment (t=3.37, p<0.01) in the immersive setting were 
stronger than the pupils’ perceptions in the projective setting with large effect sizes.  
 
Table 1. Comparison of students’ perceived immersion between the two groups 

 Immersive VR 
Mean (SD) 

Projective VR 
Mean (SD) t-value Effect size 

Basic attention 4.53 (0.60) 3.74 (1.01) 3.43** 0.95 
Temporal dissociation 3.26 (1.00) 3.09 (1.15) 0.57 0.16 
Transportation 3.86 (0.95) 3.27 (1.13) 2.04* 0.57 
Emotional involvement 4.05 (0.76) 3.45 (0.91) 2.57* 0.72 
Enjoyment 4.31 (0.69) 3.54 (0.93) 3.37** 0.94 

*p < .05, **p < .01 

 

3.2 Comparison of the pupils’ attitudes 
 
This study conducted a series of independent t-test to examine the differences of the pupils’ 
attitudes towards the virtual field trips when engaging in immersive and projective 
environments. The results in Table 2 show that, with large effect sizes, the pupils in the 
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immersive learning environments exhibited more positive attitudes towards virtual field trips 
than the pupils in the projective learning environments did to a significant level. Specifically, 
the pupils considered that the immersive virtual field trips were usefulness for their science 
learning (t=3.18, p<0.01) and could appeal their visual attention (t=3.19, p<0.01). Also, they 
were satisfied with the virtual learning experiences (t=2.91, p<0.01) and were inclined to learn 
science by immersive virtual technology (t=2.92, p<0.01). In other words, compared with the 
projective setting in the classroom, the immersive virtual field trips may benefit the pupils’ 
attitudes more.  
 
Table 2. Comparison of pupils’ attitudes between the two groups 

 Immersive VR 
Mean (SD) 

Projective VR 
Mean (SD) t-value Effect size 

Usefulness 4.53 (0.73) 3.84 (0.84) 3.18** 0.88 
Visual appeal 4.46 (0.75) 3.65 (1.05) 3.19** 0.89 
Satisfaction 4.50 (0.74) 3.80 (0.98) 2.91** 0.81 
Intention 4.56 (0.63) 3.92 (0.93) 2.92** 0.81 

*p < .05, **p < .01 

 
3.3 Comparison of the pupils’ learning effectiveness 
 
To examine whether the pupils in the two experimental groups academically performed in a 
different level, this study conducted an analysis of covariance (ANCOVA) with the pre-test 
score as the covariance. The significant difference in the pupils’ learning effectiveness 
between the immersive and projective VR settings was found (F=5.40, p<0.05). Specifically, 
the pupils engaging in the immersive virtual field trips performed (adjusted mean=26.00, 
standard error=0.89) better than those learned science by observing virtual learning elements 
through a projection screen (adjusted mean=22.89, standard error=0.89).  
 
4. Conclusion 
 
Similar to the findings of past studies regarding learners’ affective perceptions in immersive 
VR environments (Makransky et al., 2019; Parong & Mayer, 2018), this study did verify that 
the pupils exhibited stronger perceived immersion and positive attitudes toward virtual learning 
in the immersive setting than in the projective setting. However, in contrast to those studies 
(Makransky et al., 2019; Parong & Mayer, 2018), the pupils in this study were cognitively 
benefited more by actively exploring in the immersive learning environments than by passively 
observing the virtual learning content (e.g., panoramic scenes) through traditional projection 
screen. To understand what factors may influence the pupils’ cognitive performance during 
immersive virtual field trips, we are continuing to collect more research data in elementary 
classrooms for the examination of structural relationships among the affective (e.g., curiosity 
or motivation) and cognitive (e.g., conceptual knowledge or transfer of learning) variables. 
Qualitative data such as teachers’ perceptions of immersive virtual field trips in classrooms 
was also our attempt of virtual learning research in the future.  
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Abstract: This work-in-progress paper investigates on whether students in higher 
education really care about the ethical and privacy concerns in the use of artificial 
intelligence (AI) dialogue systems. Based on semi-structured interviews of 37 
undergraduate students, this study uncovered a variety of viewpoints. The study found 
that despite their awareness of ethical and privacy concerns in the use of AI dialogue 
systems, the majority of students did not put much effort in addressing these issues. 
Around 75% of the students prioritized efficient and effective university assignment 
completion with the help of AI dialogue systems over these ethical and privacy 
concerns. The study also revealed that cultural differences influenced students’ 
attitudes towards ethical and privacy concerns. Specifically, students from high-context 
cultures, where a significant portion of communication relies on shared experiences, 
implicit cues, and non-verbal elements, showed less concern compared to those from 
low-context cultures, where their communication relies heavily on explicit messages, 
direct language, and precise information. This study recommends several strategies to 
address privacy and ethical concerns, including the development of comprehensive 
data management policies, the use of data anonymization and minimization 
techniques, and the enforcement of stringent security measures to prevent data 
breaches. 

 
Keywords: Dialogue systems; higher education; ethical concerns; privacy, students  

    
1. Introduction 

 
Artificial intelligence (AI) dialogue systems, also known as conversational agents or chatbots, 
are software mechanisms that mimic human dialogue. These systems have been integrated 
with various sectors, such as e-commerce, healthcare, finance, and notably, education 
(Adamopoulou & Moussiades, 2020). Their use in academia has recently gained significant 
attention, promising to transform pedagogical practices and student learning (Zhai & Wibowo, 
2023). AI dialogue systems offer various advantages, such as automating tasks, aiding in data 
analysis, and fostering innovative learning and evaluation methods (Song & Xiong, 2021). This 
allows for more effective learning, empowering students to better understand complex and 
creative information (Zhai & Wibowo, 2023). Additionally, these systems can simplify online 
learning, extending educational opportunities to students in remote locations, thus promoting 
a more equitable and inclusive educational landscape (Bhat et al., 2023). Despite these 
benefits, there are significant concerns associated with using AI dialogue systems in 
academia, primarily ethical issues and privacy concerns (Song & Xiong, 2021). Given that AI 
systems can potentially introduce bias and discrimination in educational settings, and even 
with safeguards like blockchain technology and end-to-end encryption, users might still face 
threats like malicious input, profiling, contextual attacks, and data breaches (Adamopoulou & 
Moussiades, 2020). This underscores the importance of conducting in-depth research into the 
ethical and privacy concerns of AI dialogue systems in education (Zhai & Wibowo, 2023). In 
this work-in-progress paper, a case study was conducted to better understand these privacy 
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and ethical concerns and outline potential strategies for dealing with these concerns. This 
study attempts to answer the following research questions: 
 
1) What are the privacy and ethical concerns associated with the use of AI dialogue systems 

in higher education? 
2) Do students care and act accordingly to ethical and privacy concerns in the use of AI 

dialogue systems in higher education?   
 

2. METHOD 
This study aims to better understand the privacy and ethical concerns in the use of MACHE-
Bot, an AI dialogue system developed by Zhai and Wibowo (2023), for facilitating students in 
higher education with personalized, just-in-time feedback or assistance in their learning 
process. The acronyms of MACHE-Bot stand for multidimensional approach encompassing 
culture, humor, and empathy, which is culturally sensitive dialogue system, uniquely designed 
to engage users through humor and empathetic interactions. A total of 37 university students 
from various ages, genders, and cultural backgrounds were selected from a university in 
Queensland, Australia. The students interacted with the MACHE-Bot for a period of two 
weeks, which was followed by a semi-structured interview. These interviews were used to 
gather insights on students’ experiences, attitudes, and understanding of the system, aspects 
which are hard to capture using quantitative methods. The participants’ feedback was 
subsequently analyzed via NVivo Transcription and a three-tiered coding system, a structured 
approach to analyzing qualitative data, revealing key themes about their experiences and 
perceptions, particularly towards the ethical and privacy concerns related to the use of AI 
dialogue systems.  
 
3. PRELIMINARY FINDINGS AND DISCUSSIONS 

 
1)  What are the privacy and ethical concerns associated with the use of AI dialogue systems 

in higher education? 
 

Privacy concerns associated with AI dialogue systems in the education sector are crucial for 
safeguarding the integrity and confidentiality of data. Based on the study, these concerns 
include data privacy and ethical implications. Data privacy is a significant concern as AI 
dialogue systems often require access to personal information and conversations. This raises 
questions about how data is stored, used, and protected. Unauthorized access or data 
breaches could result in privacy violations and potential misuse of sensitive educational 
information (Song & Xiong, 2021). Additionally, biases and discrimination pose concerns in AI 
dialogue systems. These systems can inherit biases from training data, potentially resulting in 
discriminatory or unfair outcomes. In the education sector, where equal opportunities and 
inclusivity are paramount, higher education institutions must address biases and ensure 
fairness. Institutions must establish protocols to ensure proper data handling, secure storage, 
and compliance with privacy regulations to protect student and user data (Adamopoulou & 
Moussiades, 2020). Ethical implications of data usage, participants believe that higher 
education institutions should consider the ethical implications of collecting and analyzing data 
through AI dialogue systems. Transparency in data collection practices, ensuring informed 
consent from participants, and responsible handling of data are crucial elements to ensure 
ethical practices (Song & Xiong, 2021). Figure 1 illustrates the variety of ethical and privacy 
issues related to the use of AI dialogue systems in higher education. 
 
2) Do students care and act accordingly to ethical and privacy concerns in the use of AI 

dialogue systems in higher education? 
 

The research findings show that while students demonstrated an awareness of these 
concerns, most of them did not show significant action to address these issues. Around 75% 
of the students indicated that their primary objective was to complete assignments effectively 
and efficiently, regardless of ethical and privacy issues surrounding AI usage. Participant 11 
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states that "we know the ethical issues, but honestly, I never really thought about how I could 
actively avoid ethical problems in my study, I mean, my university assignment. Completing 
assignments effectively is important to me." Furthermore, there was an interesting cultural 
distinction, with students from high-context cultures appearing to be less concerned about 
these issues compared to those from low-context cultures. Participants perceived these issues 
as secondary to academic success and considered paraphrasing and citation to be sufficient 
to avoid any potential ethical infringements (Song & Xiong, 2021). For example, participant 8 
stated that " I am from China, in our culture, getting high marks and study in good university, 
is the only option, we rarely think about ethical or privacy issues." And Participant 30 said that” 
in India, we have rote learning, and compete each other in study to get to the top position, 
using others’ data and ideas that is normal in our culture." This might be attributed to the 
emphasis these cultures place on achievement and competition, leading students to sideline 
issues they perceive as less directly linked to their academic success (Zhai & Wibowo, 2023). 

FIGURE 1. Ethical and privacy concerns associated with the application of AI dialogue 
systems in higher education

4. EXPECTED CONTRIBUTION AND FUTURE WORK

This work-in-progress paper examines on whether students in higher education really care 
about ethical and privacy concerns in the use of AI dialogue systems. A total of 37 
undergraduate students was interviewed on the ethical and privacy concerns in the use of AI 
dialogue systems. The study found that the majority of students are aware of ethical and 
privacy concerns in the use of AI dialogue systems. However, they did not put much effort in 
addressing these issues. To fully leverage AI’s potential in education and research, it is critical 
for educators and researchers to scrutinize the ethical and privacy consequences of AI 
dialogue systems, promoting their responsible and transparent usage. To expand on these 
findings and gain a more comprehensive understanding, further research will be conducted 
using a mixed-method approach which will enable the incorporation of both quantitative and 
qualitative data collection methods, providing a more holistic view of the effectiveness and 
implications of AI dialogue systems in education.
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Abstract: Squat training is highly effective for improving lower limb muscle function. 
However, when this type of training is performed alone without a personal trainer or 
physical therapist, it can lead to inefficiencies and injuries among trainees. Thus, we 
aim to develop a system that provides visual and real-time feedback on the correct 
posture of a lone squat trainee using pose estimation. In this study, we propose a 
function that demonstrates the correct posture for each squatting discipline in the form 
of a line-segment posture representation and warns the trainee when he/she assumes 
an incorrect posture. Squatting motion in the sagittal plane was captured using a 
camera connected to a personal computer, and the coordinates of the acromion, hip, 
knee, and ankle joints were detected using MoveNet. The joint angles were calculated 
from the detected coordinates and the correct posture was determined according to the 
individual's body shape. The color of the formed line-segment posture representation 
changed to indicate the difference between the trainees’ actual and correct postures. 
In future research, we plan to assess the displacement of key points detected by 
MoveNet using optical technologies to confirm the reliability of this system’s pose 
estimation. Afterwards, we will evaluate the effectiveness of this system in determining 
whether a trainee can move appropriately.  

 
Keywords: squat training, pose estimation, MoveNet, visualization support, 
awareness support 

 
 
1. Introduction 
 

Resistance training mainly focuses on improving muscle activity and is highly 
effective in improving muscle strength, power, and hypertrophy (Erskine et al., 2010). 
Resistance training is used not only in sports but also for health maintenance and 
rehabilitation, thus making it popular among athletes and the general population. 
 For effective resistance training results, they must be performed under appropriate 
program designs, proper progression, and motion to meet the objectives of the people 
undergoing resistance training. Having a personal trainer or other instructors with expertise 
in resistance training can make it more effective (Ratamess et al., 2008). However, it is also 
true that many people who perform resistance training are unable to have an instructor 
because of financial constraints and geographical issue (because they live in rural areas). It 
is difficult for them to assess objectively their posture while performing resistance training 
alone. Additionally, resistance training performed by adopting an incorrect posture can cause 
injuries such as tendon rupture and ligament damage (Bengtsson et al., 2018). Therefore, 
trainees must have a method that can address the problem associated with the lack of 
instructors. 

Recently, several applications utilizing posture estimation were studied (Stenum et 
al., 2021). Pose estimation can detect “key points,” such as the eyes, nose, and joints from 
video images captured by cameras by using machine learning. To the best of our 
knowledge, there have been no previous studies on the evaluation of posture during squat 
training, which helps improve both the flexion and extension torque of the knee and hip 
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(Akagi et al., 2020). This study proposes a system that visually teaches the correct posture 
to young people performing squat training alone who are adept with the use of basic 
personal computers (PCs) to perform squat training safely. 
 
2. Functional requirements and quantitative body motion estimation 
 

To train people undergoing squat training alone in the correct posture, it is essential 
to provide them with an environment wherein they can visually assess both their own and 
the correct postures in real-time. In addition, it is necessary to determine whether the 
squatting motion of the participants is correct. Moreover, because posture is determined by 
the joint angles involved in the squatting motion, these joint angles must be calculated as 
required. Therefore, the functional requirements of the squat-training support system are as 
follows, 

A) Assessment the body motion in real-time 
B) Visual instruction of the correct posture 
C) Calculation of the joint angles 

 
To satisfy B) and C) during squat training, it is necessary to capture body motions. 

Therefore, we focused on the pose estimation library “TensorFlow.js” which can detect 
feature points of the body using machine learning from video images captured from a single 
common camera.TensorFlow.js can complete the inference process and render the 
processing results on the front-end side, thus enabling a faster response time. Hence, we 
employed MoveNet, a pretrained model in TensorFlow.js, to quantitatively capture motion 
from the perspective of A) real-time performance. MoveNet can detect 17 key points in the 
body. The human skeleton was evaluated based on these key points.  
 

 
Figure 1. Seventeen key points defined on MoveNet and set of two vectors at each key 

points to calculate joint angles 
 
3. Visual teaching of correct posture 

 
In this system, a camera (connected to PC) records video images of the trainee from 

the side while he or she is training at 30 fps. A display connected to a PC was placed in front 
of the trainee so that he/she could check his/her posture and the content of the instructions 
in real-time. 

The position X-Y coordinates of the trainees’ shoulders, hips, knees, and ankle joints 
were obtained using MoveNet. First, the system automatically calculates the length between 
the shoulder and hip joints, thigh length, and lower leg length when trainee is in the standing 
position. In this case, each length is calculated using two vectors  , as shown in Figure 1 
and formula (1) (6: shoulder, 12: hip, 14: knee, and 16: ankle joints are included in  and ). 
As shown in Figure 3, the ideal line-segment representations between the shoulder and hip 
joint, hip joint and knee joint, and knee joint and ankle joint in the squat motion are displayed 
by p5.js that is JavaScript library for draw in browser pages (B)), considering the trainee's 
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calculated length between the shoulder and hip joint, thigh length and lower leg length. The 
trainees performed the squatting motion to match the presented ideal line-segment 
representation. Each joint angle ( ) during the movement was calculated sequentially using 
the inner product as formula (2) (C)). If the trainee's posture matched the ideal line-segment 
representation, the color of the ideal line-segment representation changed to red to allow the 
trainee to know that he/she assumed the correct posture. 

 

 

 

 

 

 
Figure 3. Steps to teach the correct posture 

 
4. Future development 
 

In future research, we plan to conduct an error verification test to assess the deviation 
between the position coordinates of the key points detected by MoveNet and the original joint 
position coordinates of the body using motion information captured using optical technologies 
to confirm the reliability of the system’s posture estimation. Subsequently, we plan to evaluate 
the effectiveness of this system in determining whether a trainee can move appropriately 
according to the ideal line-segment posture representations. 
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Abstract: For preschoolers, Apps can facilitate them to learn mathematical concepts, 
such as number recognition, counting, comparison, mixture problem, combination, etc. 
However, most of the mathematic Apps currently are drill-and-practice design which 
provides numerous questions and answers matching exercises for preschoolers, that 
leads them paying attention on doing exercises instead of concepts acquisition.  We 
will argue that for the preschoolers, mathematical concept acquisition is more important 
than drill-and-practice exercises. Therefore, to response, for three to five-year-old 
preschoolers, we developed a mathematical concept learning App named Kid+ which 
aims to build up their conceptual understanding and cognitive ability. By integrating 
storyline design with situated learning, the preschoolers can use the App in a concept-
embedded role-play story. As three preliminary preschool experts’ using feedbacks, 
the result revealed that the App might help the preschoolers navigating through the 
storyline to learn the mathematical concepts embedded. However, further evaluation 
of preschoolers is needed. 

 
Keywords: preschool, mathematics, gamification, conceptual awareness 

 
1. Introduction 
 

For preschoolers, even a two-year-old toddler can show some math abilities (Harris, 
2017), but for them, mathematical learning is not just a combination of complex formulas. They 
may have a hard time gaining math skills, but with their parents’ guidance, the more support 
they receive, the more learning achievement they can earn (Skwarchuk, 2009). Educational 
Apps are choices for the preschoolers to learn math, but most of them are not instructive 
enough. Only few Apps provide feedback about user’s learning effectiveness, while others use 
the drill-and-practice strategy and only give back answers, which is relatively cheaper and 
easier to develop (Callaghan, 2018). Using the correct method to build study habits and a 
learning environment is highly recommended, even though it may not be immediately effective 
but will be beneficial in the future (Anders, 2012). 

Recently, National Council of Teachers of Mathematics (NCTM) has categorized 
preschool mathematics into five standards, namely “Numbers and Operation”, “Algebra”, 
“Geometry”, “Measurement”, and “Data Analysis and Probability” (NCTM, 2000). At the same 
time, preschoolers can be grouped by ages, and their math skills would show a significant gap 
between each age range due to their body and brain functionality (Chang, 2015). For example, 
toddlers under three years old can only recognize the difference in quantity between two 
distinct groups but can not tell the amount. A three-year-old child can count with his fingers 
but can’t fully understand the meaning of numbers. Children aged four years old can easily 
read the number of a small amounts of objects without counting, and older children will not 
have difficulty calculating with small numbers (Harris, 2017). In addition, Chang (2003) and 
Chang (2009) detailed the abilities of children between three and five years old, and records 
have shown that they are capable of higher-level skills involving numbering or ordinal numbers, 
which are proportional to age. This means that younger children may be able to count 
successfully but may not understand the meaning of orders or comparisons. In addition, there 
are principles listed for instructors to follow while students delve into math, in order to ensure 
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that every student has the right to education, which includes fair treatment, continuous courses
that suit students’ concentration, support and challenges according to their demands, 
assessments at proper intervals, and most importantly the use of technology to increasing 
students’ learning capacity (Cesarone, 2008), including number sense.

Number sense is not just the ability to calculate, but the skill of converting numbers into 
concepts. Numbers in different positions have various definitions, including switching and 
adjusting numbers. “Friendliness with number” preceded number sense. It’s the sense of
flexibly determining whether to comprehend or compute when one sees a number (Howden, 
1989). In the meanwhile, other studies define number sense as a feeling of numbers. Wilson 
(2009) and Dehaene (2011) claimed that humans who have acquired number sense can
roughly measure amounts by simply looking at a chunk and comparing them to another at the 
same time. People are commonly curious about how to teach number sense. Number sense 
must be built on a student’s own knowledge and skills. Advanced knowledge and courses 
based on the student’s natural learning development. Afterward, the fluency in calculating
should be increased and concept understanding should be strengthened. Then opportunities 
for exploring, problem-solving, and communicating should be given. Finally, the major way 
that math presents itself should be introduced to the student (Griffin, 2014).

Therefore, the goal of this research is to build up a concept-driven math learning App 
which has a situated storyline where the preschoolers can explore the story on tablet. To 
design the App, a CEO-Awareness model which represents Concept learning, Experiencing, 
Objects & artifacts, and Awareness was applied. The App design and the preliminary results 
are elaborated.

2. Method

2.1 The Concept-Experience-Object Awareness Model

Artifacts such as digital aids occupy an important position in technology education. They
allow users to use, create, and understand while looking for solutions and explanations of a 
subject, in order to gain experience during the progress (Sundqvist, 2016). On the artifacts, 
the learners can learn, apply, and achieve mathematical objectives serving as activities, 
contents, strategies, types, purposes, tasks, resources, and principles (Bell, 1993). To 
facilitate the mathematical learning design, a Concept-Experience-Object Awareness (CEO-
Awareness) model was proposed. Figure 1 illustrates the CEO-Awareness framework in which 
there are four components including Concept Learning, Experiencing, Objects & Artifacts, and 
Awareness.

Technology development today makes children’s cognitive skills better. The earlier the 
students experience multimedia devices, the more opportunities they get to think and explore. 
Preschoolers’ math abilities with an abstract mindset would get enhancement only if the mobile 
learning game was well-designed (Kokkalia, 2016), and they could feel awareness by 
experiencing objects or artifacts afterward. As shown in Figure 1, to help the preschoolers 
learn concept-driven numerical curriculum systematically, an App named Kid+ is designed 
based on the concept of the CEO-Awareness model, which was implemented as Figure 2. In 
Figure 2, the “Concept” is displayed by dialogue, and several “Objects” will be displayed to 
assist the preschoolers to “Experience” the concept by manipulating the “Objects.” Through 

Figure 1. The Concept-Experience-Object Awareness (CEO-Awareness) model.
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the activity on the App, we hope the preschoolers can aware the mathematical concepts 
embedded in the storyline by him/herself.

2.2 Storyline

The story starts with a delightful morning at home. The main character, who is leading 
the learning content, is going on a picnic with her elder sister, assuming spending a peaceful 
and usual day, but it turns out facing adventures and quizzes during and after the way. The
current demo of our system has ten rooms built in, including a main page, a select menu, 
seven stages, and a data presentation page. The seven stages contain three main concepts: 
number introduction in the first toward the third stage, one-to-one correspondence in the fourth 
and fifth, and the order of numbers in the sixth and seventh stages, which are shown as the 
previews for every stage with each concept in Figure 3. 

It is an interactive game combined with exploration and situations inspired by television 
programs with similar concepts such as “Dora the Explorer” and “Micky Mouse Clubhouse”. A 
goal, with three main lessons, would be told first at the beginning of each episode. The lessons 
are obstacles during the process of reaching the goal, with the main character using the word 
“we”, guiding audiences to progress together without just being an audience (Ryan, 2010). 
There are three models, observing, collecting, and delivering, that could be added repeatedly
to the lesson based on the current storyline in each episode. Additionally, partners or tools 
would show up as assistance (e.g. Dora’s backpack, Micky’s transportable device Toodles), 
providing comments and hints, making the audience feel like a helpful warrior (Dietrich, 2015).

2.3 Learning Materials

Avoiding arithmetic in lessons, learning aids are integrated with must-learn concepts
from preschool to lower-grade elementary school. They are presented in a specific order, 
assisting students in understanding and exploring on their own. The contents are arranged 

Figure 2. The CEO-Awareness model within the game.

Figure 3. The previews for every stage of the game.
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according to preschoolers’ learning characteristics and are laid out with terms and icons they 
are familiar with. Moreover, they are imported with tutorials, explanations, and summaries (Lee, 
2018). The chapters are subdivided into several difficulties, starting with basic ones and then 
increasing in complexity step by step. 
 
2.4 Implementation 
 

We use GameMaker Studio 2 as the development foundation of the system and 
GameMaker Language (GML) as the visualized coding language. Furthermore, we choose 
joyful melodies as background music and higher pitch voice lines, providing more attraction 
and motivation for children (Sudarmilah, 2013). We also approach the composition from 
children’s point of view (Cheng, 2021), including naivety and simple illustrations, bright pastel 
colors, and a 2-Dimension platformer layout. 

The system was designed to operate on mobile devices, though it was built to be multi-
platform. Since preschoolers have difficulty using mobile devices, we rearranged the controls 
to only involve touching and dragging. Besides, in order to provide more specific operations, 
objects that are interactable were marked with animation to indicate when they can be 
interacted with. However, due to the database not connecting to the system, researchers 
would need to manually write down the results after a user finishes all stages. Despite the 
inconvenience, it makes no difference without the function. 

We follow the steps below to investigate the concept awareness of a participant. 
Conducted an initial clinic interview about the activities the participant engages in with parents 
indoors and outdoors. Noted the participant's preliminary knowledge of mathematics and 
mobile devices. Participants then began operating the system. Recorded the process and the 
end of the operation, including the frequency of questions asked, mistakes made, distractions 
during the progress, as well as the operating time of each stage and overall. Additionally, the 
frequency of screen touches was noted. Conducted a second clinic interview to gather 
feedback on the system. The surveys were modified from Keller’s (2010) ARSC model to 
account for the cognitive abilities of preschoolers. 
 
3. Preliminary Evaluation 
 

The Kid+ App is still under construction but the prototype now is available for preliminary 
study. To collect the feedbacks from the preschool experts who have the rich experiences 
interacting with preschoolers, we invited two kindergarten teachers, one of whom is a 
kindergarten principal and the other one is a preschool teacher. Meanwhile, we also included 
an assistant professor who is an expert in the field of early childhood education. These experts 
were asked to evaluate the content in our system. 
 
3.1 Viewpoints from the preschool principle and the teacher 
 

Based on the teachers’ years of experience, a two-year-old toddler is able to operate a 
tablet, even if s/he could not quite understand the meanings. The abilities of preschoolers’ can 
also   be different due to family factors. Children may have a higher learning ability while older 
children may easily lose patience with basic tasks. Teachers believe that the illustration styles 
applied in our system are suitable for preschoolers, and the scale and colors of the layout are 
well-balanced. The story line is well-scripted, giving users a feeling of listening to a story. They 
believe that students will have a high interest in the game and will be likely to replay it. The 
game takes about thirty to forty minutes to complete, which aligns with the schedule of their 
kindergarten. If a child shows interest in the system, s/he can absolutely concentrate on it for 
at least thirty minutes. 

The teachers also mentioned that the number of preschoolers participating in an 
experiment can affect the results, so it is recommended that each preschooler operates the 
system individually. The teachers imagined that instead of being quiet, kids would have lots of 
questions to ask. Therefore, recording is necessary. In addition, when surveying preschoolers, 
it should be done orally by asking questions. Older children may have more independent 
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thoughts, while others may only respond with yes or now, and require more guidance. If 
questions need to be presented on a paper, they should be multiple choices with visual cues 
allowing children to respond by pointing at.  
 
3.2 The Preschool Experts’ Opinions 
 

Since there is evidence of a gap in preschoolers’ learning ability some three-year-old 
kids can handle math problems beyond their ages, which need to be discussed later. In the 
system, the professor can introduce three concepts for kids to learn, which precisely cover the 
basic form the numbers and operations for preschoolers. Currently, it takes three to five 
minutes to complete a stage, with a total of seven stages, kids would be more concentrate if 
each concept can be complete within seven minutes. It is proper that adding difficulties to 
every concept, which can serve as checkpoints or save points in the game, in case some 
children is impatient to stay or want to quit. 

Before conducting experiments, it is essential for children to familiarize themselves with 
the environment, and explanations must be told beforehand. Besides, while conducting 
surveys with preschoolers, they may have a hard time expressing their thoughts, and could 
possibly forget the details. Letting children discuss the question together would provide a 
better opportunity for them to accurately express their feelings. 
 
4. Discussion and Conclusion 
 
4.1 System Operating 
 

Kids under three would have difficulty using the system, due to their limited reading and 
hearing abilities, as well as their numerical knowledge is under about three. Kids between the 
age of three and four can operate the system smoothly, but they would need more prior 
knowledge before assigning objectives. For example, it would be beneficial to introduce what 
a sandwich is before asking them to collect sandwiches. Kids between the age of four and five 
are highly recommended to use and learn from the system. However, kids over five years old 
may feel the system too easy, resulting in potential impatience. It is suggested to add more 
choices, characters, images, and stages, with some aspects of the objects be modified such 
as scales, rotations, colors, etc. Moreover, improvements are needed in terms of animations. 

Unlike the interactive and situated television programs such as “Dora the Explorer” and 
“Micky Mouse Clubhouse”, give questions and problems during main character explores. 
Though they offer answers and choices simultaneously, they cannot be interacted with due to 
being TV programs. While playing a game, the game should provide instructions, choices and 
feedbacks, also, when it comes to a stage clearance, content review is unnecessary due to 
reciting can have a negative impact. Otherwise, it wouldn’t feel like playing a game but rather 
listening to a lecture, and children will be bored. Also displaying a progress bar and a pause 
menu is important. 
 
4.2 Concept Understanding 
 

The “Numbers and Operation” concept in our system seems to be too easy for children 
above the age of four, making it more suitable for children under four to operate and learn 
from. However, there are always some differences between them. We expect preschoolers 
who use our system can achieve effective learning outcomes in the early “Numbers and 
Operation” concept, and understand the three concepts in the game: counting, one-to-one 
correspondence, and the order of numbers. In traditional school settings, the three concepts 
are taught through students writing down the number or representing the quantities. 
Nevertheless, with the system, students can learn through the simultaneous presentation of 
numbers, patterns, and sounds, which is more efficient and facilitates their comprehension of 
the concepts. 
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4.3 Awareness 
 

The system was designed for mobile devices, by arranging the content for preschoolers. 
We expect to increase children’s interest, so they can continue learning outside of school. 
Learning math is like learning language; it needs lots of efforts and time. The more parents 
and teachers engage preschoolers in math practice, the better their math abilities and 
motivation will become.  This, in turn, enable them to develop number sense and unlock their 
potential in math for the future. Therefore, we expect preschoolers to develop self-awareness 
while learning concepts. Even without the presence of their parents, they can engage in mobile 
learning using a mobile device. By telling the story and showing hints constantly, we aim to 
reinforcing their ability to grasp the concepts they have learned. Figure 3 illustrates the concept 
awareness within the game This approach enables preschoolers to apply the knowledge when 
eventually go to school. 
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Abstract: This study aims to investigate the impact of students' help-seeking profiles 
on their seeking help from AI in a digital game-based learning environment. The study 
involved 102 middle school students who played online game and sought help from 
ChatGPT while solving physics problems. The results revealed that students' help-
seeking profiles such as instrumental help-seeking were related to their help-seeking 
behavior in the game. The findings highlight the importance of considering individual 
differences, such as help-seeking profiles in designing AI-assisted learning 
environments to better support students' learning and help-seeking behavior. 
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1. Introduction 
 
Digital game-based learning (DGBL) has gained popularity in recent years as a way to 
engage students in learning activities. With the advent of Artificial Intelligence (AI), DGBL 
has become more sophisticated, providing personalized learning experiences that cater to 
individual learners' needs. One important aspect of learning through DGBL is the role of 
help-seeking, which can greatly enhance students' learning experiences. Help-seeking is a 
critical process that enables learners to overcome challenges and achieve their learning 
goals. The concept of help-seeking has been extensively explored to date in the classroom 
setting or online learning environment, there remains a paucity of evidence on its impact in 
DGBL.  

DGBL provides a unique environment for help-seeking, as there are a myriad of help 
sources and channels that can be different from those in traditional classroom settings or 
online learning. In a DGBL environment, learners may have access to various forms of help, 
such as in-game tutorials, hints, and feedback, as well as external resources like chatbots or 
intelligent agents. For instance, it was found that students with efficient help-seeking 
strategies were highly interactive with virtual characters and posters in DGBL (Xu et al., 
2022). While students in traditional classrooms tend to seek informal help predominantly 
from their peers (Karabenick & Knapp, 1991), those engaged in DGBL exhibit varying 
preferences (Jimenez et al., 2014). The objective of this study was to investigate the 
underlying factors that drive GBL learners to seek assistance from AI, considering learners' 
approach to seeking help, including their attitudes, tendencies, and objectives. The results of 
this research could enhance our comprehension of GBL learners' AI help-seeking behaviors 
and suggest ways to promote the use of AI for seeking help in GBL environments. 
 
2. Literature review 
 
Help seeking is a critical component of effective learning and has been studied in the 
traditional classroom setting and online learning such as MOOC, Blackboard, or Forum 
(Kizilcec et al., 2017; Koc & Liu, 2016). Research on help seeking within digital game-based 
learning is still in its early stages of development. The environment of digital game-based 
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learning offers a distinctive opportunity for seeking assistance, as it presents a diverse range 
of help sources and channels that may not be present in traditional classroom or online 
learning settings. Therefore, it is valuable to investigate help-seeking in the context of digital 
game-based learning. In light of the existing research gaps in this field, the purpose of this 
study was to explore the connection between students' help-seeking profiles and their 
behaviors when seeking help in the context of digital game-based learning. 
 
3. Method 
 
3.1 Participants 
 
A total of 102 7th grade students (49 females and 53 males) in two different middle schools 
took part in this study. The students were recruited from 6 classes, and showed no 
statistically significant difference in their previous experience in using games to learn content 
knowledge. 
 
3.2 AI-assisted game-based learning 
 
A digital game-based learning platform called Summon of Magicrystal designed to teach 
physics concepts was used. In the game, students take on the role of legendary warriors 
fighting against a dragon invasion. Summon of Magicrystal is also AI-assisted in that it 
incorporates machine learning algorithms that adapt to individual student needs. It uses 
ChatGPT, a state-of-the-art language processing algorithm, to provide real-time feedback and 
assistance during gameplay. 
 
3.3 Instruments 
 
To measure students’ help-seeking profiles, a 13-item questionnaire was adapted from 
Karabenick (2003). The measurement included four subscales: help-seeking threat, 
avoidance of help seeking, instrumental help-seeking goal, and formal versus informal help 
seeking. The questionnaire was modified to refer to the AI-help instead of the class, and 
students rated their agreement on a 5-point scale. In addition to students’ help-seeking 
profiles, game performance and ChatGPT behaviors were also retrieved from the system. 
Game performance included game score, gameplay time, and attempts. The game score 
refers to the points the player gains based on their performance in the game. Game points or 
score is accumulated by successfully completing levels, with advanced levels with higher 
point reward compared to basic levels. Gameplay time refers to the amount of time a player 
spends in playing the game. Attempts refers to the number of times a player tries to 
complete the game. ChatGPT behaviors included the numbers of questions asked and the 
time spent on the ChatGPT forum. 
 
4. Results 
 
Before discussing the relationships among the help-seeking profiles, we observed that the 
help-seeking profiles could be a little bit different from those in similar studies (e.g., Pajares, 
Cheong, & Oberman, 2004; Ryan & Pintrinch, 1997). Even though in general, students’ 
threat and avoidance help-seeking tendencies were lower than the middle point of the scale 
as the literature indicated, the mean of threat and avoidance help-seeking were 2.36 and 
2.30 on a 5-point scale. In other words, they were not very reluctant to seek help compared 
to the students in other studies where the mean threat and avoidance scores 2.25 on a 8-
point scale (Pajares et al, 2004) or 1.44 on a 5-point scale (Huang & Law, 2022). Their 
instrumental help-seeking was also stronger. These tendencies might be due to the fact that 
they were in a DGBL environment as students might not think too much about learning, but 
focus on playing the games. Our results showed that threats and avoidance are positively 
related. Students who viewed help-seeking as a threat also avoided help-seeking. One 
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interesting finding is that threats and avoidance are positively correlated to instrumental 
help-seeking instead of negatively correlated as found in previous studies (e.g., Pajares et 
al., 2004; Ryan & Printrich, 1997). This difference may be due to the nature of instrumental 
help that students would ask AI for help.  In other words, asking AI for help probably is 
interpreted differently than asking people (either teachers or peers) for help. In addition, our 
study results found that formal/informal help-seeking is positively correlated with 
instrumental help-seeking. This misalignment can be due to the definition of the constructs.   
 
5. Discussion and conclusions 
 
This study attempts to examine the relationship between students’ help-seeking profiles and 
their involvements in seeking help from AI in the context of digital game-based learning 
environment. Future research can explore students’ self-efficacy regarding their impact on 
seeking help from AI, and their potential moderating role in the relationship between help-
seeking profiles and behaviors. The results of the study help advances our understanding of 
help seeking from AI as an informal source of help that has a positive impact in digital game-
based learning.  
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Abstract: This study aims to investigate the impact of integrating Internet of Things (IoT) 
technology with board games to enhance social interaction among players. Given the 
widespread application of IoT in various domains, incorporating it into board games can offer 
more intricate gameplay mechanisms and a broader array of interactions. Subsequent to 
gameplay, interviews will be conducted to gather players' reflections on the gaming process 
and their motivations for engaging with different players. This study anticipates that the 
interdisciplinary board game, combined with IoT technology integration, will further augment 
the diversity and richness of social interaction among players. 
 
Keywords: Internet of Things, Game-Based Learning, Board Games, Social Interactions 
 
 
1. Introduction 
 
In recent years, Internet of Things (IoT) technology has found broad application across various 
domains such as IoT transportation, IoT healthcare, and IoT home automation. Nevertheless, 
the utilization of IoT in education remains relatively uncommon. Thus, this study aims to 
integrate IoT technology into educational board games, using Taiwan's history as a backdrop. 
This approach enables players to assume diverse roles and immerse themselves in historical 
events, effectively recreating past scenes. By means of this interdisciplinary board game, 
players can engage in more intricate social interactions with one another. 
 
2. Related work 
 
2.1 Internet of Things System 
 
The Internet of Things (IoT) technology enables different objects to receive and transmit 
information through the internet, achieving information sharing and automated operations (Al-
Fuqaha et al., 2015). IoT can be applied in various fields; sensors embedded in household 
appliances can remind users to refill water, while agricultural sensors can assist in determining 
the best planting time and improving yield (Chaudhary et al., 2019). This study employs IoT 
technology in board games, introducing novel experiences to the gameplay through object 
communication and calculations. This integration serves to amplify the educational and 
learning aspects of the game. 
 
2.2 Social interaction 
 
Social interaction is an essential part of human society, and the foundation for building 
relationships among people. With the advancement of technology and the development of IoT, 
the way people interact socially is constantly changing. After introducing technology elements 
into teaching, technologically-rich classroom interactions are more complex and diverse 
comparing to traditional classrooms. This complexity is not only reflected in the increase of 
interaction frequency, variation of interaction targets, and amount of interaction contents, but 
also has a significant improvement in interaction quality (Wang,  Kong, & Huang, 2016). This 
paper investigates the incorporation of IoT in board games, accomplished through the 

884



 

 

continuous display of varying values on students' mobile devices via background computation. 
Such an application has the potential to encourage social interactions among students, enrich 
their interest in social learning, and enhance their participation in the game. 
3. IOT Board Game 
 
This board game is based on Taiwanese history. The app was developed using APP Inventor, 
as shown in Figure 1, and game objects composed of Mbot and RFID sensors, as shown in 
Figure 2. Each group of players has a mobile devices that displays the basic values of the 
Mbot they control. The buildings on the map contain RFID chips that affect the values of each 
player when Mbot senses them, and players can view the value changes  displayed on the 
mobile devices. During the game, players need to use the mobile devices to control the 
movement of the Mbot on the map. Each game round triggers various significant historical 
events from Taiwan's history. Players assume the roles of different historical figures and 
collaborate to solve these events. Additionally, each team is assigned unique tasks, and 
players must collect various items during the game to enhance the capabilities of their 
respective teams. 

This interdisciplinary board game fuses technology and social interaction, delivering a 
more immersive gameplay experience compared to traditional board games. While playing, 
player-to-player communication and interaction, as well as tactile engagement with game 
objects, are processed in the background and reflected on mobile devices. This enables 
players to visually observe value changes and attain data visualization. These values, 
stemming from these interactions, can directly or indirectly influence every move a player 
makes. Beyond in-person social engagement during gameplay, the integration of the Internet 
of Things also ensures that each player's decision yields distinct outcomes, consequently 
impacting social interaction and elevating the overall gaming experience. 

 

Figure 1. APP introduction design Figure 2. Mbot and RFID sensor 
 
4. Research design 
 
This study investigates the integration of IoT into a board game to augment social 
interactions. Students will be randomly divided into four groups, each assuming an ethnic 
role within the game. The game is expected to span approximately two hours. Following the 
game, individual players will be interviewed to ascertain whether fluctuations in game values 
influenced their strategies, perceptions, or inclination to interact with particular ethnic groups. 
Additionally, players will receive guidance to reflect on their experiences and complete a 
feedback questionnaire. 
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5. Expected Result 
 
Currently, games are primarily categorized into two groups: digital games and physical board 
games, each carrying its own set of advantages and drawbacks. Digital games tend to 
emphasize audio-visual effects but lack social interaction, whereas traditional board games 
offer social engagement while having somewhat restricted game mechanics.  

Thus, this study seeks to merge physical board games with Internet of Things (IoT) 
technology to enrich the depth of social interaction among players. The study incorporates IoT 
technology into physical board games, preserving the intricacy of digital games along with the 
interpersonal social interaction characteristic of physical board games. This endeavor not only 
enriches the game's diversity and entertainment quotient but also utilizes the data gathered 
from the game to analyze players' interaction patterns and collaborative behaviors. This aids 
in comprehending the extent of their social interaction during gameplay and allows for the 
assessment of players' learning performance within the game. The study uncovers their 
approaches to problem-solving and sheds light on their problem-solving abilities. By 
scrutinizing learning data, strengths and weaknesses in learning can be pinpointed, offering 
valuable insights for instructional design. 
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Abstract: We propose a method to induce the presence of other learners using writing 
sounds without interfering with self-guided study. For learners who are more likely to 
progress when they feel the presence of others, it can be difficult to continue 
independent self-guided study alone at home. In addition, in certain environments, e.g., 
libraries and learning commons, where other learners are present, the presence of 
others may positively influence the continuation of learning. Thus, the proposed system 
attempts to induce the presence of others according to the learner's level of 
concentration, which is evaluated by the learner’s leg movements. The proposed 
system was introduced experimentally to determine whether it can induce the presence 
of others in an environment with no other learners engaged in self-study activities. 
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1. Introduction 
 
The ability to maintain motivation in autonomous learning is important in self-guided study. 
However, distractions frequently interrupt learning or prevent the learner from returning to 
study after taking a break. In addition, when working on tasks, e.g., preparing for exams or 
writing reports, some learners prefer to learn in a library or learning commons rather than at 
home. In other words, the presence of others may contribute to a learner’s motivation to 
continue self-guided study. Thus, this paper proposes a method to induce the presence of 
others by presenting writing sounds according to the target learner's level of concentration. 

A previous study proposed the “Enlight-Pen” device (Yoshihara, et al., 2003), which was 
designed to support learning by presenting information according to the learning status of 
others. The “Enlight-Pen” device supports the continuation of autonomous learning by 
illuminating LEDs  embedded in a pen. However, flickering LED may interfere with the learner's 
concentration. Thus, in this study, we designed a system that plays a fluctuating writing sound 
to induce the presence of others. Writing sounds occur frequently during learning tasks; thus, 
we considered that such sounds could naturally communicate an environment in which others 
are learning. 

In the proposed method, leg movements are measured (Aikawa et al., 2019) to estimate 
the target learner's level of concentration because a correlation has been demonstrated 
between leg movements and a learner’s subjective fatigue. 
 
 
2. Design 
 
The proposed system comprises a single-board computer (Raspberry Pi Model 3 B+), a leg 
movement measurement module, a speaker (Creative Metallix), and a server PC. The leg 
movement measurement module was designed based on the findings of a previous study 
(Hamada et al., 2022). The leg movement measurement module comprises a passive infrared 
ray sensor (EKMC2609112K) and a single-board microcontroller (Arduino Nano Every). 
Figure 1 shows the installation position of the leg movement measurement module. The 
voltage values of the passive infrared sensor are acquired at 10 Hz and transmitted to the 
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server. The server determines whether the learner is concentrating or not based on the 
amount of leg movement. Then, the server sends the results to the Raspberry Pi, which in turn 
varies the volume of the writing sound according to the user's state, i.e., concentrating or not 
concentrating. 
 

  
Figure 1. Leg movement measurement module (left) and installation position (right). 

 
 
3. Experiment 
 
An experiment was conducted to investigate the psychological influence and the effect on 
learning activities when using the proposed system during self-study. The experimental 
environment was set up assuming a self-study environment in which the proposed system 
was installed. This experiment was conducted with one group of participants using the system 
as the experimental group and a control group that did not use the proposed system. The 
subjects were science and engineering university students. Figure 2 shows the experimental 
environment and the flow of the experiment.  

In this experiment, the participants took a test comprising 50 true or false questions 
before and after performing self-study. The content of the self-study was divided into three 
parts: Textbooks A, B, and C. Each part of the study was 30 minutes long and involved taking 
notes. At the end of the experiment, a questionnaire about the learning environment was 
administered. The questionnaire consisted of questions on a five-point scale and free 
comments regarding the experimental environment. In addition, a textbook related to a 
certification examination related to food advisors was used as the learning material. 

 

 
Figure 2. Experimental environment (left) and experiment flow (right). 

 
 
4. Results 
 
The results of the pre-tests and post-tests are shown in Table 1. The results of t-tests on the 
pre-test results for the experimental and control groups exhibited no significant differences. 
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Similarly, no significant differences were observed in the results of the post-test. Thus, the 
proposed system does not necessarily contribute to learning outcomes. 
 

Table 1. Pre-test and post-test results. 

 Experimental group Control group 
 Avg. S.D. Avg. S.D. 

Pre-test 30.20 3.35 28.63 3.78 
Post-test 42.40 4.16 38.38 4.69 

Diff. 12.20 3.35   9.75 4.17 
 
The mean value of the questionnaire for the experimental group, i.e., "The presentation of 
sound made me feel the activity of the person I was learning with," was 3.40. This result 
suggests that the proposed system may have induced a certain degree of the presence of 
others. In addition, the mean value of a question, i.e., "I could not concentrate due to the sound 
presentation," was 3.40. This result indicates that the presentation of sound may have 
interfered with the learner’s level of concentration. 

Comments from the experimental group's questionnaires stated that the presented 
sound was loud and very distracting, and the recorded writing sound was not similar to the 
sound of a pen being used during study. This suggests that the presented writing sounds were 
louder than the expected environmental sounds in a normal learning environment and that 
they did not adequately represent natural writing sounds. 
 
 
5. Conclusion 
 
In this study, we developed a system that presents recorded writing sounds according to the 
target learner's concentration. The proposed system was evaluated experimentally, and we 
found that the system was able to induce a certain degree of presence of others; however, it 
may have interfered with the learner's concentration. Thus, in the future, it will be necessary 
to consider an appropriate volume level that does not interfere with learning and to present 
sounds that accurately represent natural writing sounds. If the presentation of writing sounds 
can be improved to reduce the interference with the learner's concentration, we believe that it 
will be possible to induce the presence of others in a manner that does not interfere with 
concentration, which is expected to contribute positively to learning outcomes. 
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Abstract: We examine factors that influence the students’ memorability of the 
presentations given in the Metaverse International collaborative learning class, where 
students work in groups to give presentations to promote cross-cultural understanding. 
The results show that the students chose the presentation of the group using 
Metaverse World as the most memorable, with the "Metaverse World" being the 
reason. 
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1. Introduction 
 
In the ‘Metaverse International Collaborative Learning with Overseas Partner Universities’ 
class, a collaborative presentation was given for the purpose of cross-cultural understanding. 
In this class, students from partner universities abroad, domestic and international students 
in Japan work together in a mixed environment of students from different cultural 
backgrounds. The introduction of the Metaverse in the HyFlex class format has improved 
various issues (Hayashi et al., 2022). 

Through observing students in their cross-cultural understanding studies using the 
Metaverse, we thought that the worlds in the Metaverse might be useful to foster a deeper 
cultural understanding. These worlds can be freely created and edited, and they allow for a 
variety of experiences through the objects, functions, and sounds in the world, compared to 
simply viewing slides.  

Therefore, we set a research question, "What influences the memorability of the 
presentations for the students who listen?" To answer this research question, we compared 
monomedia and multimedia such as metaverse worlds, VR videos, 2D videos, and images 
to determine what learning content was memorable for the students. This allowed us to 
understand how differences in the learning environment affected the students' learning. 
 
2. Comparison of this study to previous studies 
 
There is a study about cultural understanding in which students from three countries learn 
about Japanese culture in a metaverse (Inaba et al., 2023). Another example includes 
Shadiev et al. (2021), which is a study of cross-cultural understanding using VR. 

However, to the best of our knowledge, there are no previous studies in which students
from many different countries created their own worlds for the purpose of cross-cultural 
understanding, as in this study. Students used these worlds and VR movies to introduce 
their own culture and other cultures in an international collaborative presentation. 

 
3. Research Methods 
 
In the first semester of 2023, about 40 students (17 Domestic students, 13 international 
students, 10 overseas students) from 15 countries participated in the Intercultural 
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Collaborative Learning class. Overseas students are students from cooperating schools in 
Kenya, Indonesia, Belgium, etc., who participated mainly through Metaverse while still living 
in their own countries. In mixed groups of students from Japan and abroad, students give 
international collaborative presentations. In addition to explanations on slides, students 
introduce aspects of their culture by creating a world in the Metaverse, or by projecting a VR 
video of their own creation. The Metaverse platform used in this study is VRChat. At the 
beginning of the class, most students had no experience with the metaverse. In the first half 
of the class, the learners were divided into six groups according to their choice of the theme 
of the presentations, which introduce Japanese culture in comparison with other cultures 
around the world.  

After the presentation, a report assignment was given, stating "Please list the three 
most memorable presentations. Write what was memorable and explain why." Of the 40 
students, 24 submitted their reports by the due date, making this a valid response. First, in 
response to the question "Please list the three most memorable presentations," the votes 
received by each group were divided into two groups: the most memorable group and the 
first to third most memorable groups. Next, the comments were analyzed quantitatively for 
the question "Write what was memorable and explain why." In doing so, we divided the 
comments into three categories: monomedia represented by textual information, multimedia
other than textual information, and others not belonging to these two categories. 
Furthermore, multimedia was divided into four categories: images, 2D videos, VR videos, 
and Metaverse worlds. The number of classmates who cited each media as a reason for 
their memorability was tabulated. If more than one media was mentioned in one person's 
memorability, scores were given to each of those media. Three of the four authors tabulated 
the results individually, and the four of us discussed the different results at a later date. 

4. Result

Figure 1 shows the results of the ranking of the most memorable groups after the class. 
Group 1 and Group 6 created and used Metaverse worlds for their presentations, while the 
remaining groups used VR videos. Table 1 summarizes the reasons why the presentations 
were memorable, given in the comments, per attribute. 

As illustrated in Figure 1, the two groups that created and used Metaverse worlds for 
their presentations (Group 1 and Group 6) received 12 and 8 votes, respectively, in the most 
memorable group category. The average number of votes received by the other four groups, 
that did not create Metaverse worlds, was one vote. Of these groups, even the most 
memorable group, Group 5, received only 2 votes. This shows there is a significant 
difference between groups which did create Metaverse worlds and those which did not. In 
addition, for the combined results of the three most memorable groups, Group 1 and Group 
6 were again the highest, with 19 votes and 18 votes, respectively. The other four groups 
that did not create a Metaverse received an average of 8.75 votes. 

As shown in Table 1, from the comments describing the reasons why each group 
was memorable, many of the comments cited the presenting group's own Metaverse world 

Figure 1. Ranking of the most memorable 
groups number of people

Table1. The reasons why the presentations 
were memorable

Images 2D videos VR videos Metaverse
World

1st 8 1 6 0 18 3
2nd 13 1 0 3 12 1
3rd 14 2 0 7 2 7

4 6 10 32
total

monomedia
multimedia 

Others

52
35 11
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as the reason. 18 comments, the largest number for the most memorable group, cited the 
Metaverse world as the reason the presentation was memorable, while 8 comments cited 
monomedia as the reason it was memorable. 
 
5. Discussion 
 
The most common reason given for the top three most memorable groups was multimedia 
(52 comments), followed by monomedia (35 comments). In the four categories of 
multimedia, Metaverse world received the highest number of comments (32 comments), 
followed by VR videos (10 comments).  

Thus, it was found that the groups that used the Metaverse worlds for their 
presentations were more likely to leave a lasting memorability on their classmates. In 
addition, many of the comments below indicate that the creation and use of Metaverse 
worlds in accordance with the content of the presentation deepened the cross-cultural 
understanding. The use of multimedia was more memorable than monomedia. In 
international collaborative learning where there is a language barrier, multimedia may be 
more helpful for learners to understand than text alone. 

A degree of active experience was consistent with higher learners' ratings of 
memorability. Among the types of multimedia, the metaverse world allows learners the most 
active experience. While VR videos are superior to 2D videos in that the viewpoint can be 
selected independently, they are still more passive than the metaverse world. Furthermore, 
images, which offer a passive experience, were rated lowest. 
 
6. Conclusion 
 
In this study, where students gave international collaborative presentations, the groups that 
created and used Metaverse worlds occupied the first and second most memorable 
positions. In addition, of the reasons for being most memorable, the number one commented 
reason was the Metaverse world. 

The Ministry of Education, Culture, Sports, Science and Technology (MEXT) issued 
"Guidelines for the Implementation of Distance Education at Universities and Colleges of 
Technology," in which it recommends the "Introduction of Metaverse." The method used in 
this study, which has a major development compared to Hayashi et al. (2022), utilizes 
Metaverse not only as a tool for communication, but also as a tool for students to learn about 
cultural understanding. This study demonstrates that the use of Metaverse worlds in 
presentation has an impact on student’s memorability. The results obtained in this study 
contribute to the development of research studies on distance education using Metaverse. 
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Abstract: This paper presents a project to develop graduate digital future work skills 
in data analytics. We describe a review activity carried out to guide the collaborative 
development of content for an online Data Analytics Course for Educators in Malaysia 
and the United Kingdom. Our methodology for systematically searching online learning 
platforms for current courses is described. We also give an overview of our preliminary 
findings in relation to the duration of learning, the types of online materials used and 
the range of topics included. Finally we describe our future plans to review the quality 
of the courses in relation to the depth, scope and complexity of the learning they 
promote.  
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1. Introduction 
 
A new partnership called “i-Digitics” has been formed between Universiti Teknologi Malaysia 
(UTM), Universiti Putra Malaysia (UPM) and Liverpool John Moores University (LJMU) to 
develop future employability skills for a workplace driven by technological change. We are 
developing a new international curriculum on data analytics and offering it to education 
students online. Data analytics increasingly impact on educators at all levels and 
understanding the structure, uses and manipulation of data will help to empower those 
professionals to use them for enhancement of teaching and student support (Ndukwe and 
Daniel, 2020). We describe our initial review of currently available online courses on Data 
Analytics in Education. The content review represents a key task for our research group to 
identify the strengths and gaps in current provision to guide our own development of 
curriculum content to meet the needs of our target audience.  The methodology describes the 
approach we have taken, future plans for analysis and our preliminary findings and progress. 
This will be of interest to other researchers and course developers in this field.  
 
2. Methodology 
 
There are many learning platforms that offer online courses on learning analytics and related 
content coverage such as data science, big data, and data analytics. This study applies a 
three-stage scoping review methodology to carry out the needs analysis for an educators’ 
learning analytics course. The three stages include reviewing the learning platforms, selection 
criteria and online courses selection. 

In the first stage, the available online learning platforms were analyzed and it was found that 
there are eighty-three 83 online learning platforms offering thousands of online courses as 
reported by Class Central (Shah, Pickard, Ma, 2023). From these online learning platforms, 
the top online learning platforms hosting the largest number of courses are: Udemy (28,216 
courses), Coursera (14,638 courses), Linkedin Learning (11,802 courses), Skillshare (9455 
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courses) and edX (5888 courses). From this selection, the following research question is 
formulated for scoping review: 

1. What is the extent and range of the current courses offered online related to learning 
analytics? 

2. What is the characteristic of the online courses related to learning analytics in terms 
of quality (depth of learning topics) and core content (duration of learning, range of 
learning topics, learning materials)? 

The next stage is to identify the selection criteria for reviewing the online courses in the 
respective learning platforms based on English Language as the language of learning, 
duration of learning that is minimum at 8 hours and study focus that only covers analytics in 
education, data literacy and learning analytics.  

Finally, based on the selection criteria, specific keywords were used to search for courses that 
relate to learning analytics. Each learning platform was queried three times, each time with 
one of the following search keywords. The keywords used are ‘learning analytics’, ‘analytics 
and education’, ‘learning analytics and education’. Each query was then filtered to include 
courses in English Language and learning duration of minimum eight hours.  

3. Preliminary Findings 
 

Based on the selection criteria of language and duration of learning, there were a total of 395 
courses selected for further investigation consisting of 63 courses in Udemy, 169 courses in 
Coursera, 74 courses in Linkedin Learning, 20 courses in Skillshare and 69 courses in edX. 

Upon review based on the study focus, there were ten (10) courses found with 3 courses in 
Udemy, 3 courses in Coursera, 2 courses in Linkedin Learning, 0 courses in Skillshare and 2 
courses in edX. A description of each of these courses is provided in Table 1 of our appendix 
handout at the conference. The key features of the courses are described as follows: 

3.1 Duration of learning 
 
The preliminary findings show that an online course that lasts around 8 hours is best for 
courses with quick overviews.  The duration is suitable for introducing learners to a specific 
topic or providing a basic understanding of a subject. A course within 8 to 16 hours allows for 
a more in-depth exploration of a topic, appropriate for intermediate-level content where 
learners can gain a solid grasp of foundational concepts and even apply them in practical 
exercises. In longer duration courses exceeding 16 hours, these courses have complex 
content, teach advanced skills, or provide comprehensive learning experiences. 

3.2 Learning materials  
 
Online learning materials refers to the educational assets shared on digital platforms. It can 
be reading material, videos, audios, interactive things such as simulations, pictures, quizzes, 
and assignments. The preliminary findings suggest that all the online courses provide 
learning materials in the form of video recordings, reading materials, and assessment in the 
form of self-paced short quizzes. 
 
3.3 Range of Learning Topics 
 
In an online learning course, a "topic" refers to a specific subject, theme, or area of knowledge 
that is being taught and studied. Learning topics in online learning courses are divided into 
different modules or units, and each module may cover one or more topics. Topics serve as 
the building blocks of the course's curriculum, guiding the progression of learning from basic 
to more advanced concepts. The preliminary findings show that the learning topics related to 
learning analytics range from fundamental concepts to technical content. Thematic analysis 
will be conducted to explore the depth of the range of the learning topics in the 10 courses. 
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3.4 Quality of Courses 
 
In this study, we posit that the quality of the courses will be determined by the depth of the 
learning content. Following this developing scoping review, our next focus will be a qualitative 
evaluation of these identified 10 courses. Using Bloom's taxonomy (Bloom, 1956) in its most 
recent form as updated by Anderson and Krathwol (2001), we aim to assess the depth, scope 
and complexity of the learning outcomes in these courses, providing insight into their 
educational efficacy and quality. 

4. Conclusion 
 
Learning analytics plays a crucial role in today’s teaching practices. As the educational sector 
continues to produce and utilise vast amounts of data, teachers need skills to interpret and 
apply this data effectively in their classrooms. This ability enables them to make more informed 
decisions about student learning, adapt teaching strategies, and evaluate educational 
outcomes with greater precision. 

Our scoping review provides an initial overview of online courses that may be relevant for 
teachers to understand learning analytics. Preliminary findings from the 10 courses indicate 
that courses on analytics are generally designed into three learning durations: courses that 
require less than 8 hours of completion time, 8-16 hours, and more than 16 hours of learning 
time, ranging from fundamental topics in data science to highly technical aspects of data 
analytics. However, the learning materials available are still limited to mainly recorded videos, 
and a sparse number of downloadable reading materials and one-way exercises.  
 
By identifying and analysing these courses, our review aims to identify gaps that do not fully 
cater to the specific needs of educators and highlight the potential areas for course 
development and refinement. Ensuring that teachers have access to pertinent and effective 
training in learning analytics is crucial for continued advancement of educational practices. 
While many online courses exist, their relevance and alignment with the educational context 
warrants further exploration. This work, therefore serves as an initial step, aiming to bridge the 
existing knowledge gap and support educators in their professional growth. 
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Abstract: Music appreciation is one of the most important courses in arts education. In 
this study, we designed a music education board game "Soul Mate" with mobile 
devices, which provided learners with multiple representations learning context. In the 
game, learners scan the QR codes on the cards with their mobile devices to listen to 
the music. Through the process of listening experience, learning experience and 
observing interaction, learners can make judgment, understand their own emotional 
perception of listening to music, and learn about music theory. Preliminary results 
indicate that gamified learning is effective in enhancing learners' learning outcomes 
and is able to maintain learners' flow and keep them engaged in learning. 

 
Keywords: mobile device, music educational board game, music theory, emotional 
perception 

 
1. Introduction  
 
Music appreciation is one of the most important courses in the arts field of higher education, 
and it can cultivate the art appreciation ability of university students (Lv, 2022). Thompson et al. 
(2022) refer to the fact that art appreciation education often treats the learner's level of 
enjoyment as a response to a work of art and neglects the importance of intellectual 
understanding. Over the years educational research has explored the effectiveness of many 
applications of technology in the teaching and learning of subjects such as language, science, 
and mathematics, but few studies have been conducted on subjects in the field of music 
(Wang, 2021). Research has found that the use of technology in music education can be very 
effective and the use of games learning can help music skills and knowledge acquisition 
(Gower & McDowall, 2012). After the epidemic, the interactive use of mobile devices in arts 
education has gained wider attention (Vorontsov, 2021), because mobile devices can offer the 
possibility of presenting musical works (Ouyang, 2022). In this study, a music education board 
game with a mobile device was developed to allow learners to learn music theory, to be aware 
of their own emotional perceptions when listening to music, and to promote the flow of the 
learners' mind through the game.  
 
2. Method 
This board game contains four types of cards: Music, Music Theory, Emotion, and Event 
(Figure 1). The Music card is presented by QR code, using Chopin's 24 preludes as the source 
material (including 24 major and minor keys). The music theory cards, divided into two 
categories: tone and tempo, e.g., listening to the music and identifying the tempo of the piece 
as Allegro Major, Allegro Major, or Allegro Minor, can help learners to acquire knowledge of 
music theory. The emotion cards are designed with reference to Russell's (1980) model of the 
dimensions of emotion, and they contain a total of 12 emotions, including excitement, 
relaxation, sadness, and fear, etc. The content of the event card is about daily topic, which can 
be used to stimulate interactions and discussions among the learners. This board game is 
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divided into two stages. In the first stage, after listening to a piece of music, learners choose 
the corresponding music theory and emotion cards (Figure 2), learn music theory from 
checking the correct answers, and at the same time observe their own emotional perceptions 
of the music. In the second stage, learners take turns to act as a guide, and the other three 
learners guess the guide's emotional feelings towards the music based on the observations 
made in the previous stage to achieve the learning interactions and to confirm the knowledge 
of the emotional feelings. The participants in this study were 20 students (12 males and 8 
females) from a university in Taiwan. After the learners enrolled online, the researcher 
assigned four people into a group to play the game according to the participation time. The 
pre-test and post-test of this study were based on the same assessment of learning 
effectiveness, which was divided into two parts, namely, music theory and emotion perception. 
The questions were developed by music teachers with more than 5 years of teaching 
experience in universities. The Kiili Flow Scale (2006) translated and revised by Hou & Li 
(2014) was referred to in this study. The flow scale includes two dimensions: Flow 
Antecedents and Flow Experience. All scales were scored according to the Likert scale, and 
the reliability of the flow questionnaire (Cronbach's alpha= 0.914) indicated a high degree of 
internal consistency. The learning process included game explanation (10 minutes), pre-test 
(20 minutes), game activities (50 minutes), post-test and flow questionnaire (30 minutes). 

  
Figure 1. Cards and Instructions for Games Figure 2. Playing "Soul Mate" 

 
3. Results and Discussions 
 
The purpose of this study is to investigate the music theory, emotional perception, and flow 
performance of learners on the music education board game "Soul Mate". Table 1 showed the 
results of the learners' learning performance of music theory and emotion perception before 
and after participating in the game. The post-tests of music theory (z = -3.03, p = 0.002 < 0.05) 
and emotion perception (z = -3.73, p = 0.000 < 0.05) were significantly higher than the 
pre-tests, and it suggested that the use of game learning in the subject of music domain can 
effectively enhance learners’ effectiveness and emotion perception. The results showed that 
the use of game-based learning in the music field can effectively enhance learners' learning. 
Table 2 shows learners' state of flow during the game and, the result revealed that the overall 
mean of the flow (M = 4.15, SD = 0.52) was significantly higher than the median 3 of the scale 
(z = 3.853, p < 0.001). Most of the Flow Antecedents and Flow Experience sub-dimensions 
were also significantly larger than the median of 3 on the scale, and many sub-dimensions 
were even higher than 4. This result suggested that the overall game  mechanism enables 
learners to clearly understand the activity goals of the game and engage in the game to 
achieve a high  flow experience. 
 
Table 1. Music Theory and Emotion Perception Descriptive Statistical Analysis 

Dimension M SD Z p 
Music Theory pre-test 44.70 19.04 -3.03** 0.002 post-test 64.30 11.64 
Emotion Perception pre-test 8.75 5.83 -3.73*** 0.000 post-test 16.90 3.32 

**p <0.01 ***p <0.001 
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Table 2. Flow and Game Acceptance Descriptive Statistical Analysis 
Dimension M SD Z p 
Overall Flow 4.15 0.52 3.853*** 0.000 
Flow Antecedent 4.07 0.56 3.801*** 0.000 

Challenge-skill balance 4.05 0.71 3.706*** 0.000 
Goals of an activity 4.35 0.69 3.862*** 0.000 
Unambiguous Feedback 3.97 0.72 3.510*** 0.000 
Sense of Control 4.30 0.71 3.760*** 0.000 
Action-awareness Merging 3.68 0.75 2.995** 0.003 

Flow Experience 4.09 0.49 3.873*** 0.000 
Concentration 4.30 0.75 3.681*** 0.000 
Time distortion 4.10 0.66 3.750*** 0.000 
Autotelic experience 4.60 0.68 3.914*** 0.000 
Loss of self-consciousness 3.35 0.86 1.576 0.115 

Overall Acceptance 4.15 0.52 3.853*** 0.000 
Perceived Usefulness 4.07 0.56 3.801*** 0.000 
Perceived Ease-of-use 4.05 0.71 3.706*** 0.000 

**p <0.01 ***p <0.001 
 
4. Conclusion 
 
In this study, we developed a music education board game "Soul Mate" with a mobile device. 
The game combines emotion perception, contextual interaction, and cognitive design through 
the medium of music, allowing learners to learn in a multi-character board game. This board 
game is for 4 players to play together, use the mobile device to scan the QR code on the cards 
to listen to the music, and then realize their own emotional perception and music theory 
through self-feeling. According to the results of the study, Soul Mate had a positive effect on 
the learners' knowledge of music theory and emotional perception, and the learners were 
highly engaged in the process. For the future study, we will continue to explore the effect of the 
study on the learners compared to the control group (traditional teaching) and collect more 
qualitative data such as interview and behavior pattern analysis. 
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Abstract: The study developed an online virtual reality educational game, “Temple 
Keeper Training Day Camp”, integrating an online virtual reality game, voice guiding 
and situated learning mechanism. The learners play the role of the temple keeper 
trainee and have to utilize the knowledge of the religious cultural customs and also the 
history of the city where the temple located to help and fulfill all the tasks from the 
pilgrims. We investigated learner's learning performance, flow status and game 
acceptance. The results revealed that their learning performance had been significantly 
improved, indicating that the game did effectively improve the learner's knowledge 
about the temple customs and history of the city. Also, the high flow status and game 
acceptance both showed the learners had an enjoyable and fruitful learning 
experience. 
Keywords: Virtual Reality Game, religious culture, voice guided tour, scaffolding, 
situated learning 

 
1. Introduction  
Culture heritage preservation not only has gain worldwide attention but also faces great 
challenge, especially intangible cultural heritage (UNESCO 2003).  Assisting different 
generations to understand conventional customs and traditions deeply and to avoid these 
important cultures being simplified and disappeared is necessary (Chang, 2008). Virtual 
reality technologies with user-friendly interface and high level of immersion for the participants 
increase and stimulate the interests of the users (Schouten, van den Hooff, & Feldberg, 2010), 
and convey context and the experience of the intangible cultural heritage (Selmanović et al., 
2020). Digital game-based learning is considered to effectively arouse learner’s interest and 
learning motivation (Clark et al., 2016), and flow (Sun et al., 2017). Therefore, this study 
expects a learning method that combines a virtual reality game, voice guiding and situated 
learning mechanism to improve learner's interest and motivation and gradually enhance the 
learners’ knowledge of religious culture of the temples in Taiwan. Thus, our research team 
developed a virtual reality game, “Temple Keeper Training Day Camp” (Figure 1 and 2) by 
ThingLink, a spherical video-based virtual reality platform.  A story was applied in the game as 
situated learning to facilitate the learners to participate in this activity. An old Temple Keeper 
was the trainer representing audio scaffolding to pass on the knowledge in the temple. The 
learners as Temple Keeper Trainee and had to utilize the knowledge they learned during the 
game and fulfill all the tasks from the pilgrims. Once the learners entered a scene, they heard 
the audio guiding from the trainer telling the fun facts of the temple as guided scaffolding to 
simulate the situated learning context. The learners had to explore by clicking the interactive 
buttons and fulfill the tasks from the pilgrims. The tasks were about the religious cultural 
customs of the temple and also the history of the city where the temple located.  The learners 
will receive a 3-level certificate in the end of the game according to their performance: The 
Rookie, the Potential and the Qualified Keeper. 
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Figure 1. Interactive buttons for exploring Figure 2. Task to be solved from the pilgrims  

 
2. Method 
The purpose of this study is to evaluate students’ learning performance, flow and game 
acceptance toward this educational game. Participants in this study were 18 adults, age from 
20 to 59, in Taiwan (7 males, 11 females). Half of them had never been to this temple or in the 
same religion. All the participants joined the game with a personal computer or tablet at home. 
The researchers had the same questions of the pre-test and post-test with different order of 
questions to avoid memory effect. There were 14 questions about the knowledge of religious 
culture of temples in Taiwan, and 6 questions about the history of the city where the temple 
located. We evaluated the learners’ flow status by Kilis’s flow scale (2006), which was 
translated and revised by Hou, & Li (2014). The flow scale includes 2 dimensions, namely the 
flow antecedent and flow experience. All scales were scored on a five-point Likert scale. The 
reliability of the flow questionnaire (Cronbach’s alpha=0.953) showed high internal 
consistency. Also, we adapted Davis’s (1989) technology acceptance model to explore the 
learners’ perceived usefulness and perceived ease of use toward the game and the reliability 
of it was 0.886 (Cronbach's α=0.886). The procedure of the study was as follow: Pre-test for 
10 minutes, game for 60 minutes and post-test, flow and game acceptance questionnaires for 
20 minutes.  
 
3. Results and Discussions 
For learning performance, a Wilcoxon signed rank test was used to compare the results of 
learning performance between the pre-test and post-test. The results showed that the score 
for the post-test was significantly higher than pre-test (Z=-3.523, p<0.001) (see Table 1), and it 
suggested that learners’ knowledge of religious culture had been better improved through the 
game. For the flow status, a one-sample Wilcoxon Test was performed, the overall flow score 
(M=4.26), flow antecedent sub-dimension (M=4.40), and flow experience sub-dimension 
(M=4.30) were all significantly above the median of the scale (the median in a five-point scale 
=3) (Z=3.724, p<.000) (see Table 2). The results indicated that learners were deeply involved 
in the game. For game acceptance, a one-sample Wilcoxon signed rank Test was conducted, 
the overall game acceptance score (M=4.58), perceived usefulness (M=4.75), and perceived 
ease of use (M=4.35) were significantly higher than median (the median in a five–point 
scale=3) (Z=3.750, p<.000) (see table 2), and it suggested that learners have highly accepted 
the technology game design and they didn’t have trouble accessing the game. In other words, 
this game was easy to be familiarized with and also helped the learners explore and learn by 
themselves.  
 
Table 1. The Mean and Standard Deviation of Learning Performance  

 M SD Z  
pre-test 54.44 17.73 -3.523***  post-test 79.44 10.13 

*p <0.05 **p <0.01 ***p <0.001 
Table 2. Flow and Game Acceptance Descriptive Statistical Analysis 
Dimension M SD Z p 
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Overall Flow 4.26 0.58  3.724*** 0.000 
Flow Antecedent 4.40 0.65 3.683*** 0.000 

Challenge-skill balance 4.28 0.77 3.455*** 0.001 
Goals of an activity 4.33 0.64 3.654*** 0.000 
Unambiguous Feedback 4.25 0.83 3.454*** 0.001 
Sense of Control 4.36 0.76 3.475*** 0.001 
Action-awareness Merging 3.83 0.86 2.981** 0.003 

Flow Experience 4.30 0.54   3.725*** 0.000 
Concentration 4.40 0.65 3.652*** 0.000 
Time distortion 3.83 0.79 3.114** 0.002 
Autotelic experience 4.49 0.50 3.748*** 0.000 
Loss of self-consciousness 4.19 0.75 3.530*** 0.000 

Overall Acceptance 4.58 0.51 3.750*** 0.000 
Perceived Usefulness 4.75 0.44 3.857*** 0.000 
Perceived Ease-of-use 4.35 0.75 3.579*** 0.000 

*p <0.05 **p <0.01 ***p <0.001 
 
4. Conclusion 
The study developed an online educational game, “Temple Keeper Training Day Camp”, 
integrating online virtual reality, voice guiding and situated learning mechanism, to enhance 
learners’ knowledge of religious culture of temples in Taiwan and the history of the city. The 
results showed the game did assist the knowledge of temples and the city. Also, the high flow 
status indicated high engagement and enjoyment during the game, and as for high game 
acceptance, it suggested this game was easy for learners to manipulate and did facilitate 
learning. It indicated a virtual reality game integrated with voice guiding scaffolding and 
situated learning mechanism can be an effective way in promoting learners’ performance. 
Future study would compare the effectiveness among different ages, genders and religions. 
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Abstract: With the development of urbanization, local towns are at risk of losing their 
local culture as a result of out-migration. Local literature and history education is limited 
by time and teachers' qualifications. In this study, we designed a board game "Walking 
on Puzi Street" to assist students’ learn local history and culture by combining 
scaffolding on the cards with the mobile conceptual scaffolding provided from the 
mobile app. Learners take on the role of a tour guide, leading travelers on a tour of the 
town of Puzi in Taiwan. The preliminary study investigated participants’ flow, 
acceptance and sense of place. The results showed that the game mechanism can 
engage learners in the game, facilitate local literature and history learning, and bring 
them sense of interest in the place. Also, high rates of learners used mobile scaffolding.   

Keyword , educational board games, mobile scaffolding, conceptual  
scaffolding 

1. 

Communities or places are important starting points for understanding oneself and 
one's surroundings (Mclnerney, smyth, Down, 2011), and Taiwan is facing the effects 
of issues such as urban-rural development imbalance and policies that emphasise 
place-making (Executive Yuan, 108). However, a lack of relevant teaching aids and 
students’ motivation to learn about such topics is critical. (Halvorsen, Harris, 
Doornbos, Missias, 2021). Therefore, this study designed a board game, " Walking on 
Puzi Street " for learners learning local knowledge and history. Study has found that 
game-based learning can significantly enhance learners' intrinsic motivation (Tüzün, 
2009). " Walking on Puzi Street" is a local tourism game in which players as tour 
guides from a  travel agency in Puzi lead tourists to destinations that match their 
ideal preferences. Through the tourist cards (Figure 1), players can learn about 1 to 3 
features that the tourists wish to visit. The closer the destination cards align with the 
tourists' descriptions, the higher the favor score (points) awarded to the players. Lin et 
al. (2023) assert that learners benefit from appropriate support when facing 
challenges. The game incorporates two types of conceptual scaffolding: information 
provided on the cards and QR codes as scaffolds during the game (Figure 2).Players 
receive partial information about the attractions from the destination cards, serving as 
conceptual scaffolds on the cards, and use this information as clues for guiding 
tourists to their destinations (Figure 3) on the game board. Additionally, players can 
obtain extended information related to solving key puzzles by scanning QR codes, 
providing real-time action scaffolding with detailed content about the attractions. The 
mobile conceptual scaffolding also allows players to learn about the historical stories 
of the attractions. The primary objective of this research is to conduct a preliminary 
analysis of learners' flow experience, sense of place, learning performance, and 
acceptance within the game, while observing learner behaviors. 
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2.
A total of 21 participants, aged 20 years old or above, were randomly divided into 
groups of 3-4 to play board games. Pre- and post-testing designs have been 
approved by local historians. The Flow Scale designed by Kiili (2006) translated and 
revised by Hou & Li (2014) was referred to in this study. The reliability of the flow 
questionnaire (Cronbach's alpha=0.876) indicated a high degree of internal 
consistency. In terms of acceptance, this study adapted the acceptance scale 
proposed by Davis (1989), which also had high internal consistency in terms of 
reliability (Cronbach's alpha = 0.857). The Sense of Place Scale was modified with 
the Tourism Purpose Scale designed by Abou-Shouk & Zoair et al. (2018), with a high 
degree of internal consistency in reliability (Cronbach's alpha = 0.943). The total game 
activity time is 120 minutes, including game activity flow description (10 minutes), 
pre-test (20 minutes), game teaching (10 minutes), game play (50 minutes), and 
post-test and questionnaire completion (30 minutes).

3.

The Wilcoxon signed-rank test was employed to analyze the difference between the 
pre and post-tests (Z=-3.734, p<0.001) shown as Table 1. The post-test was 
significantly higher than the pre-test, indicating that the game enhanced the learners' 
learning knowledge of local history. Table 2 shows the learners' flow, acceptance, and 
sense of place. Overall flow (M=3.86, SD=0.53) was significantly higher than 3 (the 
median of scale) (Z=3.98, p<0.001). The mean values of the flow antecedent and
experiences for each sub-dimension were significantly higher than 3. Acceptance 
results showed that usefulness, ease of use, and game design elements were all 
significantly above 3. The sense of place results showed that only recreational 
activities of sense of place higher than 3. In addition, observations data revealed that 
17 out of 21 participants (81%) used the mobile scaffolding during the game.

Table 1 Statistical Analysis of Learning Performance

post-test(N=21) pre-test(N=21)
M SD M SD Z p

53.1 13.74 34.29 14.6 -3.734*** .000
***p< 0.001

Table 2 Flow, Game Acceptance, Sense of Place Descriptive Statistical Analysis
Dimensions M SD Z p
Overall Flow 3.86 0.53 3.98*** .000
Flow Antecedent 3.86 0.55 3.9*** .000

Challenge-skill balance 3.86 0.71 3.46** .001
Goals of an activity 4.29 0.58 3.96*** .000
Unambiguous Feedback 4 0.71 3.62*** .000
Sense of Control 4.07 0.97 3.4** .001

Tourist
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Action-awareness Merging 3.07 0.95 0.19 .852 
Flow Experience 3.86 0.65 3.65*** .000 

Concentration 3.99 0.83 3.56*** .000 
Time distortion 3.54 1.12 2.03* .042 
Autotelic experience 4.19 0.68 3.83*** .000 
Loss of self-consciousness 3.26 1 1.27 .203 

Overall Acceptance 3.96 0.61 3.95*** .000 
Perceived Usefulness 4.05 0.77 3.61*** .000 
Perceived Ease-of-use 4.06 0.8 3.66*** .000 
Game Design Elements 3.84 0.73 3.56*** .000 

Overall Sense of Place 3.25 0.71 1.58 .114 
Place attachment 3.13 0.71 0.94 .349 
Expressive attachment 3.32 0.87 1.72 .086 
Recreational activities 3.52 0.87 2.3* .022 
Tourist satisfaction 3.13 0.89 0.77 .439 
Intentional revisit 3.21 0.89 1.44 .15 

*p< 0.05, **p< 0.01, ***p< 0.001 
 
4. 

In this study, an educational game "Walking on Puzi Street", which integrates cards 
and mobile conceptual scaffolds to help students learn local history and culture. The 
results revealed that the game is helpful to understand of local culture and history, 
easy to operate and entertaining in terms of sense of place. Finally, the game may 
help players to understand local literature and history. In the future, design the game 
to promote sense of place and comparing more learners' learning experiences 
between traditional tour group are needed. 
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Abstract: In the digital age, the job roles and skills required of modern museum 
professionals have changed significantly, and many museums have begun to apply 
digital technology to the training of museum professionals. In this study, we sought to 
address the shortcomings of traditional training methods by designing a museum 
gamification training activity to enable learners to develop their museum skills in a 
highly simulated virtual space. Preliminary results indicate that the gamification of the 
interpreter training was able to provide learners with flow and learning motivation and 
that the learners were highly receptive to the training activities and highly appreciated 
the use of the simulated virtual space to help them learn museum interpretation. 

 
Keywords: digital gamification learning, educational game, interpreter training, 
situated learning 

 
1. Introduction 
 
In the digital age, digital transformation is now the key to the sustainable and innovative 
operation of a museum. In 2020, International Council of Museums(ICOM) states that 
museums need to rethink their new digital policies and expand their digital exhibition and 
education services. In terms of the training of interpretation, there are also many shortcomings 
that need to be improved. González et al. (2016) indicated that the training method led by a 
single instructor may result in a lack of interaction during the training process. The traditional 
classroom training method is also prone to problems such as reading from the book, lack of 
training in content planning, and insufficient manpower (Tasdemir et al., 2014; Nespeca et al., 
2023). Tang and Mo (2022) even indicated that the lack of interaction in traditional classrooms 
is difficult to arouse learners' motivation, whereas virtual learning spaces with gamification 
could give them more opportunities to repeat operations and experiences, thus achieving in-
depth and effective learning. Gather Town (https://www.gather.town) could be a potential 
digital platform. It could provide the virtual space designed by the instructor and allow learners 
to explore and learn independently (McClure & Williams, 2021). 
As a consequence, we used Gather Town to simulate a marine science and technology 
museum in Keelung in Taiwan, to create a simulated museum virtual space (Figure 1), and 
designed as a museum gamification training activity where learners could move their 
characters around to explore and click on NPCs or exhibit display board to interact with them 
in the form of Google Forms (Figure 2). On entering the game, learners were first given a 
game mission by the trainer NPC. The learner has to follow the instructions and go to the 
virtual museum within the allotted time to look for the exhibit display board, use the clues on 
the boards to complete the explanation script, and at the same time, through the dialogue with 
the visitor NPC in the virtual museum, learn the details to pay attention to when explaining the 
interpretation. After completing a 300-word explanation script, learners will receive timely 
scoring and feedback from two professional museum docents to pass the interpreter training 
game levels and achieve the higher scores. In addition to increasing motivation, interactive 
game objects can be used repeatedly to improve interpreter skills, thus achieving the effect of 
learning transfer that is well-trained before the realistic training. 
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Figure 1. simulated museum virtual space Figure 2. Interacting with Virtual NPCs

2. Method

The participants in this study were 11 college or graduate students (4 males and 7 females) 
in Taiwan. We applied the single group post-test design and the learning activity was
conducted online. The Kiili Flow Scale (2006) translated and revised by Hou & Li (2014) was 
referred to in this study. The flow scale includes two dimensions: Flow Antecedents and Flow 
Experience. All scales were scored according to the Likert scale. The reliability of the flow 
questionnaire (Cronbach's alpha=0.836) indicated a high degree of internal consistency. In 
terms of the acceptance of the game by the learner, the technology acceptance scale 
proposed by Davis (1989) modified by this study was used, which included three dimensions: 
Perceived Usefulness, Perceived Ease-of-use, and Game Design Elements, and the Likert 
scale was used. The reliability of the game acceptance scale (Cronbach's alpha=0.723), which 
has credibility. In terms of the motivation of the learning by the learner, the learning motivation
scale proposed by Pintrich (1991) modified by this study was used, which included three 
dimensions: Intrinsic Goal Orientation, Extrinsic Goal Orientation, and Self-Efficacy for 
Learning and Performance, and the Likert scale was used. The reliability of the learning 
motivation scale (Cronbach's alpha=0.910), which has credibility. Prior to the study, all 
participants were asked to sign an informed consent form. The learning activity had two 
phases, the first phase was to know the exhibition (120 minutes); the second phase was the 
museum gamification interpreter training, which included game explanation (10 minutes), 
game activities (120 minutes), and post-test questionnaire (20 minutes).

3. Results

In this study, the Wilcoxon signed-rank test was used to analyze learners’ flow, acceptance, 
and learning motivation, the results shown as Table 1. The result revealed that the overall flow 
(M = 4.31) was significantly higher than the median (the median in a five-point scale = 3). This 
indicates that the overall gamification activity design mechanism enables the learner to clearly 
understand the game’s objective of the activity and is proactively engaged in the game to 
complete tasks, achieving a high level of flow experience. The result revealed that the overall 
acceptance (M = 4.64) was significantly higher than the median. It indicates that the learner 
had a highly accepted acceptance of the game, not only easy to use, but also promoted the 
learners’ learning in museum interpretation. The result revealed that the overall learning 
motivation (M = 4.16) was significantly higher than the median. This result represents that the 
museum gamification interpreter training activities are attractive to the learners and can 
promote the learners' motivation to learn museum interpreting skills.

Table 1. Flow and Acceptance and Learning Motivation Descriptive Statistical Analysis

Dimension M SD Z p
Overall Flow 4.31 0.37 2.940** .003

Flow Antecedents 4.40 0.34 2.941** .003
Flow Experience 4.23 0.43 2.937** .003

Overall Acceptance 4.64 0.28 2.937** .003
Perceived Usefulness 4.86 0.32 3.125** .002
Perceived Ease-of-use 4.58 0.42 2.969** .003
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Game Design Elements 4.49 0.48 2.947** .003 
Overall Learning Motivation 4.16 0.58 2.937** .003 

Intrinsic Goal Orientation 4.06 0.66 2.805** .005 
Extrinsic Goal Orientation 4.04 0.74 2.673** .008 
Self-Efficacy for Learning and Performance 4.52 0.59 2.988** .003 

**p < 0.01 
 
4. Conclusion 
 
In this study, we used Gather Town to create a simulated virtual museum space from which 
we designed a museum gamification interpreter training activity. Providing learners with the 
freedom to explore the virtual museum space and complete the task of compiling interpreter 
script and enhancing their interpreter skills through interactions with training NPC, exhibit 
display board, and visitor NPC to improve the problem of low interactivity and lack of motivation 
in the existing interpreter training. Preliminary results indicate that the gamification of the 
interpreter training was able to provide learners with flow and learning motivation and that the 
learners were highly receptive to the training activities and highly appreciated the use of the 
simulated virtual space to help them learn museum interpretation. After the initial analysis of 
this study, this study will continue to explore the effect of the study on the learners compared 
to the control group (traditional training) by means of a quasi-experimental design. 
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Abstract: One-on-one student-instructor communication is essential in many aspects 
for science and engineering education. Especially under and post COVID-19, individual 
student-instructor interactivity becomes increasingly precious yet growingly difficult. To 
address this issue, this poster paper develops a so-called “cloud teacher”, which is an 
intelligent conversational agent for answering the questions from students in building 
and manipulating their robots online. The basic underlying idea is to train the agent by 
utilizing open-source artificial intelligence tools from Google’s DeepMind, such that the 
agent can understand and answer the questions raised by students in making their 
robots online. Specifically, distinct features of cloud teacher include: 1) Provide instant 
textual answers to students’ questions regarding robot assembly and computer 
programming (Arduino and SolidWorks: Two most common software in robot control 
and 3D printing). 2) Supply video demonstrations for helping students in building and 
manipulating their robots. 3) Automatic assessment of students’ online lab performance 
on controlling their robots. 4) Personalized quizzes based on big data analytics of 
students’ historical questions and performance. Based on the above features, an 
unmanned robotic online lab has been constructed with 11 sets of real robotic arms, 
controllers, touchable monitors and corresponding software. The approach of AI-
powered conversational agent has demonstrated its effectiveness in 4 engineering 
courses with more than 300 students. Furthermore, we collaborated with an oversee 
university, and applied it in the distant robotics education with 50 students from U.K. 
This method has a high potential to be explored across different disciplines and 
countries for virtual experiential learning in the new normal. 

 
Keywords: Artificial Intelligence in Education; Experiential training; Online teaching; 
Education in Robotics; 

 
1. Introduction 
 
Experiential learning is indispensable in knowledge and skills acquisition in many subjects. It 
includes a laboratory hands-on procedure which enable students unique chance for personal 
and practical manipulation of materials and facilities to acquire and enhance the 
understanding on concepts, problem analysis-evaluation-solving skills (NSTA, 2007). 
Experiential learning could be found in many discipline and subjects, like physics, chemistry, 
medicine, mechanics, robotics, etc. Face-to-face laboratory has been developed along with 
the procedure of development of science and technology such that the concepts introduced 
in lectures and books could be enhanced and reinforced by hands-on training (Diwakar, S, 
2023). However, one nonnegligible question of face-to-face laboratory is its physical and 
economic constraints, especially under and post the period of COVID19. 

To overcome these constraints, online laboratory is proposed and displayed its 
vitality especially in last two decades. Online laboratory could be roughly classified into two 
categories: virtual laboratories and remote ones (Tzafestas, C. S., 2006). Each category has 
its own advantages: The former tends to supply with less realism but more scalable and 
easier in maintenance, while the latter is more practical and error-prone. In teaching 
robotics, we focus on using online laboratory to meet the strong demands of students in 
operating and manipulating the real robots in practice. The effectiveness of online laboratory 
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has been shown compared to traditional face-to-face laboratory by evaluating the students 
experiences in online laboratories in some science courses (Rowe, R. J., 2018). A remotely 
online accessible swarm robotics research testbed, called Robotarium is proposed for multi-
robot research facility (Pickem, D., etc. 2017). A hybrid online laboratory model is provided 
by merging both categories of online labs and show how it can leverage the advantages of 
both type of labs (Rodriguez-Gil, L., 2016, and Andujar, J. M., 2010). 

This poster paper displays how we developed an unmanned robotic lab (Section 2.2-
2.3) and its impact on teaching and learning (Section 2.3).

2. The Intelligent Cloud Teacher

2.1 Main Development Procedure

The whole process of the project development can be generally divided into four parts: The 
first part focuses on training the intelligent agent with a database of fundamental knowledge 
of Mechanical Engineering related to the U.S. Mechanical Engineering Syllabus for 
Mechanical Engineering Graduates. The second part is concerned with the training of the 
intelligent agent regards to a database of Arduino programming. The third part aims to train 
the intelligent agent with a database of VEX hardware assembling. In the last part, a mobile 
APP will be developed and implemented in an online robotic laboratory (see Figure 1). 

Figure 1: Development pipeline of the proposed smart agent

2.2 Construction of Unmanned Robotic Online Lab

The basic idea is that we combine the flipped lab with a real online lab, so students can get 
access and conduct experiments in an online mode. An online robotic lab can be 
constructed based on our robotic lab with real robots and computers. The conventional 
robotic lab can be transformed to an online lab thanks to the remote control technique, 
where students could use their personal computers in distance to control the computers in 
the lab, further tuning and controlling the robot in real time. On the other hand, this project 
combines with flipped lab, which allows students to learn from videos of lab instructions 
before each online lab. 

As a result, more time and efforts could be devoted into problem solving and 
students-instructor interaction in synchronous online lab. students raise their hand by 
flashing their lights, it is a quite effective way in communication in the lab. So we have extra 
benefits by avoiding healthy problems and safety problems compared to conventional labs. 
To build the online lab, we developed different hardware and software components: First, we 
assembled the robotic arms, controller, drawing panels for students (See Figure 2). In 
addition, we developed corresponding software, like, Arduino-based programme to control 
the robotic arm. Most importantly, we installed remote control software, which makes the 
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programming and controlling of robots possible. Students can use remote control software to 
manipulate their robots in distance. 
 

     

                  (a)                                                                   (b) 
Figure 2: (a) One set of remote controllable robotic equipment with sensors and a touchable 

drawing panel. (b) Ten sets of remote controllable robotic facilities. 
 
2.3 Impact on Improving the Quality of Education 
 
The monitoring data have been collected by the evaluation methods and illustrates the 
usefulness of this work: 
1) Rate of positive feedback is 93.2% in the Survey on the experience of using the 
cloud teacher towards the end of the course UGEB2303 Robots in Action.  
2) Rate of positive feedback is 82.9% in the survey on the unmanned robotic online lab 
towards the end of the course UGEB2303 Robots in Action. 
3) Rate of positive feedback is 100% in focus group interview with a small group of 
volunteer students of the course UGEB2303 Robots in Action. 
4) Rate of positive feedback is 84.6% on the course website and small group forum. 

Note that the most remarkable achievement of the proposed cloud teacher is to 
provide a new way through which students can get hands-on training and achieve the 
desired outcomes of lab sessions online. In addition, it goes beyond the traditional face-to-
face robotic laboratory and supplies with intelligent chatbot in Arduino programming, real-
time automatic assessment of students lab performance and personalized quizzes based on 
big data analytics of students’ historical questions and performance. 
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Abstract: The purpose of this study was to develop and validate a multidimensional 
instrument for elementary and junior high school students’ learning concentration on 
learning using Virtual Reality Technology.  Two studies were conducted. The VR 
Learning Scale (VRLS) was developed based on in-depth literature review and theories 
followed by a review of eight experts. Data from 259 students ranging from 4th grade 
to 7th grade with VR learning experience was collected and analyzed using the 
exploratory factor analysis, the VRLS was validated in four dimensions: immersion, 
behavior concentration, cognitive concentration, and emotional concentration. A pilot 
study of 37 elementary school students was conducted and the results indicated the 
significant correlation between the four factors of VR learning and, learning motivation, 
technology acceptance and satisfaction. Implication for future studies is provided.  

 
Keywords: learning concentration, VR learning, Virtual Reality 

 
1. Introduction 

Virtual Reality (VR), also known as Immersive Virtual Environments (IVE), creates the 
impression of being in a virtual world and produces sensory stimuli that surround the subject 
perceptually. The adoption of VR for learning has redefined learning environments. The 
advancement of VR technology, coupled with a drop in prices and increased affordability, has 
attracted educators' attention (Bower et al., 2020; Huang et al., 2019), enabling educational 
institutions to seamlessly integrate it into their teaching practices. The integration of VR 
devices into learning scenarios has provided students with diverse and engaging experiences. 
Three primary types of virtual reality (VR) used in educational settings can be delineated: (1) 
VR for observational learning, (2) VR for skill training, and (3) VR for creative endeavors. When 
effectively implemented, VR can provide a profound sense of presence and immersion, 
opening up new educational possibilities (Häfner et al., 2018). 

The most recent studies have focused on the adoption of VR to facilitate learning or 
have discussed the development of VR content alongside learning strategies (Hamilton, et al., 
2021; Won et al., 2023). However, there is a gap in the research when it comes to evaluating 
learner interaction and participation during VR-based learning experiences. Therefore, the 
primary objective of this study was to develop a VR Learning Scale (VRLS) that assesses the 
spectrum of learner involvement and engagement, drawing inspiration from Witmer and 
Singer's (1998) explication of presence, immersion and engagement. The resulting scale was 
validated through factor analysis. This paper provides an overview of the development process 
of the VRLS and its subsequent evaluation using Exploratory Factor Analysis (EFA). A pilot 
study was conducted to further investigate students’ VR learning experience.  

 

2. Literature Review 
Utilizing VR to support learning provides learners with immersive environments and 

educational experiences. These experiences have the potential to enhance learner 
engagement, ultimately leading to increased involvement and self-directed exploration over 
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the course of the learning process (Won et al., 2023). The effectiveness of virtual 
environments would be related to the sense of presence, and according to Witmer and Singer 
(1998), presence is defined as the subjective experience of being in one place or environment, 
and refers to experiencing the computer-generated environment rather than the actual 
physical locale.  To measure presence, one should address factors that influence involvement 
and immersion. Involvement depends on the degree to which individuals attach themselves to 
stimuli, activities, or events. When individuals pay more attention to the stimuli within the virtual 
environment (VE), their engagement with the VE experience increases (Witmer & Singer, 
1998). Immersion refers to interacting with an environment that provides a continuous stream 
of stimuli and experiences (Witmer & Singer, 1998). A VE that generates a greater sense of 
immersion will result in higher levels of presence.  Both involvement and immersion are 
necessary for experiencing presence. Involvement 

The developed VRLS in this study encompassed two primary factors: immersion and 
learning concentration. The items assessing immersion were drawn from a Presence 
Questionnaire (PQ) developed by Witmer et al. (2005), which gauges the extent to which 
individuals experience presence in a virtual environment. The PQ factors include Involvement, 
Adaptation/Immersion, Sensory Fidelity, and Interface Quality. Specifically, items from the 
Adaptation/Immersion factor were incorporated into our VRLS. For learning concentration, the 
items were designed to capture the flow experience, involvement, and learning engagement. 
Flow, as defined by Csikszentmihalyi (1975, p. 36), is a 'holistic sensation that people feel 
when they act with total involvement.' Involvement, according to Witmer and Singer (1998), 
represents a state resulting from focusing one's mental energy and attention on a coherent 
set of stimuli or meaningfully related activities or events. Fredericks, Blumenfeld, and Paris 
(2004) posit that engagement comprises behavioral, emotional, and cognitive dimensions, 
with engagement playing a pivotal role in successful learning (Henrie, Halverson, & Graham, 
2015). A higher level of engagement holds the potential to yield favorable learning outcomes 
(Lee, 2014). Therefore, items from the behavioral, cognitive, and emotional scales were 
incorporated into the measure of learning concentration within the VRLS. 

 

3. Results and Conclusion 
3.1 Results: Instrument Validity and Reliabilities 

The developed VRLS, encompassing two primary factors: immersion and learning 
concentration. To ensure the content validity, the VRLS was reviewed by eight experts, 
including three college professors specializing in educational technology, and five experts who 
are current elementary and junior high school teachers. 259 students ranging from 4th grade 
to 7th grade with learning experience with VR participated in this study. As to the construct 
validity, the item-analysis result indicated the CR value of each item was above 3.0 and 
reached the significant level. An EFA determined the factor structure with KMO values 
exceeding .90 for each factor. Principal component analysis with Varimax orthogonal rotation 
extracted the factors. Items with factor loadings below .40 were removed, and the scale 
structure was made up of four factors, immersion, behavioral concentration, cognitive 
concentration, and emotional concentration. The Cronbach’s alpha (α) internal consistency 
reliability coefficient for each sub-scale was .94, .95, .97 and .96, respectively.   

Additionally, this study tried to establish the validity of using the emotional graphics to 
present participants’ emotion status. We invited 214 elementary students to match the six 
emotional graphics with corresponding text-based description. As shown in Table1, the 
emotional graphics mostly aligned with the intended emotional states, except the “Expected” 
item which accounted for 67.8%. 

 
Table 1. Descriptive Results of Emotional Graphics for Presenting Participant Emotion Status 

 Happy Expected Curious indifferent depressed scared 
Agreed  191 145 193 199 194 206 

% 89.3 67.8 90.2 93 90.7 96.3 
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3.2 Pilot Study 
 

37 students with the learning experience with VR participated in the study. Students’ 
reported scores of the variables, including immersion, behavior concentration, cognitive 
concentration, emotional concentration, learning motivation, technology acceptance, and 
learning satisfaction, were listed in Table 2. As shown in Table 3, significant correlations 
between learning motivation and the four factors of VRLS were found. Similar results were 
obtained in the relationship between the four factors  and technology acceptance. However, 
the relationship between immersion and learning satisfaction is not significant.  
 
Table 2. Descriptive Results of Students’ reported score (N=37) 

immersion behavior 
concentration 

cognitive 
concentration 

emotional 
concentration 

motivation technology 
acceptance 

Satis- 
faction 

M  5.06 5.12 5.13 5.19 5.39 5.33 5.42 
SD 0.64 0.96 0.82 0.81 0.98 1.06 0.85 
 
Table 3. The Correlation among Examined Variables (N=37) 

 motivation technology  acceptance learning satisfaction 
immersion 0.49** 0.43** 0.32 
behavior concentration 0.40* 0.48** 0.36* 
cognitive concentration 0.48** 0.50* 0.40* 
emtional concentration 0.52** 0.63** 0.51** 

 
3.3 Conclusion 

In this study, the VRLS was developed based on a comprehensive review of the 
literature and comprised two primary factors: immersion and learning concentration. The scale 
items were adapted from Witmer et al.'s PQ (2005) and Fredericks, Blumenfeld, and Paris 
(2004). The VRLS demonstrated content and construct validity, and a pilot study of using the 
VRLS in comprehending students' learning experiences was carried out. Upcoming findings 
of this research series will be shared in the coming times. 
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Abstract: In this work-in-progress paper, we describe the participatory design approach we adopted 
for the inclusive design of a student-facing learning analytics dashboard. The objective is to involve 
learners throughout the design process to help prevent instructors’ biases ending up in the design. The 
design participants developed learner personas, use scenarios and storyboards to capture the broad 
spectrum of students' abilities, skills, objectives, and situations. These guided the decisions made for 
the essential features, functions, and interactive behaviours of the dashboard and for its initial functional 
implementation. 
 

Keywords: Participatory design, learning analytics, dashboard, personas 
 
 
1. Introduction 

 
Learning Analytics Dashboards (LAD) designed for students are tools capable of monitoring 
and communicating learning analytics data directly to the learners themselves. These systems 
can empower students, assisting them in measuring their learning progression, fostering their 
ability to reflect critically, and enhancing their self-regulated learning competencies (Molenaar, 
Horvers, Dijkstra, & Baker, 2019). However, despite the rapid pace of these dashboards' 
development, our comprehension of their effective design, how these tools facilitate or fail to 
support learning, and the reasons for their general lack of adoption among students remain 
unclear (Bodily, & Verbert, 2017). The purpose of our research is to create novel designs of 
LADs that support all learners in the most inclusive manner, and that foster engagement and 
trust, leading to regular use over time especially by struggling students. In this work-in-
progress paper, we describe the participatory design approach we have adopted for the 
inclusive design of such a dashboard.  

Participatory Design (Spinuzzi, 2005) is a user-centric methodology that involves all 
key stakeholders in the design process, aiming to better anticipate, understand, and fulfill their 
requirements. This approach encourages stakeholders (especially end-users) to collaborate 
with designers, researchers, and developers throughout the innovation journey, contributing 
not only to decision-making but also to the generation of ideas (van Oorschot, Snelders, 
Kleinsmann, & Buur, 2022). In the context of educational technology, participatory design 
entails learners, instructors and designers collaborating to develop prototypes and evaluate 
design ideas. The benefits of participatory design are numerous. Beside preventing personal 
biases ending up in the instructional design, instructors can gain a deeper understanding of 
learners’ needs, preferences, and experiences. This generally leads to more effective and 
inclusive solutions. Involving learners in the design process can also help build trust and create 
a sense of ownership. 
 
2. Methodology and Results 
 
2.1 Data 
 
Our project uses learning traces generated by one cohort of around 240 telecommunications 
engineering undergraduate students enrolled on a course on Multimedia Fundamentals. The 
course presents a variety of digital learning resources and activities on the Virtual Learning 
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Environment (VLE), including reading materials, interactive videos (H5P technology), quizzes, 
and exercise worksheets. Students are expected to complete all the learning activities before 
attending a synchronous tutorial each week. In the 2022 iteration of the course, each student 
engaged in a total of 65 digital learning activities. Daily records were maintained of their digital 
footprints (Bourguet, 2022). 

 
2.2 Design Process  

 
The participatory design process we experimented with comprises three phases. The first 
phase involves an 'initial exploration of the work', aimed at understanding the context of 
learning. The second phase, referred to as the 'discovery process', is highly interactive and 
employs methods like brainstorming, persona creation, and storyboarding. The third and final 
phase involves 'prototyping' the educational resource or technology. Six students from the 
course were selected to join as uncompensated participants in the project. Alongside a final 
year undergraduate student, tasked with creating a functional prototype, and the course 
instructor, they formed the participatory design team. A total of eight participatory design 
sessions were held (a cumulative 20 hours), with some conducted online and others in person. 
 During the initial phase, covered in the first two sessions, the goals were to establish 
through guided discussions a consensus on the participatory design workflow; to foster a 
shared understanding of the learning context (learning objectives, course expectations, 
delivery mode, learning activities, and students’ digital traces); to raise awareness of ethical 
concerns related to the adoption of learning analytics; and to discuss principles of inclusive 
design.  Specifically, the data collection, and how digital traces could be used to personalise 
the learning experience were discussed. Ethical concerns were also addressed about the 
potential impact of using LADs for students, staff, and the university, as well as the privacy 
concerns that might arise. The team agreed on a workflow for every meeting, which included 
identifying and discussing problems, generating and summarising ideas, and creating a 
meeting summary.  

The discovery process spanned the following three sessions with the objectives to 
generate ideas for the LAD's usage, content, and appearance; to develop learner personas 
that represent different student profiles; and to craft scenarios and storyboards for each 
persona. A brainstorming session, resulting in a word cloud of attributes allowed the 
participants to elicit the characteristics that should be used to describe as broadly as possible 
their fellow students. Referring to themselves, to their friends, classmates and acquaintances, 
the project team then endeavored to instantiate these variables, discussed how these traits 
affected the students’ ability to learn, and what LAD features could best support them. 

The final stage of the design process comprised the last three sessions aiming to draft 
various paper prototypes, and to discuss graphical and functional elements of the LAD, like 
interactivity, customisation, and adaptation (see example in Figure 1.b). The online platform 
Excalidraw, which allows multiple users drawing on the same whiteboard, was used to support 
this highly collaborative task. 

 
2.3 Results 
 
For describing fellow students and creating personas, eleven variables were elicited: ‘Personal 
Information’ (including Study Location, Quality of equipment, Time availability, English skill, 
Learning foundation, Ability to use tools), ‘Needs’, ‘Goals and motivation’, ‘Study strategy’, 
‘Time management’, ‘Effort’, ‘Engagement’, ‘Concentration’, ‘Efficiency’, ‘Affective state’, and 
‘Attitude’. Six significantly different student profiles emerged while instantiating these variables, 
which can be roughly classified as representing: (1) talented, (2) diligent, (3) social, (4) lacking 
commitment (see Figure 1.a), (5) lacking perseverance, and (6) disengaged students.   

A functional LAD prototype was implemented (see Figure 1.c) and a preliminary 
evaluation questionnaire has been distributed to 31 students (11 identifying as male and 20 
as female). The students highly evaluated most of the LAD’s graphical components, with a 
preference for the radar charts and for the progress bars. 17 students (54.84%) indicated that 
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they felt the LAD could help them monitor their learning progress. 16 students (51.61%)
indicated that they were satisfied with the usability and aesthetic of the LAD. Only 14 students
(45.16%) indicated that they would be happy to use the LAD regularly. Clearly, more work is 
needed on the design of the LAD.

The respondents were also asked to identify with one of the six personas. Each 
persona was selected by at least one student (two of the personas were chosen by 11 and 10 
students respectively), which goes some way to demonstrate the inclusivity of our approach.

Figure 1. a. Persona; b. Paper prototype; c. Functional prototype

3. Conclusion

There are numerous advantages to employing participatory design in educational technology. 
In addition to mitigating personal biases in instructional design, it allows instructors to gain a 
more profound understanding of learners' needs, preferences, and experiences. This results 
in more effective, inclusive and tailored solutions.

A significant insight from this project is how small, albeit not inclusive, student-staff 
partnerships can effectively assist instructional designers in better considering the diverse 
needs, priorities, experiences, behaviours, goals, and situations of learners. It is essential to 
make a distinction between inclusive partnerships and partnerships for inclusivity; the work 
outlined in this paper is an example of the latter. The work continues, building on our shared
understanding of the students’ diversity of needs to build more effective and trustworthy LADs.
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Abstract: Incorporating robust authentication and authorization mechanisms is 
important to reduce the risk of credential information leakage in an application such as 
Internet shopping when a smart device is shared by multiple people. We developed a 
system that allows smart device administrators to customize the application by 
registering access control conditions expressed as logical expressions into our system.
However, the administrator need logical thinking abilities when creating logical 
expressions, which is not easy to describe the logical expressions to ensure they work 
as intended for the specific processing flow because they are not programmers. This 
paper proposes a tutoring system that helps to express logically using a chatbot, which 
contributes to enhancement and flexibility for smart device security.  

Keywords: Smart Devices, Authentication, Tutoring System, Chatbot 

1. Introduction 
 

Smart devices are used in private and public spaces by groups such as families and school 
classes. Smart speakers, one of the smart devices used in multi-person households, are the 
subject of privacy and consent studies (Nicole et al., 2021). In multi-user environments, there 
are challenges such as the risk of storing multiple users' biometric authentication information 
on the same device. Controlling the device based on its surrounding environment can be 
achieved by integrating factors such as the number of individuals nearby, the intentions they 
exhibit, and their interpersonal relationships as external information. We developed a system 
to control the application of smart devices collaborating with external information to adapt to 
the environment around the device to solve operational and security issues that arise when 
multiple people use a single device, as shown in Figure 1 (Takahashi et al., 2022). In this 
system, the Device Admin (administrator) describes combinations of external information as 
logical expressions to achieve more complex authentication and authorization than using 
voice-based verification codes built into smart speakers. Our paper shows a scene in which 
several students and a teacher with different privileges use a shopping app on a smart 
speaker in a laboratory. In order to allow students to freely use this app under their own 
authority, the teacher needs to set the logical expressions as a Device Admin. It is said that 
the degree of freedom in logical expression design varies greatly depending on the IT skills 
teachers possess, and the quality of educational content also changes (Karen E. I., 2006).  
Research is being conducted to assess the logical thinking abilities of Japanese high school 
students, and it has been found that some test takers do not fully understand the meanings 
of logical connectors such as "and" and "or" (Misono, et al.,2018). Therefore, a tutoring 
system is required to allow Device Admin with limited development skills to customize logical 
expression. 

In this paper, we describe a system that performs control collaboration with external 
information based on a logical expression registered in advance by the Device Admin. Next, 

926



we focus on the part where the Device Admin creates the logical expression and discusses a 
tutoring system to support it interactively using a chatbot. Even the Device Admin with 
limited logical thinking ability easily creates logical expressions by interacting with the 
chatbot.

2. Collaboration system with external information

We introduce the collaboration system with external information in Figure 1. This System 
consists of Process Flow Section, App/User Management Section, and App/User 
Management DB. App developers create apps and add API calls to the system at the point 
of customizing the flow. Device Admin registers a logical expression. A logical expression 
consists of a combination of logical operators and functions to retrieve external information, 
and the order of processing is determined by the state of the logical expression and external 
information. User Admin registers user information such as attributes and groups. When a 
user uses the app on a smart device, it calls the Process Logical Expressions section via 
API at the customization point. Next, it acquires the pre-registered logical expression from 
the App/User Management DB. The system processes the process according to the logical 
expression. If an instruction to the user is required when acquiring data, the contents of the 
instruction are returned to the application. App/User Management Section is an interface to 
register information in the App/User Management DB. 

An example of control using this system implemented in a smart speaker is shown in 
Figure 2. We envisaged a situation where several students and a teacher use a shopping 
app on the smart speaker in the classroom. Existing shopping applications use voice-based 
confirmation codes for access control as shown in Figure 2(a). However, using voice-based 
confirmation codes is unsuitable in a space with many people, such as a classroom. By 
registering the logical expression shown in Figure 2(b) into the system, the teacher, as the 
Device Admin, can introduce processing in the application that utilizes external information 
such as authentication and relationship data. Even if people are around, secure 
authentication using ID and password can be performed. In addition, the purchasing 
authority can be changed according to the user’s attributes, such as student or teacher. 

Figure 1. The overall structure of the collaboration system with external information

Figure 2. Changes in the shopping app before and after the introduction of this system
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3. Proposal for an interactive tutoring system using a chatbot

In our system, the Device Admin is supposed to create a logical expression. Considering
that devices are used in schools, the Device Admin would be a teacher, not a programmer. 
A more intuitive system is required for creating logical expressions. 

Therefore, we propose a chatbot to assist in this task interactively, as shown in 
Figure 3. The chatbot assists in the creation of logical expressions through interactive 
dialogue, enabling Device Admin to intuitively configure logical conditions by asking 
questions and presenting choices. Additionally, by engaging in real-time feedback, the 
chatbot allows the Device Admin to make adjustments based on the situation, thereby 
preventing incorrect logical expressions. This chatbot helps with the following three points. 
First, express logical expressions in a natural language style to help Device Admin
understand them. Second, by showing the priority of each function, it assists the 
understanding of the range of influence of "or" and "and". Finally, the logical expression
eventually be correct even if the Device Admin adds the conditions in a different order. By 
supporting the above three points, even if the Device Admin does not understand the 
structure of logical expressions, the creation of logical expressions can be automated by 
taking information equivalent to logical expressions in a conversational format.

Figure 3. Overview of the tutoring system using a scenario-type chatbot

4. Conclusion

We develop a system that performs control collaboration to external information based on a 
logical expression registered in advance by the Device Admin to solve operational and
security issues that arise when multiple people use a single device. Chatbots are used to 
easily create logical expressions even without the administrator being a programmer. In the 
future, it is possible to introduce a large-scale language model such as ChatGPT to the 
Chatbot part. Since it is good at explaining logical formulas in natural language, it is possible 
to help the Device Admin's understanding at the stage of creating logical expressions.
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Abstract: Cross-organizational data utilization is crucial for fostering DX in education. 
In order to leverage data across multiple organizations, some research suggests 
platforms that enable data-using organizations to bring data and the programs 
deployed to a secure execution environment for processing. However, when it comes 
to using educational data, it is concerned about the risk of confidential information 
leakage by transferring the data outside of organization. In addition, to efficiently use 
data across organizations, each organization should perform common preprocessing 
on the data. In this paper, we propose a processing distribution system that can 
securely and efficiently collect educational data and utilize it across organizations. 

 
Keywords: DX, Educational data, Cross-organizational use, Processing distribution, 
GakuNin 

 
 
1. Introduction 
 
To promote DX (digital transformation) in the field of education, it is necessary not only to 
analyze educational data held by each organization independently but also to enable cross-
organizational analysis. Cross-organizational data utilization can be an opportunity to create 
new services, in addition to discovering and improving problems in education. Some 
research suggests platforms that allow the processing of data collected from various 
organizations in a secure execution environment while ensuring data security and preventing 
information leakage (NTT, 2022; Sakamoto et al., 2021). These platforms provide an 
execution environment that keeps data and programs secret from others and enable 
program execution on that environment. After executing the process, the execution 
environment is deleted, and the data generated after execution is encrypted and saved in 
secure storage to prevent information leakage.  Organizations that hope to use the data can 
receive processed results after moving the data and the programs to an environment outside 
of organization.  

When focusing on the utilization of educational data, it is considered difficult from the 
viewpoint of ensuring privacy to collect the raw educational data held by each organization 
and analyze it across the organization. Hence, processing platform without transferring the 
data outside of organization is required. It is also important to be able to verify that 
educational data is processed appropriately, ensuring transparency in the process. 

We propose a processing distribution system that facilitates the cross-organizational 
utilization of educational data. This system distributes a processing environment for handling 
data to each organization using container-based virtualization technology. Container 
packages an application and execution environment together virtually, enables independent 
processing to run in all computing environments. The processing content in the container is 
also shared and distributed after prior testing to ensure its validity. This approach allows the 
organization to access a trusted processing environment and analyze raw educational data 
without needing to transfer the data outside the organization. Additionally, it enables data 
standardization and anonymization for cross-organizational analysis. 
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This paper outlines the requirements for collecting and utilizing educational data, 
then, introduces the proposed system along with a specific example of its application. 
Finally, it concludes with a summary. 
 
 
2. Requirements for collection and utilization of educational data 
 
Figure 1 shows the data utilization flow required to realize educational DX. There are two 
ways to utilize educational data: intra-organizational use and cross-organizational use. Intra-
organizational use necessitates a system that enables concise data processing within an 
organization, without the need to transfer the data externally, and the results are utilized 
within the same organization (Figure 1-(a)). For cross-organizational use, data is typically 
anonymized and aggregated, but this can lead to reduced analysis accuracy. Therefore, it is 
essential to establish a mechanism to anonymize data (Figure 1-(b)) after preprocessing 
such as data standardization (MEXT, 2021) and analysis within each organization (Figure 1-
(a)), followed by aggregation of the results (Figure 1-(c)). This allows the analysis accuracy 
to be maintained at a high level after data is aggregated. It is also crucial to validate the 
program before sharing and distributing, ensuring that multiple organizations can agree on 
how the data will be processed. Additionally, a seamless mechanism is required to connect 
intra-organizational use to cross-organizational use. By implementing a system equipped 
with these mechanisms, data utilization can be improved, allowing for better data utilization 
by refining the program based on knowledge gained from cross-organizational use. 
 

 
Figure 1. Data utilization flow required to realize educational DX. 

 
 
3. Processing distribution system and a specific example of its utilization 
 
To achieve the data collection and utilization described in Chapter 2, we propose a 
processing distribution system. Figure 2 shows an overview of the processing distribution 
system. Since containers are used in this system, the system can be used by installing 
Docker regardless of the server OS. The system operates on the premise that a group of 
servers executing the processing is connected through the Academic Access Management 
Federation in Japan (GakuNin, 2009), allowing container execution and other operations 
among organizations cooperating through GakuNin. External access from the container 
execution environment is restricted, and data export in a manner not desired by the data 
owner is prohibited.  

The data processing workflow in this system commences with the container 
administrator creating a container image containing the application that will process the data. 
After testing verifies its validity, the container image is registered in the container registry.  
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Figure 2. Overall view of processing distribution system. 

 
After authentication with GakuNin, data owners then select and download the desired 
container image (Figure 2-(a)(b)) and execute the processing within their environment. This 
represents the intra-organizational use. For cross-organizational use, a member of an 
organization who wants to use the data obtains authorization to run the container for the 
cooperating organization and gives processing instructions to the system of each  
organization (Figure 2-(c)). Each organization's system then downloads the required 
container images according to the instructions. (Figure 2-(b)). The data resulting from the 
processing performed on each server is subsequently aggregated on the organization's 
server for further analysis (Figure 2-(d)). 

An example application of this system is the utilization of school survey data. For 
instance, an educational institution intends to conduct a standardized survey across multiple 
schools. A web application containing the survey content is containerized and distributed to 
each school. Since the data to be utilized are responses to a questionnaire and the data 
format is the same, the processing of the data can also be containerized and each school 
can use the container for intra-organizational use. Moreover, by analyzing the survey results 
within each school and then performing anonymization and other processing using 
containers, the survey analysis results can be safely shared. This enables the 
comprehension and comparison of overall trends. 
 
 
4. Conclusion 
 
We have proposed a processing distribution system for the utilization of educational data 
across organizations. With this system, essential data can be efficiently processed within the 
organization's environment, without needing to transfer the data outside of the organization. 
Depending on differences in the content and format of data held by organizations, it may be 
difficult to use data only with container processing. However, this system enables uniform 
data collection and analysis across organizations by defining anonymization policies and 
data format rules in advance. 
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Abstract: The rapid rise of digital learning platforms has ushered in an era of
educational transformation. While these platforms offer the advantage of scalability,
they often fall short in facilitating meaningful interaction, which is pivotal for effective
learning. Addressing this concern, our study introduces PyGuru 2.0, an innovative
online learning environment for Python programming that aligns with the ICAP
framework with an advanced conversational agent. We further investigate the
interactions between students and a chatbot, employing a qualitative approach to
comprehensively explore the diverse ways in which students interact with the chatbot.
The interaction categories encompass a wide spectrum, including code assistance,
error resolution, and conceptual explanation. In future, we plan to further elaborate on
this coding scheme and see its impact on students’ learning outcomes.

Keywords: PyGuru, Chatbot, ICAP, ChatGPT, Python Programming.

1. Introduction

In recent years, there has been a steady growth in the use of digital learning environments to
supplement classroom teaching. However, the design of these learning environments
challenges educators' capacity to facilitate personalised and meaningful interactions with
learners (Song, Oh, and Rice, 2017). Such interactions align with established learning
theories that underscore the significance of social engagement and meaningful discourse in
yielding fruitful learning outcomes (Kim, 2001).

There is a quest to create technology that can mimic personal and meaningful
interactions to improve learning in these digital learning environments. This gap of
unavailability of meaningful and personalised learner-educator is now being overcome by
Conversational Agents (CA). A CA is a computer system intended to converse with a
human. In the domain of education, plenty of initiatives were undertaken to employ CA for
various reasons, including the exploration of their potential to foster active participation, drive
knowledge construction, and enhance learning outcomes (Song, Oh, and Rice, 2017;
VanLehn et al., 2007; Grossman et al., 2019). However, notwithstanding their promising
prospects, traditional CAs bear certain limitations. Their knowledge scope can be confined,
resulting in limited responses and incomplete guidance. Moreover, their ability to grasp
conversation context may be constrained, leading to misinterpretations of learners' queries.

To fill this lacuna, our research endeavours to address these limitations by
introducing PyGuru 2.0: an extension of PyGuru that seamlessly integrates an advanced
conversational agent powered by “ChatGPT 3.5 turbo”. Further, we seek to examine how
students interact with this chatbot and how it impacts their learning outcomes. This
exploration is grounded in the principles of Chi and Wylie's ICAP framework, which was
extended by Raković et al., 2020 by proposing 10 rhetorical moves characteristic of the
interactive mode of Chi and Wylie's ICAP framework (2014). An elementary analysis has
revealed that students use the chatbot for error resolution support, conceptual explanations
etc. In future, we plan to further elaborate on this coding scheme and see its impact on
students’ learning outcomes.

2. PyGuru 2.0: Learning Environment
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The learning environment PyGuru 2.0 is a simple extension of PyGuru, which is a
computer-based learning environment for learning Python (Singh et al., 2022). PyGuru has a
book reader, video player, code editor, and discussion forum. The book reader contains
textual information which can be highlighted and annotated. The video player offers an
advanced interactive feature of embedding questions into the video. It also has a discussion
forum to allow learners to put forth their queries. Further, PyGuru offers Integrated
Development Environment (IDE) to practise coding.

Figure 1. User interaction with the chatbot integrated with PyGuru 2.0.

In PyGuru 2.0, we have layered a chatbot on top of the existing learning environment
PyGuru. This chatbot is powered by “ChatGPT 3.5 turbo”. This chatbot provides students
with real-time assistance, guidance, and feedback on their programming inquiries and
challenges. PyGuru 2.0 aligns with the ICAP framework by promoting interactive
conversations, where learners actively engage in discussions with the conversational agent.

3. Methods

3.1 ICAP Framework

ICAP is a hierarchical engagement framework classifying student behaviours into four
modes: interactive, constructive, active, and passive (Chi & Wylie, 2014). Passive mode
involves receiving information without active learning actions, leading to episodic storage
(Chi & Wylie, 2014). Active engagement includes physical actions like note-taking and aiding
learning with prior knowledge integration. Constructive engagement entails creating artefacts
using prior knowledge and available information, fostering deeper understanding (Chi &
Wylie, 2014). Interactive engagement happens during interactions between the partners
(here chatbot and learner) and requires constructive engagement from both partners
involved as well as sufficient turn-taking (Chi & Wylie, 2014). We intend to leverage the ICAP
modes to analyse the learner interactions with the chatbot.

3.2 Study Design and Data Collection

This research aims to explore and analyse the interactions between students and a chatbot
in the context of Python programming education. The study adopts a qualitative approach to
investigate the diverse ways in which students engage with the chatbot during their learning
process. The data for this study will be collected from PyGuru 2.0. The study involves
undergraduate students enrolled in Python programming courses. Data will be collected for
six sessions, each lasting 90 to 120 minutes, allowing for a comprehensive analysis of
student-chatbot interactions.

3.3 Coding Interaction Categories
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To analyse student-chatbot interactions, a set of interaction categories will be established
based on the nature of communication observed during interactions. Some of the possible
categories and their description is mentioned in Table 1.

Table 1. The table presents interaction categories for analysing student-chatbot interactions

Codes Explanation
Error Resolution Assistance in resolving programming errors.
Conceptual Explanation Seeking conceptual explanations or theory.
Exploratory Discussion Engaging in open-ended discussions to explore concepts

3.4 Data Analysis

Student-chatbot interactions will be categorised by multiple coders to ensure the consistency
and reliability of the interaction categories. Inter-rater reliability will be assessed using
Cohen's Kappa. The coded interactions will be subjected to qualitative content analysis. The
identified interaction categories will be examined in terms of frequency, patterns, and
nuances, providing insights into how students engage with the chatbot and how this impacts
their learning outcome.

4. Conclusion

By embedding an advanced conversational agent within PyGuru's existing framework, we
enhance the quality of interactions between learners and the platform, addressing the
limitations of traditional digital learning methods. Our research is rooted in the ICAP
framework's principles, advocating for interactive, constructive, and active cognitive
engagement to optimise learning outcomes.

The integration of PyGuru 2.0 and its chatbot component aims to provide a
comprehensive learning experience, promoting real-time assistance, guidance, and
feedback. By employing a qualitative approach to analyse student-chatbot interactions, we
seek to unravel the diverse engagement patterns occurring during programming education.
This analysis can potentially offer valuable insights into how learners benefit from interactive
discussions, error resolution support, and conceptual explanations facilitated by the chatbot.
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Abstract: The long-term lack of structural resources in game studies has been a 
constant obstacle preventing researchers from academicizing video game community 
knowledge and gamer competence (Lin, 2011). The difficulty lies in the fact that one 
cannot make bricks without straw. Each paper on game research is like a piece of brick, 
without a sufficient amount of bricks, it is naturally difficult to produce a relatively large-
scale structure. Such a predicament is interrelated and affect one another. Nowadays, 
a certain number of studies on gamer competence has accumulated in various fields 
such as neuroscience, communications, psychology, sociology, and pedagogy, 
however, a coordinate system for gamer competence in the academic circle of game 
studies has yet to be established. Based on this, this paper uses the document analysis 
method to propose a two-dimensional analytical framework for classifying current 
gamers’ competencies. The results are presented according to a systematic review, 
which specifically points out the literature gaps and research method breakthroughs in 
each quadrant, providing a reference for relevant studies when choosing a research 
topic or focusing on a research path. To conclude, this paper uses a graphical 
framework to compile the current state of player competence at this stage, so that 
subsequent researchers can locate their own point of focus and relative position, 
making it easier for discussion and focus in their respective area of exploration. 

 
Keywords: analytical framework; systematic review; gamer competence; video game 

 
1. Introduction 
  

What exactly are the abilities that players derive from their gaming experiences? It is 
still a black box. This central concern of the latest learning sciences has yet to be explained. 
This dilemma has been taken up by heavyweight researchers in learning sciences, such as 
John Seely Brown and James Paul Gee, who have called for researchers to inquire into the 
unknown abilities of the gaming generation (Thomas & Brown, 2011). In recent years, there 
have been single-point breakthroughs on unknown player competencies, but standalone 
sporadic findings can rarely be used as structural resources to reverse the dilemmas 
encountered in the field (Ulicsak & Wright, 2010), and there are still very few systematic 
“unboxing” of gamer competence to improve the overall understanding. 

Based on this, this study will follow up in Chapter 2 with a review of the relevant 
frameworks for gamer competence to date, seeking to improve the understanding of gamer 
competence with a systematic review, and subsequently propose an analytical framework 
and competency distribution in response to the urgency of deconstructing the 
aforementioned player knowledge and abilities. 
 
2. Literature Review 
 
Analytical frameworks with a focus on community significance can provide key indexing 
functions. Analytical frameworks are mostly found in review article/ review paper of extensive 
past literature on a specific topic, summarizing the current research development of the 
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theme in a graphical framework. Since an analytical framework already contains a large 
amount of compilation and analysis of past literature, it is extremely helpful for areas where 
structural resources are scarce, or those who want to get a quick and concise summary, or 
for researchers who are trying to figure out the direction of their research. 
 
2.1 Current Status of the Analytical Framework of Gamer Competence 
 
Structural or review studies of gamer competence are very rare. In the past, many studies 
have individually explored players’ abilities developed through gaming, such as reaction 
speed, hand-eye coordination, reasoning, spatial exploration, information ability, and social 
cognition (Crawford, Medendrop, & Marotta, 2004), which are all valuable results that 
researchers have advanced individually to counter the negative image of “gaming” in the 
past and their attempt to capture the unknown abilities of players. 

The existing analytical framework for gamer competence is rather lacking. There is 
not yet a mature classification method that can incorporate these unknown abilities into the 
analysis. After a systematic review, only one framework article, “Key Dimensions of 
Contemporary Video Game Literacy: Towards A Normative Model of the Competent Digital 
Gamer” by Klimmt (2009) in the Journal for Computer Game Culture was found. 

This three-dimensional analytical framework cannot easily be used to categorize 
gamers’ competencies. Klimmt (2009) proposes three dimensions of player competence, 
namely (1) resilience against effects of game content on automatic cognition, (2) the ability 
to cope with social affordances of multiplayer games, and (3) the ability to manage inertia 
processes in playing motivation that result in a perceived risk of losing investments of time 
and effort when deciding against playing. These three types of competences are quite 
meaningful. However, and most critically, these three dimensions cannot be used to 
categorize existing findings of gamer competence. Therefore, even though this framework 
paper is the only literature available on player competence, there is still room for 
improvement if it does not achieve the indexing effect that an analytical framework should 
have. The research question is: what is the analytical framework of gamer competence 
obtained through systematic review? 
 
3. Research Methodology 
 
The review was conducted in an objective and systematic manner. Document analysis is an 
effective method to understand the current status of player competence. This chapter is 
divided into: (1) data collection, (2) data analysis, and (3) establishment the framework. 
 
3.1 Data Collection  
 
Four methods were used to carry out literature search: online database, ancestry approach, 
descendancy approach (Cooper, 1982), and invisible college. 

As for Web of Science, the search was based on the Web of Science Core Collection’s 
Social Sciences Citation Index (SSCI), and 445 entries were obtained from Web of Science( 

Retrieved by 2021 summer). For the invisible college, four researchers with more than 
10 years of experience in game research were consulted and provided supplemental 
information. A total of 14 additional articles were added by the ancestry approach, 
descendancy approach and invisible college. After 4 criteria used to filter the literature, a 
total of 107 articles met the criteria. 
 
3.2 Data Analysis 
 
The data analysis is based on the document analysis method. The author carefully read the 
recorded in detail in order to analyze the competencies of the players mentioned in various 
papers. Document analysis is a method of systematic research and analysis of document 
content to generate the context and meaning of the documents’ content. The content is 
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explained and interpreted by extracting the theme, issue, or motif after analyzing the 
document (Denzin & Lincoln, 2005). For a more detailed categorization, this study adopted a 
phenomenologically sensitive expert coding for content assessment, called interpretative 
document analysis. In this paper, three checking methods used in qualitative research were 
applied to ensure the trustworthiness of the study. First, data triangulation: as mentioned 
above, three major databases and four data collection methods were used to collect data 
from multiple sources to help understand the overall phenomenon. This is a means to obtain 
evidence based on structural corroboration (Ary, Jacobs, & Sorensen, 2010). Second, 
descriptive validity: it refers to the factual accuracy of the researcher’s interpretation in the 
text, without assembling or distorting what one has seen or heard (Maxwell, 2005). Third, 
code-recode/intra-rater agreement (Ary et al., 2010; Guba, 1981):  Analysis in this paper was 
initially coded in January 2019 and recoded in January 2021, when comparing the analysis 
results of the two after the 2-year interval, the intra-rater agreement can be confirmed. 
 
3.3 Selection and Establishment of the Analytical Framework  
 
Establish the analytical framework dimensions that can be used to classify the present-day 
player competence. The researcher carefully reviewed 107 related studies in the Chinese 
and English literature on gamer competence and used the aforementioned notation method 
to delete the unused categories. Finally, two important attributes of player competence were 
identified, which can be effectively used to cover the current research development. 
 
4. Research Results 
 
Two important attributes of player competence were identified, which can be effectively used 
to cover the current research development. These are: the classic dimension of gamer 
culture “solo and team battle”, and the latest achievement in new media literacies, 
“consuming and prosuming”, and the most appropriate representation image was also 
chosen. The analysis results showed that the X-axis and Y-axis were plotted as continuous 
axes, and the relative positions of gamer competencies in video games discussed in the 
literature were placed respectively, and Figure 1 in the following was produced. 

 
Figure 1: A Review of the Current Video Game Competencies Drawn by the Author 

The main purpose for the development of an analytical framework is to “use the known 
to lead to the unknown, uncover the unknown, and gain the latest insights.” For this paper, 
such an analytical framework is easier for readers to understand and use when presenting 
results, and it helps researchers to analyze and rationalize the data and evidence, which is 
an efficient way to communicate trends and insights. 
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Abstract: In the realm of natural language processing (NLP), the quantification of text 
readability remains crucial, with pivotal applications in education. While the Flesch-
Kincaid GradLevel (FKGL)  has been a foundational metric for English text readability, 
recent advancements, particularly with models like Bidirectional Encoder 
Representations from Transformers (BERT) , have heralded a new age of language 
model-based assessments. Contrary to popular belief about the FKGL's legacy nature, 
our research elucidates that FKGL encapsulates language model complexities. We 
introduce a novel interpretation that views FKGL as a linear blend of perplexities from 
specific unigram models. Leveraging the OneStopEnglish dataset, we enhanced FKGL 
by incorporating perplexity values from state-of-the-art language models for sentence 
boundaries. Our results highlight that integrating BERT's capabilities significantly 
bolsters FKGL's performance. The implications are vast, suggesting potential 
expansion to multi-lingual FKGL applications and providing theoretical backing for 
FKGL-based research in languages like Japanese. 

 
Keywords:  Assessment, Language Models, Perplexity 

 
 
1. Introduction 
The quantification of text readability stands as a fundamental task in natural language 
processing (NLP), having pronounced importance in various application domains, notably in 
education. The Flesch-Kincaid GradLevel (FKGL) [1] has historically been the benchmark 
metric, widely employed for the automatic assessment of English text readability. In contrast, 
recent advancements in deep learning, spearheaded by models like Bidirectional Encoder 
Representations from Transformers (BERT) [2], have ushered in an era where large-scale 
language models are increasingly anticipated to play significant roles in automated 
readability evaluation. Numerous studies, as delineated in [3], have put forth methodologies 
predicated on language models, reportedly outperforming FKGL in precision. A common 
conjecture attributed to this heightened accuracy is the inherent legacy nature of FKGL, 
given its non-reliance on any contemporary language models. 
Challenging this narrative, our study underscores that FKGL, in fact, encapsulates 
complexities intrinsic to language models. More specifically, we posit that the FKGL can be 
aptly represented as a linear combination of the perplexity derived from a specific unigram 
model. This association between FKGL and perplexity is, to the best of our awareness, 
unprecedented, and its potential ramifications deem it worthy of comprehensive 
documentation. 
Perplexity, as expounded in [4], acts as a gauge for the complexity of test data within the 
purview of language models. It is mathematically defined as the inverse of the probability of 
a word manifesting within the test data, computed on a per-word basis. Intuitively, perplexity 
provides insight into the average number of choices a language model, predicated on its 
training, can delineate from contextually when making predictions on the test data. For 
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illustrative purposes, if the occurrence probability of a word is set at 1/3, it implies the 
model's capability to narrow its choices down to one out of a potential three words. 
 
2.  
The Flesch-Kincaid GradLevel (FKGL) is traditionally defined as: 

FKGL=0.39×Average Word Count per Sentence+11.8×Average Syllables per Word−15.59 
where the average word count per sentence is calculated as the ratio of total words to the 
number of sentences [1]. 
Consider a text where sentence boundaries are marked with the token “[SS]”. If the text is 
partitioned such that the last “[SS]” demarcates the test data, with everything preceding it as 
training data, the output probability of “[SS]” for the unigram model trained on this partitioned 
data is given by the number of “[SS]” occurrences in the training data divided by the total 
word count, which equivalently is the ratio of the number of sentences to the total word 
count. The perplexity for the single-word test data “[SS]” on this unigram model (which is the 
inverse of its probability) is thus given by Word Count/Sentence Count, aligning with the 
average word count per sentence. 
To elucidate, consider the text segment: “[SS] This is a pen. [SS] That is a cat. [SS]”. Using 
the final “[SS]” as test data and the preceding as training, the unigram model yields  
p("[SS]") = 12/2 . The perplexity of the test data (“[SS]”) is 1/p("[SS]") =  12/2 = 6, matching 
the average word count. 
Given that perplexity serves as a quantitative measure of test data complexity using a 
language model, the average word count in FKGL can be interpreted as representing text 
difficulty using a unigram model by quantifying the complexity of sentence boundaries. This 
understanding opens avenues for various applications. 
We propose an enhanced FKGL by integrating the perplexity values derived from state-of-
the-art language models for sentence boundaries and examining the potential improvement 
in performance. For evaluation, we utilized the OneStopEnglish dataset comprising 567 
texts, each manually rated on a three-tier readability scale tailored for English learners. 
(More details can be found at: https://paperswithcode.com/dataset/onestopenglish) 
Rather than using “[SS]”, the BERT model was employed to mask the next word following 
each text's end, and the probability of the BERT “[SEP]” token appearing was determined. 
We engaged the pretrained model 'bert-large-cased-whole-word-masking' for this endeavor. 
 
3. Results 
To evaluate the efficacy of the proposed enhanced FKGL metric, we compared its 
performance against the traditional FKGL using the OneStopEnglish datase . Specifically, 
the Spearman rank correlation coefficient was calculated against the dataset's manual three-
point scale readability annotation labels: beginner, intermediate, advanced. 
The traditional FKGL yielded a correlation coefficient of r=0.5776. In contrast, the enhanced 
FKGL, wherein the average word count component was supplemented with the BERT-
derived sentence-boundary perplexity (scaled by a constant for value range alignment), 
demonstrated an improved correlation of r=0.5825. The scaling constant was computed as 
the reciprocal of the average perplexity across all texts. 
A Wilcoxon signed-rank test was employed to test the statistical significance of the 
difference between the two metrics. The difference was found to be statistically significant, 
with a p-value less than 0.01. 
 
4. Discussion 
In this study, we demonstrate that the "Average Word Count" component of the Flesch-
Kincaid Grade Level (FKGL) can be interpreted as the perplexity derived from a unigram 
language model. Similarly, the "Average Syllables per Word" can be understood in terms of 
the perplexity of word boundaries in a unigram language model designed for sequences of 
syllables. Consequently, the FKGL can be conceptualized as a linear combination of two 
distinct unigram language models: one considering words as units and the other considering 
syllables as units. Our findings can be immediately applied to other readability formulae that 
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utilize average word or syllable counts. Notably, these include formulae such as the Flesch 
Reading Ease (https://en.wikipedia.org/wiki/Flesch%E2%80%93Kincaid_readability_tests) 
and the Automated Readability Index 
(https://en.wikipedia.org/wiki/Automated_readability_index). 
 
5.  
Our experimental results suggest a noteworthy observation: while the conventional unigram 
model fails to capture the intricate complexities of sentence boundary determinations, 
integrating BERT's prowess in detecting sentence boundaries significantly enhances the 
performance of the FKGL metric. This improvement was determined to be statistically 
significant. 
While this study primarily focused on the average word count in a text, there's potential to 
further investigate the average syllable count from a similar perspective. Specifically, the 
intricacies of determining boundaries within sequences of syllables can be viewed 
analogously to perplexities in the context of a unigram model. Thus, the FKGL can be 
characterized as a linear combination of the perplexities derived from unigram models. 
The implications of this research are profound, particularly in lending theoretical validity to 
studies that employ FKGL for Japanese texts [5]. We anticipate that our findings will pave 
the way for more extensive research on the multi-lingual adaptation of FKGL and its tailored 
applications for English learners. 
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Abstract: Cognitive architecture plays essential role in Intelligent Tutoring System 
(ITS). For effective learning support, dynamic model subserving the function of the 
prediction of learners’ states should be incorporated. In this paper, we proposed a 
neural network-based architecture in progress that can incorporate the dynamic model 
to generate the prediction of leaners’ perceptual states when categorical ambiguous 
stimulus and the instruction of category were given. 
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1. Introduction 
 
Cognitive architecture in the research field of artificial intelligence in education and learning 
have demonstrated its importance as a role of learner model in Intelligent Tutoring System 
(ITS) (Anderson et al, 09). As is well known that domain modelling, tutor modelling and 
learner modelling are essential role of ITS construction (Nkambou et al, 10), sophisticated 
learner model plays crucial role not only to estimate learner states but also to generate acute 
“prediction” for the learner states. Estimation of learner states has long been one of the most 
important issues in ITS. Bayesian approach has been adopted for knowledge-state 
estimation (e.g. Bayesian Knowledge Tracing), and affective tutors have been proposed that 
can estimate leaners’ mental states (Ammar et al,10). Estimation of mental states can be 
achieved with various physiological data (D'Mello et al, 2007), and intelligent mentoring 
system (IMS) incorporates mental states of learners. Machine learning approach including 
deep neural network came to realize the acute prediction the learner mental states from 
physiological data and the estimation results are used for teachers’ pedagogical decision 
making (Matsui et al, 19). On the other hand, “how to predict the learners’ states” can remain 
crucial issues to optimize the pedagogical decision making of ITS. The selection of teaching 
actions should be optimized with predictions of how the action will affect the state of the 
learner (e.g. to encourage the learner, a teacher considers how his/her action effects on the 
learner’s mental states). To predict the learners’ state and utilize it for the decision making, 
learner model should incorporate the dynamics of learning-related states including emotion. 
In this paper, our in-progress neural model incorporating the dynamics of leaner’s states as 
the neural network model is proposed. 
 
2. Proposed model for prediction of learner’s perceptual states 
 
In this article, we considered the simple situation where learner is provided with categorically 
ambiguous (including perceptually ambiguous like Rubin’s vase) stimuli as educational 
material and with the perspective as the instruction such as “See this stimulus as the face.” 
Fig.1 shows the protype of proposed neural model for prediction of learners’ perceptual 
states. The model contains of three modules: (1) Gate module, (2) Attractor network module, 
and (3) Perspective controller module. Gate module is a module that pay attention to a part  
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Figure 1. The proposed neural network model. Blank circles and filled circles indicate 
the excitatory and inhibitory neurons, respectively. 

of input. We construct the attractor network module based on the model of Inferior Temporal 
cortex proposed by [Matsumoto et al 03]. The output of this module indicates the prediction 
of learner’s perceptual states. Perspective controller module is a key module to realize the 
perspective-based perception. This module consists of three elements: (1) bias vector and 
(2) gating modulator and (3) bias modulator. Bias vector represents a perspective that is 
provided as the pedagogical instruction. Gating modulator is feed-forward neural network 
that modulate gate pattern and its neural connectivity is updated based on the prediction 
error from bias modulator. Bias modulator computes a prediction error between the 
excitatory neurons of attractor network module and bias vector. The whole model is a part of 
model of learners to incorporate the dynamic states of the learner.

3. Simulation and results

The purpose of the simulations was to test whether output pattern (i.e. prediction) can be 
generated in line with the bias vector (instruction) when an ambiguous stimulus (created by 
superposing two stimuli belonging to different categories) input. The input was given as an n-
dimensional vector. The pattern ߦఓ,ఔ represents stimuli belonging to category ߤ. According 
to [Matsumoto et al., 03], 15 stimuli (3 elements × 5 categories) were generated and the 
elements belonging to same category correlated with each other at 0.3. We adopted ߦଵ,ଷ and ߦସ,ଶ as inputs and the connectivity of the gating module was trained before ambiguous 
stimuli was input. In the simulation, ambiguous stimuli ܪ௫௧ is given as ܪ௫௧ = ଵ,ଷߦߙ +(1 − ସ,ଶߦ(ߙ ߙ) ∼ 0.456) and bias vector is given as ߦଵ,ଷ or ߦସ,ଶ.

Figure 2 shows the transaction of overlap ݉ఓ,ఔ(ݐ) (the distance between ߦ௨,௩ and neural 
activity of attractor network, ref. (Matsumoto, 05)) and prediction error. Left-Up shows the 
transaction when a bias vector was given as ݒ௦ = ଵ,ଷ, and Right-Upߦ shows the 
transaction when a bias vector was given as ݒ௦ =  ସ,ଶ. The results indicated that in caseߦ
of ݒ௦ = ,ସ,ଶߦ the model predicted that the learner’s perceptual state converged to ସ,ଶߦ in 
accordance with the perspective. On the other hand, it predicted the perceptual state 
converged to ସ,ଶߦ in case of ݒ௦ = .ଵ,ଷߦ This inappropriate prediction was ascribed to failure 
of learning manner in gate module. In learning phase of the gating module, the stimuli were
input from ߦଵ,ଷ to ߦସ,ଶ and its connectivity can be adjusted to make it easier to perceive the 
input as ߦସ,ଶ. This phenomenon should be related to catastrophic forgetting (French 1999).
Since learners do not study all learning content at the same time, it is necessary to devise 
ways to describe the learner model as a neural network model.
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Figure 3. Transaction of overlap ݉ఓ,ఔ(ݐ) and prediction error (ݐ)ߝ: (Left) ߦଵ,ଷ was given 

as bias vector, (Right) ߦସ,ଶ was given as bias vector. 
 
4. Summary and limitation 
In this study, we proposed the necessity of prediction module into the cognitive architecture 
of learner model in ITS. The neural network model that can predict the learner’s states of 
perception was constructed. It also remains important issues other than the refinement of the 
model: (1) how to generate bias vectors, (2) validity evaluation of the model (e.g. alignment 
to subject’s response in psychological experiments), and (3) the design of interaction 
between the proposed model and other component of ITS for effective learning support (e.g. 
adaptive feedback (Yamamoto 23)).  
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Abstract: Children from low-income communities face additional barriers to science 
and computing education, including limited computer access, language barriers, and a 
lack of resources for experimentation, often while being out of school. Computer-based 
learning resources that address these challenges in their design have the potential to 
make STEM education accessible to a whole new section of society. This paper 
presents a gamified learning object and a supporting visual programming language 
(VPL) that allows users to program and execute science experiments in the form of a 
narrative-driven problem-solving exercise. This tool is primarily intended for children 
from economically disadvantaged backgrounds. 
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1. Introduction 
 
Gamified computer applications have been extensively explored for enhancing the quality of 
instruction and engagement of students in introductory programming and science education. 
Unfortunately, children from underserved communities face unique barriers to accessing 
science, technology, engineering, and mathematics (STEM) education and are often excluded 
from such initiatives. Children from low-income families in developing countries may not attend 
school and get forced into physical labor, street vending, or begging, which leaves no time for 
learning. And even if they do attend school, they often lack proper equipment and competent 
faculty which prevents them from meaningfully engaging in STEM education interventions. In 
absence of government support, individual instruction via computing devices is an option, but 
is limited by access to network and devices. Furthermore, unstable economic conditions and 
social stigma may lead to persistent stress which hinders the development of a healthy social-
emotional skill-set.  

In light of the above limitations, we present a gamified inquiry-driven learning object to 
teach science concepts, basic coding, and social-emotional learning (SEL). Combining these 
goals into one app reduces intervention duration. Science inquiry games help lay the 
foundations for scientific thinking, and SEL is emphasized because it helps improve student 
performance and emotional well-being (McClelland et al, 2017). Also, block-based 
programming languages like Scratch have been shown to help young children develop 
problem-solving and computational thinking skills with minimal cognitive load (Resnick et al, 
2009; Pelánek et al, 2022). We address the following research gaps in this paper: (1) Though 
a game unifying SEL and Physics education goals was proposed by Aleven et al (2013), tools 
that teach science, SEL, and programming skills through a singular interface don’t exist; (2) 
Programming platforms like CODE.org (Kalelioğlu et al, 2015) focus on small puzzles that 
exist as one-off activities that are not adaptable to the local curriculum and lack the scalability 
to encompass much of the existing STEM curriculum; and (3) Educational interfaces for 
introductory programming rarely consider the unique challenges of children from low-income 
communities in their design. 
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2. Learning Object: Design and Implementation 
 
The learning object includes a toolbar containing the activity blocks, a workspace and an SEL 
support toolbar; see Figure 1a for the outline. It can also be replicated offline with minimal 
resources and supports the following objectives: 

Support for scientific inquiry: Developing scientific inquiry skills requires repetitive 
experimentation and real-time feedback. The activity’s design is guided by the National 
Science Education Standards (Aleven et al, 2015) and encourages children to predict, test 
hypotheses, explain observations, and revise theories based on feedback from the interface. 

Support for block programming: Blocks in the activity support the text-free design 
paradigm with supporting text in a local language (Hindi). The use of icons helps make the 
exercise more accessible to children who lack adequate literacy skills and extend its 
accessibility for younger students who might rely solely on visual cues. Some blocks, as shown 
in Table 1, use parameters to reduce ambiguity by limiting options to a reasonable set. 

Support for social-emotional learning: The activity targets three primary SEL goals 
for elementary students: cooperation and empathy, self-awareness, and help-seeking 
behavior. It involves a human player and a non-player character (NPC); the player must 
respect the emotions of the NPC in order to successfully complete the game and earn 
maximum points. The NPC would express discomfort when under undesirable predicament 
and leave the game leading to a two-point deduction from the user score. This serves to 
reinforce the need for cooperation and showcasing empathy towards the NPC. Based on this 
understanding, the child would be prompted with a short quiz for labeling emotions of self and 
the NPC (Figure 1b). Additionally, help-seeking behavior is encouraged through tooltip 
(dialogue box appears on the hover event on each block), a help button (plays a short video 
explaining the activity setup), and trashcan feature that maintains a history of blocks used for 
reference during gameplay.  

 

 
Figure 1. a) Layout of the proposed interface b) Self-reflection form for SEL support. 

 
The game is set in a playground with a swing and an electromagnetic setup inspired by Gupta 
(2015). The NPC sits on an iron swing which moves due to electromagnetic forces according 
to the Fleming's left-hand rule. The player manipulates the swing by altering elements in the 
virtual setup (like polarity and orientation of magnetic field and electric current). One end of 
the wires remains connected to the swing while the other can be periodically attached to the 
battery, this induces a magnetic field around the swing. A magnet beneath it interacts with this 
field, rocking the swing so the NPC can collect apples from the trees. Being swung too high 
upsets the NPC which prompts them to leave the game. Therefore, the player would have to 
balance self-interest and regard for the NPC’s emotions in order to gain maximum points. 
Players learn the Fleming's left-hand rule by continually developing and refining hypotheses 
about the virtual environment through experimentation as part of the scientific enquiry process. 
The blocks are designed to teach some basic concepts of programming like sequential 
execution, functions with parameters (rotate, increase and connect blocks), and loops. It also 
illustrates semantic errors and type compatibility, e.g., a battery can't substitute for a wire in 
the connect block. See Table 1 for a detailed description of blocks in the VPL. 
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We propose the deployment of this activity as a web application so it could be accessed 
on a wide range of devices and operating systems without the need to install any new software. 
Additionally, web applications can be conveniently packaged for offline usage. Our 
implementation used the React library while the graphical interface was made up of Scalable 
Vector Graphics (SVG) with Cascading Style Sheet (CSS) transitions for animations. The VPL 
and coding workspace were developed using the Blockly library.  

 
Table 1. Custom blocks in the visual programming language 

Block Image Block 
Name 

Description  Block Image Block 
Name 

Description 

 

Battery Block representing the battery 
object. 

 Rotate 
(battery) 

Takes the battery object as 
argument and rotates it with 

the angle provided by the 
player. The values accepted 
are 90, 180 and 270 degrees. 

 

Connect Used to connect wires to 
battery, the arguments for the 

connect block are type 
sensitive (wires can only 

occupy the extreme positions). 

 

Increase 
(value) 

Increases the current or 
magnetic field of the object 
attached. Only allows the 

battery or magnet blocks to 
be connected. 

 

Black 
Wire 

Block representing the wire 
(black) object. Used to 

describe the direction of the 
current when connected to a 

battery object using the 
connect block. 

 

Red Wire Block representing the wire 
(red) object. 

 Magnet Block representing the magnet 
object. It can be passed to the 
‘rotate’ or ‘increase’ block as 

an argument. 

 Disconnect The current flow stops when 
the wires and battery are 

disconnected, returning the 
swing to its initial position. 

 
3. Conclusion and Future Work 
 
This paper presented design considerations, implementation and deployment suggestions for 
a novel interdisciplinary educational activity supported by a small visual programming 
language. Though the presented approach could aid in making STEM education more 
accessible to children from low-income families, there are several questions that need further 
investigation. The proposed approach must be tested with participants in order to verify its 
efficacy; questions about cognitive load, perceptions formed, and complexity of code 
generated should be evaluated. Furthermore, it is essential to fully explore the implications of 
such intervention on the community’s perception of formal schooling and ethics of child 
employment. Future research could also explore unsupervised joint media engagement (JME) 
and the potential of parental collaboration for temporarily replacing actual teachers during 
times of crisis when access to trained educators might be hampered. 
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Abstract: This working paper discusses our initiative to explore the possibility of 
harnessing drones as an inquiry-based learning tool in geography education for 
supporting outdoor fieldwork. In particular, we focus on delineating (i) the rationale 
behind this initiative, and (ii) the direction of how to adopt drones in geography learning 
and teaching based on the high-school context in Hong Kong. 
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1. Drone-Assisted Learning (DAL) 
 
Drone-assisted learning (DAL) has been regarded as one of the potential technology-
enhanced learning approaches to be widely adopted in the field of education (Shadiev et al., 
2022). Nonetheless, in K-12 contexts, most empirical studies and representative examples of 
DAL so far are mainly pertaining to STEM education or STEM-related subjects, in particular, 
with the purpose of supporting the learning and teaching activities of computational thinking, 
computer literacy and programming skills (e.g., Bhuyan et al., 2020; Breuch et al., 2020; Chou, 
2018; Fokides et al., 2017). There has been a lack of DAL research on exploring the possibility 
of leveraging drones to support high-school students in conducting outdoor inquiry-based 
fieldwork in geography education. 
 
 
2. High-School Geography Curriculum in Hong Kong 
 
In alignment with the educational reform for promoting student-centredness in school 
education in Hong Kong, the revamped statutory high-school geography curriculum lays 
strong emphasis on theme-based and inquiry-based learning (Curriculum Development 
Council, 2022; Jong, 2023; Jong et al., 2019; 2020a; 2020b). In the curriculum, each 
geographical theme involves a number of curricular topics; the content of each topic pivots 
around a central inquiry question. Figure 1 illustrates an example of a curricular topic and 
inquiry question under the geographical theme of “Dynamic Earth.”   
 
 
3. Proposed Pedagogical Use of Drones in Outdoor Inquiry-Based Fieldwork 
 
In Hong Kong, typically, a high-school geography teacher uses a 15-day teaching cycle to 
cover a curricular topic (see Figure 1), in which five lessons (70 minutes each) are evenly 
distributed in each cycle. Based on this learning and teaching context, we have proposed a 
pedagogy for facilitating students to harness drones to conduct outdoor inquiry-based 
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fieldwork. The design of this pedagogy is theoretically grounded on Pedaste et al.’s (2015) 
five-stage inquiry-based learning model, namely Communication, Engagement, Exploration, 
Expression and Evaluation. Figure 2 illustrates the implementation of this pedagogy within a 
15-day teaching cycle. 

Figure 1. A curricular topic and inquiry question under a geographical theme.

Figure 2. Harnessing drones in outdoor inquiry-based fieldwork.
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4. Conclusion and Future Research 
 
Drones have been foreseen as a potential tool to be widely adopted for supporting K-16 
learning and teaching (Shadiev et al., 2022). Inquiry-based learning has been regarded as an 
important instructional approach to facilitating constructivist, student-centred education and 
training (Huang et al., 2022; Pedaste et al., 2015). This working paper presents our initiative 
to develop a DAL pedagogy for supporting outdoor inquiry-based fieldwork in the context of 
Hong Kong high-school geography education. A critical piece of our coming work is to conduct 
empirical research to evaluate the effectiveness of this pedagogy. Moreover, it is important to 
collaborate with frontline geography teachers to enact design-based research (DBR) (Jong et 
al. 2023; Mckenney et al., 2019) for optimising the design and implementation of this pedagogy 
so that it can be pragmatically adopted in different school settings in the circumstance of formal 
education.  
 
 
Acknowledgement 
 
The work described in this paper was substantially supported by a grant from the Research 
Grants Council of Hong Kong Special Administration Region, China (Project No.: 14618322). 
 
 
References 
 
Bhuyan, J., Wu, F., Thomas, C., Koong, K., Hur, J. W., & Wang, C. H. (2020). Aerial drone: An effective 

tool to teach information technology and cybersecurity through project based learning to minority 
high school students in the U.S. TechTrends, 64, 899–910. 

Breuch, B., & Fislake, M. (2020). First steps in teaching robotics with drones. In M. Merdan, W. 
Robotics in education (pp. 138–

144). Springer.  
Chou, P. N. (2018). Smart technology for sustainable curriculum: Using drones to support young 

students’ learning. Sustainability, 10, Article 3819. 
Curriculum Development Council. (2022). Geography: Curriculum and assessment guide (Secondary 

4–6). HKSAR Education Bureau.   
Fokides, E., Papadakis, D., & Kourtis-Kazoullis, V. (2017). To drone or not to drone? Results of a pilot 

study in primary school settings. Journal of Computers in Education, 4(3), 339–353. 
Jong, M. S. Y. (2023). Pedagogical adoption of SVVR in formal education: Design-based research on 

the development of teacher-facilitated tactics for supporting immersive and interactive virtual 
inquiry fieldwork-based learning. Computers & Education, 207, 104921. 

Jong, M. S. Y., Tsai, C. C., Xie, H., Wong, F., Tam, V., Zhou, X. (2019). Exploring the possibility of 
leveraging spherical video-based immersive virtual reality in secondary geography education. 
Proceedings of the 27th International Conference on Computers in Education (ICCE 2019) (Vol. II, 
pp. 709–711). Kenting, Taiwan. 

Jong, M. S. Y., Tsai, C. C., Xie, H., & Wong, F. K. K. (2020a). Integrating interactive learner-immersed 
video-based virtual reality into learning and teaching of physical geography. British Journal of 
Educational Technology, 51(6), 2063–2078. 

Jong, M. S. Y., Tsai, C. C., Xie, H., Wong, F. K. K., Tam, V., Zhou, X., & Chen, M. (2020b). Problems 
in educational use of spherical video-based immersive virtual reality in practice: The LIVIE 
experience. Proceedings of the 28th International Conference on Computers in Education (ICCE 
2020) (Vol. II, pp. 724–727). Darwin, Australia. 

Huang, H., Hwang, G. J., & Jong, M. S. Y. (2022). Technological solutions for promoting employees’ 
knowledge levels and practical skills: An SVVR-based blended learning approach for professional 
training. Computers & Education, 189, 104593.  

Mckenney, S., & Reeves, T. C. (2019). Conducting educational design research (2nd ed.). Routledge.  
Pedaste, M., Mäeots, M., Siiman, L. A., de Jong, T., van Riesen, S. A. N., Kamp, E. T., Manoli, C. C., 

Zacharia, Z. C., & Tsourlidaki, E. (2015). Phases of inquiry-based learning: Definitions and the 
inquiry cycle. Educational Research Review, 14, 47–56. 

Shadiev, R., & Yi, S. (2022). A systematic review of UAV applications to education. Interactive Learning 
Environments. https://doi.org/10.1080/10494820.2022.2028858 

 

950



Shih, JL. et al. (Eds.) (2023). Proceedings of the 31st International Conference on Computers in 
Education. Asia-Pacific Society for Computers in Education 

 

Impact of Augmented Reality App on EFL 
Young Learners’ Vocabulary Learning 
Engagement in a Seamless Learning 

Environment   
 

Yanjie SONGa*, Jianfeng ZHOUb, Yin YANGc 
abDepartment of Mathematics and Information Technology, The Education University of 

Hong Kong, China 
cArtificial Intelligence and Digital Competency Education Centre, The Education University of 

Hong Kong, China 
*ysong@eduhk.hk  

 
Abstract: Despite that Augmented Reality (AR) has been integrated into English as a 
Foreign Language (EFL) instruction, few studies have been conducted, focusing on AR 
-supported vocabulary learning both inside and outside the classroom at a primary 
level. Against this background, this quasi-experimental study aimed to examine the 
impact of an AR app – VocabGo on primary students’ vocabulary learning engagement 
under the ‘pedagogical framework of AR-supported vocabulary acquisition in a 
seamless learning environment’ in the context of a private school in Shenzhen, China. 
Mixed research methods were adopted. The study lasted 22 weeks. Seventy-two 
Grade 4 students from a private school in Shenzhen were randomly divided into three 
groups (N = 24 per group). Group 1 used VocabGo both in-class and out-of-class, 
Group 2 used VocabGo in-class only, and Group 3 used VocabGo out-of-class only. 
Data collection involved student pre- and post-engagement questionnaires, student 
focus group interviews, and log data. The research findings show that students in 
Group 1 outperformed significantly those in Group 2 and Group 3 in learning 
engagement in cognitive, behavioural, emotional and agentic dimensions. This 
indicates that AR-supported vocabulary acquisition in a seamless learning environment 
is conducive to students’ vocabulary learning engagement in all dimensions. This study 
contributes to the literature in substantiating the effectiveness of AR-supported 
vocabulary learning in a seamless learning environment for young learners in an EFL 
context, particularly in Mainland China. 

 
Keywords: Augmented reality, English as a Foreign Language (EFL), vocabulary 
learning, engagement  

 
 
1. Introduction 
 
Vocabulary knowledge plays a crucial role in successful language comprehension and use 
(Nation & Webb, 2011). English as a Foreign Language (EFL) vocabulary learning across 
different contexts in a seamless learning environment has gained substantial recognition. A 
‘seamless learning’ refers to a learning process that happens across various contexts, 
including formal and informal settings, virtual and physical spaces and individual and social 
spaces (Wong & Looi, 2021). Recent studies on augmented reality (AR)-supported English as 
a second language (ESL) vocabulary learning in a seamless learning environment have shown 
much promise in enhancing learners’ motivation, cognitive engagement and outcomes (Wen, 
2021; Wu et al., 2021). An investigation conducted by Wu et al. (2021) found that AR-assisted 
vocabulary learning activities were perceived as more enjoyable and stimulating by Chinese 
EFL learners, leading to higher engagement and intrinsic motivation levels. Wen (2021) 
reported that students in the experimental group outperformed those in the control group in 

951



cognitive engagement due to longer time spent on getting used to AR-supported ESL 
language learning.  

Huang et al. (2021) in their review study on AR and VR applications in language 
education found that the studies have focused more on learning motivation that have led to 
increased learning outcomes and less on engagement and satisfaction, which is echoed by 
the most recent review on AR-supported language learning by Shadiev and Liang (2023). In 
addition, other challenges and concerns about AR-supported vocabulary learning remain such 
as the majority of studies having been conducted in classrooms or laboratories, the learning 
activities having been prescribed by the researchers and teachers where learners have had 
limited opportunities to consolidate and use the newly learned words outside the classroom 
leveraged by AR technologies, existing studies having been generally conducted over a short 
term, rarer studies having been conducted in EFL contexts, like China. 

In view of these issues, this study aimed to investigate the impact of an AR app - 
VocabGo AR on EFL pupils’ vocabulary learning engagement both inside and outside the 
classroom in a primary school in Mainland China. Next section presents the research design 
and the design of the VocabGo app. 

 
 

2. This study 
 
2.1 Design of the VocabGo app 
 
The AR app named VocabGo was newly developed by the first author and her research team 
to enhance ESL young learners’ vocabulary learning across different settings in a seamless 
learning environment. Premised on Mayer (1997)’s generative theory of vocabulary learning 
with technology, dual-coding theory (Paivio, 2014), second language acquisition (Nation, 2006) 
and the concept of seamless learning (Wong & Looi, 2011), the design of the AR app focuses 
on enhancing learners’ vocabulary learning using AR identified real-world objects/picture with 
triggered vocabulary in authentic learning environments across different settings.  

VocabGo app runs on mobile devices with iOS and Android systems. It consists of four 
modes: (1) ‘Find’ mode; (2) ‘Go’ mode; (3) ‘Explore’ mode; and (4) ‘Challenge’ mode (see 
Song et al., 2023 for detailed explanations). The teacher can define the words within the 
curriculum unit and input them into VocabGo before students’ learning.  

Considering the integration of AR into EFL young learners’ vocabulary learning in China 
is still in its infancy, in this study, students only allowed to use ‘Find’ mode and ‘My Collection’ 
both inside and outside the classroom. In ‘Find’ mode, students can scan the real objects with 
identified newly learned English words included in the current curriculum unit; and in ‘My 
Collection’, the scanned objects using ‘Find’ mode can be automatically saved in the category 
of pictures with newly learned words (picture-word cards) in the current learning unit. 
 
2.2 Pedagogical framework  
 
The pedagogical design aims to examine learners’ engagement in vocabulary learning both 
inside and outside the classroom supported by the AR app – VocabGo in primary schools in 
Hong Kong (refer to Figure 1). The design consists of activities where the VocabGo app was 
adopted to support both in and out-of-class activities. To be specific, in-class activities aim to 
engage learners in the first three stages of vocabulary acquisition (a) encounter a new word; 
(b) get its form; and (c) understand its meaning with the form supported by ‘Find’ mode on 
VocabGo. Out-of-class activities in real-life settings aim to involve learners in consolidating 
the word, and using the word using ‘Find’ mode, and ‘My Collection’ on the VocabGo app.  
 
2.3 Quasi-experimental design  
 
This quasi-experimental study adopted mixed research methods were adopted, lasting 22 
weeks. Seventy-two Grade 4 students from a primary school in Mainland China were randomly 
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divided into three groups (N = 24 per group). Group 1 used VocabGo both in-class and out-
of-class, Group 2 used VocabGo in-class only, and Group 3 used VocabGo out-of-class only. 
All groups of students use the same study time in and out of class no matter whether they 
used the VocabGo or not. Teachers and parents monitored their study time. Data collection 
involved student pre- and post-engagement questionnaires on behavioural, cognitive, 
emotional and agentic dimensions with 18 items on a 5-point Likert scale (Zainuddin et al., 
2020), student focus group interviews, and log data (number of picture-word cards). The 
research procedure is presented in Figure 2. 

         
Figure 1. Pedagogical framework.                  Figure 2. Research procedure. 
 
Both qualitative and quantitative data analysis methods were adopted. 

 
 
3. Results 
 
The post-questionnaire results showed that there were significant differences in engagement 
levels across all dimensions between Group 1 and Groups 2 and 3 with Group 1 having the 
highest engagement level. The results also showed that there was a significant difference 
between Group 2 and Group 3 with Group 2 having a higher engagement level.  

The focus group interview data analysis results indicate that students in Group 1 reported 
their most enjoyable and engaging experiences than those in the other two groups. 

In terms of the number of picture-word cards collected in 20 weeks, Group 1 collected 
6392, Group 2 collected 5172 and Group 3 collected 4861 picture-word cards.  
 
 
4. Discussion 
 
The findings of this study indicate that AR-supported vocabulary learning in a seamless 
learning environment is conducive to young learners’ learning engagement in a EFL context 
such as Mainland China, which contributes to the literature. Future research will focus on the 
impact of the AR app – VocabGo on students’ vocabulary learning outcomes, and the 
relationship between learning engagement and outcomes to inform curriculum design.    
 
Reference (more references will be included in the presentation due to space limitation) 
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Abstract: The skills required in relation to the same topic can differ depending on 
learner’s attributes such as job and preference. For example, when training on research 
data management for staffs in universities and research institutes, the skills needed 
differ depending on the learner’s jobs, such as researchers, research administrators, 
and IT technologists. In the past research, we developed a Moodle plug-in that provides 
learning contents and quizzes optimized for each learner’s job and preference 
dynamically. In this research, we further enhance this plug-in to register skills retrieved 
from the skill repository and support learners selecting learning contents based on their 
preference. 

 
Keywords: Skill Development, Skill Repository, Moodle Plug-in, LMS,  
Personalized learning, Research Data Management 

 
1. Introduction 
 

In recent years, there have been an increasing number of opportunities for working 
adults to relearn new skills through reskilling and recurrent education programs (MEXT, 
2022) in Japan. According to the theory of andragogy by Knowles (2015), adult learners 
generally become ready to learn when their life situation creates a need to know (readiness 
to learn). Therefore, the skills required for adult learners may vary significantly because 
different learners have different life situations such as jobs in the workplace even if they 
need to learn the same topic. However, it is difficult to prepare all the courses according to 
learners' jobs. Furthermore, even if courses on all jobs are developed, if a single learner 
studies courses on multiple jobs at the same time, time will be wasted due to duplication of 
learning content between courses. Our institute has developed various learning courses to 
learn “Research Data Management (RDM)” for faculty staffs in universities and research 
institutes in Japan, but RDM learners have a variety of occupations and required skills, and 
learning content needs to be provided in a flexible manner. 

To avoid the creation of various learning courses and duplication of learning contents, 
it is desirable for learning content to be dynamically organized and provided to learners 
according to the skills required for the learner's jobs and preference. With Moodle, the 
learning management system, it is possible to display learning activities only to specific 
learners by using a feature called restrict access (Moodle, n.d.). However, the lack of the 
concept of skills reduces flexibility and teachers need to connect learners and learning 
activities manually. 
 
2. Basic Function of Personalized Content Providing Function Developed in 

The Past Study 
 
In the past study (Nagaoka et al., 2023), we developed a function that links skills, 

quizzes to check skill acquisition, and learning content that enables users to learn the 
knowledge necessary to pass the quizzes. Furthermore, we then developed a function that 
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dynamically generates personalized page which shows quizzes and learning contents 
according to the learner’s job associated with the learner (Figure 1 and 2).  

The personalized content providing function developed in the past research (Nagaoka 
et al., 2023) consists of three main functions: (1) skill registration function that links all 
possible skills that may be presented to learners with learning content and quizzes for 
learning those skills, (2) user attribute registration function that links learners with the job, 
and (3) user content providing function that displays only the learning content and quizzes 
related to the skills needed by the learner in a tabular format.  

 
Figure 1. The personalized content providing function (Nagaoka et al., 2023). 

Figure 2. Automatically generated page by personalized content providing function 
(Nagaoka et al., 2023). 

 
3. Additional Functions of Personalized Content Providing Function Developed 

in The Present Study to Use in RDM Context. 
 

Our past research (Nagaoka et al., 2023) has established the basic function for 
providing learners with optimal learning content. However, there were two features that were 
missing to use this system in RDM: (1) the function for learners to select skills by 
themselves, and (2) the function to register skill data retrieved from skill repositories.  
 
3.1 The function for learners to select skills by themselves. 
 

On the system which we developed in the past study, only Moodle administrators (LMS 
administrators) can link learner’s attributes and skills. However, when using this system for 
RDM learning, there was a possibility that learners need to learn skills other than those 
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assigned to their own jobs depending on their own interests and circumstances such as 
department movement. Especially in smaller organizations, the range of skills that a single 
staff should learn considered to be wide and flexibility is required to choose skills. Therefore, 
we developed a function that allows learners to select the skills which they want to learn. 
 
3.2 The function to register skill data retrieved from skill repositories. 
 

In the past study, Moodle administrators register skills one by one, manually. However, 
in recent years, a system for sharing skills has been developed. For example, 1EdTech 
(n.d.a), which provides technical standards for education-related systems, offers the 
Competencies and Academic Standards Exchange (CASE) as a standard for skill sharing 
systems. Based on this standard, the IMS Case Provider (1EdTech, n.d.b), a repository for 
sharing skills, has been published. In this research, we developed a function that allows 
Moodle administrators to register skills to Moodle with JSON data format retrieved from the 
WEKO3 repository system (Research Center for Open Science and Data Platform [RCOS], 
n.d.), which used as the skill repository to share and update skills in this research. By using 
this function, we can register and update skills on the repository and register latest skill data 
to Moodle.  

 
4. Future Works 
 

This paper detailed the characteristics and additional functions of the content providing 
system. One future work of this study is the consideration of how to integrate this system 
with the skills repository. Since skills on the skill repository can be constantly updated, it is 
necessary to consider how to reflect the updated skills in the Moodle side. For example, we 
can use or develop an API to obtain information, so that the skill repository side and the 
Moodle side always synchronize skills. In addition, it is necessary to consider whether we 
should customize the skill repository system to adjust standards such as 1EdTech's CASE. 
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Abstract: Conceptual modelling is a critical ability for a computer science student, 
enabling them to create a variety of conceptual models such as Entity Relationship 
Diagrams (ERDs). However, learning to create an ERD is a challenging task especially 
for novices because it involves various cognitive processes and actions. This research 
proposes a recomposing approach using kit-build exercise for ERD design learning. In 
a kit-build exercise, a student is provided a set of components of a structure and asked 
to recompose the structure using these components. The kit-build exercise has 
advantages as (1) reducing student’s cognitive load by providing available components 
and (2) realization of automatic assessment by comparing recomposed structure with 
the original structure. This exercise has been already implemented for concept maps 
and the learning effect has also been confirmed both experimentally and practically. 
Considering the structural similarities between ERDs and concept maps, we have 
applied the kit-build exercise approach to ERDs.  In this paper, we describe the kit-
build exercise for ERD with automatic assessment and feedback. 
Keywords: ERD, Kit Build, Concept Map. 

 
1. Introduction 

In software engineering, conceptual modelling is an important skill. It involves using a 
modelling language to reconstruct statements about certain domains, such as data or process 
modelling. This activity is required in computer science, software engineering, and related 
majors, as it is mandated by curricula standards (ACM and AIS).  

Creating a conceptual model, such as an entity-relationship diagram, involves various 
cognitive processes and actions such as goal setting, abstracting, conceptualizing, 
contextualizing, interpreting, evaluating, anticipating, visualizing, communicating, discussing, 
and agreeing. Therefore, creating a conceptual model is considered a complex task that 
requires understanding of theoretical foundations, modelling languages, methods, and tools, 
as well as critical thinking and reflection on the application domain. Codified and tacit 
knowledge are also required to complete this task successfully (Rosenthal et al., 2022). 
Several study reports that novice student having difficulties and create errors when designing 
an ERD. Fessakis reported that students’ face difficulties when deciding entities and attributes 
in an ERD (Fessakis et al., 2005). Rashkovits and Lavy mentioned that identifying 
relationships between entity is a serious challenge for novice designer (Rashkovits & Lavy, 
2020). The difficulties when designing relationships between entities in ERD also explored by 
Batra and Antony their study revealed that novice students’ common errors were incorrect 
relations between entities (Batra & Antony, 1994). Batra and Davis observed that ERD created 
by novice students’ were different with the ERD created by experts in terms of ternary 
relationships, unary relationships and categories (Batra, n.d.). Furthermore, Batra mentioned 
that designing ERD is an activity with high complexity for novice students since the activity 
involve extensive use of memory, no mental aids and unconstrained choices (Batra, 2007). 

Kit Build Concept Map (KB Map) is a framework for concept map where a concept map 
created by students can be diagnosed programmatically, KB Map uses the recomposing 
approach(Hirashima, 2019). In this research proposal we propose kit-build exercise for ERD. 
We chose Kit Build Concept Map (KB Map) because KB Map have advantages over normal 
concept map. KB Map able to reduce complexity by providing available components for 
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student to recompose. KB Map also provide ability to automatically assess the students’ 
answers with teachers’ solution by comparing the students’ map with goal map.  

In KB Map a domain expert or lecturer creates a goal map, then this goal map is 
decomposed to create a kit (parts). These parts are provided to learners and the learners are 
required to recompose their own map (recomposing) based on provided kits. This map is 
called learners’ map. Kit build utilizes the goal map and learners map to detect defects in the 
learners’ map. Several learners’ maps can be overlayed to create a group map. This group 
map can be compared with a goal map to re-examine the goal map. Since the ERD have 
similarities and difference with KB map in terms of concept and link between concept, the 
extending process will involve several adjustments to fit an ERD to KB map.  
 
2. Extending Kit Build for ERD Learning 
2.1 Subject for Experiment 
The subject for this research is sophomore student in Politeknik Negeri Malang.  
2.2 Steps to Extend Kit Build for ERD Learning 

To extend kit build for ERD learning there are several differences between ERD and 
Concept Map, the first difference is in concept map there are two items concept and link 
meanwhile in ERD the concept can be an entity or attribute. To fit entity and attribute to kit 
build we will convert entity and attribute to a concept in kit build. The second difference is link 
between concept where the connection between entity in ERD can be divided into three types 
such as “One To One Relationship”, “One To Many Relationships”, and “Many To Many 
Relationships”. To fit the relation to kit build we will convert the relation into link in kit build this 
relation include link between entity and attribute. 

 
Figure 1 Change from ERD to Concept Map 

To demonstrate the process the following example questions for ERD learning / 
problems is used: “Create a ERD for a simple blogging system, in this system a post consists 
of a title, post body, and category. To create a post a user must assign the post category, one 
category can have multiple blog post, each category consists of category name.” 

 

 
Figure 2 Example of ERD answer and ERD converted to goal map 

A lecturer will create the goal map by converting ERD (Figure 2 A) answer into a goal 
map. The process of converting ERD to goal map following the rules in Figure 1, the result of 
this process can be seen in Figure 2B. Then for the learning purpose the goal map in Figure 
2C is decomposed into parts of goal map. From this goal map students will be given the 
questions text and must create their own version of the concept map. This map called student 
map. 
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Figure 3 Variation of a Student Map 

 In the learning process the students will get a questions text and a decomposed goal 
map Figure 2C and they will recreate their own map (Student Map) example of a possible 
student map shown in Figure 3. There are several variations of a student map can be 
recomposed the first is a student map with “leaving link” Figure 3 A, this happen when student 
leaving a link on their map. The second variation is student map with “lacking link” this link 
happens when student connecting a concept to another concept but put wrong link on one of 
the concepts. The third variation is when student link two concepts with completely wrong link. 
 

 
Figure 4 Example of Overlayed Group Map and the analysis 

For analysis purpose in kit build student maps can be overlayed on top of goal map to 
find difference between student answers and teachers answer. Several student map also can 
be overlayed to get the insight of what students think about the answers in kit build this map 
called a group map Figure 4A. In the group map the similar answers between student 
represented by a bold link between concepts, meanwhile the lacking link (Figure 4B) and 
excessive link (Figure 4C) can be obtained by comparing group map with goal map. Both 
lacking and excessive link are the links that many learners failed to connect correctly.  
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Abstract: In this paper, the use of generative AI for creating educational personas is 
presented. Prior to the appearance of generative AI, conversational AI was used to 
enhance educational environments with the use of technologies such as chatbots. 
Generative AI brings a new dimension as it allows for the creation and use of personas 
mimicking real people, historical figures, and even fictional characters. Such designs 
potentially bring a new immersive and interactive dimension to learning, but further 
research is required to understand the full potential of these technologies. In this paper, 
the experiences and challenges in appropriating language learning models to act as 
potential educational personas are described. 

 
Keywords: Generative AI, learning, education, personas, conversational AI 

 
 
1. Introduction 
 
The emergence of generative AI has highlighted the potential of AI in education, leading to 
the efforts to its widespread adoption worldwide (Baidoo-Anu & Owusu Ansah, 2023). 
Generative AI has played a pivotal role in driving the creation of interactive tools and 
systems that are enabling learners to access personalized and dynamic learning 
experiences. Ultimately, these interactive systems possess the capability to revolutionize the 
way learners engage with educational content and access learning resources. However, akin 
to other novel tools, there are persisting challenges concerning their use in achieving 
enhanced learning outcomes and improved educational process. Although generative AI 
holds the potential to contribute to the improved interaction in the educational processes that 
could potentially lead to educational benefits (Xu et al., 2022), it is important to acknowledge 
that pedagogical approaches to achieve so are still work in progress. 
 
 
2. From Conversational AI to Personas in Education 
 
Terzidou et al. (2016) found that the implementation of effective pedagogical approaches 
can yield positive impact on students' learning outcomes. Xu et al. (2022) suggest that 
facilitating contingent interaction between child viewers and media characters has the 
potential to bring about supplementary educational advantages that are not readily available 
through conventional video programming. Pataranutaporn et al. (2021), Fu et al. (2022), 
Almahri et al. (2021), Park et al. (2022) and Chien & Yao (2020) found that personalization 
can improve students' motivation, engagement, and outcomes. Haller & Rebedea (2013) 
presented a method for building a conversational agent that has personality and knowledge 
about historical figures and can be used in educational contexts. Likewise, Fu et al. (2022) 
highlighted that agents' personal memory in conversation can significantly improve agents’ 
responses. Xu et al. (2022) proposed an enhanced framework for designing pedagogical 
agents, which can pose questions, provide feedback, are based on scaffolding, and 
dynamically adjust to students. Implementing such an innovative framework could 
significantly enhance the efficacy of pedagogical agents in supporting student learning. 
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3. Creating Personas and Conversing with Personas 
 

To explore the potential for the use personas in generative AI, Open AI and GPT-3 model 
were leveraged to create a prototype where personas could be defined and used. The 
prototype had the advantage of own database for storing user information and logs. Figure 1 
shows a feature where predefined personas can by modified by specifying name, desired 
voice, avatar, and the initial prompt thereby determining persona characteristics. Such a 
design allows for adjusting the persona vocabulary level towards the educational level of 
students taking part in the learning activity. 
  

 
Figure 1. Modifying a predefined persona to match the desired educational level 

 
Conversations with the persona are conducted via the interactive feature where a 

specific persona can be chosen for textual and voice communication (speech-to-text and 
text-to-speech) when interacting with the persona. The avatar of the persona is customized 
and animated to reflect real time talk (Figure 2). 
 

 
 

Figure 2. Interactive mode for conversing with the persona via text or voice 
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4. Conclusions 
 
To achieve sensible and smooth conversation with the persona, prompts, or queries to 
OpenAI are used to set up the persona. Such a query needs to include the detailed 
specification of the expected persona characteristics. Due to the design of Open AI, the 
following needs to be eliminated from the conversation: the answers where the model itself 
generates questions for the person it is imitating, answers where the model mentions that it 
is not a persona but that it is a language model, and responses where the entire 
conversation is generated as a conversation between two people. The randomization of 
answers and the reduction of the occurrence of repeating expressions had to be performed 
as well. In terms of the overall interaction, the roles of the participants in the conversation 
sent to OpenAI needed to be precisely defined. To simulate the synchronous nature of the 
conversation, speech and animation needed to be synchronized, pronunciation of numbers 
had to be defined, and the flow of conversation had to be slowed down for easier readability.  

The development of generative AI has open the path for significant advancements in 
pedagogy, interaction, and personalization in education. By incorporating pedagogical 
principles into AI systems, educators can leverage generative AI as effective teaching tools. 
Interaction with AI systems, such as chatbots, humanoid robots, and LLMs, should enable 
engaging and immersive learning experiences. The adaptability of generative AI models 
supports personalized learning by potentially tailoring instruction to individual student needs.  
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Abstract: For the sake of maintaining academic continuity during the Covid19 
pandemic that struck the world, particularly in East Timor, all students were required to 
adopt the distance learning format. Online learning, which allows flexibility in learning, 
is one of these formats. This study aims to describe how Timorese University students 
perceive online learning. 190 college students from Instituto Superior Cristal (ISC), 
East Timor, participated in this study. According to the study's findings, students 
generally have a favorable perception of online learning. 
 
Keywords: behavioral intention to use e-learning, face-to-face learning, online 
learning, student’s perception 

 

1. Introduction 
Setting up distance learning to serve all children, especially the hardest-to-reach 

children in remote or rural was not an easy undertaking for a tiny country like East Timor with a 
population of 1.3 million, and distance learning had never been undertaken at scale [UNICEF, 
2020]. Not everyone has access to technology but suprisingly In East Timor, 109.7% of the 
population had a mobile connection in 2021, indicating that many individuals had several 
mobile phones, but the country's internet penetration rate was just 45.1% [Kemp, 2021]. The 
statistics does not yet demonstrate a fair allocation of community access to technology. As a 
result, UNICEF assisted the government in continuing to educate all children during the 
COVID-19 epidemic by offering learning opportunities through a variety of media, including 
TV, radio, the internet, mobile phones, and printed materials. Although practically everyone 
owns a cell phone, not everyone has access to technology [UNICEF, 2020]. 

Instituto Superior Cristal (ISC), one of East Timor’s institutions, hosted a teaching and 
learning process utilizing a variety of online platforms for the first time during the Covid-19 
pandemic, including zoom meetings, Google class rooms, Google Meet, social media 
YouTube, and WhatsApp. However, due to issues with the erratic internet network, exorbitant 
prices, and a lack of supporting infrastructure, the educational process was not carried out 
successfully and efficiently.  

After Covid-19, East Timor’s educational system now relies more on face-to-face 
instruction. However some professors still choose to employ online learning methods. The 
learning experience of using online platforms left a good effect on students and instructors 
despite the inadequate current infrastructure. Therefore, the goal of this study was to ascertain 
how East Timor students felt about the usage of online learning at an institute of higher 
education. 
 
2. E-Learning in East Timor  

Although East Timor’s ICT infrastructure has advanced significantly since gaining 
independence in 2002, there are still many obstacles to overcome, including the fact that less 
than 1% of the country's population has access to fixed-broadband services and that both 
mobile and fixed-broadband services are regarded as being out of reach for most people 
[ESCAP, 2019]. When the Covid-19 pandemic hit the world, East Timor was one of the 
countries that were struggling due to the state of its ICT infrastructure. As a result, the East 
Timor government made the difficult decision to close schools in an effort to stop the virus' 
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spread, which resulted in the disruption of education for 400,000 students [Ramos, 2020].

3. Research Methodology
ISC, a private school of higher learning in East Timor served as the site for this study. 

In this study, there were190 student participants—57.9% female and 42.21% male that came 
from the faculties of education (41.6%) and health (58.4%).

The questionnaire in Table 1 requested replies on a scale of 1 to 5 from each 
participant. The survey adopted by Abbad (2021) research's study questions. Responses 
were provided using a Google form. The questions asked of the study's participants are 
included in Table 1.
Table 1. Questionnaire on the Use of E-Learning

         Items    Questions
1 : What device was used to access e-learning?
2 : What was the most preferred learning model?
3
4

: Are you skilled in using the e-learning platform?
: Are you interested in using the e-learning platform in the future?

4. Findings and Discussion
The "new normal" age, in which new behavior developed following the Covid-19 

epidemic, has arrived in the modern world, including East Timor. This is particularly true of the 
use of information and communication technology (ICT) in education. Particularly in East 
Timor, Covid-19 compelled the shift from non-digital to digital learning. According to research 
conducted at ISC, cellphones (53.44%), laptops (43.39%), and personal computers (3.17%) 
were the most common types of devices used to access E-Learning.

Only a third of the population in East Timor has access to internet infrastructure as a result of 
the country's poor internet penetration [UNDP, 2021]. Consequently, not all students can 
effectively access online learning. However, employing e-learning gives students a unique 
experience. According to a poll of students' preferred learning modes (See Figure 2), about 
55.26% of students select face-to-face instruction while 44.74% select online instruction. This 
can be because students feel comfortable utilizing e-learning platforms because it is not a 
tough process to utilize it (see Figure 3). strongly agree (23.68%), agree (65.79%), moderate
(8.42%), disagree (2.11%), and strongly disagree (0%) are all depicted in Figure 3. Figure 3 
shows strongly agree (23.68%), agree (65.79%), moderate (8.42%), disagree (2.11%), 
strongly disagree (0%). In line with the results of this study, it shows that in general there are 
no obstacles in terms of mastering the use of the e-learning platform. This ease of use is what 
allows it to have an impact on student learning preferences and behavioral intentions to use 
e-learning in the future.

  

Figure 4 Behavioral intention to use e-learning

Figure 1 Type of Technology Ownership Figure 2 Learning Mode Preference

Figure 3 E-learning competency 965



Plans to utilize the e-Learning platform in the future (item 4) may be affected by the study 
findings collected from the survey (item 3). The behavioral intention to utilize e-learning is 
shown in Figure 4 as strongly agreeing (35.79%), agreeing (59.47%), moderately agreeing 
(3.68%), disagreeing (0%), and strongly disagreeing (1.05%). Since East Timor has been 
promoting the use of distant learning modalities for enhancing the quality of teaching and 
learning in numerous policy papers, opportunities for the use of e-learning in the future in East 
Timor are becoming more and more abundant [UNESCO, 2023].    

 
5. Conclusion 
As one of the countries where the number of mobile phones exceeds the total population, it is 
not surprising that East Timor students prefer smartphones as a device to access e-learning. 
With the experience of using e-Learning during the Covid19 pandemic, student learning 
preferences have also changed, quite a few students have chosen online learning as their 
learning preference mode, even though face to face learning is still the dominant choice. This 
ease of use is what allows it to have an impact on student learning preferences and behavioral 
intentions to use e-learning in the future. 
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Abstract: The process of co-creating an educational mobile application to support 
environmentally friendly behavior is presented in this paper. The research material 
consisted of quantitative data collected on the application during the first testing phase 
by early adopters. The results suggest that the most frequently used features of the 
app were related to transport and educational activities. While women tended to split 
their time between transport and learning, men focused mainly on transport. This study 
contributes to the growing field of the use of educational mobile applications for the 
promotion of environmentally friendly behavior. The study results can support the 
design and development of future applications that encourage sustainable practices, 
benefit society, and contribute to a more sustainable future. 

 
Keywords: mobile application, pro-environmental behavior, technology-enhanced 
learning, urban education 

 
1. Introduction 
 
Mobile applications have played a significant role in our everyday routines for many years. It 
appears reasonable to utilize them to tackle contemporary problems, such as those associated 
with mitigating climate challenges (Takaoka et al., 2023). One example of a working 
application in Europe is PULA, which motivates pro-environmental behaviors in city dwellers. 
It aims to combine the benefits of a community currency and digital means of a mobile 
application to tackle a European city's environmental and urban challenges. This study 
presents the research outcomes of the PULA project implementation. Prior systematic 
literature review, case analysis, and in-depth interviews led to the identification of two research 
questions, namely: (RQ1) Whether PULA mobile application can increase ecological 
awareness and enhance environmentally-friendly activities among urban dwellers?; (RQ2) 
Which gamification actions of PULA application are the most popular among its users?  
 
2. Related Works 
 
Raising awareness and educating city dwellers about environmental issues is an area where 
applications can help and encourage pro-environmental behavior. Interactive mobile 
applications can educate users about how their daily behavior affects the environment and 
provide straightforward, practical suggestions for minimizing this impact. By disseminating 
reliable scientific information, such applications help to strengthen pro-environmental behavior 
(Wilson et al., 2019; Ahn,  2022). By breaking down educational material into short, engaging 
segments, it is possible to take advantage of the user's fragmented time and meet the 
demands of a fast-paced life (Chung et al., 2020). 

Applications can be utilized to educate people on sustainability, reduce energy 
consumption, promote green transportation, encourage behaviors enhancing air quality, 
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manage waste, and conserve water (Douglas & Brauer, 2021). By adopting these applications, 
urban residents can scrutinize their consumption patterns and make more green choices 
(D'Arco & Marino, 2022). Such applications can stimulate sustainable actions through rewards 
and challenges (Cudok et al., 2022). Social engagement and inclusion influence individuals' 
behavior patterns and bring a sense of efficiency, effectiveness, and affiliation to the 
performed activities and community goals. Mobile applications proved to be egalitarian and 
inclusive tools that strengthen communities' cooperation, especially through gamification 
related to pro-environmental and local actions (Douglas & Brauer, 2021). 
 
3. Methodology  
 
To respond to the research aim and questions, following the method of Diffusion of Innovation 
Theory (Rogers, 2003), we analyzed data provided by the early adopters of the PULA 
application. According to the method, we fulfilled all its five phases: knowledge, persuasion, 
decision regarding the adoption or rejection of the innovation, implementation, and 
confirmation. By analyzing the behaviors of PULA early adopters, we evaluated the quality of 
the persuasion stage, observed the tendencies on the decision stage, aiming to plan the final 
implementation and prove stages of diffusion. The process involved 29 users (20 women and 
9 men), while 44% represented the 18-25 age range and active employees or students already 
engaged in environmental activities, thus open to testing the PULA application. The testing 
phase took nine weeks. The paper presents the evaluation of data from the application. 
 
4. Results and Discussion 
 
The patterns of PULA application usage suggest that it has the potential to raise pro-
environmental awareness in city dwellers. None of the testers gave up using the application 
(RQ1). The most utilized functionalities by PULA users were transportation activities and 
quizzes (RQ2). These activities were the most engaging, indicating participants' strong interest 
in environmentally friendly transportation options and knowledge acquisition. 
 
4.1 Transport-oriented Functions 
 
Overall, 70% of all transportation activities are associated with urban public transport, followed 
by cycling and walking. Gained results confirm that application users willingly opt for public 
transportation, thus reducing energy consumption and carbon footprint. Furthermore, the 
testing phase results suggest that an individual uses one preferred transportation means 
regularly, and its use notably prevails over other transportation activities of the same user. 
Nevertheless, it is difficult to formulate general conclusions based on a limited testing group 
and obtained data sample. 
 
4.2 Knowledge Gaining Functions 
 
The learning environment, which has been enhanced by the technology represented by the 
mobile app, is an effective tool for supporting environmental education. Learning activities, 
including quizzes and news stories, constituted a substantial part of the participants' tasks. 
The inclusion of news materials was notably prevalent. These activities were regularly 
sustained over time, especially among women. 

Our findings provide evidence that mobile application-enhanced learning can support 
the development of environmentally friendly practices, including the use of public transport, 
beyond the scope of previous research (Ahn, 2022). Among the various quizzes tested on the 
PULA app, the briefest ones were the most favored. Previous research states that shorter 
learning materials are especially captivating on mobile applications (Chung et al., 2020) as 
they aid learning during non-urgent instances. In our study, these included breaks during 
lunchtime or, while driving to work/ university or on the journey back. 
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4.3 Gender Observations 
 
Quantitative research results suggest that females are engaged in various types of activities 
in the application, paying particular attention to knowledge-gaining and educational activities, 
e.g., quizzes. On the other hand, males at large strongly emphasize transport functions, which 
are rewarded with the highest amount of points in the application. Therefore, the conclusion 
is that female and male users apply different strategies and are guided by different 
considerations while using the application. Gender differences were also observed in studies 
conducted under the framework of diffusion innovation theory, suggesting a moderating effect 
of gender between the perceived strengths of innovation and use intentions (Loarne-Lemaire 
et al., 2021). This trend is particularly apparent regarding technological advancements to 
tackle climate change and raise ongoing awareness of it. 
 
5. Conclusion 
 
Research results address two research questions: PULA mobile application can increase 
ecological awareness and enhance environmentally-friendly activities in urban dwellers 
(RQ1); urban public transport and quizzes are among the most frequently used app 
functionalities with the highest gained total points, with challenges being less frequent, yet 
characterized by the highest users’ turnout (RQ2). The research findings, outlined in a full-
length paper (Duda et al., 2023), could benefit ecological tech startups dealing with mobile 
tools, local authorities, educators, researchers, and sociologists unraveling effective 
technological solutions to boost pro-environmental activities. A limitation of the study 
presented is its pilot nature. Early adopters formed a small research sample, and their conduct 
is prone to bias. Due to the users’ awareness of their participation in the pilot, they may have 
intentionally modified their behavior. Therefore, a more thorough investigation will take place 
soon, involving a larger study group and app users rather than testers. 
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Abstract: Amidst rapid technological advancements and escalating environmental 
crises, there is a pressing need for innovative educational approaches addressing 
these challenges. This study introduces the Urban Living Lab (ULL) concept as an 
educational environment to engage households in sustainable food production 
enhanced by a mobile application. Leveraging a learning-by-doing approach and new 
technologies, the study focuses on the "SmartFood” project, which aims to reduce the 
environmental footprint by promoting self-produced food and fostering pro-
environmental behaviors in urban communities. The research employs co-design 
workshops with future ULL participants to understand their needs and expectations. 
Utilizing thematic analysis, the study identifies both enablers and barriers to the 
project's implementation. The SmartFood mobile app emerged as a pivotal tool, 
providing users with valuable information on plant growth conditions and facilitating 
communication among participants. The study reveals that ULL enhanced by mobile 
application can serve as effective platform for educating households on sustainability. 
It also highlights the need for more frequent and detailed educational sessions to 
maximize the sustainability impacts. Overall, the study contributes to the limited body 
of research on ULLs as educational environments beyond higher education and offers 
practical insights for the co-design of sustainable urban food systems. 

 
Keywords: Environmental Education, Urban Living Lab, Sustainable Food Production, 
Co-Design Workshops, Mobile Application, Pro-Environmental Behaviors 

 
 
1. Introduction 
 
With the rapid advancement of technology, as a society we are faced with many new 
challenges. Firstly, the negative impact of human activity on the environment is giving rise to 
ever new crises, for which we must begin to prepare effectively on the one hand, and which 
we must begin to counteract on the other. Secondly, the development of new technologies 
means that we should look for new tools to educate and engage the public, better adapted to 
their changing needs. The study presented here is an attempt to introduce the increasingly 
popular educational environment of the Urban Living Lab concept, supported by new 
technologies, which is based on a learning-by-doing approach.  
 
2. Urban Living Lab Concept 
 
2.1 Related Works 
 
Urban Living Labs (ULL) are often described as "urban innovation ecosystems" that serve as 
frameworks for co-creation of innovation in cities (Yilmaz & Ertekin, 2023). As platforms for 
iterative learning, they are characterized by experimentation, geographical embeddedness, 
participation and user involvement, leadership and ownership, and evaluation and refinement 
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(Beecroft, 2018). However, limited research has been completed so far on Urban Living Labs 
as educational environments going beyond higher education contexts (Martinez-Acosta et al., 
2023; Bogedain and Hamm, 2020). Some of the prior studies have focused on living labs as 
spaces for testing a mobile app-based health program (Kim et al., 2022), indirect education 
on energy consumption habits (Brohmer et al., 2023), and increasing awareness of food waste 
reduction targets (Black et al., 2023). Still, no prior research has used the concept of Urban 
Living Lab to engage households in the co-designing of a mobile-app-assisted system for the 
self-production of food in cities. 
 
2.2 SmartFood Project Case 
 
To address the identified challenges, the “SmartFood: Engaging citizens in food diversity in 
cities” project (SmartFood) aims to contribute to the reduction of the environmental footprint 
by presenting a model for self-produced food, thereby reducing food transportation. The 
project is aimed at shaping a vision of cities of the future in which sustainable patterns of food 
consumption and production, based on healthy eating habits, controlled dependence on food 
retail, reduced food waste and social networks in urban buildings play a dominant role. The 
ambition of the SmartFood project team is to implement a controlled experiment involving a 
local neighborhood community, its building administration and local stakeholders in the 
process of co-creating an educational model for shaping pro-environmental behaviors that 
counteract climate change. SmartFood serves as a starting point for the co-design of 
sustainable hydroponic installation in the common corridors of urban residential blocks of flats 
and the preparation of a social experiment within SmartFood Urban Living Lab in Poland. 
 
3. Methodology 
 
The aim of the research progression is to diagnose problems of food production and waste as 
well as to understand its essence. We invited people to share their experiences, needs, 
understandings of the problem and expectations. The research material presented here 
consists of qualitative data collected during two sessions of co-design workshops (Örnekoğlu-
Selçuk et al., 2023) with future Urban Living Lab participants, conducted online. Data analysis 
was carried out by applying the thematic analysis methodology proposed by Braun and Clarke 
(2019). Due to the high cost of the hydroponic installation envisaged by the SmartFood urban 
experiment, the project was designed for 20 residents of a selected residential block who 
participated in the workshops. The research presented here therefore has the status of a case 
study (Sjoberg et al., 2020). It aims to answer the following research question: How a mobile 
application could increase the engagement of households in sustainable food production? 
 
4. Results and Discussion 
 
Participants of the workshops found the mobile application to be a useful tool to support the 
learning process, both in terms of self-growing food in hydroponic cabinets and as a valuable 
source of knowledge. In particular, the SmartFood App is regarded as a promising contact 
channel between the ULL’s participants and researchers. Its most important feature is the 
information, it provides the user related to cultivation conditions, such as light, humidity, 
substrate parameters, and send notices of emerging irregularities. 

Participants of the SmartFood co-design workshops identified more enablers than 
barriers to the project implementation. Supporting factors identified included economic factors, 
the ability to monitor changes in one’s diet and grocery purchases, the associated opportunity 
for self-reflection, the strengthening of environmental awareness, the opportunity to develop 
interests by growing one’s own fruit and vegetables, and the desire to reduce one’s carbon 
footprint. Predominant among the barriers were people’s inherent prejudices, low public 
commitment to any kind of pro-environmental innovation, fear of insects, reluctance to change 
eating habits, lack of time and technical problems in entering data into the app. 

A more effective implementation of the SmartFood vision could be enhanced by patient 
education of future users, dissemination activities, encouraging the consumption of edible 
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insects rather than farming them, creating a space in the app for advice on how to use the 
products from the cabins (vegetables, worms). Workshop participants expressed approval of 
this form of involving potential users in the co-design of SmartFood solutions. They saw their 
advantages in terms of being able to actively participate, to speak freely, and to be able to 
obtain a lot of information that was important and interesting to them. In the future, however, 
it would be useful to hold more frequent but shorter workshops, and to provide more detailed 
and specific educational information.   
 
5. Conclusion 
 
Upon reflection on the findings from the co-design part of the ULL conducted at the beginning 
of the project period we found that it taught us valuable lessons in how to implement important 
elements of the project when moving forward with participants. In introducing them to elements 
of the educational format and co-producing aspects of the Lab we strengthened the ULL 
design to be more inclusive and productive. With high levels of participation throughout the 
project progression we found that discussing the barriers and drivers of use of the hydroponic 
solutions, the mobile app and surrounding technologies was necessary for increasing the 
legitimacy of the experiment and generating more sustainable use and engagement. Despite 
high levels of participation being somewhat resource draining, we concluded that more 
frequent and detailed educational sessions are necessary to ensure the process fulfills its 
educational potential and to maximize the sustainability impacts and engagement in pro-
environmental behaviors. The findings also offer practical implications for the co-design of 
sustainable urban food systems, highlighting the key role of mobile applications and the need 
to address both enablers and barriers to implementation.  
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Abstract: This study aims to explore the potential of Mobile Assisted Language 
Learning (MALL) in Indonesian rural areas. Rural communities often face challenges 
to access a good education. Therefore, an innovative approach is needed that can 
overcome these obstacles. MALL is emerging as a potential solution that harnesses 
the power of mobile technology to enhance the language learning experience, 
providing flexibility and learning opportunities according to the needs of learners. This 
research uses a systematic approach in the literature review to explore the benefits of 
MALL in improving language learning outcomes in Indonesian rural communities. By 
exploring the potential of MALL in language learning in rural Indonesian communities, 
this research is expected to contribute to improving the practice of language education 
in rural areas, as well as providing equal educational opportunities for students 
throughout Indonesia. 

 
Keywords: Mobile-Assisted Language Learning, Mobile Learning, Language Learning 

 
 
1. Introduction 
Research on Mobile Assisted Language Learning (MALL) has gained considerable concerns 
in language learning developments (Hou & Aryadoust, 2021; Kamasak et al., 2020; Shadiev 
et al., 2020). Previous research on MALL has provided many valuable findings about its 
potentials such as improving language learning experience, more personalized approaches, 
flexibility, and collaborative opportunities (Kukulska-Hulme & Shield, 2008). Other MALL 
research directions also tend to analyze the extent to which the effectiveness of the use of 
mobile devices in improving the quality of language learning with various research contexts, 
strategic approaches, and various targeted language aspects (Hwang & fu, 2018; Sung et al., 
2015). 

Research on MALL in the Indonesian context provides a different perspective in terms 
of the potential for developing language learning and the barriers to implementation (ibrahim, 
2021). The complexity of Indonesian local cultures and language diversity has become such 
a unique challenge in the implementation of MALL. Moreover, it also concerns about the 
language need and cultural context for Indonesian students to improve their language learning 
experiences (Estuarso, 2017). In this case, the use of mobile devices can be the main 
alternative in providing solutions to issues of inequality in education because mobile devices 
can be optimized for language learning anytime and anywhere while also minimizing barriers 
from geographical factors (Fotouhi-Ghazvini et al., 2009). In addition, the very rapid increase 
in the penetration rate of mobile technology in Indonesia is also an important reason for the 
need to develop the potential of MALLs in improving the quality of education in Indonesia 
(Pratama, 2018). 

The effectiveness of MALL can also be promoted to improve the quality of education 
in rural areas in Indonesia. Most research on MALL has focused on regional contexts with 
advanced technological developments or urban areas. Other researchers had developed 
MALL research to a more general context regardless of the conditions of the area that is the 
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research target. Therefore, research on MALL in rural areas needed to be highlighted, 
especially to improve the quality of education in rural areas (Fotouhi-Ghazvini et al., 2009). 

This paper is expected to provide an understanding of the urgency of implementing 
MALL in rural areas of Indonesia and to what extent MALLs can be developed further. 
Moreover, this discussion will also identify how MALL implementation practices can be carried 
out more effectively for recommendations for education policy makers, stakeholders and 
teachers to develop MALL in rural Indonesian contexts.  
 
2. Method 
This study uses a literature-based approach to explore teaching and learning in rural areas of 
Indonesia. The research design involves a systematic review and analysis of relevant literature 
from various sources, including academic journals, books, reports, and other scholarly 
publications. Several leading academic databases, such as ERIC, JSTOR, and Google 
Scholar, were selected to obtain relevant literature. The identified search terms are used to 
perform a systematic search in selected databases and sources. The screening process 
involves reviewing the titles and abstracts of the sources found to assess their relevance to 
the research topic. Retained sources were carefully read and analyzed to extract key 
information and findings. Thematic analysis was used to identify recurring themes, patterns, 
and challenges related to teaching and learning in rural contexts of Indonesia. 
 
 
3. Illustration the Educational Condition in Rural Area of Indonesia 
As the biggest archipelagic country consisting of 17,499 islands, Indonesia has continuously 
experienced problems in the equitable distribution of resources, especially in education, due 
to various geographical problems and social-cultural differences in society (Luschei & 
Zubaidah, 2012). This problem becomes very complicated when it occurs in the context of 
education in rural areas. Rural areas in Indonesia refer to areas that are far from urban centers 
and are often difficult to reach due to difficult geographical conditions, such as mountains, 
wilderness, or small islands. Rural areas usually have lower populations and lack basic 
infrastructure such as roads, electricity, clean water, and adequate educational facilities 
(Madhakomala et al., 2022). 

The geographical differences between urban, rural and rural areas have significant 
implications for educational conditions. Urban areas generally have better access to 
educational facilities, such as schools with complete facilities, stable internet access, and good 
transportation accessibility. On the other hand, rural and rural areas often face challenges in 
terms of school accessibility, limited facilities, and the availability of educational resources. 
This inequity is also closely related to the funds allocations from local government (Sukasni & 
Efendy, 2017). Long distances and limited means of transportation can be obstacles for 
students to reach school safely and on time. In addition, supporting infrastructure such as 
limited or non-existent electricity, networks, availability of clean water, and poor sanitation can 
also affect learning conditions in rural areas (Nuraeni et al., 2020). Geographical factors also 
have an impact on the availability of educational resources. Rural areas tend to have 
limitations in terms of textbooks, laboratory equipment, computers and other technological 
devices. These limitations can affect student learning experiences and the teacher's ability to 
present material well. 

Other common issues faced by rural education are the availability of the skilled 
teachers, the low motivation of students to learn, and the low support from the communities 
for education (Fadilah et al., 2023). This issue is further worsen with lack  learning materials 
or resources, teaching aids or media, teaching methods, slow internet connectivity, learners' 
motivation, evaluation technique and parental support (Mudra, 2018). Moreover, Indonesian 
education management can also be concern particularly in rural areas for the ineffective 
teaching methods, insufficient facilities, and infrastructure (Solihin & Sara, 2021).   

Some efforts to improve the education quality in rural area of Indonesia have not shown 
the good progress. Even after having a mass recruitment of teachers from the Indonesian 
government, the inadequacy and the low welfare of teachers remains the issue for rural 
education (Febriana et al., 2018). Teachers often have to teach multiple subjects which they 
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might not be qualified for (Anwar et al., 2020). These complex issues of inequality in access 
to and quality of education in Indonesia can also be considered as the effect of various factors 
at individual, household, school, community, and government levels (Muttaqin, 2018). 
Therefore, it is necessary to focus on development of teachers' professionalism in remote 
areas, including facilitating further studies, sharing abilities among teachers, and improving 
school facilities (Kurniati et al., 2020). Moreover, the professional teacher training should be 
considered based on geographical location, culture, and the limitations of human resources 
and infrastructure (Fauziyah & Uchtiawati, 2017).  
 
4. The Significance of MALL for Rural Area of Indonesia 
The urgency of MALL in rural areas is very important and has a significant impact in improving 
the quality of education. MALLs provide greater accessibility and affordability to educational 
resources. In rural areas that often have limited access to educational facilities and learning 
resources, MALLs allow students and teachers to flexibly access learning materials, 
applications and online learning resources through mobile devices that are more affordable 
and easy to use (Rajendran & Yunus, 2021). 

The other significance is that MALL allows students to learn languages anytime and 
anywhere. This is especially important for rural areas where schools may be far away, or travel 
times are long. By using the MALL application, students can learn languages at home or in 
their surroundings, according to their needs and time availability (Kukulska-Hulme & Shield, 
2008). Some studies even found out that the students’ acceptance and perception toward the 
use of mobile assisted learning were high (Lizamuddin et al., 2019; Yudhiantara & Nasir, 2017) 

MALL can also improve the quality of learning in rural areas through the various 
features and applications available (Rajendran & Yunus, 2021). For example, interactive and 
multimedia language learning applications can help increase student motivation and 
understanding. In addition, MALLs can also provide access to a more varied learning material, 
such as videos, audio, and e-books, which help enrich students' learning experiences. The 
use of MALL also allows students in rural areas to develop digital skills which are essential in 
today's information technology era. Using mobile devices, students can learn about using 
technology, navigating the internet, and using relevant applications. This helps prepare them 
for the needs of the digital world and enhances their opportunities in the future. 

Related to the learning content and student’s needs, MALL development can produce 
language learning content that is tailored to the needs of students in rural areas. Such content 
may include learning modules, exercises and interactive games specifically designed to 
reinforce language skills. These contents can be adapted to students' language level, relevant 
topics, and local cultural context (Estuarso, 2017).  

MALLs can also connect students in rural areas with the wider language community 
via social media or sharing platforms. Students can interact with native speakers of the target 
language or with fellow students from other areas who are learning the same language. This 
can help increase student motivation and engagement in language learning (Kukulska-Hulme 
& Shield, 2008). In this case, parental and community involvement in education in rural areas 
can also be included. With the MALL platform that allows communication between teachers, 
students, and parents, better interactions can be established in monitoring student learning 
progress. Parents can also be actively involved in supporting their child's learning process 
through monitoring, guidance, and collaboration with teachers 

Rural areas often face limited educational resources such as textbooks, laboratory 
equipment, and limited learning materials (Febriana et al., 2018). MALLs can help overcome 
this limitation by providing access to a more diverse and up-to-date digital content and online 
learning resources. Thus, students in rural areas can access more complete and up-to-date 
learning materials even though local resources are limited. 

MALL applications can provide monitoring and feedback features that can help 
students and teachers monitor language learning progress (Ishaq et al., 2021). Students can 
track their progress, identify areas for improvement, and receive immediate feedback via the 
app. This can help students in rural areas manage their learning independently and increase 
learning effectiveness. 
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5. Identifying the Challenges of MALL Implementation in Rural Area 
Implementation of Mobile-Assisted Language Learning (MALL) in rural areas may face several 
obstacles. One of the main barriers is the availability of adequate technological infrastructure 
in rural areas. Unstable or even widely available internet connectivity can hinder access and 
use of the MALL. Limited networks and lack of infrastructure such as signal towers and limited 
access to electricity can be serious obstacles. 

Other obstacles are about the accessibility and the availability of mobile devices. 
Although mobile technology is becoming more common, there are still limitations in mobile 
device accessibility in rural areas. Many students and families in the area may not have access 
to the necessary mobile devices, such as smartphones or tablets, to access and use the 
MALL. In addition, the cost of the device and the need for internet access can also be 
obstacles (Nuraeni et al., 2020). 

The Major concern of MALL implementation in Rural area is also about the limited 
technological knowledge and skills both from teacher and students. In rural areas, teachers 
and education staff may have limited knowledge and skills in using mobile technologies for 
education. Adequate training and coaching are needed so that they can integrate MALL in 
learning effectively. Lack of knowledge about proper application and learning methods can be 
a barrier in tapping into MALL's full potential (Tømte, 2015). Moreover, not all learning content 
available in digital formats or MALL applications is relevant to the context and needs of 
students in rural areas. Content related to the culture, environment, and everyday life of 
students may be less available. The lack of content adapted to local contexts can reduce the 
effectiveness of MALLs in enhancing student learning in rural areas. 

Other issues of MALL application is related to sociocultural issues and the readiness 
to the use of mobile devices in learning (Eltayeb et al., 2014). The use of MALL requires 
changes in learning behavior and culture among students, teachers, and people in rural areas. 
Not all students or teachers may be accustomed or ready to adopt mobile technology in the 
learning process. Awareness, understanding and support from all stakeholders is important to 
overcome resistance to change and promote acceptance of the use of MALL. 
 
6. Implication and Recommendation for Better MALL Application 
There are several recommendations that can be applied in the context of using Mobile 
Assisted Language Learning (MALL) in Indonesian rural areas. In the provision of access to 
technology, the government and relevant stakeholders need to work together to ensure the 
availability of adequate infrastructure and access to technology in rural communities (Fauziyah 
& Uchtiawati, 2017). This includes providing a reliable internet network, affordable mobile 
devices, and access to relevant MALL applications or platforms. In this case, 
recommendations can be in the form of government programs that encourage access to 
technology in rural areas and collaboration with institutions or organizations to provide 
technological assistance to rural communities. 

Another important implication is the need to increase the Teacher Training (Kurniati et 
al., 2020). Teachers in rural areas need to be provided with adequate training regarding the 
use of MALL in the language learning process. This training may include knowledge of relevant 
MALL applications or platforms, teaching strategies for effective use of technology, and an 
understanding of how to overcome constraints that may arise in the use of MALL in rural 
settings. 

More efforts are also needed to develop educational content that is appropriate to the 
rural context and takes advantage of the potential of mobile technology. The current interest 
on developing educational contents was focusing  on learners and their involvement in 
knowledge sharing in a contextualized mode (Foomani & Hedayati, 2016). These contents 
can include interactive learning modules, supporting materials in the form of video or audio, 
and digital resources that are relevant to the life and culture of rural communities. 
Recommendations can be in the form of collaboration between content developers, 
educational institutions, and rural communities in designing and developing appropriate 
educational content. 

Other important matter is about collaboration with local communities: It is important to 
involve local communities in the development and implementation of MALLs in rural areas. 
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Through collaboration with the community, such as community leaders, parents, and village 
leaders, a better understanding of local needs and context can be found. This collaboration 
can also strengthen social support and acceptance of the use of MALL in language learning. 
Teacher can also be a bridge for this collaboration for students to integrate their language 
learning with their own local culture (Estuarso, 2017). 

Monitoring and evaluation can be a crucial process in MALL implementation. A 
continuous monitoring and evaluation system are needed to measure the effectiveness of 
using MALL in rural communities. This evaluation should cover aspects such as improving 
language learning outcomes, student motivation, active participation, and user satisfaction. 
Evaluation results can be used to adjust and improvements needed in the implementation of 
MALL. Further research on technological innovation will always be needed in order to develop 
better education quality including MALL. It is very necessary to continue research on the latest 
technological innovations that can support MALLs in rural areas.  
 
7. Conclusion 
Rural areas in Indonesia face challenges in improving the quality of education, including 
limited access to educational resources, limited infrastructure, and a lack of qualified teachers. 
In this regard, MALL has great potential in improving education in rural areas by providing 
better accessibility, quality, and engagement in learning. MALL can also overcome the limited 
accessibility of learning resources, while also offer more engagements, freedom, and flexibility 
in language learning for rural areas. By optimizing various supports and collaborative efforts, 
it is hoped that MALL can become an effective tool in improving the quality of education in 
rural areas in Indonesia and promoting equity of educational opportunities throughout the 
country. 
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Abstract: This study aims to investigate the impact of peer assessment and 
educational board games on computational thinking (CT) and artificial intelligence (AI) 
courses using a two-factor experimental design. Combining educational technology, 
we designed an AI speech recognition course suitable for first-year students with no 
prior knowledge of CT or AI. The goal is to develop their foundational understanding 
and application of CT and AI. By employing educational board games, the study seeks 
to enhance learning enjoyment, increase students' self-efficacy in CT, and reduce their 
learning anxiety. Additionally, through the strategy of peer assessment, the study aims 
to provide benefits to students in both evaluating and being evaluated, thereby 
improving their learning outcomes and engagement. 

 
Keywords: Computational thinking, artificial intelligence, educational board game, 
peer assessment, speech recognition 

 
 
1. Introduction 
 
The rapid development of technology in today's world has significantly transformed our lives. 
The continuous advancements in technology have led to the widespread influence of AI which 
is impacting numerous domains (Schmidhuber, 2015). AI has profound implications for various 
professional fields, such as medical diagnosis, AI-powered job interviews, and big data 
analysis. The progression of these technologies has greatly altered our societal perceptions 
and perspectives. Consequently, it has become crucial to cultivate people's abilities to operate 
and comprehend these technologies, with CT being the fundamental and vital concept. In 
contemporary society, CT has become an essential skill for everyone to possess (Yadav et al., 
2014). 

Research suggests that game-based learning can promote and sustain students' 
motivation and engagement (Clark et al., 2016). Well-designed educational games can 
encourage deeper thinking among students. In recent years, many researchers have 
incorporated the concept of board games into education. Gee (2005) showed that by 
establishing clear learning goals, board games can be effective tools for promoting self-
directed learning, problem solving, and deep learning. Due to the collaborative nature of board 
games, students can experience educational board games through social interaction, peer-to-
peer engagement, and mutual learning (Wu et al., 2014). What’s more, research on AI 
education indicates that visualizing and gamifying AI course content can effectively enhance 
students' interest in learning (DeNero & Klein, 2010). 

The primary value of peer assessment lies in the close interaction among peers. In 
typical classroom settings, the number of students far exceeds the number of teachers, 
resulting in limited feedback received by each student. Peer assessment can address this 
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issue by allowing students to provide feedback to one another. Research has found that peer 
feedback can be more direct and personalized compared to feedback from teachers (Topping, 
2009). From another perspective, teacher feedback may be perceived by students as 
authoritative and non-negotiable, while peer feedback tends to be more diverse, fostering 
interactive discussions among peers (Cole, 1991). 

This study aims to improve the situation of students with low self-efficacy in CT when 
they first start learning, using educational board games and peer assessment. Typically, low 
self-efficacy in CT is associated with increased learning anxiety and decreased engagement 
among students (Bandura, 1977; Pellas, 2014). Therefore, this study employs educational 
board games to enhance learning enjoyment, boost students' self-efficacy in CT, and reduce 
their learning anxiety. Additionally, the use of peer assessment strategies is expected to 
provide benefits to students in both evaluating and being evaluated, thus enhancing their 
learning outcomes and engagement. This study will address the following research questions: 

 Are there significant differences in achievement in CT and AI learning among university 
students who take the four aforementioned courses using AI speech recognition? 

 Are there significant differences in self-efficacy in CT among university students who take 
the four aforementioned courses using AI speech recognition? 

 Are there significant differences in learning anxiety and engagement among university 
students who take the four aforementioned courses using AI speech recognition? 

 
 
2. Literature review 
 
2.1 The application of board games in education 
 
According to the claims of Situated Learning Theory, "knowledge is a product of the interaction 
between learners and the context, deeply influenced by activities, social contexts, and culture." 
As stated by Lave and Wenger (1991), through authentic contexts that guide students' 
explorations, the most significant learning occurs when students engage in the process of 
exploration. Learning that arises from such experiences is profound and effective. Educational 
board games simulate contextual scenarios that enable students to explore and learn within 
those contexts. In the past few years, the use of board games has made it possible to address 
different types of learning, especially in the field of CT (Menon et al., 2019). 

Educational board games can help students develop critical thinking, problem-solving 
skills, analytical abilities, reasoning, organization, planning, and communication skills 
(Hinebaugh, 2009). Compared to traditional learning, integrating educational board games into 
the curriculum can further enhance students' logical thinking, critical thinking, and deductive 
reasoning skills (Hinebaugh, 2009). In the past, many subjects such as mathematics, 
language, history, and science were taught using traditional methods. To enhance students' 
learning outcomes and spark their motivation and interest, educators have incorporated board 
game elements into their lessons, allowing students to engage in communication with others 
and improve their interpersonal skills. Additionally, Cheng (2018) used educational board 
games for language learning, and the results showed that the games effectively improved 
students' learning outcomes while reducing their learning anxiety. 
 
2.2 The application of peer assessment in education 
 
Peer assessment is a mode of evaluation where learners assess each other, particularly those 
who have similar levels of learning. This approach has been successfully applied in elementary, 
middle, and high schools, including very young students, as well as those with special 
educational needs or learning disabilities (Ehly & Topping, 1998). Numerous studies have 
demonstrated that peer assessment can enhance the effectiveness and outcomes of learning 
(Cartney, 2010; Cartney & Rouse, 2006; Cassidy, 2006; Panadero et al., 2016; Topping et al., 
2000). Importantly, both the assessors and the assessed benefit from peer assessment. 
Assessors can identify their own shortcomings by evaluating their peers' work, while also 
identifying areas for improvement in others (Yorke, 2003). 
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The primary value of peer assessment lies in the close interaction among peers. In 
typical classroom settings, the number of students far exceeds the number of teachers, 
resulting in limited feedback received by each student. Peer assessment significantly 
addresses this issue, and research has found that peer feedback can be more direct and 
personalized compared to feedback from teachers (Topping, 2009). Teacher feedback may be 
perceived by students as authoritative and non-negotiable, while peer feedback tends to be 
more diverse. Moreover, peer assessment promotes communication and discussion among 
students (Cole, 1991). Willey and Freeman (2006) proposed that peer assessment can 
effectively enhance learning outcomes and engagement, particularly in STEM-related courses.

3. Research Methodology

To investigate the learning outcomes of college students using peer assessment in an AI 
speech recognition board game course, this study focuses on first-year university students. 
The instructional experiment is conducted in an Introduction to Computer Science course, with 
students aged between 18 and 19 years. The students' semester of enrollment is used as the 
basis for grouping, resulting in four groups. The experimental design follows a two-factor 
design. To minimize potential experiment interference from other factors, the course is taught 
by the same instructor, ensuring consistent teaching content, duration, and progression.

We designed an AI speech recognition course which includes topics such as an 
introduction to CT and AI concepts, explanation and application of speech recognition, 
personalization of recognition models, and subsequent practical applications, as shown in Fig. 
1. The course incorporates CT, speech recognition, machine learning, and peer assessment 
through the BookRoll learning management content platform. Operational tools include the 
use of the MIT App Inventor platform and the Personal Audio Classifier (PAC) platform. The 
board game utilized is AI 2 Robot City. Each class session lasts for 3 hours, and instruction is 
conducted over a period of 2 weeks, resulting in a total of 6 hours of instruction.

Figure 1. AI speech recognition course.

Peer assessment will be conducted on the BookRoll platform, using an anonymous 
and randomly assigned approach. Only students who submit their assignments to the platform 
will be eligible to participate in the peer assessment, ensuring a complete matching of 
submissions. During the peer assessment process, students will receive an anonymous peer's 
assignment along with a peer assessment form. Assessing students will use the criteria 
specified in the peer assessment form to assign scores, and they can also provide qualitative 
feedback. To ensure the quality of peer feedback during peer assessment, teachers will 
explain the meaning of the scoring items and advise students to provide effective scoring 
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explanations. 
AI 2 Robot City combines three main concepts: CT, AI, and IoT. By utilizing the MIT 

App Inventor platform and PAC platform, players can train their own individualized speech 
recognition models. These models enable players to control the smart cars within the board 
game using their trained models. The process of training the models provides insights into the 
speech recognition process. Once the speech recognition models are trained, players can 
engage in the board game where they can cultivate the concepts of CT. 

This study will utilize the CT Self-Efficacy Scale developed by Yağcı (2019), which 
consists of four dimensions: problem-solving, collaborative learning and critical thinking, 
creative thinking, and algorithmic thinking. Additionally, the study will employ the Learning 
Anxiety and Engagement Scale developed by Chang (2014), which includes three dimensions: 
anxiety, playfulness, and enjoyment. Both scales will be assessed using a 5-point Likert scale. 
Pretests and posttests will be conducted for achievement measures as well as the two scales. 
Subsequently, a two-factor analysis of covariance (ANCOVA) will be employed for data 
analysis. 
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Abstract: This study aims to explore the construction of a supportive ecosystem in the 
development of teacher creativity within the education domain. The research primarily 
focuses on the emergence and development of teachers' individual creativity within the 
organizational context and their interaction with the organizational environment, in 
support of the teacher’s professional development. As a result, the mechanisms 
underlying the occurrence of individual creativity within the organizational context are 
summarized, and supportive policies to foster teacher creativity development are 
proposed. This research has significant implications for the development of individual 
teacher creativity, professional development, and organizational creativity 
management.  

Keywords: Ecosystem, creative teaching, higher education 

1. Introduction

1.1 Background 

In the era of rapid change and globalization, the field of education is facing unprecedented 
transformations and challenges. Particularly, since the outbreak of the COVID-19 pandemic, 
traditional teaching methods have been reshaped by modern technology and digital education. 
In this context, the ability of educators to adapt and embrace change, as well as creatively 
address challenges in educational practices, becomes crucial (Bruggeman et al., 2021). 

In their professional careers, teachers encounter continuous learning and growth, and 
those possessing creativity are better equipped to adapt to the diverse demands of different 
subjects and teaching domains. They expand their teaching skills and educational 
perspectives through creative teaching practices and actively exploring new educational 
methods. This proactive approach helps teachers gain more opportunities and achievements 
in their professional development  Creativity is a skill that can be acquired through learning 
and experience (Kaufman & Sternberg, 2006).In order to foster teacher creativity, requisite 
and purposeful professional development is essential (Cropley & Patston, 2019). 

Over the past few decades, the academic community has maintained a sustained 
enthusiasm for researching creative teaching. Scholars have primarily approached this issue 
from two perspectives: One aspect of research focuses on the implementation of creative 
teaching practices within the classroom. For example, researchers have explored the use of 
critical thinking cards (Holland & Ulrich, 2016), the integration of new teaching technologies 
(Madumarova et al., 2020) and the application of game-based approaches (McEnroe-Petitte 
& Farris, 2020) to foster creative teaching. On the other hand, there is an analysis of the 
influencing factors of creative teaching. These factors encompass personal aspects 
(Pashazadeh & Alavinia, 2019), leadership factors (Chen & Yuan, 2021), and environmental 
factors (Lapeniene & Dumciene, 2014). Scholars assert that a teacher's creative teaching is a 
part of the education system, which includes other subsystems such as school culture, 
leadership style, student characteristics, infrastructure, and even some broader collectives, 
like employment, admissions, social needs, and education policies. In this context, the creative 
behavior of teachers is not merely an individual act but requires maintaining a dynamic 
balance in the social environment (Zamana, 2022).  

However, due to the context-specific nature of creativity (Cropley & Patston, 2019), the 
formation process and underlying mechanisms of creativity in the field of education still require 
further examination (Qian et al., 2019). Moreover, in practice, teachers continue to face 
formidable challenges in implementing creative teaching. Many educators lack a systematic 
understanding of creative teaching, and some even believe they do not possess creative 
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capabilities (Katzbuonincontro et al., 2020). Furthermore, the education sector still lacks a 
dedicated system for cultivating teacher creativity, and there is a notable absence of robust 
organizational support for teachers' creative teaching behavior (Borodina et al., 2019). These 
issues collectively impact the realization of creativity within educational organizations and also 
influence teachers' professional development prospects. 

Therefore, this study aims to address the research gaps by adopting a managerial 
perspective, and investigating how creativity among teachers can be managed and fostered 
from an organizational standpoint. By doing so, it seeks to unveil the mechanisms through 
which teacher creativity is formed within the organizational context, promote the sustainable 
development of teacher creativity, and ultimately enhance teachers' professional growth as 
well as the continuous development of organizational creativity. 

1.2 Research Objectives 

This study aims to explore the creativity process in higher educational institutions through 
investigating the teachers’ everyday creative teaching experience reveal teachers’ creativity 
mechanism in organizations and finally establish an ecosystem for teachers’ creative teaching. 
In particular, this research lend support to the notion of teacher’s professional development 
by exploring on the following research questions: (1) How teachers establish their creative 
teaching behaviors in the educational context? (2) How teachers’ creative teaching behaviors 
interplay with the organizational context? (3) How to foster teachers’ creativity in the 
organizational context? 

1.3 Significance 

This study carries both theoretical and practical significance within the body of knowledge. 
Theoretically, by exploring the mechanisms behind daily creative teaching, the study 
contributes to the broader understanding of creativity within educational settings. Practically, 
for individual teachers, it enables them to comprehend the process of creative teaching and 
provides timely assistance to enhance the efficiency of their creative teaching practices as 
part of their professional development. Second, for educational managers and administrators, 
the findings of this study provide valuable insights for developing supportive policies and 
creating an environment conducive to fostering creative teaching. This, in turn, helps cultivate 
a culture of sustained organizational creativity, leading to positive transformations and 
improvements within educational institutions. 

2. Literature Review

2.1 The Concept of Creative Teaching 

Previous scholars have mainly defined it in two ways. One view is that creative teaching refers 
to the creation and application of novel, new forms, innovative or creative teaching strategies 
to stimulate students’ interest in learning (Gibson, 2010; Lee, 2011). Another way of thinking 
about creative teaching can also be defined as those behaviors that promote students’ 
creativity (Liu et al., 2020). In this study, the creative teaching refers to the former  

2.2 The Dynamic Componential Model of Creativity (DCMC)  

The inception of the DCMC model originated from understanding the daily experiences of 
employees engaged in innovation projects within organizations (Amabile & Pratt, 2016). 
Similarly, teachers, being frontline practitioners in education, also integrate creative teaching 
as part of their daily work.  

The model describes the process of creativity in organizations in terms of both 
organizations and individuals. The organizational innovation process consists of five stages: 
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Stage 1: Agenda setting. Stage 2: Stage setting. Stage 3: Producing ideas. Stage 4: Testing 
and implementing the ideas. Stage 5: Outcome assessment. The individual creative process 
also consists of five stages: Stage 1: Task presentation. Stage 2: Preparation. Stage 3: Idea 
generation. Stage 4: Idea validation. Stage 5: Outcome assessment.

2.3 Theoretical Framework

This study attempts to employ the DCMC as the theoretical framework. Firstly, it intends to 
incorporate the five stages of both the organizational and individual levels from the DCMC 
model. Secondly, it analyzed the specific elements involved in creative teaching activities 
within the educational context. Finally, this study aims to analyze the mechanism of the 
teachers’ creativity in the organizational context and propose the supportive ecosystem.

Figure 1. The theoretical framework 

3. Method

3.1 Research Design

This study plans to employ a qualitative research approach and select a private university in 
China as the research case. In this research, creative teaching is considered a normalized 
teacher development activity, with a specific focus on cultivating creative teachers.

Specifically, this research intends to implement five stages of intervention measures 
based on the DCMC framework at the organizational level. These measures are aimed at 
fostering and supporting creative teaching among teachers within the selected private 
university. Additionally, at the individual level, five stages of intervention measures will be 
provided to support and enhance the creative teaching capabilities of individual teachers.

3.2 Sampling

The participants will be provided by the faculty, which will offer a list of candidates participating 
in the creative teaching competition. Formal participants will be chosen after obtaining the 
candidates' consent. 

3.3 Data Collection

This study plans to employ three methods for data collection: interviews, observation memos, 
and reflective diaries. Interviews constitute the primary data collection method in this research 
and will involve both individual interviews and focus group interviews. Observation memos
refer to the researcher's records during the research process. Reflective diaries will be 
maintained by the teachers, wherein they record their reflections and experiences throughout 
this process. By utilizing these three methods of data collection and employing triangulation, 
this research aims to enhance the trustworthiness and validity of the study.
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4. Conclusion and Future Plan
 
This paper discusses the following conclusions based on the aforementioned discussion 
above  Creative teaching is a daily manifestation of creativity within the organizational context 
and constitutes an integral component of teachers' professional development. Organizations 
can foster the management of creative endeavors by constructing a supportive ecosystem, 
thereby enabling sustainable professional development for their employees. 

This is an undergoing Ph.D study for the first author. Currently, the data collection for 
this study has been completed. With enthusiasm and dedication, the researcher is eager to 
immerse in the data analysis phase and explore the possibilities it holds. 
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Abstract: Soft skills play a major role in the success of software development projects. 
However, learning soft skills is difficult. Video-based learning (VBL) provides self-paced 
and flexible learning but is often a passive method. Therefore, Active Video Watching 
(AVW) has been proposed to increase engagement and learning. We investigate 
gamification as an intervention to enhance the soft skill training of software 
professionals using AVW. The proposed research method includes both quantitative 
and qualitative approaches. 
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1. Introduction 
 
Software development does not only require technical skills but also involves different 
processes and interactions with multiple stakeholders, such as clients, project managers, and 
development team members (Matturro et al., 2019). The skills required to fulfil non-technical 
activities are called soft skills. Soft skills can be defined as “intra- and inter-personal (socio-
emotional) skills, essential for personal development, social participation, and workplace 
success,” which includes communication and teamwork (Kechagias, 2011). Furthermore, 
according to Gallagher et al. (2010), soft skills leverage technical skills. Since the production 
of software involves a human factor to some extent and soft skills have a major impact on a 
person’s behaviour with others in a work environment, soft skills play a significant role in 
software projects to be successful (Ahmed et al., 2013; Mtsweni et al., 2016). However, 
learning soft skills is difficult and time-consuming (Iorio et al., 2022). 

Video-based learning (VBL) has attracted attention as a popular method of learning in 
recent years due to its self-paced, flexible way of learning (Giannakos et al., 2016; Pal et al., 
2019). However, VBL can still be a passive learning activity (Seo et al., 2020). Recent research 
has found that the more the learners engage in various activities, the more learning they gather 
(Koedinger et al., 2015). Therefore, there have been significant attempts to increase 
engagement in video-based learning (Mitrovic et al., 2019). 

Gamification is the use of game design elements in non-game contexts (Deterding et 
al., 2011). Since gamification can increase user engagement through intrinsic motivation 
(Hong & Masood, 2014), the education sector has been among the top domains where 
gamification has been researched to increase engagement and learning (Hamari et al., 2014). 
In this project, we investigate the use of gamification as an intervention in AVW to increase 
the learning of soft skills of software professionals. We will address the following research 
questions (RQ): 

1. What are existing gamification approaches that have been proposed for learning soft 
skills?  

2. What are the effective gamification approaches for software professionals to 
undertake active video-based training?  
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3. To what extent will gamification increase engagement and learning in active video-
based training of software professionals?  

4. What are the perceptions of software professionals when using gamified active video 
watching for development of soft skills?  

 
Answering RQ1 and RQ2 will result in an empirically evaluated set of gamification 

elements that can be incorporated into training platforms for soft skills for software 
professionals. The magnitude of the effect of gamification on the software professionals’ soft 
skills training will be evaluated through RQ3. Furthermore, from RQ4, the project will validate 
its findings through an industrial scenario by evaluating the perceptions of IT professionals. 
This will be beneficial in assessing how the gamified AVW fits within the organizational context 
setting and professional development plans of the professionals.
 
 

2. Literature Review 
 

2.1 Gamification 
 
The objective of incorporating gamification into a system is to increase the users’ intrinsic and 
extrinsic motivation to get them involved in the tasks by integrating playful activities (Buckley 
& Doyle, 2014). Klock et al. (2020) state following game elements as the most used in tailored 
gamification: Customization (the ability to customize virtual space or character in a gamified 
system), Badges (a visual representation of an accomplishment), Challenges (a task that 
requires effort to complete), Levels (an element that supports user to track progression on 
system’s purpose over time), Competition (an element that allows social comparison between 
users), Leader boards (an element that orders users according to a criterion). 

There are few studies that look at gamification for professionals. There have been 
positive perceptions from professionals in using gamification in the software and healthcare 
industry (Lobin & Kevin Sungkur, 2023; Lemermeyer & Sadesky, 2016). For example, 
Stanculescu et al. (2016) present an experimental study where authors developed a web-
based online application utilizing Work & Play gamification framework. They presented the 
gamified platform to IBM company employees for two months to identify how gamification can 
enable them to foster employee engagement with their day-to-day tasks. The platform was a 
learning and social interaction web application utilizing leader boards, badges, and scores as 
gaming elements. The authors conducted a between-subject, post-test with 206 employees 
by using application logs and a questionnaire to measure perceived engagement and 
perceived learning. The authors state that the level of engagement achieved via game 
elements was high, and the web-based application was successful in promoting knowledge 
acquisition. Leader boards and badges have positively affected user engagement, and the 
combination of the above game elements has been found to be more effective in enhancing 
the average session length a user spends on the platform (Stanculescu et al. 2016). 
 
2.2 Active Video Watching 
 
AVW utilizes reflective activities such as writing comments, and rating comments in contrast 
to a traditional video-based learning platform (Lau et al., 2016). By integrating such activities, 
learners improve their engagement and learning while leveraging the experience from video-
sharing social media websites such as YouTube (Dimitrova et al., 2021). One example 
implementation of AVW is AVW-Space, an online platform that facilitates interactive notetaking 
by enabling users to write comments about the content of the videos they watch and rate 
comments written by other learners on the same videos (Lau et al., 2016; Mitrovic et al., 2016). 
 There are few studies that explore AVW and soft skills: Mitrovic et al. (2017) present 
results from a study conducted with university students on presentation skills (a soft skill) in 
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AVW-Space. It found that learners who undertook commenting on videos and rating their 
peers’ comments in AVW-Space have accumulated increased conceptual knowledge of the 
soft skill. Following that, more interventions have been developed to increase learning in AVW-
Space, e.g., reminder nudges to motivate learners to write more comments and quality nudges 
to encourage higher-quality comments (Mitrovic et al., 2019; Mohammadhassan et al., 2022).   
 
 
3. Proposed Work and Research Method 
 
This mixed-method study includes both qualitative and quantitative elements. We will use 
surveys, focus groups, control-experimental studies, and case study research methodologies.  
The proposed work will consist of six major research studies. 

The first study was conducted as a preliminary survey with students, to collect insights 
on motivation, and perception on integrating gamification into active video watching. 103 
respondents from New Zealand and the Philippines participated in this survey. Results show 
a positive perception towards integrating gamification into AVW with combinations of game 
elements instead of a specific element.  

The second study is a systematic mapping study (SMS) to explore RQ1 and inform 
RQ2 as well. Based on the findings from the SMS, we will design the third study as a controlled 
experiment with software engineering students as proxies for entry-level software 
professionals. Selected gamification elements will be implemented in AVW-Space (an 
example AVW platform), and students will be given a fixed period to undertake soft skills 
training through the gamified platform. The control group will not interact with the gamification 
interventions. At the end of the study, data on the number of videos watched, comments 
written, comments rated on videos, and respective comment quality will measure learner 
engagement. A conceptual knowledge score obtained via questionnaires in pre-and post-tests 
will allow us to identify changes in learning. This will facilitate testing the developed 
interventions with students prior to the real study with software professionals.  

The purpose of the fourth study is to validate the practical usability and improve the 
gamified intervention for software professionals. To do that, this study will be conducted as a 
focus group discussion with software professionals in the industry to get their feedback. The 
pre-tested gamified instance of the AVW-Space will be presented to these professionals, and 
the implementation will be critically analysed against different learning activities. This study 
will help answer RQ2.  

The fifth study will be a similar experimental study to study three which will answer 
RQ3. Participants will be software professionals from the industry, recruited from 
crowdsourcing platforms (e.g., Amazon Mechanical Turk) to increase the number of 
participants. The purpose of this study is to analyse the engagement, and learning between 
control and experimental groups and identify whether gamification has a significant influence 
on the above factors. Based on the availability of professionals, we may have a more iterative 
single group approach to look at learning behaviours in AVW-Space as an alternative, since 
professionals might have multiple ways of achieving the learning key performance indicators. 

The sixth and final study will be a case study conducted in a New Zealand software 
company with software professionals. Participants will undertake a soft skill training course in 
AVW-Space in their organizational environment. The purpose of this study is to collect 
professionals’ perceptions on the usefulness of a gamified AVW platform for their professional 
development in a corporate organizational context. This study will help answer RQ4. 

 
 

4. Conclusions and Expected Outcomes 
 
This research aims at achieving two major outcomes. At the end of the study, the authors will 
provide empirically grounded foundations for using gamification approaches to improve the 
training of soft skills of software professionals. This will be followed by the development of an 
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actual learning platform with gamification techniques, tested and validated for the use in 
organizational contexts. 
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Abstract: Having strong computational thinking (CT) skills is key for students studying 

computer science (CS) and STEM-related fields. However, relying too heavily on 

programming languages can hinder students' understanding and application of CT 

concepts. Therefore, to effectively promote the learning of CT, this study conducted a 

quasi-experimental design to integrate two different questioning strategies into the 

Online Robot City game for teaching purposes. The study aimed to explore the impact 

of using the 5W1H strategy and the context-based concept mapping strategy for 

information gathering and problem decomposition on students' achievement in CT and 

on their learning behavior patterns. The results are expected to respond to the 

importance of different learning approaches, in particular the context-based thinking 

method like the context-based concept mapping strategy proposed in this study, which 

may make relatively more contributions to CT learning achievement and self-efficacy. 

Keywords: Computational thinking, self-efficacy, 5W1H, context-based concept 

mapping strategy. 

1. Introduction 

Computational thinking (CT) is a problem-solving skillset essential for the next 
generation. To help students acquire these skills, CT must be integrated into K-12 education 
(Avcı & Deniz, 2022). CT is a widely used concept in K-12 computer science (CS) education, 
with different experts giving it diverse meanings. Possessing CT skills is vital for students to 
excel in CS and STEM fields (Sneider et al., 2014). 

To teach CT in K-12, educators must create an environment that fosters students' CT 
skills while providing appropriate support and resources (Voogt et al., 2015). Programming 
using "Scratch" is effective in terms of enhancing students' understanding and application of 
CT concepts (Resnick et al., 2009), but teaching CT should also develop abstract thinking 
and algorithmic concepts (Voogt et al., 2015). This requires interdisciplinary education and 
the design of relevant teaching materials and activities. Brennan and Resnick (2012) argued 
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that CT should be a core discipline, not just a skill. They suggested that students learn 
computer science principles beyond programming to improve their CT skills. Lye and Koh 
(2014) cautioned that over-reliance on programming may hinder CT understanding. Many 
programs claim to teach programming skills, but few explore the thinking process used in CT 
(Shute et al., 2017). According to Lu and Fletcher (2009), teaching CT should use familiar 
concepts instead of programming languages to help students learn concepts like abstraction 
and algorithms. 

Studies show that teaching CT through instructional strategies is effective. Kuo and 
Hsu (2020) suggested using interactive learning strategies to teach CT as they can improve 
learners’ abilities. Hwang et al. (2015) found that teaching CT through game design 
improves CT abilities and STEM learning. These pedagogical strategies are widely used in 
K-12 education. Programming may be too difficult for some students, so it is important to 
develop appropriate ways to teach CT to students at different stages (Bers et al., 2014). 
Board games can be a suitable alternative.  

Scholars have proposed strategies to cultivate students' CT abilities. Papert (1999) 
developed Logo programming language tools for teaching, advocating that students can 
develop CT and problem-solving abilities through games. Resnick et al. (2009) developed 
the Scratch programming language to teach CT through gamification and creativity. They 
advocated for students to learn by designing and sharing their own games and projects. The 
Online Robot City board game requires programming commands to control robots and 
complete tasks (Kuo & Hsu, 2020). Programming concepts include sequences, loops, 
conditionals, and functions (Garfield, 1994). These studies highlight the importance of 
teaching CT through games and programming to engage students in learning. 

Board games can be enjoyable and useful for teaching, but their suitability varies 
among students due to their different learning styles and needs (Kebritchi, 2010). Playing 
board games alone may lack depth and breadth (Li, 2007), and factors like class size and 
material preparation can affect their effectiveness. Limited student interaction can decrease 
motivation to learn. To enhance motivation and learning effectiveness, increasing 
instructional interactivity is recommended (Newlin & Wang, 2002). Despite its advantages 
such as overcoming spatial limitations and promoting collaboration (Khorsandi et al., 2012), 
online teaching also has drawbacks such as technological constraints, lack of 
belongingness, anxiety, and reduced engagement (Xie et al., 2020). Regardless of the 
format, providing additional scaffolding and effective strategies to support learning CT is 
essential. Blended learning, combining online and classroom approaches, along with 
concept maps and the 5W1H strategy, can aid students in understanding and applying 
learning content, improving outcomes and motivation (Lin & Sekiguchi, 2020). 

This study had two groups of young students (average age of 10) use two different 
questioning strategies. One questioning strategy was 5W1H while the other was context-
based concept mapping. The participants adopted different questioning strategies before 
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using Online Robot City, which is an online CT game-based learning system to carry out 
structural programming logic to solve the tasks in the game. We wanted to explore the 
following two research questions by conducting an empirical study: 

1 Did the students applying different questioning strategies for gathering 
information and problem decomposition before using structural programming logic to solve 
the tasks in the game make significant improvement in their CT learning achievement and 
self-efficacy? 

2 Did the students applying different questioning strategies for gathering 
information and problem decomposition before using structural programming logic to solve 
the tasks in the game have different behavioral patterns? 

Online Robot City provides an alternative and useful tool and method for cultivating 
the CT skills of students in a physical classroom. By comparing the two teaching strategies 
through the game, a better solution can be found for interpreting the online CT board game. 

2. Literature Review 

2.1. Computational Thinking 

Learning CT is vital for today’s students so they can use computer science concepts 
to solve problems and understand human behavior (Wing, 2006). Early CT training fosters 
independent thinking and problem solving. CT's applicability spans subjects and daily life. To 
adapt to the information society, students need both creative and digital literacy skills and 
effective CT and technology usage (Hsu et al., 2018). Programming access allows deep 
thinking and intellectual growth (Papert, 1980). Brennan and Resnick (2012) found that skills 
like sequences, loops, and conditionals transfer to other languages, and tools facilitating 
understanding of these concepts can cultivate CT abilities. Bers (2018) stressed visibility in 
CT tool design, enabling immediate feedback during the design process. Hsu and Chen 
(2022) proposed a CT board game as an interactive, visible way for novices to learn CT. 
Erdogan et al. (2022) indicated that board games require verification of each player's moves 
in order to ensure compliance with the rules and to identify winning strategies. However, 
when students' actions cannot be verified in real time, it can negatively impact the fairness 
and smoothness of the game. Therefore, an educational robot board game needed to be 
developed. 

2.2. Educational Robot Board Games 

Educational robots (ERs) have gained popularity in classrooms, as they are 
considered as effective tools for fostering students’ CT skills (Hsu et al., 2022). ERs are 
increasingly recognized as tools to develop CT competences (Chevalier et al., 2022). To 
apply CT practically, programming is usually used. However, this alone is insufficient for 
learning. Clear guidance is also necessary (Chevalier et al., 2022). Chevalier et al. (2022) 
suggested that there are few effective strategies for promoting "CT practice" and "CT 
perspectives," with most strategies focusing on "CT concepts." 
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Kuo and Hsu (2020) proposed that Educational Robot Board Games (ERBG) 
correspond to structural programming, including sequential structure, conditional structure, 
repetitive structure, and the modeling concept of calling a procedure in programming 
languages. Therefore, combining ER with board game to propose effective teaching 
strategies to promote the implementation of CT is worth researching. 

2.3. The 5W1H model 

ERBG with shared gamified elements make learning fun, and instructors can add 
their content to the games. This type of instruction uses game rules like earning points, 
collecting badges, and leaderboards to motivate students, keep them engaged, and 
encourage communication. This approach leads to better learning results and satisfaction 
(Hsu et al., 2023). However, students may experience cognitive load when learning via 
ERBG (Sweller et al., 1990). Therefore, Hamborg et al. (2019) proposed the 5W1H strategy 
to help students understand the main events, describing who did what, when, where, why, 
and how. This simplifies and structures the entire event, making it easier to see and analyze. 
The usage environment, functions, and methods of the product are examined using the 
5W1H method, which helps clarify the aim of promoting the potential use of ERBG in 
education (Yang et al., 2019).  

However, even though the 5W1H strategy can effectively help students decompose 
problems and collect information about the context, functions, and methods of ERBG, 
parallel messages lack a linear sequence and causal relationships (Jinks & Jinks, 2019). 
Therefore, more contextual guidance strategies may be needed to deepen learning.  

2.4. Concept mapping 

Novak and Gowin (1984) introduced concept maps as a visualization tool for 
knowledge networks. CT involves abstraction and automation (Weiwei et al., 2015), and 
concept maps can clarify knowledge relationships in teaching (Chen et al., 2021). However, 
CT often requires problem decomposition and algorithms (Lockwood & Mooney, 2017). 
Concept maps have limitations without structured patterns (Conceição et al., 2017). 
"Context-based concept mapping" integrates multiple aspects to enhance concept 
understanding (Ksibi et al., 2013). Cañas et al. (2012) emphasized that teachers' content 
and conditions impact students’ learning outcomes. Research on context-based concept 
mapping to cultivate CT abilities and visualize cognitive processes is essential for students 
to effectively solve tasks in the game. 

2.5. Learning Behaviors 

The cultivation of CT is a gradual process. Numerous studies have shown that 
through various courses, CT skills can be significantly improved. However, this cannot 
represent the true level of students’ CT (Xu et al., 2019). CT involves utilizing fundamental 
concepts of computer science to solve problems, design systems, and understand human 
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behavior (Weiwei et al., 2015). Examining students' learning performance and comparing 
their learning behavior in different contexts is crucial to identify potential challenges and 
provide insights into curriculum implementation and support for instructors (Hsu et al., 2022). 
Chao (2016) mentioned that students' behavior and strategies of solving computational 
problems in a visual programming environment may affect their problem-solving 
performance. Therefore, it is necessary to further explore the behavioral patterns of novice 
programmers in a visual programming environment, and to investigate the differences in 
their strategies and performance in solving computational problems among different 
behavioral patterns. Hence, it is worth exploring various methods, such as learning behavior 
analysis, to examine CT ability. 

3. Method 

3.1. Participants 

The study included 54 fourth- and fifth-grade students in northern Taiwan, of whom 
27 learned CT with Online Robot City and context-based concept mapping, and 27 learned 
with Online Robot City and 5W1H thinking. A teacher with over 10 years of experience 
guided the groups. Students worked in pairs during the game.  

3.2. Instructional Design 

The study used Online Robot City, a board game involving robot city construction. 
Two groups of students used different CT questioning strategies: context-based concept 
mapping and the 5W1H approach. The experimental group integrated context-based 
concept mapping before employing structural programming logic in the game (Figure 1). 

 
Figure 1 context-based concept map. 

 
Figure 2 5W1H strategies 

The control group used the 5W1H approach for gathering information and problem 
analysis, followed by structural programming in the game (Figure 2). Before the study, both 
groups received instructions on control card use and robot operation, including game rules 
and CT concepts. The game allowed students to practice concepts like repetition and 
conditional statements using repeat and condition cards. Students had to control their robots 
to obtain resources on the map, using up to eight control cards at a time to control the 
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number of steps. Precise landing on correct positions was necessary for scoring. The game 
encouraged teamwork, objective identification, planning, and logical thinking, promoting CT 
learning in pairs and during competitions. 

3.3. Research Process 

A quasi-experimental design with robot teaching was implemented for 1 hour/week 
over 10 weeks. Students whose average age is 10 completed pretest surveys, then were 
split into experimental and control groups. Both groups participated in the same teaching 
sessions by the same teacher in the same classroom. Posttest surveys and behavior 
analysis followed. Both groups spent the same amount of time. 

3.4. Instruments 

We designed a CT achievement test based on the Bebras International CT Test 
(Dagiene & Stupuriene, 2016), using a learning achievement test to assess students' CT 
abilities. The CT test on sequential concepts, repeated concepts, and selection included 34 
multiple-choice questions. A technology education teacher with over 10 years of experience 
in CT education and programming was invited to verify the CT test. The two scholars 
ensured the reliability of the test and ensured that the questions containing CT 
characteristics were related to the learning content of CT board games. To reduce testing 
effects, the order of items in the pretest and posttest was switched, and additional questions 
were added to the posttest. Figure 3 is an example of a Bebras competition, involving the 
concept of flowcharts in structured programming and the traveling robot problem. Figure 4 is 
an example of the pretest design for this study, covering the learning content of the CT 
chess game. Figure 5 is an example of the posttest design for this study, covering the 
learning content of the CT chess game. 

 
Figure 3 Bebras International CT Test 

(Dagiene & Stupuriene, 2016) 

 
Figure 4 Example of a pretest design for this 

study. 

  
Figure 5 Example of a posttest design for this study. 

To evaluate students' self-efficacy in computational thinking, this study used the 
Computational Thinking Scale (CTS) developed by Korkmaz et al. (2017), using a 5-point 
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Likert scale (1 = "strongly disagree", 5 = "strongly agree") to assess students' creativity, 
algorithmic thinking, collaboration, and critical thinking. The Cronbach's alpha value was 
0.82, indicating satisfactory reliability. 

3.5. Learning Behavior Analysis 

This study explores the CT learning behavior of students in ERBG, based on actual 
operations recorded of student behavior (e.g. moving ER after peer discussion). Through 
system recording, analysis of learning behavior is conducted and the analysis content is 
encoded. The encoding is then converted into GSEQ format data and analyzed using 
Sequence Analysis GSEQ Version 5.0 to explain whether there is significant correlation 
between behaviors. 

4. Proposed Contribution 

The teaching design of this study was divided into three stages: sequential, 
repetitive, and conditional structures. The study aims to observe the impact of different 
questioning strategies on students' CT learning during the teaching process. The study is 
expected to echo the findings of Hsu et al. (2022), who found that students made significant 
progress in CT through teaching-based methods and customized educational robot 
activities. By analyzing students' learning behavior, the study hopes to observe students' CT 
behavior and misconceptions, such as the inability to use algorithmic cards. Teachers can 
use teaching prompts to correct students' misconceptions. Overall, the study aims to 
transform students' CT learning from focusing on programming language features to logical 
structures and thinking strategies. 
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Abstract: The potential of Active Video Watching (AVW) to train soft skills is evident. 
Despite considerable achievements in learning via AVW, the capacity of interactive 
learning has yet to be explored. This PhD research aims to investigate and support 
interactive learning in AVW via (a) interaction among learners, and (b) intelligent and 
adaptive interaction between the system and learners (comment recommendations). 
To this end, I initially provided learners with the possibility of responding to other 
learners’ comments on videos and calling attention to them by Like/Dislike rating 
mechanism. In the second phase, a comment recommendation engine will be 
developed, based on the learner model and a specific-domain ontology with respect to 
the target soft skill. I will also augment comment recommendations with verbal and 
visual explanations to increase transparency of the recommendations in hope of 
enhancing learners’ engagement, interactions, and learning. 
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1. Introduction and Literature Review 
 
Video-Based Learning (VBL) is increasingly used in informal training as well as in formal 
settings (Yousef et al., 2014). Learning through video watching has multiple advantages, such 
as providing flexible, self-controlled learning opportunities, and raising learners’ motivation 
(Chatti et al., 2016; Sablić et al., 2021). It can also pave the way for learning transferable skills 
(Anthony & Garner, 2016; Mitrovic et al., 2016). However, merely viewing videos is a passive 
activity that leads to limited engagement and shallow learning (Chi & Wylie, 2014). Another 
issue with most VBL systems is that they treat all learners the same way, while it would be 
more beneficial for learners if they could be adaptive and apply appropriate methods, such as 
collaborative learning, micro-teaching, and student-centered learning, tailored for diverse 
learners (Yousef et al., 2014). 

According to the ICAP framework (Chi & Wylie, 2014), learners’ behaviors are classified 
into four types of learning modes: Interactive, Constructive, Active and Passive based on their 
overt behaviours. In this classification, the learning effectiveness is reduced in the following 
order: Interactive> Constructive> Active > Passive. To learn effectively from videos, learners 
need to engage with video content. This is possible by incorporating some activities with video, 
called Active Video Watching (AVW). Numerous studies have been recently conducted to 
investigate the significance of and improvements in AVW (Dimitrova & Mitrovic, 2022; 
Gostomski et al., 2019; Mitrovic et al., 2016; Mitrovic et al., 2019; Mohammadhassan et al., 
2022; Piotrkowicz et al., 2018).  

AVW-Space, as a notable example of AVW platforms, provides a wide range of supports 
for learners’ engagement including commenting on videos, visualization of learners’ activities, 
reviewing and rating comments, proposing micro-scaffolds or aspects, and embedding 
intelligent nudges to prompt learners to exhibit constructive behaviors, like writing high-quality 
comments (Dimitrova et al., 2017; Mitrovic et al., 2017; Mitrovic et al., 2016; Mitrovic et al., 
2019). However, interactive behaviours like direct interactions among learners have not been 
employed in AVW. As interactive mode of learning has a great learning effectiveness in 
general (Chi & Wylie, 2014), the purpose of this research is to investigate and support it in 
AVW, as described in more detail in the following section. 
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2. Project Details and Methodologies 
 
This PhD project aims to cover both aspects of interactions - human-human and human-
computer - in AVW. The research question for the first study is as follows. 

 RQ1: What are the effects of using an interactive form of comment reviewing/rating on 
learners’ engagement and learning in AVW? 
To answer this question, I provided learners with an interactive activity of replying to 

peers’ comments in AVW-Space (a platform that implements AVW) so that they could discuss 
their views. This way, learners can share their views on video content, see opinions and 
reflections of their peers, and ultimately contribute to social learning (the philosophy that 
people can learn from each other through observation, imitation and modeling (Bandura & 
Walters, 1977)). To provide direct interaction between students, I implemented a 
reviewing/rating approach in which students could Like/Dislike comments, but also respond to 
comments as well as previously written responses in two nested levels (level 1: respond to 
comment, level 2: respond to response), as shown in Figure 1.  

 

 
Figure 1. A screenshot from reviewing comments in AVW-Space 

 
In former instantiations of AVW-Space, as for rating comments, choices were limited to 

pre-defined rating categories and learners were only able to choose the closest one to their 
thoughts. They were unable to express their views directly. Instead, I added a Like/Dislike 
rating and the possibility of expressing their views through responding to comments. The 
number of Likes and Dislikes can imply the majority opinion about proposed ideas. I employed 
this numerable rating mechanism for both comments and responses to let individuals engage 
with and feel encouraged to contribute to one another’s perspectives. Learners can raise 
positive and negative points about existing comments, which will bring about separate 
consequences in discussion (Norris et al., 2010), i.e., negative feedback has a stronger impact 
than positive feedback on attention, perception, and motivation (Norris, 2021). 

Furthermore, learners in previous studies (Mohammadhassan & Mitrovic, 2022a, 2022b) 
reported that they were given a large number of comments to rate, which are time-consuming 
and overwhelming to review. All learners received the same list of comments, some of them 
repetitive or uninformative. These issues indicate that the review phase in AVW is not adaptive 
to diverse learners. Hence, the main objective of my second study is to develop a new 
component that can offer adaptive comment recommendations. I aim to design an ontology-
based learner model and leverage a comment recommendation engine to cover adaptively 
the areas of weakness of a given learner. With that in mind, the following research question 
was formulated: 
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 RQ2: Is there a causal effect of recommending relevant comments on learners’ 
engagement and learning? 
To implement a recommender engine, it is necessary to assess learners’ knowledge. I 

will create a learner model based on a comprehensive domain-specific ontology, as employing 
ontology facilitates content recommendation and navigational sequencing in learner model 
(Mitrovic et al., 2007; Vesin et al., 2013). Hence, I will initially create an ontology for a soft skill 
(e.g., empathy skills). Along with the ontology, I will utilize a classifier like Bayesian Classifier 
(BC) to generate and update the learner model, as BC is highly effective in text categorization 
(Go et al., 2009; Pedregosa et al., 2011). Before watching videos, the classifier will receive 
the learner’s responses on a survey. Then, it will receive information about the activities the 
learner performs, such as commenting on videos, responding to/rating comments or 
responses. Recommendations of comments will be made to cover learners’ areas of 
weakness (the concepts they have not yet written about, or those for which learners have 
written only low-quality comments). The learner model will be updated when the learner writes 
a response to or rates a comment. 

The transparency of recommendations (or expressing the rationale behind the 
recommendations) plays a crucial role in individuals’ trust and satisfaction (Barria-Pineda et 
al., 2021; Kulesza et al., 2013). Therefore, in the third study, I aim to investigate the effects of 
leveraging explainable comment recommendations on learners’ engagement and learning 
outcomes. Hence, the third research question is: 

 RQ3: Do explanations of comment recommendations give rise to more engagement, 
interactions and learning among learners? 
Two forms of explanations (verbal and visual) will be provided. I will employ the learner 

model to foster these two forms of explanations. Explanations reveal the reason(s) why a 
comment is recommended to the learner. According to the learner model, the areas of 
weakness will initially be identified, and then a personalized list of comments along with 
reasons (explanations) will be created. The system will generate short paragraphs for each 
unit of verbal explanation indicating the target concept and the reason for recommending a 
given comment. Visual explanations correspond to the main concepts in the ontology. The 
number of visual elements is the same as the number of concepts of ontology that the learner 
has not learned. Each recommended comment will be accompanied by these visual 
explanations (labeled to these parts of ontology) shown with varying intensity of colours 
according to the number of relevant phrases included in the comment.  

All aforementioned approaches will be implemented in AVW-Space and tested in several 
experiments on different soft skills and learner groups, including university students and ICT 
professionals, to evaluate the generalizability of my research. Each experiment will contain 
two phases. Initially, learners will complete Survey 1, consisting of questions on demographic, 
training, and experiences with a target soft skill, as well as a knowledge test. Then, they can 
watch and comment on videos in AVW-Space. A number of comments will be selected 
manually to be shown (in study 1) or recommended by the system (in studies 2 & 3) for 
learners to review, rate, and respond to. At the end, learners will complete Survey 2, containing 
a knowledge test plus some open-ended questions about the usefulness of our approaches 
and modifications. 
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Abstract: This study aims to develop principles for designing CSCL scripts that can 
guide interdisciplinary collaboration and knowledge-creation practices to facilitate 
undergraduates’ interdisciplinary competence. Design-based research (DBR) will be 
conducted in an undergraduate course to investigate if the macro- and micro-scripts 
have the potential to improve students’ performance, and why and how these designs 
make a difference. 
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1. Introduction 
 
1.1 Interdisciplinary Competence in Interdisciplinary Collaboration 
 
Fostering collaborative learning is a major educational goal related to the development of 
lifelong learners in the twenty-first century (Lee et al., 2014). Interdisciplinarity is a particular 
form of collaboration (Claus, & Wiese, 2019). In interdisciplinary collaboration, group 
members who come from various backgrounds are frequently formed around a certain 
subject or question. Interdisciplinary collaboration in our context is expected to elicit 
collaborative knowledge-creating learning where individuals with expertise in several fields 
are expected to create new knowledge to solve complex real-world problems (Paavola & 
Hakkarainen, 2005; Vartiainen et al., 2022). However, there is still a lack of research 
investigating how interdisciplinary collaboration and knowledge creation could be promoted 
and practically acted in higher education (Vartiainen et al., 2022). Edmondson and Harvey 
(2018) have argued that interdisciplinary collaboration has become a key success factor for 
today’s organizations. Researchers and practitioners design meaningful interdisciplinary 
collaboration to investigate interactive patterns as well as students’ experiences, promote 
students’ acquiring new knowledge and higher-order thinking skills, etc. For example, 
Cowden and Santiago (2016) sought to promote students’ critical thinking skills via problem-
based learning in an interdisciplinary collaboration context. Tan and Vicente (2019) also 
proposed interdisciplinary collaboration combining Computer Science and Product Design in 
an undergraduate program to support students’ development of 21st-century skills such as 
problem-solving, creativity, collaboration, etc.  

To successfully engage in interdisciplinary collaboration - more precisely, to be able 
to understand and act in interdisciplinary learning or work situations - students need 
adequate interdisciplinary competence which is defined as “the capacity to integrate 
knowledge and modes of thinking in two or more disciplines or established areas of 
expertise to produce a cognitive advancement - such as explaining a phenomenon, solving a 
problem, or creating a product - in ways that would have been impossible or unlikely through 
single disciplinary means” (Boix Mansilla et al., 2000, p. 17).” Interdisciplinary competence 
includes taking a critical stand on disciplinary limitations, solving complex problems across 
disciplines, communicating across disciplines, handling interdisciplinary collaboration and 
teamwork, as well as using integrative potentials to create innovations (Brassler, & Dettmers, 
2017). Though interdisciplinary competence highly relates to each of the twenty-first-century 
skills (Brassler, & Dettmers, 2017), there seems to be a lack of design principles and 

1024



pedagogical support to facilitate students’ interdisciplinary competence in complex problem-
solving when students engage in interdisciplinary collaboration (Vartiainen et al., 2022).  

The empirical research on interdisciplinary learning design in higher education in the 
exploratory stages (Brassler & Dettmers, 2017). Many researchers have called for 
pedagogies in which students can co-create new knowledge and develop more generic key 
competencies, such as interdisciplinary competence, for the future (Binkley et al., 2010). 
Further investigation on effective interdisciplinary teaching and learning design and 
implementation is needed. Hence, this study aims to develop design principles for effective 
interdisciplinary collaborative learning and knowledge creation to better support students’ 
development of interdisciplinary competence. 
 
1.2 Scripting Interdisciplinary Collaboration 
 
Research shows that learners often have difficulties spontaneously engaging in beneficial 
collaborative learning activities (Vogel et al., 2017). Also, learners typically do not engage in 
these “high-level” collaboration processes without guidance (Fischer et al., 2013). To 
overcome these problems, scaffolding for collaboration can be provided through CSCL 
scripts. According to the granularity of the prescribed actions, there are two different scripts 
named macro- and micro-scripts. Macro-scripts are pedagogical models, i.e., they model a 
sequence of tasks to be performed by groups, whereas micro-scripts are interaction models 
that are embedded in the environment and that students are expected to use and 
progressively internalize (Dillenbourg & Hong, 2008). According to the way learners 
collaborate with each other, two scripts are commonly used: epistemic scripts specify how 
learners work on a given task, while social scripts structure how learners interact with each 
other (Mahardale & Lee, 2013).  

The goal of scripting interdisciplinary collaboration can be twofold: first, increasing 
interaction through knowledge interdependence; second, engaging in interdisciplinary 
problem-solving (Vogel et al., 2017), which shares the same purpose as interdisciplinary 
competence development. Jigsaw script, a pedagogical model, will be used as the macro-
script in this study. According to studies, jigsaw can create a learning environment that is 
crucial for the development of problem-solving skills (Sevim, 2015) which is part of 
interdisciplinary competence and is critical to engaging in interdisciplinary collaboration. In 
the jigsaw script, each group member is given a certain subtopic. Then, the "expert group" is 
made up of group members from several groups who were given the same subtopic. Finally, 
the experts go back to their home groups to teach other group members the specialized 
subtopics and solve problems together. Under the macro-script, micro-scripts are applied to 
structure the interaction process that students are expected to follow (Villasclaras-Fernández 
et al., 2009). An epistemic script and a social script will be designed as micro-scripts in our 
context. To support the “expert group” co-creating knowledge and understanding the 
subtopics that they focus on, problem-oriented prompts will be used as epistemic scripts. In 
addition, when learners share their knowledge and ideas in their home groups, sentence 
openers for responding to each other will be provided as the social scripts that aim to 
facilitate interactions within groups. 
 
1.3 Significance of the Study 
 
There seems to be a lack of cases that identify effective pedagogical practices for supporting 
students in developing competencies needed to address complex challenges across 
disciplinary boundaries. Therefore, the theoretical contribution is that this research has the 
potential to fill in the gap by developing pedagogical design principles for effective 
interdisciplinary collaborative learning activities in higher education settings. Furthermore, 
effective interdisciplinary collaboration results in more creative solutions by bringing new and 
diverse views to the problem-solving process, which is the practical contribution of this study. 

The guiding research question is how to script effective interdisciplinary collaboration 
and knowledge creation to improve undergraduates’ interdisciplinary competence. The 
specific sub-research questions are: (1) To what extent do the macro- and micro-scripts 
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enhance students’ interdisciplinary competence? (2) How to further improve the script design 
to better support teaching and learning in interdisciplinary higher education? 
 
2. Methodology 
 
2.1 CSCL Context and Participants 
 
Second-year undergraduate students who come from different backgrounds will be randomly 
grouped together to form interdisciplinary teams of 5 or 6. In the course, students will 
systematically analyze major current sustainability challenges from various perspectives. 
Several different topics will be involved in one semester. During the tutorials, first, each 
group member chooses a role for themselves, such as an economist. Then, each “expert” 
goes to his or her own expert group to read materials, discuss the relevant topics and record 
the results on the online platform with the support of epistemic scripts (about 25 minutes). 
Finally, each expert goes back to his or her original group to discuss these topics with the 
social scripts and writes a report on the platform about the final decision of the whole group 
(about 25 minutes).  
 
2.2 Research Design 
 
Design-based research (DBR), which is a useful method for developing new theories and 
practices (Barab, 2014), has the potential to be conducted in this context. Dedicated to 
dealing with problems in the real-world learning context via close collaboration between 
researchers and practitioners, factors of DBR (design, problem, theory, and the naturalistic 
context) interact with each other, and each iteration in DBR offers a progressive refinement 
(Collins, 1992). DBR provides evidence of not only what functions, but of why and how 
functions. There will be about three cycles of DBR throughout the study. The overall 
procedure of the research design is as follows (see Figure 1). Our goal is to develop design 
principles that can guide interdisciplinary collaboration and knowledge-creation practices to 
facilitate undergraduates’ interdisciplinary competence. First, with the guidance of theoretical 
ideas and principles of scripts from the literature, practitioners and researchers will co-design 
and implement macro- and micro-scripts embedded in tutorial activities for interdisciplinary 
collaboration and knowledge co-creation. Then, through analyzing data about students’ 
interdisciplinary competence and perceptions of practices by the lecturer and students, we 
further improve our pedagogical practices which will be implemented in the next cycle. 
Finally, implications for refining the design principles will come from all the cycles. 

To answer the first research question, content analysis will be conducted to evaluate 
the quality of groups’ written artefacts in terms of interdisciplinary competence. Additionally, 
a self-reported survey on interdisciplinary competence will be analysed. For the second 
research question, discussion dialogue, behavioural data recorded by videos and screen 
recordings will be analyzed to investigate how students use the scripts and identify what 
scripts can be improved. Also, theme-based coding will be implemented to analyse the 
facilitator's and students’ perceptions of scripts which are gathered through interviews.  
 

 
Figure 1. The Overall Procedure of Design-based Research (Lakkala et al., 2015). 
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Abstract: Practical labs in science are expected to foster disciplinary practices of 
“doing science” in learners. Simulation-based labs which provide the convenience of 
conducting practical lab experiments online offer several technological affordances, 
however, come with their own set of challenges such as steep learning curves, working 
in isolation, lack of personalization which may adversely affect learner engagement and 
motivation. OLabs is a set of simulation-based labs for schools widely used in India. 
The main goal of this work is to re-design simulation-based labs like OLabs to engage 
learners in science practices and to motivate learners to engage in science practices 
using gamification. Gamification is known to have a positive impact on learner 
engagement and motivation. Meaningful gamification, a type of gamification approach 
focuses on intrinsically motivating learners to find meaning in the given learning 
context. We have designed a framework GaMINLab, which is the proposed redesign 
of OLabs and the preliminary design is informed by exploratory study findings and 
literature recommendations of disciplinary practices and simulation-based labs.  
Currently GaMINLab framework is built around 2 labs and study is planned to validate 
the design of GaMINLab. 

 
Keywords: Simulation-based labs, meaningful gamification, science disciplinary 
practices, inquiry labs, scientific inquiry 

 
 
1. Introduction 
 
Practical labs, are expected to help learners learn science, learn about science, and learn to 
do science. In recent years, the extensive emergence of simulation-based labs has facilitated 
learners to do virtual experiments anytime, anywhere, and any number of times. These labs 
also offer possibilities to illustrate concepts beyond the boundaries of traditional labs, for 
example magnetic field intensity, lifecycle of mosquito, etc. Despite world-wide proliferation 
and advantages, there are reported challenges such as learner isolation, steep learning 
curves, lack of suitable guidance, lack of personalization, cookbook exercises, etc (Moore et 
al., 2013). The challenges may lead to frustration among learners, resulting in early dropout 
or loss of motivation and engagement. Thus, it is critical to give adequate attention to engage 
and motivate learners to do the underlying lab related activities. 

The context of this work is OLabs, set of standard simulation-based labs for school level 
experiments in India. OLabs is a significant initiative by the government of India to address 
concerns such as lack of basic lab infrastructure, limited practice opportunities, and to 
supplement physical labs (M Sasikumar, 2016). OLabs has about 310 labs in classes 6-12 
and is used by lakhs of students/teachers on a daily basis. In its current form, there are no 
tasks/problems built-in to engage learners in science disciplinary practices. The goal of this 
work is to re-design OLabs to a) provide opportunities for engaging in science disciplinary 
practices b) engage and motivate learners as they engage in these practices. This proposed 
redesign, GaMINLab, is informed by the literature recommendations for disciplinary practices, 
addressing challenges in simulation-based labs and meaningful gamification. The design 
features of GaMINLab are discussed and plan for validation of this design is proposed.   
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2. Literature and Theory  

 
2.1 Simulation-based labs 
 
Simulation-based labs facilitate conducting experiments online, overcoming the geographical 
and time limitations of traditional labs. To tackle challenges like steep learning curves, 
isolation, lack of personalization, design guidelines are recommended in literature a) providing 
investigation opportunities beyond the classroom, b) posing driving questions to focus 
learners' exploration, c) implicit scaffolding, d) encouraging reflection on findings, and e) 
promoting peer interaction and engaging in collaborative work (Moore et al., 2013). 
 
2.2 Disciplinary Practices 
 
Science education is increasingly focusing on involving learners in disciplinary practices, as 
emphasized in global curriculum recommendations. These practices include asking questions, 
developing and using models, planning and conducting investigations, analyzing and 
interpreting data, engaging in evidence-based arguments, and obtaining, evaluating, and 
communicating information, etc (Jaber et al., 2018). To foster disciplinary practices in a 
learning environment, literature suggests guidelines such as: a) providing direct experience 
with phenomena, b) making learner thinking visible to grapple with ideas and c) provide 
essential procedures/relevant resources for completing investigations. Inquiry learning is 
recommended for effective science learning, where learners engage in sense-making, 
discussions, evidence-based explanations, etc (Jaber et al., 2018) (Moore et al., 2013). 
 
2.3 Meaningful Gamification 
One of the goals for redesigning OLabs is to motivate learners to engage in lab related 
activities. Gamification, an established approach to fostering student engagement, uses game 
attributes to encourage game-like behavior in non-game contexts. Game-based mechanics 
can effectively engage learners, motivate their actions, and aid problem-solving. Reward-
based gamification, a popular type of gamification, relies on extrinsic motivation and may not 
yield lasting changes, and can be unsatisfactory for some learners. Meaningful gamification, 
another type, employs game design elements to cultivate intrinsic motivation in non-game 
settings by creating an enjoyable learning environment where participants can explore and 
find meaning(Nicholson, 2015). This approach aims for sustained engagement compared to 
the short-term, reward-driven nature of extrinsic motivation. Meaningful gamification is based 
on self-determination theory (Ryan & Deci, 2000), which mentions competence, autonomy, 
and relatedness to form intrinsic motivation. The theory highlights that when these three 
psychological needs are fulfilled, people find tasks meaningful and continue participating. 

 
3. Goal of Research 
The broad goal of this work is to re-design simulation-based labs like OLabs to a) provide 
opportunities for engaging in science disciplinary practices b) motivate learners to engage in 
these practices. This re-design of simulation-based labs is currently named GaMINLab 
(Gamification (Meaningful) in Inquiry Labs. As a proof of concept, GaMINLab will be configured 
for select set of existing OLabs and guidelines for bringing in similar class of science OLabs 
under GaMINLab will be published. Design guidelines for meaningfully gamifying simulation-
labs using this framework. GaMINLab framework can potentially be used by teachers to 
augment simulation-based labs like OLabs to engage learners in science practices in fun way.  
 
4. Methodology 
 
4.1 Design of the GaMINLab Framework 
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The current design of GaMINLab is informed by a) literature recommendatins for fostering 
disciplinary practices and addressing challenges in simulation-based labs, and b) the theory 
of meaningful gamification. For a specific lab, learners will get categorized problem-solving 
challenges in scenarios like park, beach, etc and learners are prompted to attempt problem-
solving activities associated with chosen problems. The problem-solving activities are aligned 
with the problem-solving inquiry framework (Kim & Hannafin, 2011), with tasks such as 
Investigate using the Lab, Propose Answers and Predictions, and Share and Discuss your 
Lab Investigation Report. The related OLabs simulation is embedded in specific tasks and can 
be manipulated for investigations. Learners are asked to create artifacts like investigation 
plans, lab investigation reports, for evaluation by self, peers, or teachers using rubrics.  

Instead of predefined sequence for the problem-solving tasks, learners are prompted 
with options choose their strategy, encouraging flexible problem-solving approaches. System 
awards corresponding badges for each disciplinary task completion, acknowledging progress 
and motivating further engagement. Lab onboarding familiarizes learners with UI objects, lab 
variants, observation by including interactive content like hotspots, quizzes, chat/forums 
facilitate discussion, and report sharing among peers. Scaffolds assist learners in preparing 
investigation plans, lab reports and provide guidance for alternate paths, aiding progression 
or retracking actions. Currently GaMINLab has two class IX labs with one problem in each 
scenario. Corresponding OLabs simulation is embedded with the system. This allows learners 
to conduct investigations by manipulating variants and using other available controls. We plan 
to conduct series of studies to validate and refine the framework. 

  
5. Study Design 
 
A study for class IX students is being planned is to validate the design of GaMINLab. We plan 
to analyze the pattern of engagement of the learners, motivation, evidence of disciplinary 
practices, usability of the system, user perception, etc. The physical study will be done in two 
parts, a pilot (10 students) and main study (60 students). Separate schools will be selected for 
the pilot and the main study to avoid bias. The research questions for are - RQ-1 “What is the 
pattern of engagement of learners while using GaMINLab?;RQ-2 “How does GaMINLab 
contribute to motivation of learners; RQ 4.1 How usable is the system? RQ 4.2 What is the 
learner perception of system? In RQ-1 we are looking at the behavioral engagement of the 
learner in GaMINLab. Behavioral engagement (Fredricks, 2004) concerns learner participation 
and learner interest in academic tasks, in our context it is engaging in disciplinary practices.  
The study session will last approximately 2-2.5 hours. Participants will take a pre-test on 
disciplinary practices, followed by lab activities in the GaMINLab. Each student is expected to 
solve one problem in one lab during the allotted time. After interacting with the intervention, 
participants will complete a post-test on disciplinary practices, the SUS questionnaire, and a 
learner perception survey, followed by semi-structured interviews.  
 
5.1 Data Sources and Instruments 
In identifying patterns of engagement, we will find attempts/reattempts, badges earned, 
artefacts submitted, etc. We will be measuring intrinsic motivation using the Intrinsic Motivation 
Inventory a self-reported questionnaire on interest/usefulness, perceived choice, perceived 
competence, pressure and tension, relatedness, etc. Interest/usefulness is a direct indicator 
of motivation so it an appropriate metric to get insights of their motivation as they interact with 
GaMINLab. We are also interested to measure self-reported measures of perceived choice 
(autonomy), perceived competence (mastery), relatedness. These are also considered as 
positive predictors while pressure/tension is considered as negative predictor of intrinsic 
motivation. Table1 illustrates theoretical constructs, operational constructs and data sources.  

We measure the disciplinary practices demonstrated in artifacts i.e. investigation plan, 
lab reports etc. using a 4-point rubric scale for each of the 4 disciplinary practices. Disciplinary 
practices manifested in interaction with the system will be identified. by thematic analysis of 
qualitative and log data for specific disciplinary practice. We will measure the learner 
perception of usability of the system, challenges faced by them and their experience with the 
system using SUS and learner perception survey. Thematic analysis of perception survey 
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responses will be done and responses will be triangulated with interview responses to a) 
evaluate usability b) identify challenges c) confirm design considerations are being working as 
intended. 

Table 1. RQs, Theoretical Construct, Operational Construct and Data Sources 

 Theoretical 
Construct  

Operational 
Constructs 

Data 
Sources/Instru

ments 
RQ-1 Pattern of 

Engagement 
Paths taken, task 
attempts/reattempts,  
variants used,  
badges earned 

Screen recording, 
logs, Attempts 
report, interview 
transcripts, notes 

RQ-2 Intrinsic 
Motivation 

Interest/Usefulness, perceived 
choice, perceived competence 
perceived relatedness 

IMI survey 
responses, interview 
transcripts 

RQ-3 Disciplinary 
Practices 

Degree of Disciplinary 
practices: demonstrated in 
artifacts, interaction in system 

Pre-test, Post-test 
responses, artifacts 

RQ-4 Learner 
Perception 

Usability, Challenges SUS questionnaire 
Perception Survey 

     
6. Conclusion 
We believe that a framework like GaMINLab built around simulation-based labs would 
intrinsically motivate learners in “doing” science and cognitively engage them in the related 
activities. The planned pilot study will give us valuable insights about the design features and 
what impact these have on the intended goals. After studies, review by researchers in areas 
of scientific inquiry, learning sciences and researchers in areas of gamification/game-based 
learning in education is being planned. After analysing the findings from study, and inputs from 
researchers and teachers, the GaMINLab will be refined. Thereafter a longer duration study 
will be planned in atleast 2 schools and additional labs. 

Within the GaMINLab intervention and related study design, we are seeking input from 
the community on the following points: a) are there any critical pieces of literature that have 
been overlooked in the context of our research goal? b) Is selecting gamification elements to 
address the needs of autonomy, mastery, and relatedness an appropriate strategy to enhance 
intrinsic motivation in learning activities? d) Is it essential to measure baseline motivation (pre-
intervention) within our context? e) Would it be useful to conduct a study focusing on which 
gamification elements will be relevant and appealing for the chosen target audience and 
context? This feedback will provide valuable inputs refine the intervention and related studies. 
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Abstract: Video-based learning (VBL) provides self-paced and flexible learning. 
However, VBL is often a passive learning method. Active video watching (AVW) has 
been proposed as an approach to increase learner engagement. We investigate the 
motivation and perception of learners towards gamification to further increase 
engagement in AVW. Results from a survey in New Zealand and the Philippines show 
a positive perception towards integrating gamification into AVW, with learners 
preferring a combination of game elements rather than individual elements. Our 
findings provide foundations for a gamification intervention in AVW. 

 
Keywords:  Video-based learning, active video watching, gamification 

 
 
1. Introduction 
 
Video-based learning (VBL) has become a popular learning method (Giannakos et al., 2016). 
Although VBL offers self-paced and flexible learning (Pal et al., 2019), it can be a passive 
activity leading to shallow learning (Seo et al., 2020). Since students learn more when they 
engage in more activities (Koedinger et al., 2015), there have been attempts to increase 
engagement in VBL by actively supporting engagement via active video watching (AVW) 
(Mitrovic et al., 2019). Various platforms support AVW, e.g., AVW-Space, which includes 
activities like writing comments on the content of watched videos or rating comments made 
on the videos by other learners (Lau et al., 2016; Mitrovic et al., 2016). 

Gamification is the use of game design elements in non-game contexts (Deterding et 
al., 2011). Gamification increases learner engagement by satisfying the learner's 
psychological needs, such as autonomy, competence, and relatedness (Suh et al., 2018). 
Education is among the top sectors where gamification interventions have been researched 
(Hamari et al., 2014). Badges, leader boards, levels, challenges, customization, and points 
are the most used game elements in the educational context (Klock et al., 2020).  

This paper presents a preliminary study to understand learners' perception of 
gamification in the context of AVW. The following research questions are addressed in this 
paper: 
 

1. What is the perception of learners on how gamification impacts motivation? 
2. What is the perception of integrating gamification into active video watching? 
3. What gaming elements do potential learners consider most desirable in active video 

watching? 
 
 
2. Methodology  
 
We designed a survey with 17 questions on demographics, motivation, experience with 
gamification, perception of gamifying active video watching, and game elements (the full 
questionnaire as well as the responses are available online: 
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https://doi.org/10.5281/zenodo.8176246). Table 1 shows the game elements we included in 
the survey (based on the most common game elements identified in the literature (Majuri et 
al., 2018)). 

 
Table 1. Game elements 

Game element  Description 
Point Positive feedback or a reward (score) 
Challenge A task that requires effort to complete 
Badge Virtual representation of an accomplishment 
Leaderboard An element that orders users according to a criterion 

 
Following the human research ethics approval (HREC 2023/16/LR-PS), participants 

were recruited via advertisements on university channels. Participants' demographics are in 
Table 2 and Table 3.  

 
Table 2. Gender and Institute 

Institute Gender Count  
University of Canterbury, New Zealand Male  26 

Female  21 
Non-binary    2 

University of Ateneo de Davao, Philippines Male  38 
Female  15 
Non-binary    1 

 Total 103 
 

Table 3. Age distribution  

Age range Count 
18-23 87 
24-29 5 
30-35 9 
36-41 2 

 
The survey was integrated into AVW-Space, a platform for active video watching (Lau 

et al., 2016). Participants were given 30 minutes to go through the platform to get an idea of 
AVW before completing the survey. A short introductory video on gamification was also 
provided at the beginning of the survey. The data analysis was conducted as a descriptive 
statistical analysis. 
 
2.1 Results 
 
Eighty-three percent of respondents (n=85) would feel motivated if they saw their progress 
(regardless of the actual game element), while 54% (n=56) would feel motivated if they saw 
their peers' progress as well. Eighty-eight percent (n=91) mentioned they would feel motivated 
if they received rewards for completed activities (again, regardless of the actual game 
element). 

Sixty-nine percent (n=71) would like game elements integrated into AVW platforms. 
Fifty-six percent (n=58) stated that gamification would improve their learning on AVW 
platforms. 

Regarding actual game elements, 29% (n=30) selected the combination of Points, 
Challenges, Badges, and leaderboards as gaming elements that would most effectively 
motivate them to undertake activities (see Figure 1).  
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Figure 1. Game elements/combinations that would motivate the learners

When considering individual game elements, Points were the most popular element 
(n=77), followed by Challenges (n=68), Badges (n= 61), and Leader boards (n=58). However, 
in terms of motivation to undertake specific learning activities, participants stated Points (15%) 
or a combined integration of Points and Challenges (15%) as the most liked element(s) when 
watching videos, and Points for both activities of commenting on videos (32%) and rating 
comments of videos (23%) (Table 4).

Table 4. Most preferred game elements for each learning activity

Activity Most preferred game element(s)
Watching Videos Points - 15%

Points & Challenges - 15%
Commenting on Videos Points - 31%
Rating Videos Points - 23%

To further explore whether perceptions or preferences depend on respondents’ 
background, chi-square tests were conducted. We found that participants with previous 
gamification knowledge responded positively when asked about being motivated to interact 
with the platform if they saw their peers' progress on the platform, while participants without 
previous knowledge of gamification responded neutral (p = .028). This may be self-explanatory 
since participants who already know about gamification might have had positive experiences.

3. Conclusions
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Research shows that gamification effectively increases engagement (Stanculescu et al., 2016). 
We analyzed learners' perceptions of integrating gamification with AVW as the first step before 
implementing gamification in AVW. This study provides evidence for the positive user 
perception towards gamification that will help us design a gamification intervention for AVW-
Space. 

Overall, there was a positive perception of gamification impacting the learners' 
motivation regardless of the experience with AVW or gamification. Also, the perception 
towards gamification improving learning from the platform was positive, with integrating 
gaming elements in AVW being the same. Participants preferred having multiple game 
elements instead of integrating individual elements.  

A threat to validity of this research is the dependence of the responses on the overall 
time the learners spent on AVW-Space to get an idea of what AVW is. New learners answered 
the survey based on their limited experience with AVW-Space. Other threats to validity are the 
small number and types (e.g., students with little practical experience) of respondents from 
two universities.  
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Abstract: Presentation skills are crucial for tertiary students and graduates but are 
difficult to teach. We augmented active video watching (AVW) approach with the 
possibility of interactions among students, and conducted an experiment with AVW-
Space, an online platform which supports video-based learning. The participants 
watched and commented on videos first. In the second phase, the participants 
reviewed, rated, and responded to their peers’ comments. We found that students who 
interacted with other students and responded to their comments increased their 
conceptual understanding of presentation skills. 

 
Keywords: Active video watching, interactive learning, presentation skills 

 
 
1. Introduction 
 
Presentation skills are essential for tertiary students as they play a crucial role in their further 
education and careers (Wats & Wats, 2009). However, they are challenging to teach and 
teaching such competencies demands a substantial investment of time, needs extensive 
practice, and requires continuous feedback from instructors (Anthony & Garner, 2016).  

Video watching is one of the common methods of teaching transferrable skills (Conkey 
et al., 2013; Mitrovic et al., 2016). Although learning from videos has many advantages, such 
as providing flexible, self-controlled learning opportunities, and raising students’ motivation 
(Sablić et al., 2021), the main disadvantage of Video-Based Learning (VBL) is the lack of 
interaction between the system and the learner, or between learners (Yousef et al., 2014). 
Lack of interaction results in low-quality learning due to limited engagement (Mitrovic et al., 
2019). 

Active Video Watching (AVW) was proposed recently as a means to promote self-
reflective learning (Dimitrova & Mitrovic, 2022; Mitrovic et al., 2017). AVW-Space is a 
controlled VBL-environment, which allows teachers to integrate YouTube videos into their 
teaching spaces. Students can watch and comment on videos using teacher-specified micro 
scaffolds for reflection. Students are also able to review and rate the comments written by their 
peers in the system’s social space in order to reinforce their learning. In this paper, we 
investigate and show the importance of supporting interactions between students in AVW. To 
provide direct interaction between students, we modified the reviewing/rating phase: Students 
can Like/Dislike comments, but also respond to comments, as well as previously written 
responses in two nested levels (level 1: respond to comment, level 2: respond to response). 
We present some preliminary results of the study in the next section. 
 
 
2. Methodology and Results 
 
Following ethics approval, we collected data from a mandatory first-year course for all 
engineering students at the University of Canterbury in 2023. Participants had two weeks to 
complete Survey 1, watch eight videos about presentation skills and make comments on them. 
Survey 1 consisted of questions on demographic, training, and experiences with presentation 
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skills; they were also asked to write as many phrases as they could on giving presentations in 
terms of structure, delivery and speech, and visual aids (one minute for each question). At the 
end of this phase, we selected 238 (anonymized) comments which were provided to the whole 
class to review, rate, and respond. At the end of the study, students were invited to complete 
Survey 2, which contained the same questions on giving presentations, and additionally open-
ended questions about the usefulness of reviewing, rating, and responding to others’ 
comments.  

Out of 746 students who completed Survey 1, we excluded responses of participants 
under 18 since they were unable to give informed consent. Also, we eliminated records of 
students who did not watch any videos. Of the remaining 647 participants, 69.55% were male, 
29.68% were female, and 0.77% did not specify. Most participants (96.75%) were in the 18-
23 age group, and (86.55%) were native English speakers. We received 493 valid responses 
for Survey 2. We classified the participants post-hoc based on their observable learning 
behaviours using the ICAP framework proposed by Chi and Wylie (2014). ICAP identifies four 
learning modes with increasing levels of engagement: Passive, Active, Constructive, and 
Interactive. In this paper, Passive students were those who have not written any comments or 
responses. The participants who wrote some comments are classified as Constructive if they 
wrote at least two high-quality comments (i.e., comments which show reflection on past 
experience, and planning for future presentations), while the remaining ones are classified as 
Active (Mohammadhassan et al., 2020). We distinguished interactive students as those who 
wrote at least one response to comments/responses. Table 1 presents the summary of 
students’ activities in AVW-Space. 
 
Table 1. Summary of Activities for Students Completing both Surveys – Mean (Std) 

 Passive Active Constructive Interactive Total 
n=12 n=289 n=125 n=67 n=493 

Days  1.67 (.89) 3.03 (1.88) 4.23 (3.00) 3.16 (2.29) 3.32 (2.32) 
Sessions  2.25 (1.48) 3.67 (2.53) 5.22 (4.66) 4.04 (3.15) 4.08 (3.33) 
Videos 8 (3.59) 11.40 (4.01) 10.21 (3.17) 10.48 (3.78) 10.89 (3.83) 
Comments 0  10.31 (5.49) 21.25 (12.29) 15.90 (10.16) 13.59 (9.80) 
Ratings 5.25 (9.62) 15.28 (16.40) 27.07 (27.97) 14.54 (12.84) 17.92 (20.24) 
Responses    5.07 (5.97)  
Review pages 2.58 (3.42) 8.96 (2.50) 9.09 (2.54) 8.84 (2.22) 8.82 (2.68) 
CK1  12.75 (3.60) 13.65 (5.75) 14.87 (5.96) 14.37 (6.10) 14.04 (5.82) 
CK2  13.25 (3.93) 13.72 (6.12) 15.86 (6.68) 17.30 (8.73) 14.74 (6.75) 
CK2-CK1 + 0.50 + 0.07 + 0.99 + 2.93 + 0.70 
T-test, α=.05 t=-.40, p=.35 t=-.19, p=.42 t=-1.58, p=.06 t=-2.75, p=.004 t=-1.73, p=.04 

 
Bold-styled numbers show the highest values in each measure. ANOVA with the 

Bonferroni correction identified significant differences among different categories of students 
in all activities (p<.05). Constructive students used the system on significantly more days and 
wrote/rated significantly more comments compared to others. In terms of watching videos, 
Active students were significantly different from Constructive ones. Also, there were significant 
differences among Passive students and the others in all measures. All groups acted 
significantly differently in terms of writing comments (df=3, F=160.47, p<.001). 

Students’ responses to the conceptual knowledge questions from Surveys 1 and 2 (CK1 
and CK2 respectively) were analyzed using the ontology developed by (Dimitrova & Mitrovic, 
2022). The scores represent the number of ontology concepts mentioned in responses. Using 
the paired t-test on CK1 and CK2 for all student categories, we found that the only significant 
increase from CK1 to CK2 scores was for Interactive students, which indicated a considerable 
growth in CK score compared to other groups. ANCOVA analysis (Dependent Variable=CK2, 
Covariate=CK1, Fixed Factor=student groups) reported that CK1 (F=128.05, p<.001) and 
student groups (F=6.10, p<.001) have significant effects on CK2.  

In Survey 2, we asked students about the usefulness of replying to the comments made 
by other students. Out of 490 responses, 390 (79.59%) were positive (e.g., “it gives others’ 
ideas that they might not consider”), 36 (7.35%) cases were neutral, and the remaining 64 
(13.06%) were negative (“Not useful”). 

1043



 
 
3. Conclusions 
 
In this study, we adopted the AVW approach, and added interactive components in social 
space for students to acquire presentation skills. Having watched and commented on videos, 
students reviewed, rated, and responded to their peers’ comments. The obtained results show 
significant differences in the amount of improvement among different student groups. Students 
who took advantage of the interactive mode of learning in AVW, interacting with other 
students, considerably enhanced their conceptual knowledge of presentation skills. 
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Abstract: The advancement of artificial intelligence (AI) has drawn educators' attention 
to its educational potential. However, the efficacy of AI depends on learners' effective 
interaction, avoiding either neglect or excessive dependence. Despite the significance 
of learner-AI interaction, research on interaction patterns remains limited. This study 
investigates how EFL (English as a foreign language) learners interact with an AI tool 
for English writing and explores the effects of different interaction patterns on their 
writing performance. Through an experiment involving 29 EFL undergraduates, three 
distinct interaction patterns emerged, exhibiting significant differences in their 
engagement with the AI tool. The comparisons of the three clusters indicate that 
different AI interaction patterns lead to varied interaction approaches, and not all 
learners equally benefit from AI's potential. In order to promote productive learner-AI 
interaction in educational environments, instructors should provide personalized 
support and feedback. 

 
Keywords: Artificial intelligence, Interaction, English writing, EFL 
 
 

1. Introduction 
 
Technological advancement has AI playing an increasingly vital role in the education field, 
particularly in enhancing English learning. The AI tools have been demonstrated to enhance 
learners' writing skills by systematically providing feedback about incorrect grammar, spelling 
and so on (Liu et al., 2021). As a tutor, a companion, or a fellow student, AI has the potential 
to exert cognitive and affective influences on learners (Engwall & Lopes, 2020). However, it 
should be noted that not all learner-AI interactions are uniformly effective, the success of these 
interactions depends on how they are conducted (Wang et al., 2023). Limited understanding 
exists regarding the process of learning through learner-AI interactions, and the variations in 
interactions among different learners, although such research could contribute to the design 
of AIED by illuminating effective ways of learner-AI interaction. The purpose of this study is to 
explore learner-AI interaction patterns during English writing tasks and the effects of 
interaction patterns on learners' performance.  
 
 
2. Literature Review 
 
AI has been reported to positively contribute to enhancing learners’ English writing skills. EFL 
learners provided with AI-based semantic and syntactic feedback outperformed those without 
AI support (Hwang et al., 2023). Learners of different competence levels may interpret the 
same learning activity differently, resulting in diverse approaches to interacting with AI. Wang 
et al. (2023) identified four learner-AI interaction clusters based on system usage data in EFL 
learning: effective learners, passive learners, well-balanced learners, and inefficient learners. 
They observed that the primary beneficiaries were those utilizing deep learning methods, 
engaging in the critical reception of AI feedback rather than following it mechanically. Previous 
research on English writing with an AI translator also categorized learner-AI interaction into 
AI-dependent, limited, and collaborative interaction (Kim et al., 2023). Collaborative interaction 
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exhibits the most effective patterns as learners go beyond copying the AI's responses, actively 
modifying inputs to meet their specific needs and fostering two-way interactions.  
 
 
3. Method 
 
This study involved 29 EFL undergraduates from diverse academic majors in South Korea. 
QuillBot (https://quillbot.com), a user-friendly AI system, was used to support English essay 
writing. Participants had no prior experience with QuillBot and received instructions on the AI 
tool. There was a practice session before carrying out English essay writing in two conditions: 
(1) independent writing and (2) AI-supported writing conditions. Participants conducted think-
aloud while carrying out the writing tasks in a laboratory, and all activities were recorded with 
video. Three researchers independently analyzed videos using a coding scheme of learner-
AI interaction and the inter-rater reliability was high (Cohen's Kappa at .96). All disagreements 
were resolved through discussions. English writing performance was assessed by two high 
school teachers using a rubric. 
 
 
4. Results 
 
This study found that the AI tool, QuillBot, was helpful for EFL learners who might lack English 
writing skills. Wilcoxon Signed-Rank Test showed that learners achieved significantly higher 
scores in the AI-supported writing condition (M = 7.37, SD = 1.50) than in the independent 
writing condition (M = 6.55, SD = 1.72, Z = 3.01, p < .01).  

This study explored learner-AI interaction patterns by investigating the number of 
clusters with hierarchical cluster analysis and carrying out k-means cluster analysis. Three 
types of learner-AI interaction patterns were identified: limited, AI-dependent and collaborative 
interactions (see Table 1). Cluster 1, limited interaction patterns, showed high independence 
with minimal AI usage. Cluster 2, AI-dependent interaction patterns, frequently relied on the 
AI tool to accomplish tasks and seldom modified AI recommendations, consistently monitoring 
the progress of English writing. It is noteworthy that Cluster 2 identified the benefits of the AI 
tool more favorably than the others. Cluster 3, collaborative interaction patterns, valued 
feedback and recommendation from the AI tool and engaged in critical thinking to revise the 
recommended words and sentences rather than mechanically following it. Furthermore, 
according to the result of Kruskal Wallis H test, there were significant differences between 
mean rank of three clusters in task strategy (H = 17.06, p < .01), individual work (H = 22.45, p 
< .01), revision-oriented interaction (H = 13.77, p < .01), acceptance-oriented interaction (H = 
15.36, p < .01), performance monitoring (H = 9.91, p < .01), interaction monitoring (H = 12.34, 
p < .01), positive evaluation of AI (H = 11.13, p < .01), and negative evaluation of AI (H = 13.08, 
p < .01).  

An ANCOVA was conducted to examine the influence of learner-AI interaction patterns 
on English writing performance in the AI-supported writing condition, using English writing 
performance in the independent writing condition as a covariate. Although the independent 
writing performance significantly influenced the AI-supported writing performance (F = 23.32, 
p < .01), there was no significant influence of learner-AI interaction patterns (F = .17, p 
= .849).     
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Table 1. Types of interaction between learners and the AI tool 

Codes Sub Codes 

Cluster 1 Cluster 2 Cluster 3 
 

H 
 

p (n = 15, 52%) (n = 6, 21%) (n = 8, 27%) 

M SD M SD M SD 

Planning 

Task analysis 2.87 4.30 1.04 1.76 3.30 5.07 .84 .658 

Task strategy .00 .00 1.26 1.39 .00 .00 17.06 <.01 

AI function 
exploration 0.737 1.59 0.65 1.36 2.48 3.56 2.20 .332 

Task 
Performance 

Individual 
work 73.18 7.42 38.11 6.56 52.17 6.52 22.45 <.01 

Revision- 
oriented 

interaction 
2.31 3.36 0.45 1.11 9.51 7.34 13.77 <.01 

Acceptance-
oriented 

interaction 
10.72 6.37 26.71 7.40 21.42 7.02 15.36 <.01 

Rejection- 
oriented 

interaction 
4.49 4.78 7.09 3.20 3.86 2.44 3.81 .149 

Monitoring 

Performance 
monitoring 5.33 5.71 15.35 3.97 5.26 5.11 9.91 <.01 

Interaction 
monitoring .00 .00 1.63 2.67 .00 .00 12.34 <.01 

Positive 
evaluation of 

AI 
0.31 0.61 5.67 5.48 1.99 2.11 11.13 <.01 

Negative 
evaluation of 

AI 
0.05 0.20 2.05 2.28 .00 .00 13.08 <.01 

 
 
5. Conclusion 
 
This study found three types of learner-AI interaction patterns (i.e., limited, AI-dependent and 
collaborative interactions), each of which showed a distinct way of interacting with AI for 
English writing. This result is consistent with Kim et al. (2023). Compared to Kim et al. (2023), 
the AI tool in this study provided continuous feedback based on input, and engaged in a more 
flexible, personalized and active interaction with learners. Consequently, a wider range of 
learner-AI interactions were analyzed. Due to the nature of the task, differences of interaction 
patterns might have no statistically significant effect on English writing performance. This study 
explored the influence of learner-AI interaction patterns on an AI-enhanced task, not an AI-
enabled task, which could not be conducted without AI tools. The influence of learner-AI 
interactions would be enlarged in the AI-enabled task like English conversation with AI. This 
study implies that instructors should provide scaffoldings to enhance collaborative interaction 
with AI tools and encourage learners to reflect on their interaction patterns in or after using AI 
tools for learning activities. 
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Abstract: Traditional digital learning environments faced challenges in obtaining 
comprehensive user interaction data, often yielding fragmented insights without a 
cohesive visual representation. The emergence of metaverse platforms has enriched 
this landscape, enabling detailed user activity representation with multimodal data 
through avatars. However, how to understand the multimodal data related to teaching, 
social and cognitive presences underpinned by the 'Community of Inquiry' theoretical 
framework in the metaverse is a big challenge for educators. This study introduces a 
holistic visualisation solution to bridge this gap, ensuring a better understanding of 
avatars’ behaviours in an educational metaverse platform – Learningverse developed 
by our research team. The solution captures a range of multimodal data in 
Learningverse, such as avatar location, behaviours, emotions, and conversation. Key 
visualisation elements include heatmaps, points, and arrows, each with distinct 
informational value. In the future, integrating the solution with multimodal learning 
analytics is our next step work to understand teaching, social and cognitive presences.  

 
Keywords: Metaverse, Learningverse, holistic visualisation solution, Community of 
Inquiry 

 
 
1. Background 
 
The evolution of digital learning environments has ushered in new opportunities to observe 
and analyse user activities and behaviours (Diwanji et al., 2020; Knox et al., 2020). In 
traditional virtual learning environments, capturing comprehensive and detailed data of user 
interactions remains challenging, often resulting in a fragmented understanding of the 
activities and behaviours (Willermark & Gellerstedt, 2022). The introduction of the metaverse 
provides an immersive platform for social interactions and collaboration, with avatars 
representing users, demonstrating their activities (Zallio & Clarkson, 2022). The need for a 
holistic visualisation solution to understanding multimodal data in the metaverse becomes 
paramount, paving the way for a deeper, and more comprehensive understanding of users’ 
activities and behaviours. 

Nevertheless, the avatars in existing metaverse platforms such as Spatial, Verbela, 
and Second Life cannot mirror the real users, making users’ multimodal data such as facial 
expressions, gestures, poses and conversations harder to capture, and learning process less 
engaging and interactive (Song et al., 2023). Against this background, our research team 
developed the metaverse platform – Learningverse, which is introduced in the next section. 

 
 
2. An Educational Metaverse Platform – Learningverse 

 

1064



Learningverse is a 3D educational metaverse platform developed specifically for learning and 
training purposes (Song et al., 2023). The platform has three unique features: (1) it is 
underpinned by the ‘Community of Inquiry’ framework (Garrison et al., 2010) which supports 
varied pedagogical social-constructivist designs and promotes deep and meaningful learning 
experience; (2) users can act as avatars mirroring themselves in the metaverse simply on a 
common computer with a webcam, thus lowering the threshold for users’ accessibility; and (3) 
users can interact with the virtual objects and other avatars, and are able to use custom 
collaborative tools and 3D models to create their own virtual learning spaces or activities. 
Owning to these features, avatars’ activities and behaviours in a multimodal form in 
Learningverse can be captured. In the next section, we present our proposed holistic 
visualisation solution to understanding multimodal data in the metaverse platform. 

 
 

3. Design of a Holistic Visualisation Solution 
 
3.1 Multimodal Data in Learningverse 
 
In Learningverse, multimodal data can be logged. These include avatar location, tracked by 
the 3D axis positioning of the avatar, behaviours such as upper-body posture and gestures, 
emotions inferred from facial expressions, activity records on tasks set by educators, and 
conversations captured in chat rooms or transcribed from oral communications (See Table 1). 

 
Table 1. Properties of Multimodal Data in Learningverse 

Multimodal data Raw data Type 
Avatar location Avatar 3D axis in Learningverse Distribution 
Behaviour Upper-body posture Density 
 Gesture Density 
Emotion Facial expression Density 
Task completion Activity records on tasks Trajectory 
Conversation Chat room Occurrence  

 Oral speaking to text Occurrence 
 
3.2 A Holistic Visualisation Solution to Understanding Multimodal Data 
 
The holistic visualisation solution incorporates three primary visualisation elements: (1) 
Heatmap: illustrates the concentration and range of avatar activity within a designated area 
with a deeper colour indicating heightened activity or emotional intensity; (2) Point: Serves as 
an indicator, marking instances of conversation; and (3) Arrow: Represents the trajectory of 
avatars as they navigate through various learning tasks (see Figure 1). 

The holistic visualisation solution is grounded in representing the activity locations of 
avatars in Learningverse, predominantly using a heatmap format (See Figure 2). This 
approach visualises the intensity and scope of their spatial activity (Pokojski et al., 2021). Data 
is captured at 30-second intervals to ensure the accumulation of meaningful information. The 
choice of this interval, influenced by research from Emerson et al. (2020), ensures sufficient 
feature changes across modalities. 

Such an approach strikes a balance, allowing for granular data acquisition without 
overwhelming the system or the educators. Subsequently, the system matches this data with 
avatars’ specific locations and their respective timestamps, aligning these with the heatmap 
on a thumbnail view. The rich multimodal data in Learningverse can be presented through the 
holistic visualisation solution, offering a flexible, interactive, and selectable mode. This design 
allows educators and learners to reflect upon and review their entire learning process and 
outcomes. 
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Figure 1. Design of the Holistic Visualisation Solution for Multimodal Data 

 
 

  
 

Figure 2. Demonstration of the Holistic Visualisation Solution 
 

 
4. Future work 
 
The current visualisation solution predominantly presents standard activity records, with less 
emphasis on pedagogical insights and actionable takeaways. The solution aims to offer a 
foundational understanding of multimodal data in the metaverse environment, contributing to 
the literature in this regard. The next step in our work is to integrate the solution with 
multimodal learning analytics to understand teaching, social and cognitive presences using 
the ‘Community of Inquiry’ as a framework. This integration aims to provide educators and 
learners with visualisation to guide pedagogical decision-making and refinement. 
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Abstract: In this paper, I describe the challenges of introducing synchronicity in 
distance education in which the flexibility for students to learn anywhere and anytime 
has been most valued. With the wide diffusion of web conferencing systems such as 
Zoom, Microsoft Teams and Google Meet during the COVID-19 pandemic, it has 
become natural not only for traditional on-campus institutions, but also for distance 
education institutions to utilize synchronous communication tools for instructional 
delivery. There are advantages to utilize such tools while there are certain 
disadvantages especially for distance education institutions. This paper presents the 
results of synchronous web class trials at the Open University of Japan. 

 
Keywords: synchronicity, online education, distance education, live web classes, open 
education 

 
 
1. Introduction 
 
Distance education predates the pandemic, shattering time and space constraints to offer 
accessible learning. As technology advances, distance education has evolved, enabling 
learners to engage with content, collaborate, and interact remotely. Yet, beneath this 
convenience lies the paradox of introducing synchronicity in this context. Synchronicity, 
fundamental in traditional classrooms, involves real-time educator-student and student-
student interaction. Replicating this in distance education is challenging. 

This paper explores synchronicity's interplay with distance education as integrating 
real-time elements into asynchronous learning is innovative yet challenging. Benefits of real-
time interaction, like community building and immediate problem-solving, are significant. 
However, challenges like time constraints, connectivity, and overwhelming learners must be 
addressed. 

This paper examines the Open University of Japan's (OUJ) case, initially adopting 
synchronicity due to COVID-19, and then realizing the significance of synchronicity. It also 
presents survey results focusing on the factors that hinder students from taking synchronous 
online classes. The paradox of introducing synchronicity in distance education embodies 
both an opportunity and a challenge. As we strive to embrace synchronous elements, we 
must carefully weigh the benefits against the practical constraints and design innovative 
solutions that harness technology's potential without sacrificing the flexibility that makes 
distance education so empowering. By unraveling the complexities of this paradox, 
educators can pave the way for a more holistic and enriched distance learning experience, 
poised to meet the diverse needs of learners in an ever-changing educational landscape.  
 
 
2. The Open University of Japan 
 
2.1 Pre-pandemic Era 
 

The Open University of Japan (OUJ) has been a stand-alone distance education 
university and the only university in Japan (and probably in the world) with a fully operational 
broadcasting station with dedicated television channels. All of its broadcast programs are 
produced and pre-recorded at the studios at OUJ before being broadcasted and OUJ has 
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never had a live broadcasting facility. In 2007 some of the radio broadcast programs were 
first made available on the Internet for the registered students, and in the following year 
some of the television broadcast programs were made available on the Internet for the 
students. Although those broadcast instructional programs were made available on the 
Internet for the students, only in 2016 some courses started to be offered online using the 
learning management system, Moodle.  

Therefore, besides those face-to-face classes offered at the study centers across the 
country before the COVID-19 pandemic, OUJ offered no synchronicity in its instruction and 
all its distance education courses were offered asynchronously allowing students to take 
courses anywhere and anytime. For the broadcast courses, the instructional video or audio 
programs and text materials are all created prior to the start of the courses, and for the 
online courses, all the learning materials and assignments are created before the beginning 
of the course, which are made available to students at the beginning of the semester after a 
thorough checking. No real-time interaction had occurred between teachers and students or 
among students remotely. The synchronous interaction with teachers was possible only for 
those who registered for senior thesis credits in which students could seek real-time advising 
and instruction from their teachers. 
 
2.2 During the Pandemic 
 

In April 2020, it was decided that all the face-to-face classes at the study centers had 
to be cancelled due to the pandemic. For substituting the cancelled face-to-face classes, 70 
out of 92 full-time faculty members at OUJ volunteered to offer a total of 80 online 
synchronous classes.  As for the students, 2,704 (17%) out of 15,900 students who had 
registered for the face-to-face classes registered for the emergency online synchronous 
classes. For those students who registered for the face-to-face classes, but decided not to 
take emergency online synchronous classes, the refunds of the fees were made. For many 
professors at OUJ, it was the first time to offer online synchronous classes and there was 
some confusion and difficulties in materializing what they planned to teach.  According to the 
survey conducted to the professors who taught the emergency online classes at OUJ, 16 out 
of 69 respondents said they would not want to do it again and 26 were neutral though 44 of 
them said such online synchronous classes could be an important educational mode to be 
considered for the future of the university.  
 
2.3 From Pilot to Permanent 
 

After the experience of offering emergency online synchronous classes described 
above, the need of online synchronicity at OUJ started to be recognized especially as the 
on-campus universities also started to offer such online synchronous classes during the 
pandemic. The taskforce to discuss the measures for implementing online synchronous 
classes permanently was set up in May 2021 in which the author was assigned as the 
leader.  

To further identify the issues that need to be considered in providing online 
synchronous classes on a permanent basis, in the second semester of 2021 and the first 
semester of 2022, the online synchronous classes were offered as trial bases. For the trial 
offerings of online synchronous classes, volunteers were sought among the full-time faculty 
members at OUJ. Nine faculty members (six of them were the taskforce members) 
volunteered to offer synchronous online classes in the second semester of 2021 and 16 
faculty members did in the first semester of 2022. The low volunteer rate of faculty members 
has raised the issue of the teaching load as teaching online synchronous classes was an 
additional burden, which was not part of the main job descriptions of the faculty members at 
OUJ.  
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3. Surveys 
 
3.1 Methods  
 

To answer the research question surrounding the significance of online synchronicity 
within the educational framework of OUJ, a series of online surveys were conducted to the 
students who took the online synchronous classes as well as those who have never taken 
such classes. This paper focuses on the results of the last survey conducted to those who 
haven’t taken online synchronous classes, providing valuable insights into the perceptions 
and preferences of students who had not participated in online synchronous classes, and 
shedding light on the factors influencing their decisions not to take such classes.  

The methodology involved the careful selection of participants from the university's 
registered undergraduate students, with a total population of 76,251. By excluding 639 
students who had already taken online synchronous classes, a representative sample of 
7,500 students was randomly chosen from the remaining 75,642. This approach ensured a 
diverse range of perspectives, enhancing the generalizability of the findings. With a 
response rate of 5.6%, as reflected by the 422 completed survey questionnaires, the study 
achieved a reasonable level of engagement from the selected participants. The responses 
revealed insightful patterns concerning the factors inhibiting students from enrolling in online 
synchronous classes. 
 
3.2 Factors for Not Taking Online Synchronous Classes 
 

Notably, the primary reasons for abstaining from these classes were consistent. A 
significant percentage cited the inconvenience of class timings (36.7%), underscoring the 
challenge of accommodating diverse schedules in synchronous learning environments. 
Another substantial group expressed a lack of interest in available class topics (36.7%), 
highlighting the need to align course offerings with the varied preferences of learners. 
Moreover, apprehensions about adapting to this novel style of learning were prominent, with 
35.3% of respondents feeling unsure about the new method. 
 However, the future outlook for online synchronous classes remains optimistic, as 
46% of respondents expressed intent to explore these classes, while 37.4% remained 
undecided. The reluctance to commit to a specific timeframe emerged as a predominant 
deterrent (54.8%), indicating the value placed on the flexibility inherent in asynchronous 
learning. Additionally, a considerable portion (35.1%) remained uncertain about the 
instructional approach, emphasizing the need for clear communication and guidance 
regarding this educational modality.  
 
  
4. Conclusion 
 
In closing, this research has unveiled valuable insights into the paradoxical nature of 
introducing synchronicity in distance education. The study's findings underscore the 
importance of addressing scheduling flexibility, diversifying course offerings, and 
transparently communicating the benefits of synchronous learning to enhance student 
engagement and participation. As distance education continues to evolve, bridging the gap 
between synchronous and asynchronous modalities presents both challenges and 
opportunities that demand innovative strategies to craft a truly enriched learning experience. 
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Abstract: In recent years, a considerable number of studies have been made on 
learning with social robots as partner for learners. In these studies, robots are often 
assigned their roles in advance such as tutor, peer, or learners themselves. On the 
other hand, the roles assigned to the robots could give learners a cognitive bias to their 
own thoughts, emotions, attitudes, interaction ways, etc., related to learning. However, 
such role influence has not been sufficiently explored so far. In this work, we investigate 
this in the context where learners self-review their own presentation with a social robot. 
We have conducted a case study with the presentation robot we developed in our 
previous work. The robot reproduced learners’ presentation with two roles that were 
their peer and themselves. The results suggest that the role of robot as peer brings 
about more effective self-review in regard to reducing uncomfortableness in self-review 
and promoting awareness of points to be improved in presentation than the role as 
learners themselves. 

 
Keywords: social robot, cognitive bias, robot role, self-review, presentation behavior 

 
 
1. Introduction 
 

In related work on social robotics for learning, robots ordinarily play their own roles 
such as tutor, peer, and learners themselves, which are assigned in advance for facilitating 
communication with learners. In communication between human, the role one 
(communicator) plays often gives the other (communicatee) a cognitive bias towards his/her 
own thoughts, emotions, attitudes, interaction ways, etc. When a communicator explains 
something, for example, a communicatee tends to accept the contents. In case a 
communicator explains the same contents as peer, on the other hand, the communicatee 
tends to listen to the contents more carefully with some doubt/questions. In this way, the 
communication modes of the communicatee could change according on the roles of the 
communicator (Rod D. Roscoe and Michelene T. H. Chi, 2008). 

Since robots as learning media possess physical embodiment and anthropomorphic 
tendency compared to other media such as PC, tablets, etc., they could look like human (S. 
Kiesler, A. Powers, S. R. Fussell, and C. Torrey, 2008).  Even in human (learner)-robot 
communication, such cognitive bias would be accordingly expected to arise depending on 
the roles of robot as their learning partner. Understanding the influence of robot roles also 
makes it possible to design more instructive robots. However, it has not been sufficiently 
explored so far.  

In this paper, we investigate whether robot roles have an influence on learners’ 
thoughts and engagement in the context where learners self-review their own presentation 
behavior by means of a social robot reproducing it.  
 
 
2. Self-Review with Presentation Robot 
 

Self-review of presentation involves learners reviewing their presentation by 
themselves to identify points to be improved. Learners must consider not only what to 
present but also how to present with non-verbal behavior (presentation behavior), which 
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includes gesture, gaze, and paralanguage. Presentation behavior is particularly important for 
communicating the presentation contents.  

The general way for learners to self-review is to record a video of their presentation 
and then to check it out. However, it would be too uncomfortable for them due to their 
appearance and voice to conduct an in-depth review. In addition, novices have insufficient 
knowledge about what to review. Towards resolving these problems, we implemented a 
presentation robot, which stands in for learners and reproduces their presentation including 
presentation behavior (K. Inazawa, A. Kashihara, 2022).  

Figure 1 shows a presentation made by the presentation robot. The robot reproduces 
learners’ presentation as the role of learners themselves. We also designed a presentation 
behavior model to prepare a checklist for review, which allows learners to become aware of 
points to be improved. Refer to (K. Inazawa, A. Kashihara, 2022) for the model and checklist 
in detail. 

The results of a case study we conducted suggest that the robot could reduce 
learners’ uncomfortableness to promote their engagement on self-review, and also bring 
about more awareness of points to be improved in their presentation behavior (K. Inazawa, 
A. Kashihara, 2022).  
 Although the presentation robot plays a role of learners themselves in our previous 
work, we expect it to bring about more effective self-review when it plays a role as peer of 
learners. That is the main topic of this paper. 
 
 
3. Influence of Presentation Robot Roles 
 

We have conducted a case study whose purpose was to investigate the influence of 
presentation robot roles on self-review. We also used three criteria: engagement in 
reviewing, uncomfortable feeling, and awareness of points to be improved.  

The hypotheses we set up in this study were as follows: 
 
H1: The robot as peer promotes engagement on reviewing compared with the robot as 

learners themselves. 
H2: The robot as peer reduces uncomfortable feeling compared with the robot as learners 

themselves.  
H3: The robot as peer enhances awareness of points to be improved compared with the 

robot as learners themselves.  
 

 
Figure 1: Presentation Robot 
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Figure 2: Experimental Procedure

The participants were 14 undergraduate and graduate students in informatics and 
engineering. We set two conditions: self-review with the robot as participant himself/herself 
(control condition), and self-review with the robot as peer of participant (experimental 
condition). Figure 2 shows the procedure of this study, in which the participants were divided
into two groups (Group A and B). Each participant reviewed his/her own presentation twice 
as within-subject design. The robot reproduced his/her presentation in both reviews, but the 
robot roles, the color, and the voice pitch were different in each review. As for the robot role, 
we particularly informed him/her in advance that the robot demonstrates peer’s presentation
in the control condition. In the experimental condition, on the other hand, he/she was 
informed that the robot demonstrates your own presentation. 

The post-questionnaire consisted of 10 5-point Likert scale questions, and the 
overall-questionnaire consisted of 8 questions that asked which condition allowed the 
participants to engage/reduce uncomfortableness in reviewing. During self-review, the 
participants were also required to write down points to be improved for their presentation
behavior with the checklist.

4. Results and Discussion

As for the results of the questionnaires about engagement, there were no significant

Figure 3: Average Numbers of Points to be Improved
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Figure 4: Average Numbers of Points to be Improved in Group A and B

differences between the two conditions, and H1 was not supported. However, the post-
questionnaire results showed high average scares in both conditions. This suggests that the
use of the robot increases engagement on self-review regardless of the robot roles.

As for uncomfortable feeling, there were significant differences between the two 
conditions, which suggest the robot as peer reduces uncomfortable feeling on self-review
compared to the robot as learner himself/herself. This supports H2.

As for awareness of point to be improved about presentation behavior, Figure 3 shows 
the average number of improved points found out in each condition. There was no significant 
difference between the conditions, and H3 was not supported. We will take this into 
consideration below.

Since the participants conducted two reviews of their presentation, the second review
seems to be easier for them to become aware of points to be improved than the first review. 
This order effect is confirmed in Figure 4 (a), which shows the average number of improved 
points in Group A. As shown in Figure 4 (b) for Group B, on the other hand, the second 
review under the control condition brought about a fewer number of improved points than the 
first review under the experimental condition. This suggests the possibility that the role as 
peer counteracts the order effect to bring about more awareness of improved points even in 
the first review.

5. Conclusion

In this paper, we investigated the influence of robot roles in the context where 
learners self-review their own presentation with a social robot. The results suggest that the 
robot roles have an influence on uncomfortableness and cognitive awareness in reviewing 
presentation.

In future, we need to ascertain the influence of robot roles in other learning contexts.
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Abstract: This study explores the integration of metaverse-associated 
technologies such as VR, AR, MR in education, employing bibliometric 
techniques and VOSviewer software to analyze the field. Drawing from the 
Science Citation Index (SCI) and Social Science Citation Index (SSCI), 937 
papers were preliminarily obtained to identify prevailing themes and emerging 
trends. Five main research clusters were identified: challenges and attitudes in 
implementing technology, virtual reality in skill training, college students' self-
efficacy and perceptions, interactive educational settings for children, and 
specific disciplinary knowledge applications. The study contributes to the 
understanding of the practical application of metaverse technologies in 
education and may guide future research and development in this rapidly 
evolving field. 
Keywords: metaverse, education, bibliographic 

 
1. Introduction 
 
In 1992, acclaimed American author Neal Stephenson introduced the idea of the 
'metaverse' in his cyberpunk science fiction novel 'Snow Crash'. In this vision, he 
portrayed a 3D space that mirrors the real world where individuals could interact 
through digital avatars. With the advent of technologies like Virtual Reality (VR), 
Augmented Reality (AR), Artificial Intelligence (AI), and blockchain, coupled with 
societal events such as the COVID-19 pandemic which pushed for a transition to virtual 
interactions, our digital footprint has deepened (Zhang et al., 2022). The metaverse's 
boundaries are seemingly limited only by our imagination, making it an alluring concept 
to many (Hwang & Chien, 2022). However, the emerging metaverse is not without its 
challenges, particularly regarding user privacy (Al-Ghaili et al., 2022). As pointed out 
by Mystakidis (2022), the battle among dominant corporations to shape this realm will 
be pivotal in determining future privacy standards for users. 

Different interest groups related to the metaverse shape its portrayal based on 
their distinct perspectives, leading to a varied representation of the metaverse and its 
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associated technologies (Dolata & Schwabe, 2023). Despite its years of evolution, the 
metaverse remains an elusive concept without a universally accepted definition. 
Broadly speaking, its development can be categorized into three progressive stages: 
(i) digital twins, (ii) digital natives, and (iii) surreality. This progression begins with 
replicating real-world entities, evolves into innovations grounded in reality, and 
culminates in an independent realm separate from our reality (Wang et al., 2022). 
Mystakidis (2022) posits that the metaverse relies on technologies that support 
multisensory interactions within virtual spaces, among digital entities and people. 
Extended or Cross Reality (XR)—comprising virtual reality (VR), augmented reality 
(AR), and mixed reality (MR)—is seen as a vehicle meeting the metaverse's interaction 
demands. Contrasting traditional VR or AR, Hwang and Chien (2022) emphasize three 
unique traits of virtual universes: they are 'shared,' 'persistent,' and 'decentralized.' 
Barrera and Shah (2023), synthesizing literature and industry insights, define the 
contemporary metaverse as "a technology-driven nexus of scalable and potentially 
interoperable extended reality environments. These spaces bridge physical and virtual 
realms, offering experiences marked by their immersion level, environmental 
authenticity, and social engagement." This characterization distinguishes the 
metaverse from earlier, simpler virtual worlds. Dolata and Schwabe (2023) attribute 
the current phase of the metaverse to the rise of VR, AR, NFTs, AI, and more, dubbing 
it the third wave. They observe that today's metaverse carries hallmarks of formal 
acknowledgment and platform-independent entitlements related to ownership, 
authorship, responsibility, and autonomy. These traits pave the way for a socio-
economic structure deeply linked to the global economy. In essence, XR technologies 
stand central to metaverse discourse, acting as a bridge between avatars in the virtual 
domain and users in the tangible world (Park & Kim, 2022). 

Technical support in teaching plays a significant role in education and 
development (Weisberg, 2011). However, the application of VR, AR, MR, and other 
simulation devices related to the metaverse in actual teaching lacks comprehensive 
exploration. This study employs bibliometric methods and analyzes the literature in this 
field using VOSviewer software to understand the hot topics in research related to the 
application of metaverse-related simulation technologies in education. 
 
2. Data Set and Research Methodology 
 
All the articles in this study were retrieved from the citation databases of the Science 
Citation Index (SCI) and Social Science Citation Index (SSCI) and were obtained from 
the Web of Science (WOS) created by the Institute of Science Information (ISI). In 
selecting keywords, this study focused primarily on educational journals. Therefore, 
the following retrieval methods were used for the keywords: TS=("metaverse" OR 
("virtual reality" OR "augmented reality" OR "mixed reality" OR "extended reality") AND 
"education"). Some articles that had no relevance to VR, AR, or the metaverse were 
excluded, as were review articles. Finally, 937 papers were initially obtained. 
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3. Results 
 
Based on the network map, it is evident that research in this field primarily forms five 
clusters. The red section mainly discusses challenges and attitudes toward the 
application of technology in education. Penn and Ramnarain (2019) used virtual 
environment simulations to provide visualizations of chemical concepts, improving 
students' understanding of chemistry concepts and their attitudes toward chemistry 
learning. Fidan and Tuncel (2019) positively affected learning in physics subjects 
through Augmented Reality (AR)-assisted Problem-Based Learning (PBL) while 
enhancing the perceptual abilities of students with disabilities. The yellow section 
primarily discusses topics related to virtual reality hands-on simulation skill training. 
Çakiroğlu and Gökoğlu (2019) employed a Virtual Reality Behavior Skills Training (VR-
BST) approach to teach basic firefighting skills, incorporating behavioral modeling and 
on-site training into the learning environment to improve students' behavioral skills. 
The blue section mainly discusses self-efficacy, impressions, and overcoming issues 
in higher education, such as Cai et al. (2019), who discuss how AR helps students 
understand abstract mathematical concepts and enables high self-perceived 
performance students to apply more advanced strategies when learning mathematics. 
The green section discusses interactive children's educational environments and 
framework design topics. Degli Innocenti et al. (2019) developed new VR software 
systems that help patients better understand medical knowledge and treatment 
information through VR simulations. The purple section discusses disciplinary 
knowledge and applications in subject-specific contexts. 

 
Figure 1. Keyword Map of Terms Occurring 20 Times or More 
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4. Discussion 
 
Based on the data results, it can be observed that research related to VR places a 
stronger emphasis on simulating learning through practical skills, while AR stands out 
more in mobile learning. When designing experiments using VR and AR devices in 
educational research, most studies focus on individual learning, with limited research 
discussing the simultaneous use of devices by multiple users or the impact of 
cooperative learning and multi-user device usage (Back, Tinga, & Louwerse, 2021). 
Additionally, despite the close relationship between the metaverse and VR/AR 
technologies, few studies directly link the two, resulting in a lack of research that 
combines the latest technologies like AI and blockchain with VR/AR (Chatterjee et al., 
2021; Abdinejad et al., 2021). This study provides the first analysis and categorization 
of research on the use of metaverse-based interactive media and XR technologies in 
education. At its current stage, research in this field is still relatively nascent, primarily 
focusing on building educational platforms based on VR and AR devices. While some 
studies have explored the effects of cooperative learning and group learning, 
discussions regarding the integration of AI, blockchain, and other technologies are 
lacking. 
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Abstract: In lecturing, lecturers need to control the attention of learners to maintain 
while monitoring their learning states. We have claimed that a robot as lecturer can 
properly conduct nonverbal lecture behavior to control learners’ attention and enhance 
their engagement compared with human lecturers. Although attention control is 
possible in shorter lectures, it would be more difficult for the robot to maintain learners’ 
attention in a longer lecture. This prevents them from becoming aware of an important 
part of the lecture contents to understand.  In this work, we have been developing an 
interactive robot lecture system that interacts with learners to recover their attention 
and understanding when they overlook the lecture contents. To recover learners’ 
attention, the system first estimates their states of attention and understanding from 
their posture and gaze during lectures. Second, the system reconstructs a lecture 
scenario to generate an interactive lecture behavior, which combines non-verbal 
behavior about pause, walk, and repeat with paralanguage. The interactive behavior is 
implemented using a humanoid robot NAO. Third, the system provides questions about 
the slide contents for recovering their understanding when they lose their attention in 
spite of attention recovery.  

 
Keywords: Interactive Robot Lecture, Attention Control, Understanding Recovery 

 
1. Introduction 
 
In e-learning and face-to-face lectures, lecturers need to control the attention of learners to 
attract their interests and to preserve their engagement. This also requires lecturers to 
properly use their nonverbal behavior involving gaze, gesture, and paralanguage. In longer 
lectures, in particular, lecturers should interact with learners using nonverbal behavior 
according to their learning states. Such interactive behavior allows lecturers to maintain 
learners’ attention and engagement. 

However, it is not easy even for experienced human lecturers to make appropriate 
use of nonverbal actions during the lecture or to keep track of learners’ states. It is also 
difficult for learners to become aware of what they must pay attention to, thereby making 
them overlook an important part of the lecture contents. They often fail to follow the lecture 
and to understand the contents. 

Towards resolving these problems, we have focused on nonverbal behavior for e-
Learning lecture, and developed a robot lecture system in which the robot reconstructs 
nonverbal behavior of human lecturer, and presents the lecture contents with the 
reconstructed behavior (Ishino et al., 2022). The results of the case study with the system 
suggest that the robot lecture is more effective in attracting learners' attention and giving an 
understanding of the lecture contents rather than the video lecture and the lecture 
reproduction with the robot. 

The robot lecture, on the other hand, could not recover learners’ attention and 
understanding when they lose their attention and understanding (Kashihara et al., 2019 & 
Shimazaki et al., 2022). In this paper, we propose an interactive robot lecture system that 
recovers learners’ attention and understanding during lecture.  
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2. Framework of Interactive Robot Lecture

Let us first explain the framework of the interactive robot lecture system we have been 
developing. In this work, we use a humanoid robot, NAO manufactured by SoftBank 
Robotics. NAO can walk, and perform nonverbal behavior such as gaze, pointing gesture, 
etc., and paralanguage such as voice volume, speed, intension, pause, etc., which are 
similar to those of human lecturers. 

Figure 1 shows the framework of the system. The system conducts interactive robot 
lectures using three sub systems: 
- Recoding system: Recording of lecture made by human lecturer,
- Sensing system: Learning states estimation, and
- Interaction system: Lecture scenario reconstruction and attention/understanding recovery.

A lecture scenario is defined as the contents of each slide, associated nonverbal 
behavior, verbal explanation, and the slide sequence that the lecturer considers when 
designing a lecture. The slide sequence is divided into several segments, each of which also 
consists of several slides, and represents a section/sub-section in the lecture contents. Each 
segment includes in-slide and between-slides questions used for recovering understanding 
of the corresponding slide contents.

Figure 1. Framework of Interactive Robot Lecture.
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(a) Robot Walking for Attention Recovery.    

 

 
(b)Understanding Recovery with an In-slide Question. 

 
Figure 2. Interactive Lecture for Attention and Understanding Recovery. 

 
 The recoding system records a human lecturer's lecture with Kinect to diagnose and 
reconstruct improper nonverbal behavior by means of a lecture behavior model we designed 
(Ishino et al., 2022). It then generates a lecture scenario. The segments of the lecture 
sequence and in-slide/between-slide questions are prepared in advance by the human 
lecturer. 
 The sensing system estimates learner’s states of attention to and understanding of 
each slide in the lecture sequence from their posture and gaze using Kinect and tobii pro 
nano.  
 The interaction system reconstructs the lecture scenario according to the estimated 
states to generate interactive lecture behavior for recovering their attention. In case the 
attention recovery fires more than once in one segment (in other words, their attention could 
not be recovered), in addition, the system provides them with in-slide/between-slides 
questions for recovering their understanding of the corresponding slide or the segment. The 
scenario reconstruction is done with the scenario control model and procedures for attention 
and understanding recovery (Shimazaki et al., 2023).  
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3. Sample Interaction 
 
Figure 2 (a) demonstrates the robot walking to a learner. This shows an example of the 
attention recovery interaction. When the system estimates a learner looks away not to 
concentrate on a slide, in this example, NAO interrupts the lecture, and then walks towards 
him/her to ask if he/she would like it to repeat explanation of the slide contents. If he/she 
says yes, NAO explains the slide contents once again. Such interaction allows the robot to 
recover his/her attention.  
 Figure 2 (b) demonstrates the robot providing a learner with an in-slide question for 
recovering an understanding of a slide. This shows an example of the understanding 
recovery interaction. The understanding recovery fires when the attention recovery is 
consecutively failed in one segment of the lecture sequence. The number of times of the 
consecutive fails is defined by a human lecturer. If the number is defined as 2, NAO will fire 
the understanding recovery interaction after the attention recovery consecutively failed twice. 
In the understanding recovery interaction, NAO provides the learner with an in-slide or 
between-slides questions. These questions are 4-choice questions asking the contents in or 
the relationships between the slides where attention recovery has failed. If he/she answers 
all the questions correctly, NAO assumes that he/she understands the lecture contents, and 
restarts the lecture. If he/she makes a mistake, NAO explains the corresponding slide once 
again. Such interaction allows the robot to recover their understanding of the lecture. 
 
4. Conclusion 
 
In this work, we have been developing an interactive robot lecture system for learner’s 
attention and understanding recovery. A preliminary case study has been conducted with 
high school participants to evaluate the accuracy of sensing data for learning state 
estimation and the interactive lecture with NAO. The results suggest that the learning state 
estimation using posture and gaze sensing data is similar to that of a human lecturer, and 
that the interaction with NAO contributes to maintaining learner’s attention and recovering 
their understanding of the lecture contents. 

In future, we will conduct a more detailed evaluation of the interactive robot lecture 
system with university students. 
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Abstract: With this article, we attempt to shift the conceptualization of creativity from a 
human centered perspective to a wider perspective of posthumanism. We use the 
scenario of collaborative making context, and illustrate how material history evolved 
rooting on the posthumanist standpoint. We see that the humans and nonhuman 
entities are enmeshed in creative acts where agency is spread across the various 
actors leading to learning opportunities and innovative outcomes. 

 
Keywords: Creativity, Constructionism, Posthumanism, Materiality 

 
 
1. Introduction 
 
Posthumanism looks at decentralizing humans from the sole source and center of actions and 
unsettling the concepts related to material neutrality (Barad, 2003, 2007; Pickering, 1993). It 
can bring the vitality of the matter, unpredictability, unfolding ontology, and signifies material 
turns as humans encounter non-human matter (Barad, 2003; Haraway, 1985). The approach 
shifts the attention from who to how all the agents are entangled in the creative phenomemon. 
Here, agency is neither rested solely on human nor nonhuman elements but through becoming 
of emergent manifestations, effects through certain configurations of situated entities 
(Suchman, 1987), and unfolds in practice (Pickering, 1993). To bring in meaning to this 
standpoint, we consider the practice of “making”, which is a materially grounded chain of 
actions where makers create personally meaningful and creative outcomes. Making is 
featured by iterative nature, encountering failures, gathering feedback from fellow makers and 
experts resulting in unexpected outcomes. While engaging in design which is an inherent part 
of making, makers engages with humans and non-human entities like material. Collaborative 
making involves the coming together of makers, sharing resources in the situated 
environment, influencing each other’s ideas and design processes. Creativity has been 
conceived as an individual entity, with less connections to social networks or material, 
technological association (Glăveanu, 2014). This ideology neglects the influence of other 
individuals, tools, technologies and other non-human entities while analyzing the creative 
processes. 

Based on these prior literature, we look to posthumanize creative actions emerging out 
of collaborative making where novice makers engage in design problem solving and 
understand how material histories are generated as material qualities evolve. We position the 
creative aspects of the making process as emergent (Sawyer & Dezutter, 2009; Tangaard, 
2013). 
 
2. Methods 
 
For addressing the research goal of the article we look into a maker activity-centered workshop 
which was part of a maker workshop series organized at a leading engineering institute in 
India. The participants of were eight second-year mechanical engineering undergraduate 
students who completed a maker workshop based on Lego Mindstorms EV3 robotic kit and 
responded to an open invitation. A total of four teams were formed in the order of their 
response, with each team consisting of two members. After the introductory session on digital 
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fabrication, participants were given a design challenge: Conceptualize an assembly 
line/production line that is semi-automated with static and dynamic robots. Model and build 
the setup with resources available in the makerspace. The making sessions lasted for a total 
We followed the making activities of teams- Team P which consisted of one female student 
(G1) and one male student (B1). A facilitator was present during the making sessions to 
support the teams. 

We conducted the analysis with the data sources as video, photographs, design 
artifacts, field notes, and observations during making. We followed theories of new materialism 
and adopted the methodological process of thinking with theory (Jackson & Mazzei, 2012) to 
illuminate the creative entanglements. We viewed the assemblage of data sources 
simultaneously and iteratively. Here, we see ourselves entangled and becoming with the 
unfurling of research course. The research entanglement involved the encounter with data 
sources as video, photographs, design artifacts, field notes, and observations during making.  
  
 
3. Findings 

 
We find that the makers, materials and the facilitator are constitutively entangled in the making 
sessions leading to creative outcomes. 

The team started with the idea of parallel robot, with the rope and pulley mechanism 
for functioning the fork. Here the makers use a variety of materials including, Lego motors, leg 
kit parts, chopsticks, earphone wires, play-doh, and tapes. The following excerpt shows how 
makers and materials come together and open up spots for creative actions. 
 

Maker B1: Do we have strings?.. can we use those filaments as strings? 
[referring to 3D printing filaments] 

Facilitator: Yeah.. you can try. There are some rope pieces in that box [pointing 
to the box with discarded items] 

Maker G1: [Checks the box] there are some wires too.. 
Maker B1: Aah.. we can use it.. but might slide over. 
Maker G1: Or maybe we can cut the ropes. 
Maker B1: This earphone .. can we take that. 
Facilitator: Yes, those are junk ones. 
Maker G1: [Untangles the earphones] 
Maker B1: [Checks the earphones] the lower part looks ok, we can cut that. 

 
In the prototyping session, we observed that the makers trying to blend the Lego robotic kit 
components with mundane materials like chopsticks, earphone wires, play-doh, tapes, etc. 
The team members start by building the rope and pulley mechanism for the fork. The makers 
asked for strings to build the mechanism. The makers and facilitator checks the space for the 
same, but could not find the required kind of thread. But they found a box consisting of used 
cables, ropes, wires, paper, defective electronic devices like calculators, and earphones, and 
the facilitator suggested using the rope for the purpose. One of the makers identifies the 
possibility of using a defective earphone for the same and which is then cut and joined with 
Lego rods for making the pulley assembly as seen in Figure 1. Here we see that the makers 
encounter a wide variety of materials to address the problem in hand. Considering the 
encounter of the defective earphone and maker, maker-material relation changed and the 
history evolved. The meaning of the earphone was that of a connecting component as it had 
the history of being defect, and hence the maker approached the material. The maker and 
material enter into transforming states as defective earphone is modified to form “rope” 
undergoing changes in the moment to moment maker-material histories. From an earphone 
to defective earphone to rope and then to be part of rope and pulley mechanism in relation 
with makers and constituting materials, the material history evolved.   
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Figure 1. The earphone wire – lego components combination for supporting the gripper 

movement. 
 

 
4. Discussion & Conclusion 

 
In this article, we have presented a posthumainst view of creativity by looking into a 
representative episode form a collaborative making context. The findings point to the relational 
dynamics among humans and non-human elements of the situated making context. The 
material histories evolved over time with dynamic changes and shifts in emergent quality. We 
see that the constructivist and cognitivist approach as reductionist research approach where 
materials are seen as only means to explore problem and solution space of the making-with 
human exceptionalism. Posthumanism opens ways to disrupt linear ways of knowing, and 
challenge anthropocentric analysis of maker-material encounters. It can be operationalized to 
find further meanings of collaboration and emergent creativity coming out of it. This flattened 
and relational ontological view can reveal how makers and materials shape and create 
opportunities for learning and creative movements. 
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