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Preface

The International Conference of Innovative Technologies and Learning (ICITL 2022)
provides a platform for those who are working on educational technology to get together
and exchange experiences. Benefiting from the use of a variety of emerging innova-
tive technologies, the e-learning environment has become highly diversified along the
way. Diversified innovative technologies have fueled the creation of advanced learning
environments by adopting appropriate pedagogies. Moreover, these technologies not
only facilitate learning but also actively help students reach maximized learning perfor-
mances. However, due to the rapid evolution of new technologies, how to make use of
these technologies by complying with effective pedagogies to create adaptive or smart
learning environments remains a challenge. Therefore, this conference aims to provide a
platform for those researchers in education, computer science, and educational technol-
ogy to share experiences of effectively applying cutting-edge technologies to learning
and to spark further research. It is hoped that the findings of each work presented at
the conference will enlighten researchers in relevant fields or education practitioners to
create more effective learning environments. ICITL is always ready to share work with
the public.

Due to the unfolding COVID-19 outbreak and travel restrictions, this year’s confer-
ence was held online. Therefore, all accepted papers shifted to a fully virtual format,
with presentations in each session held interactively in a virtual meeting room. This year
we received 123 submissions from authors in 26 countries worldwide. After a rigorous
single-blind review process, 53 papers were selected as full papers and three papers were
selected as short papers, yielding an acceptance rate of 45%. These contributions covered
the latest findings in the relevant areas, including 1) Artificial Intelligence in Education;
2) VR/AR/MR/XR in Education; 3) Design and Framework of Learning Systems; 4)
Pedagogies to Innovative Technologies and Learning; and 5) Application and Design of
Innovative Learning. Moreover, ICITL 2022 featured two keynote presentations and two
invited plenary presentations by renowned experts and scholars. Tassos A. Mikropoulos
and Wu-Yuin Hwang brought us insights on the keynote topics: “Introducing virtual
reality and other extended technologies in education: technological and pedagogical
issues” and “Big Education: Active Learning in Authentic Contexts- Big Scalability,
Long Sustainability and High Cognition”. While the two plenary topics, “Digital com-
petence when technology meets ecology” and “Applying a Business Simulation Game
in a Flipped Classroom: Impact on Higher-Order Thinking Skills”, were presented in
detail by Margus Pedaste and Ting-Ting Wu, respectively.

We would like to thank the Organizing Committee for their efforts and time spent to
ensure the success of the conference. We would also like to express our gratitude to the
Program Committee members for their timely and helpful reviews. Last but not least, we
would like to thank all the authors for their contribution in maintaining a high-quality



vi Preface

conference – we count on your continued support in playing a significant role in the
Innovative Technologies and Learning community in the future.

August 2022 Yueh-Min Huang
Chi-Cheng Chang

Joao Barroso
Frode Eika Sandnes

Shu-Chen Cheng
Tânia Rocha

Yu-Cheng Chien



Organization

Honorary Chair

Yueh-Min Huang National Cheng Kung University, Taiwan

Conference Co-chairs

Chi-Cheng Chang National Taiwan Normal University, Taiwan
Joao Barroso University of Trás-os-Montes e Alto Douro,

Portugal
Frode Eika Sandnes Oslo Metropolitan University, Norway

Technical Program Co-chairs

Shu-Chen Cheng Southern Taiwan University of Science and
Technology, Taiwan

Tânia Rocha University of Trás-os-Montes e Alto Douro,
Portugal

Yu-Cheng Chien National Cheng Kung University, Taiwan

Finance Chair

Ting-Ting Wu National Yunlin University of Science and
Technology, Taiwan

Executive Chair

Yu-Ping Cheng National Cheng Kung University, Taiwan

Program Committee

Ana Balula University of Aveiro, Portugal
Andreja Istenic Starcic University of Ljubljana, Slovenia
António Coelho University of Porto, Portugal
Arsênio Reis University of Trás-os-Montes e Alto Douro,

Portugal
Chantana Viriyavejakul King Mongkut’s Institute of Technology

Ladkrabang, Thailand
Charuni Samat Khon Kaen University, Thailand



viii Organization

Claudia Motta Federal University of Rio de Janeiro, Brazil
Constantino Martins Polytechnic Institute of Porto, Portugal
Danial Hooshyar University of Tartu, Estonia
Daniela Pedrosa University of Aveiro, Portugal
Grace Qi Massey University, New Zealand
Gwo-Dong Chen National Central University, Taiwan
Hana Mohelska University of Hradec Kralove, Czech Republic
Hanlie Smuts University of Pretoria, South Africa
Hugo Paredes University of Trás-os-Montes e Alto Douro,

Portugal
João Pedro Gomes Moreira Pêgo University of Porto, Portugal
José Cravino University of Trás-os-Montes e Alto Douro,

Portugal
José Alberto Lencastre University of Minho, Portugal
Jui-long Hung Boise State University, USA
Jun-Ming Su National University of Tainan, Taiwan
Leonel Morgado Universidade Aberta, Portugal
Lisbet Ronningsbakk UiT The Arctic University of Norway, Norway
Manuel Cabral University of Trás-os-Montes e Alto Douro,

Portugal
Margus Pedaste University of Tartu, Estonia
Paula Catarino University of Trás-os-Montes e Alto Douro,

Portugal
Paulo Martins University of Trás-os-Montes e Alto Douro,

Portugal
Qing Tan Athabasca University, Canada
Rustam Shadiev Nanjing Normal University, China
Satu-Maarit Frangou University of Lapland, Finland
Shelley Shwu-Ching Young National Tsing Hua University, Taiwan
Synnøve Thomassen Andersen UiT The Arctic University of Norway, Norway
Ting-Sheng Weng National Chiayi University, Taiwan
Wu-Yuin Hwang National Central University, Taiwan
Yi-Shun Wang National Changhua University of Education,

Taiwan



Organization ix

Organizers

Sponsors



Contents

Artificial Intelligence in Education

Developing a Game-Based Speech Recognition System to Facilitate Oral
Training Performance for Hearing Loss Children . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Yen-Ting Lin, Tz-Chi Wang, and Yun-Jhih Yi

Exploring Student Discussion Topics in STEAM Hands-On Collaborative
Activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Chia-Ju Lin, Ting-Ting Wu, Tzu-Heng Wang, Margus Pedaste,
and Yueh-Min Huang

Combining Deep Learning and Computer Vision Techniques for Automatic
Analysis of the Learning Process in STEM Education . . . . . . . . . . . . . . . . . . . . . . . 22

Hsin-Yu Lee, Wei-Cyun Chang, and Yueh-Min Huang

Automatic Topic-Based Lecture Video Segmentation . . . . . . . . . . . . . . . . . . . . . . . 33
Peterson Anjunie Co, Wesley Ryan Dacuyan, Jeremy Giles Kandt,
Shu-Chen Cheng, and Cherry Lyn Sta. Romana

Exploring theRelationshipBetweenLearningAchievement andDiscussion
Records in Remote Maker Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

Yu-Cheng Chien, Pei-Yu Cheng, Lin-Tao Csui, Yeongwook Yang,
Danial Hooshyar, and Yueh-Min Huang

A Sentiment Analysis Based Approach for Exploring Student Feedback . . . . . . . 52
Rdouan Faizi and Sanaa El Fkihi

VR/AR/MR/XR in Education

AR Compiler: A Visualization Data Structured Program Learning System . . . . . 63
Wei-Tsung Lin, Ting-Yu Kuo, Chao-Chun Chen, and Yong-Ming Huang

A Semi-systematic Literature Review of Holoportation in Education: The
Potential of Immersive Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Satu-Maarit Korte and Janne Väätäjä

Facilitating Geometry Learning Through Real-Time Collaborative
Activities with Augmented Reality in Authentic Context . . . . . . . . . . . . . . . . . . . . 79

Wu-Yuin Hwang, Yi-Jing Lin, Anh Hoang, Rio Nurtantyana,
and Oscar Lin



xii Contents

Designing STEM Learning Activity Based on Virtual Reality . . . . . . . . . . . . . . . . 88
Wei-Sheng Wang, Margus Pedaste, and Yueh-Min Huang

Roaming Jingliao – The AR Based Learning Assistance for Design
Cultural Creation Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

Ching-I Cheng, Wen-Chun Hsu, and Ming-Han Bai

Using Immersive Virtual Reality to Explore the Learning Performance
and Cognitive Load of Students in STEAM Electronic Circuits Learning . . . . . . 107

Yu-Ping Cheng, Chin-Feng Lai, Shu-Chen Cheng, and Yueh-Min Huang

Visual Reality as a Reinforcement for Entry-Level Therapist to Do
the Speech Language Pathology Inquire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

Yingling Chen, Chinlun Lai, and Yu Shu

Development of Web-Based Learning with Augmented Reality (AR)
to Promote Analytical Thinking on Computational Thinking for High
School . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

Chayaphorn Thabvithorn and Charuni Samat

The Development of Augmented Reality Book to Promote Analytical
Thinking on the Basic of Life Units for Secondary School . . . . . . . . . . . . . . . . . . . 134

Chamawee Samranchai and Charuni Samat

Design and Framework of Learning Systems

The Application of MindMap and Cooperative Learning Teaching Method
on the Machining Technology Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

Dyi-Cheng Chen, Jui-Chuan Hou, Shang-Wei Lu, and Hsi-Hung Peng

METMRS: A Modular Multi-Robot System for English Class . . . . . . . . . . . . . . . 157
Pui Fang Sin, Zeng-Wei Hong, Ming-Hsiu Michelle Tsai,
Wai Khuen Cheng, Hung-Chi Wang, and Jim-Min Lin

A Pilot Study on Maker Spirit-PBL Innovation and Entrepreneurship
Course Design and Effect Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

Chuang-Yeh Huang, Chih-Chao Chung, and Shi-Jer Lou

The Development of Constructivist Web-based Learning Environments
Model to Enhance Critical Reading and Reading Literacy . . . . . . . . . . . . . . . . . . . 174

Phennipha Thongkhotr and Sumalee Chaijaroen



Contents xiii

The Development of Constructivist Web-Based Learning Environment
Model to Enhance Solving Mathematic Problems of Statistics for High
School Grade 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180

Sathapon Chaisri, Sumalee Chaijaroen, and Sarawut Jackpeng

Theoretical and Designing Framework of Constructivist Learning
Environment Model that Promotes Ill-Structured Problem Solving
and Competence in Psychomotor Skills for Industry Students . . . . . . . . . . . . . . . . 187

Onnapang Savaengkan and Sumalee Chaijaroen

The Framework of Development of Constructivist Learning Environment
Model to Changing Misconceptions in Science for High School Students . . . . . . 195

Taksina Sreelohor, Sarawut Jakpeng, and Sumalee Chaijaroen

Development of Web-Based Learning Environment to Promote Problem
Solving on Problem Solving in Computational Science for Secondary
School . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

Anutra Phoosamrong, Charuni Samat, and Pornsawan Vongtathum

Pedagogies to Innovative Technologies and Learning

Familiarization Strategies to Facilitate Mobile-Assisted Language
Learning in Unfamiliar Learning Environments: A Study of Strategies
Development and Their Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213

Rustam Shadiev, Meng-Ke Yang, Dilshod Atamuratov,
Narzikul Shadiev, Mirzaali Fayziev, Elena Gaevskaia,
Anna Kalizhanova, and Nurzhamal Oshanova

Exploring the Collaborative Design Process at Conventional Design Studio . . . . 218
Upeksha Hettithanthri, Preben Hansen, and Harsha Munasinghe

How Does the Shift from Handwriting to Digital Writing Technologies
Impact Writing for Learning in School? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

Lisbet Rønningsbakk

Classroom Digital Technology Integration – A Double-Edged Sword?
Engaging and Practical yet Harmful . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241

Doris Kristina Raave, Eric Roldan Roa, Margus Pedaste, and Katrin Saks

A Proposed Framework for Learning Assessment Ontology Generator . . . . . . . . 252
Martinus Maslim and Hei-Chia Wang



xiv Contents

YouTuber’s Video as Cross-Cultural Learning Resource
for Chinese-as-Foreign-Language Learners – Perspective of Big
‘C’ and Small ‘c’ Culture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262

I.-Lin Kao, Chi-Cheng Chang, and Wan-Hsuan Yen

Emotional Responses of Novice Online Learners Towards Online Learning
During the COVID-19 Pandemic Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

Clyde A. Warden, Judy F. Chen, Wan-Hsuan Yen, and James O. Stanworth

Diffusion of Innovative Digital Work Practices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278
Synnøve Thomassen Andersen

Academics’ Perspectives on the Strengths and Limitations of Blackboard
Ally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

Funmi Adebesin and Komla Pillay

The Effectiveness of Project-Based Learning in Learning . . . . . . . . . . . . . . . . . . . . 296
Chih-Huang Lin and Forrence Hsinhung Chen

Enhancing Students’ Higher Order Thinking Skills with Problem-Based
Learning in a Regression Analysis Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 306

Minh-Trang Vo Nguyen and Jane Lu Hsu

Factors Influencing Internet Users’ Attitude and Behaviour Toward Digital
Piracy: A Systematic Literature Review Article . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313

Nompilo Fakude and Elmarie Kritzinger

Engineering Design Thinking in LEGO Robot Projects: An Experimental
Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324

Pao-Nan Chou and Ru-Chu Shih

Moving a Project-Based Information Systems Development (ISD)
Capstone Module Online: Lessons Learnt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334

Lizette Weilbach and Marie Hattingh

Motion Balance of Creative Assembly JIMU Robot with a Smartphone
Remote Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343

Weng Ting-Sheng and Chao I-Ching

Application and Design of Innovative Learning

The Effectiveness of Cross-Disciplinary in Problem-Based Learning:
An Innovative Implementation of Students’ Bakery Performances
in the Context of Challenge for STEM Education . . . . . . . . . . . . . . . . . . . . . . . . . . 355

King-Dow Su and Hsih-Yueh Chen



Contents xv

Application for Digital Affective Learning to Improve the Emotion
Regulation of Children with Emotional Handicap . . . . . . . . . . . . . . . . . . . . . . . . . . 364

Fu-Rung Yang, Jih-Hsin Tang, and Chih-Fen Wei

Enhancement of Reading Comprehension Skills in Collaborative Setting:
A Preliminary Research on Students’ Perception . . . . . . . . . . . . . . . . . . . . . . . . . . . 372

Olivia de H. Basoeki and Ting-Ting Wu

Design of Hands-On Laboratory Supported by Simulation Software
in Vocational High School . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382

Edi Sarwono, João Barroso, and Ting-Ting Wu

Exemplifying Formative Assessment in Flipped Classroom Learning: The
Notion of Bloom’s Taxonomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 388

Noviati Aning Rizki Mustika Sari, Winarto, and Ting-Ting Wu

Study on the Learning Effect of “In-Depth Guidance Strategy” Combined
with “Online Digital Teaching Materials” in Multimedia Integrated
System Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 398

Wen-Yen Lin, Tien-Chi Huang, Hao-Chun Chang, Jun-Xiang Soh,
Hao-Lun Peng, and Pei-Ling Chien

BSG - A Serious Game Tool to Improve Student’s Self-efficacy,
Motivation, and Engagement in Entrepreneurship . . . . . . . . . . . . . . . . . . . . . . . . . . 405

Budi Dharmawan, Anisur Rosyad, Lusia Maryani Silitonga,
Alpha Nadeira Mandamdari, Sunendar, Lufti Zulkifli, and Ting-Ting Wu

The Effects of Computational Thinking Strategies in English Writing
on Students’ Foreign Language Anxiety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415

Astrid Tiara Murti, Frode Eika Sandnes, and Ting-Ting Wu

Computational Thinking Approach: Its Impact on Students’ English
Writing Skills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423

Nurhayati Nurhayati, Lusia Maryani Silitonga, Agus Subiyanto,
Astrid Tiara Murti, and Ting-Ting Wu

Investigation of Multiple Recognitions Used for EFL Writing in Authentic
Contexts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433

Wu-Yuin Hwang, Van-Giap Nguyen, Chi-Chieh Chin,
Siska Wati Dewi Purba, and George Ghinea

AI Chatbots Learning Model in English Speaking Skill: Alleviating
Speaking Anxiety, Boosting Enjoyment, and Fostering Critical Thinking . . . . . . 444

Intan Permata Hapsari and Ting-Ting Wu



xvi Contents

The Effectiveness of Incorporating Augmented Reality Board Game
into Temple Culture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 454

Yu-Chen Liang, Hao-Chiang Koong Lin, and Yu-Hsuan Lin

The Effect on Students’ Learning Efficacy by Using Self-regulated
Learning Combined with Game-Based Learning in Learning Idioms . . . . . . . . . . 461

Yu-Chen Liang, Hao-Chiang Koong Lin, and Yu-Hsuan Lin

The Study on Critical Thinking of Using Blocks Vehicle in STEAM
Course for Grade Two Elementary School Students . . . . . . . . . . . . . . . . . . . . . . . . . 471

Wei-Shan Liu and Ting-Ting Wu

Employing Portable Eye Tracking Technology in Visual Attention
of Cognitive Process: A Case Study of Digital Game-Based Learning . . . . . . . . . 480

Chun Chia Wang, Hsuan Chu Chen, and Jason C. Hung

The Design and Development of the Mobile Based Learning Environment
to Enhance Computational Problem Solving in Programming for High
School Students . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 491

Kanyarat Sirimathep, Issara Kanjug, Charuni Samat,
and Suchat Wattanachai

Challenges and Opportunities of Education in the COVID-19 Pandemic:
Teacher Perception on Applying AI Chatbot for Online Language Learning . . . . 501

Pham My Linh, Andreja Istenič Starčič, and Ting-Ting Wu

Effect of Learning Computational Thinking Using Board Games
in Different Learning Styles on Programming Learning . . . . . . . . . . . . . . . . . . . . . 514

Han-Chi Liu, Hong-Ren Chen, Sen-Chi Yu, and Yu-Ting Shih

Correction to: Familiarization Strategies to Facilitate Mobile-Assisted
Language Learning in Unfamiliar Learning Environments: A Study
of Strategies Development and Their Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . C1

Rustam Shadiev, Meng-Ke Yang, Dilshod Atamuratov,
Narzikul Shadiev, Mirzaali Fayziev, Elena Gaevskaia,
Anna Kalizhanova, and Nurzhamal Oshanova

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 523



Artificial Intelligence in Education



Developing a Game-Based Speech Recognition
System to Facilitate Oral Training Performance

for Hearing Loss Children

Yen-Ting Lin(B) , Tz-Chi Wang, and Yun-Jhih Yi

Department of Computer Science, National Pingtung University, No. 4–18, Minsheng Rd.,
900391 Pingtung City, Pingtung County, Taiwan (R.O.C.)

Abstract. Oral training of hearing loss children is an important issue since hearing
loss children are difficult to hear what people are saying and also difficult to correct
their oral expression. Although hearing aids or cochlear implants can assist hear-
ing loss children in learning language and communicating, they still cannot own
healthy hearing. Therefore, hearing loss children still needs long-term listening
and speech therapy to improve oral expression ability. However, speech-language
pathologists are significantly insufficient to support the therapy of hearing loss
children in Taiwan. Therefore, this study applied speech recognition technology
to develop a game-based oral training system to assist hearing loss children in
conducting oral training. To evaluate the effectiveness of the proposed system,
three hearing loss children were invited to use the system for a week to conduct
oral training, and the effectiveness of the system was measured by recording the
game process and a questionnaire. The results indicated that the proposed system
can improve the children’ pronunciation abilities. Moreover, the children have
high motivation and satisfaction to use the system to conduct oral training.

Keywords: Game-based learning · Speech recognition · Hearing loss children ·
Oral training

1 Introduction

Hearing loss children are difficult to hear what people are saying and also difficult to
correct their oral expression [1]. Moreover, hearing loss may make children frustrating
and further affect children’s learning and mentality [2–4].

Thanks to the advances ofmedicine and technology, the developments of hearing aids
and cochlear implants are effective to improve the quality of life of the hearing impaired
[5]. Nevertheless, hearing aids and cochlear implants can only assist the hearing impaired
in learning language and communicating with people basically [6]. In other words, the
hearing impairedwith hearing aids or cochlear implants still cannot own healthy hearing.
Therefore, the hearing impaired still needs long-term listening and speech therapy to
improve oral expression ability [7].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
Y.-M. Huang et al. (Eds.): ICITL 2022, LNCS 13449, pp. 3–12, 2022.
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According to 2021 statistics from the Ministry of Health and Welfare in Taiwan, the
number of people with hearing loss and speech disorders is 142,591, but the number of
speech-language pathologists is about 1,256. Therefore, speech-language pathologists
are significantly insufficient to support the therapy of hearing impaired. Previous studies
indicated that visual and tactile stimuli can enhance hearing loss students to learn and
train oral expression effectively [8].

Based on the above, this study adopted digital game-based learning combined with
speech recognition technology to develop an oral training system. Through the sound
and light effects in the digital game, hearing loss students’ visual and auditory senses
were stimulated to enhance their learning motivation and effectiveness. To evaluate the
effectiveness of the proposed system, three hearing loss children were invited to use
the system for a week to conduct oral training, and the effectiveness of the system was
measured by recording the game process and a questionnaire.

2 Literature Review

2.1 Digital Game-Based Learning

As technology and multimedia continues to advance, various effects can be designed
in digital games and can further inspire researchers to develop various digital games
to support different educational subjects [9, 10]. As a result, several studies presented
that digital games have become a modern learning approach in primary and secondary
schools. Literatures also indicated that game-based learning approaches not only increase
learning outcomes, but also enhance students’ conceptual understanding, engagement,
and self-efficacy [11, 12].

To conduct a game-based learning approach, the game design has to satisfy teaching
goals and the game tasks have to enable students to obtain the accomplishment after
playing the game [13, 14]. Moreover, during the play process, the game has to provide
unambiguous feedback, sense of control, playability, and gamefulness to students [15].
Furthermore, according to Ash [16], learning assessments with immediate feedback
should be provided naturally in the game during the play process. If students pass an
assessment, the difficulty of the game and assessment should be increase. Otherwise,
students should re-challenge the game and assessment. In addition, students’ play records
should also be collected by the game system and further enable teachers and students to
make remedial teaching [17].

2.2 Technology Supported Oral Training for Hearing Loss Students

In recent years, oral training for hearing loss students is different from the past. Thanks
to the development of information technology, assistive devices for oral training are
significant to satisfy the requirements of hearing loss students. In various assistive devices
for oral training, visual effects are a major feedback to support students’ training [18].
Different from special education teachers or speech-language pathologists, assistive
devices enable hearing loss students to conduct oral training anytime and anywhere.
Moreover, assistive devices can also provide training feedback to hearing loss students
immediately and objectively [19].
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Therefore, several studies investigated the effects of using computer-assisted oral
training for hearing loss students. Hsieh and Liu asked 15 hearing loss children who
have wearing hearing aids and then conducted an eight-weeks computer-assisted oral
training experiment to investigate the oral training performance. The result revealed that
the children’s articulation of speech was significantly improved [20]. Aldaz, Puria, and
Leifer [21] invited 16 hearing-aided adults (10 males and 6 females) to use smart phones
to conduct oral training. The result indicated that 14 adults’ oral communication capa-
bilities were improved significantly. Sztahó, Kiss, and Vicsi [22] developed a dynamic
visualization training system and invited 16 hearing loss children to use the system to
train their pronunciation. The result found that the system could assist the children in
understanding their own pronunciation and significantly improve their articulation of
speech.

In summary, more and more oral training systems for hearing loss students are
combined with technology to facilitate oral teaching and training, so that hearing loss
students can effectively improve their articulation of speech. Moreover, the systems
can enable hearing loss students to obtain immediate and accurate feedback on their
pronunciation and understand their own pronunciation status.

3 Digital Game-Based Speech Recognition System

To support and facilitate oral training for hearing loss students, this study applied speech
recognition technology to develop a digital game-based oral training system. The pro-
posed digital game is a web-based system that enables students to use a device with a
browser and microphone to play the game. Moreover, the system can collect students’
play records during their play processes. In addition, teachers can capture students’
learning status and further conduct remedial teaching to students.

3.1 System Architecture and Implementation

This study proposed a digital game-based learning system with speech recognition tech-
nology to hearing loss students for oral training. The system architecture is shown in
Fig. 1. The proposed system is mainly divided into a digital game-based learning sys-
tem and a database. The digital game-based learning system enables students to play
the game and learn pronunciation and enables teachers to access and observe students’
learning status. To support the above functions, the digital game-based learning system
contains a game system, an oral learning system, an inquiry records system, and a speech
recognition system. The descriptions of the sub-systems as follows.

1. Game System. The game system provides 5 game levels from very easy to very
difficulty to students who can play different levels to train their pronunciation and
challenge game scores. The game level design is based on the difficulty level of
articulation investigated by Lin [23] and Liu [24]. Moreover, the rhymes with the
easiest articulation are selected, while the vowels are articulated according to their
difficulty level.
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Fig. 1. The system architecture.

2. Oral Learning System.The oral learning system provides students to train incorrect
pronunciations of thewords during the play process. Students can repeatedly practice
the incorrect pronunciations of the words after playing the game. The oral learning
system enables students to repeatedly practice the incorrect pronunciations of the
words and the system can automatically check whether their pronunciations are
correct.

3. LearningRecordSystem.The learning record systemenables teachers to access and
observe students’ play records, such as play times, game scores, and correct/incorrect
pronunciations. Therefore, teachers can utilize the data to provide remedial teaching
to students.

4. Speech Recognition System. The speech recognition system was developed based
on Google Web Speech API proposed by Google and the “Missing Word System -
Pinyin API” proposed by Academia Sinica. The system is used to convert students’
pronunciation into Chinese characters through Google Web Speech API and further
convert the acquired Chinese characters into Mandarin Phonetic Symbols through
Missing Word System - Pinyin API.

Asmentioned above, the proposed game system adopts a digital game-based learning
approach for oral training of hearing loss students. The game system interfaces and
interactions are shown in Table 1.
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Table 1. The system interface and interaction details.

Interface Name Screen Description
Home page This page is designed for 

account login and register. 
Students click the Login 
button to enter personal ac-
count and password to 
login to the game system. 
To apply an account, stu-
dents can click the Register 
button to enter personal ac-
count information for ac-
cessing the game system. 

Game Record 
Search Page

Teachers can login into the 
game system to access stu-
dents’ play and learning 
records. The information 
includes times of correct / 
incorrect pronunciations
for items in each game 
level. 

Main Screen of 
the Game

When students login to the 
game system successfully, 
they can click “Go to Play” 
button to select the game 
level. 

Level Selection 
Page

Students can select a suita-
ble game level to play the 
game. The game levels 
range from very easy to 
very hard. 

(continued)
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Table 1. (continued)

Interface Name Screen Description
Game Screen
(Ready Stage)

When students selected a 
game level and enter the 
game, the game system 
shows a welcome page that 
enables students to ready to 
start the game. 

Game Screen
(Play Stage)

In the game, the system 
starts to count down and 
randomly shows different 
items to students who have 
to use microphone to pro-
nounce each item’s pronun-
ciation. If the pronuncia-
tion is correct to an item, 
students would get scores, 
and vice versa. 

Score Screen When game is over, the 
game system shows the to-
tal score to students. More-
over, students can click 
“Finish” button to next 
stage for learning incorrect 
pronunciations. 

Learning Page If students make incorrect 
pronunciations during the 
play process, the items 
would be showed in this 
stage and students have to 
pronounce the items again. 
When students click the "I 
want to speak" button, they 
have to use microphone to 
pronounce the particular 
item. Moreover, the system 
can recognize students’ 
pronunciations and show 
whether the pronunciations 
are correct. If students 
make a mispronunciation, 
the system would mark the 
wrong pronunciation in red 
and ask they to read it 
again. 
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4 Research Methods

4.1 Experimental Design

The purpose of this study is to investigate the effects of a digital game-based speech
recognition system for oral training of hearing loss children. Three elementary and
preschool hearing loss childrenwere invited to participate in an experiment conducted by
this study. Before the children used the system to conduct the experiment, the researchers
explained the system operation and then the children used the system to conduct an
evaluation to obtain their oral expression status. Moreover, the children asked to use
the system to conduct oral training twice within one week. The duration of each oral
training with the system is 30 min and the interval of the two oral trainings with the
system has to more than one day. After the experiment, the participants were asked to
use the system to conduct an evaluation to obtain their oral expression status again. In
addition, a questionnaire was used to evaluate the children’s motivation and satisfaction.

4.2 Research Instrument

To evaluate the children’s motivation and satisfaction with regard to the training pro-
cess, this study used the self-regulated learning motivation questionnaire proposed by
Santhanam, Sasidharan, and Webster [25] and the student satisfaction questionnaire
proposed by Arbaugh [26] to develop a questionnaire. The questionnaire includes the
motivation to learn scale with 0.84 Cronbach’s alpha value, the computer learning self-
efficacy scale with 0.85 Cronbach’s alpha value, and the student satisfaction scale with
0.96 Cronbach’s alpha value. Moreover, the questionnaire adopts a seven-point Likert
scale.

5 Results

Based on the data collected from the aforementioned experimental process, the results of
this study were analyzed and investigated in three levels: student learning effectiveness,
learning motivation, and system satisfaction.

5.1 Learning Performance Analysis

In order to analyze the children’s oral training performance with the proposed system,
30 samples were used to analyze the pronunciation corrections of the children including
the three children’s play records with five game levels in the game before and after
participating in the experiment. Table 2 shows the statistical analysis result by using a
paired sample t-test. The result indicated that there was a significant difference in the
children’s pronunciation corrections before and after participating in the experiment (t
(14) = −5.105, p < .05).
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Table 2. Analysis of pre and post-test pass rate of hearing impaired children by paired sample
t-test.

N Mean SD t(14) p

Pre-test 15 .377 .340 −5.105* .000

Post-test 15 .735 .152

*p < 0.05

5.2 Learning Motivation Analysis

In order to analyze the children’s learning motivation with regard to the use of the
proposed system, the motivation scale of the questionnaire was filled out by the three
children. The descriptive statistics of the learning motivation of the three children are
shown in Table 3. The result indicated that all children have high learning motivation
while using the system to conduct oral training.

Table 3. Learning motivation results of participants.

Participant N Mean SD

S1 3 7 0

S2 3 6 0

S3 3 7 0

6.667 0.471

5.3 Learning Satisfaction Analysis

In order to analyze the children’s learning satisfaction with the proposed system, the
system satisfaction scale of the questionnaire was filled out by the three children. The
descriptive statistics of the system satisfaction of the three children are shown in Table
4. The result indicated that all children have high satisfaction with the proposed system.

Table 4. System satisfaction results of participants.

Participant N Mean SD

S1 12 6.583 1.382

S2 12 6.583 0.500

S3 12 3.667 2.656

5.583 2.216
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6 Conclusion and Future Outlook

This study proposed a digital game-based speech recognition system to support oral
training for hearing loss children. The experimental results indicated that the proposed
system can improve the children’ pronunciation abilities. Moreover, the children have
high motivation and satisfaction to use the system to conduct oral training. Although
the results of this study showed an oral training improvement to the three hearing loss
children, it is not appropriate to directly extrapolate the results to other hearing loss
children because of the discrepancy in the oral speech capability of the hearing loss
children. With regard to the system development, the proposed system was designed as
a web-based game for cross-platform operations. However, the system performance may
be affected by network speed and web request and reply. Therefore, it is recommended
that future developers could consider to design an offline application or native application
to enhance the system performance.
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Abstract. The STEAM transdisciplinary education method is crucial in the K-12
educational framework.Collaborative learning strategies are often used inSTEAM
transdisciplinary education to train students’ problem-solving and communication
skills. In the process of collaborative learning, hands-on teaching activities can be
more effective for students’ learning interests, and can also help them to understand
and remember knowledge. In the teaching process, except for the application
of teaching strategies that affect student learning, the discussion content during
collaborative activities can facilitate instructors’ understanding of the situation and
theprocess of learning so that they can adjust the course content and teachingmode.
We conduct a pilot study to explore the discussion process during collaborative
learning. We also develop a topic classification system to focus on the discussion
topics of students during hands-on collaborative teaching activities. The accuracy
rate of this system exceeds 80%. We classify the discussion content into three
topic categories to observe the relationship between the discussion topics of each
group and the learning effect. The results show that students who discuss more
coding syntax exhibit improved learning effectiveness and outcomes.

Keywords: STEAM hands-on · Collaborative learning · Natural language
processing

1 Introduction

Learning materials are now often accompanied by technological improvements. Trans-
disciplinary education has become a teaching framework in STEAM (science, tech-
nology, engineering, the arts, and mathematics) education. Transdisciplinary education
means interacting and communicating in different subjects.

Modern teaching strategies such as project-based learning, design thinking, inquiry-
based learning, and collaborative learning have been applied in many learning activities
for STEAM transdisciplinary education [1]. Various studies show that compared with
traditional teaching classes, inquiry-based learning combined with collaborative hands-
on learning activities can be more effective for students’ transdisciplinary ability.
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The literature largely focuses on features such as emotion or behavior as correlates
with learning performance or other dimensions. However, few studies investigate the dis-
cussion content of students during collaborative hands-on activities [2]. Likewise, due to
the complexity and difficulty of higher education courses, few studies take higher edu-
cation as the object of discussion and observe the process of its learning and discussion
[3].

In the past, instructors were obliged to pay constant attention to learners’ learning
situations during this kind of hands-on collaborative learning activity, which sometimes
slowed down the teaching progress. This proved to be an opportunity to use natural
language processing (NLP), a well-known technology in artificial intelligence. NLP
can be used to solve this kind of problem in e-learning, and can help instructors to
simultaneously keep track of multiple student discussions.

Given these problems and suggestions from the literature, we conducted a pilot study
on teaching STEAM hands-on collaborative activities in higher education. We created
a topic classification system using speech recognition and topic classification technol-
ogy, and collected data from the discussion content of learners during the collaborative
process. In this study, the classification categories are self-defined. This research evalu-
ates the effectiveness of the proposed topic classification system and also explores the
relationship between the topics discussed by students and their learning performance.

2 Literature Review

2.1 STEAM Education

In the 1990s, the National Science Foundation recognized science, mathematics, engi-
neering, and technology (STEM) as a high impact factor on economic development
[4]. According to Bequette and Bequette [5], art education facilitates STEM learning,
enhances learning engagement, and may even reduce barriers and limitations between
subjects. Therefore, in K-12 education, art education has been added to STEM educa-
tion, which is accordingly renamed STEAM. The main purpose of STEAM education is
to educate students to apply what they have learned to real life, so that they can explore
critical thinking, creativity, and problem-solving.

Many studies address the effectiveness and importance of STEM or STEAM educa-
tional activities. For instance, Graham and Brouillette [6] describe a quasi-experiment
to explore the influence of primary school students on the learning of STEAM physi-
cal and chemical science lessons. Kant, Burckhard, and Meyers [7] explore the impact
of STEAM cultural activities in the United States. Lee, Chien, Chang, Hooshyar, and
Huang [8] observe students’ learning behavior during STEAM learning activities.

Although many studies attempt to design learning activities based on the STEAM
education framework, still more is needed. As Herro, Quigley, and Cian [9] state, in
a STEAM curriculum, hands-on learning activities should be discussed more, so that
learners can organize theoretical knowledge.
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2.2 Collaborative Learning

Collaboration has been defined broadly as “a kind of coordinated and synchronized
activity. It is a result of continuing to construct and maintain a common concept of the
problem” [10]. According to Boice, Jackson, Alemdar, Rao, Grossman, and Usselman
[11], fostering transdisciplinary ability in STEAM education brings instructors more
challenges. In particular, the production of projects enables the planning of teaching
activities based on STEAM. Given that many learners prefer collaborative learning to
reduce knowledge barriers between professional disciplines, for teachers this may result
in challenges or situations beyond their expertise in evaluating collaborative projects
for students. Herro, Quigley, Andrews, and Delacruz [12] indicate that although many
educational institutions follow the STEAM education scaffold for related curriculum
planning and experimental activities, the effectiveness of these teaching methods as
well as collaborative problem-solving skills remains to be evaluated.

Many studies focus on teaching strategies for STEAM curriculum integration and
collaborative learning. Lin, Yu,Hsiao, Chu, Chang, andChien [13] develop an evaluation
system for STEMeducation courses to evaluate learner ability to collaborate on problem-
solving skills. Kelton and Saraniero [14] emphasize the necessity of sharing visions in
collaborative activities, as this can yield positive effects such as fostering professional
development and motivating learning engagement. In their study, using museum part-
nerships as an example, they observe researchers’ performance in designing STEAM
activities collaboratively. The results confirm that professional development ability can
be promoted through STEAM interdisciplinary collaboration.

2.3 Natural Language Processing in Education

The purpose of NLP—the processing of natural language by computers—is to use
machines to process and use natural language, including cognition, understanding, and
generation [15]. Language processing not only increases the convenience in daily life,
but also helps instructors to teach knowledge by using technology, resulting in more
effective learning.

AmongNLP technologies, speech recognition is in particular widely used. Evers and
Chen [16] show that speech recognition in NLP technology can be used to help learners
in reading, speaking, and communicating skills: applying speech recognition technology
to convert speech into text helps learners absorb non-native language courses [17]. Also,
Hwang, Shadiev, Kuo, and Chen [18] apply speech-to-text recognition (STR) in syn-
chronous online courses to evaluate the effectiveness and relevance when investigating
students’ learning processes and their behavioral intentions. Smith, Haworth, and Žitnik
[19] focus on the automatic grading of student responses via NLP technology. They
observe the grading of open-ended questions in web-based eBooks to examine students’
understanding of the course. Somers, Cunningham-Nelson, and Boles [20] apply NLP
technology in an e-learning environment to automatically assess students’ conceptual
understanding during short question-and-answer sessions in digital analysis courses.
Sullivan and Keith [21] leverage NLP technology to analyze speaking content during
collaborative group discussions by using part-of-speech data to process and classify text.
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Most studies demonstrate the difficulty and deficiency of relevant NLP literature. For
instance, phrases, repetitive words, and specific emphasize words often do not follow
established grammatical structures, such that there remain considerable challenges in
the development of text recognition and analysis technology.

NLP applications are common in language learning, where speech is recognized,
converted into text, and then compared with student behaviors or classroom learning
situations. However, studies seldom address the content of discussion in STEAM hands-
on collaborative activities to determine whether discussion topics affect learning. In this
study, we attempt to bridge this gap in the literature.

3 Methodology

3.1 Participants

Given the importance of STEAM transdisciplinary education in collaborative learning,
we describe a pilot study conducted to explore the discussion process in collaborative
learning.Thisworkshopwasheld in ahigh school inTaiwanwith a class of 36participants
to whom Python programming on a Raspberry Pi device was taught using hands-on
collaborative activities.

3.2 Experimental Process

In this study, hands-on collaborative learning activity was carried out in randomly-
divided groups of two to three people. Figure 1 shows the arrangement of the
experimental procedure of this study.

Before starting the Python programming tutorial, the participants took a pre-test
on Python programming skills and embedded board knowledge. The pre-test results
revealed that students had no prior knowledge of programming and embedded boards;
thus the workshop materials concerned basic logic and applications.

During the basic Python tutorial, small quizzes were included after each sub-topic to
ensure that students understood the teaching content, after which the teacher introduced
the functions and applications of Raspberry Pi. After that, learners were taught how to
connect and control hardware elements using Python code taught previously in the class.
This was followed by hands-on activities.

At the end of the courses, a post-test on Python programming skills and embedded
board knowledge was administered to evaluate students’ learning results.
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Fig. 1. Experimental procedure

3.3 Topic Classification System

In this study, we developed a topic classification system for STEAM hands-on collab-
orative activities using NLP speech-to-text recognition technology. System testing and
evaluation demonstrated an accuracy of over 80% for the topic classification system.
This indicates that the proposed matching of equipment and settings are suitable for
advanced courses. In addition, according to the classification criteria for the C program-
ming language of Sosnovsky and Gavrilova [22], the classification criteria of C language
learning were modified to reflect the content in the Python programming and Raspberry
Pi hands-on courses. The discussion content was classified according to these categories
and content, as shown in Table 1.

The workshop consisted mainly of hands-on collaborative learning, and there were
a total of 36 students who were randomly divided into 16 groups of 2 or 3 students each.
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Table 1. Classification categories

Category Description

Coding syntax Words about Python programming e.g., define, print, import, if …
else, for, while

Learning environment Words related to the environment or learning equipment installed for
learning e.g., Google, install, google, Colab, Raspberry Pi

Project assignment Tasks or assignments related to classroom implementation e.g.,
isosceles triangle, leap year, LED flicker

Due to the large number of groups, teachers and assistants were not able to keep up
with everyone. Therefore, the proposed topic classification system provided a statistical
basis for student discussions in the workshop, as shown in the system page depicted in
Fig. 2. This topic classification pagewas updated every threeminutes, and the proportion
of the three categories was calculated by group and then visualized as a pie chart. The
five most recent words of each category in each group were listed below the pie chart to
help teachers and assistants understand the content of each group’s discussion.

Fig. 2. Topic classification system page

4 Results

We propose a topic classification system to identify speech and extract keywords. This
helps instructors to understand each group’s discussion process and further explore
the relationship between the discussion topics of each group and the learning effect.
The classification accuracy of the purposed topic classification system reached 70% in
practice.

The t-test statistics of the pre- and post-tests are shown in Table 2. There is no
significant difference in the pre-test (p = 0.99), but there is a significant difference in
the post-test. Also, the average post-test score (M) is significantly improved.
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Table 2. Pre-test and post-test significance

M SD t (p)

Pre-test (N = 16) 12.9 10.7 7.91 (<.001) ***

Post-test (N = 16) 53.5 15.4

Note: Ha µ > 29.2, *: p < 0.05, **: p < 0.01, ***: p < 0.001.

To better understand the relationship between the discussion contents and topics and
the students’ final learning results, we conducted a Spearman correlation coefficient sta-
tistical analysis on the self-defined classification criteria and post-test scores. The results
in Table 3 show that post-test scores are highly positively correlated with the coding syn-
tax category discussed in the collaborative discussion process (p < .001) and that their
learning outcomes are highly negatively correlated with the learning environment (p <

.001).

Table 3. Spearman correlation coefficient of topic categories

Post-test Coding syntax Learning
environment

Project
assignment

Spearman’s rho
coefficient

Post-test –

Coding
syntax

.828*** –

Learning
environment

−.801*** −.905** –

Project
assignment

−.234 −.481 .132 –

Note: *: p < 0.05, **: p < 0.01, ***: p < 0.001.

5 Conclusion

In this study we use speech recognition technology to build a topic classification system,
for which we consulted the literature to define the classification categories. The accuracy
of the system exceeded 80%. To evaluate the effectiveness of the system, we conducted
a pilot experiment involving hands-on collaborative activity.

Apart from the system effectiveness, we also explore the relationship between what
the students discuss and their learning outcomes. The results show that students made
good improvements after the basic Python tutorial and the Raspberry Pi implementa-
tion. We also evaluated learners’ speech by self-defined topic categories, finding that
the classification accuracy of this study reached 70%. Coding syntax and learning envi-
ronment both had significant impacts, whereas project assignment had no significant
impact. Perhaps this is because project assignment is a more subjective category and
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differs by course or assignment; thus it is not possible to evaluate learning performance
based on project assignments. In summary, we find that students who discuss coding
syntax more show improved learning effectiveness and outcomes.
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Abstract. STEM education has been a focus in recent years, evidenced by the
increasing number of studies conducted on STEM education to enhance the future
competitiveness of learners. Compared with traditional teaching methods, learn-
ing outcomes in STEM education focus on what is learned during the process of
collaboration and problem-solving rather than on the score of the final exam or
final project. However, most assessment tools measure learning outcomes using
questionnaires or interviews, which lack objective standards and require time for
data processing. We address these problems with a system that combines deep
learning and computer vision techniques to automatically recognize the learner’s
learning process in STEM education. System verification reveals an average pre-
cision of 87.1% and an average recall of 86.4%, which is sufficient to keep track
of the learning process.

Keywords: STEM education · Deep learning · Computer vision · Automatic
assessment tool

1 Introduction

STEM education, proposed by the National Science Foundation (NSF), integrates sci-
ence, technology, engineering, and mathematics to address the shortage of R&D talent
caused by the challenges of the future economy [1]. STEMeducation cultivates problem-
solving skills and critical thinking by integrating knowledge from different fields [2].
Learners use what they learn in these fields to identify and solve problems that cannot
be solved by a single-disciplinary approach [3]. Hsiao, Chen, Chen, and Lin [4] char-
acterize STEM education as developing learners’ problem-solving, collaborative, and
creative thinking skills through a student-centered approach. In contrast to the tradi-
tional teacher-centered teaching model, learners in student-centered STEM education
combine cross-disciplinary knowledge with personal experience and construct their own
knowledge actively by using hands-on work or experiments [5]. Such differences make
the traditional approach to assessing final learning outcomes (midterms and final exams)
increasingly inappropriate for student-centered STEMeducation.Gao, Li, Shen, and Sun
[6] argue that assessing only these final outcomes in STEM education may result in the
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loss of important information about learners’ knowledge building processes, including
problem solving, interdisciplinary reasoning, and collaboration; they also mention the
importance of assessing the learning process.

One increasingly important issue in STEMeducation assessment is how to effectively
understand the learning process of learners in STEMactivities. According to a systematic
review of STEM assessment tools by Gao, Li, Shen, and Sun [6], past studies use
self-reporting and observation to assess STEM education. Self-reporting is measured
primarily through traditional subjective measures such as questionnaires or interviews
to help learners to express their motivational beliefs and their experiences and feelings
during the learning process [7]. Researchers and experts use the observation method to
measure the learning process and performance by coding classroomdata [8, 9]. However,
both methods have limitations, including the vulnerability of self-reporting to subjective
consciousness, memory limitations, and interference by social expectations [10]. In
addition, D’Mello, Dieterle, and Duckworth [11] note that the observation method is
time- and labor-intensive to code and label and is not observable in some learning
environments (e.g., the learner’s home). To address these challenges, in this study we
combine deep learning and computer vision technologies to develop an automated STEM
activity behavior recognition system to aid teachers and researchers in understanding
learning processes in STEM activities in a more objective and automated way.

2 Related Work

2.1 STEM Education Assessment

In a systematic review by Gao, Li, Shen, and Sun [6], self-reporting and the observation
method are the main ways to measure the learning performance and processes of STEM
education learners. Self-reporting is a traditional subjective measure that allows learners
to express theirmotivational beliefs and their experiences and feelings during the learning
process through questionnaires or interviews [7]. For instance, Ekatushabe, Kwarikunda,
Muwonge, Ssenyonga, and Schiefele [12] use self-reporting questionnaires to measure
learners’ levels of teacher autonomy support, self-efficacy, and boredom while partici-
pating in STEM activities. Sahin and Yilmaz [13] use a questionnaire on attitudes toward
science and a questionnaire on attitudes toward AR use to understand changes in learn-
ers’ attitudes toward science and AR after using AR technology in STEM activities.
However, one study indicates that self-reporting is susceptible to subjectivity, subject
memory limitations, and interference by social expectations [10].

To ameliorate these disadvantages, many studies use the observation method as a
fairer way to measure learners’ performance in the classroom [8, 9]. The observation
method is a method of assessing learners’ learning processes and performance by cod-
ing classroom data by researchers and experts [8, 9]. For example, Chen, Huang, Lin,
Chang, Lin, Lin, and Hsiao [14] propose four behavioral indicators for hands-on STEM
activity, hiring two experts to code images to understand the learners’ learning process.
Sun, Ouyang, Li, and Zhu [15] invite two experts to code learners’ behaviors in video of
unplugged STEM activity, finding differences in learners’ processes and behaviors dur-
ing traditional classroom and unplugged STEM activity. However, D’Mello, Dieterle,
and Duckworth [11] indicate that the observation method is time- and labor-intensive to
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code and label and is not observable in some learning environments (e.g., the learner’s
home).

In recent years, as technology has developed, more and more studies have been
conducted on the use of deep learning and related technologies for automated recognition
to reduce the timeandhumancosts of the observationmethod [16].Barbadekar,Gaikwad,
Patil, Chaudhari, Deshpande, Burad, and Godbole [17] use cameras to capture learners’
facial expressions as a basis for determining learner engagement. Kim, O’Sullivan,
Kolykhalova, Camurri, and Park [18] use computer vision techniques to analyze learner
movements at various keypoints and investigate the effect of aromatherapy on learner
movements.

In summary, although many recent studies have been conducted on the use of deep
learning techniques in educational assessment, few studies have been conducted to sys-
tematically model and explore student-centered STEM activities. To address the limita-
tions of self-reporting and the observationmethod and to fill the gaps in STEM education
assessment, in this study we combine deep learning and computer vision techniques to
identify the interaction between learners’ hands and learning materials, which charac-
terize determine learner behaviors in STEM activities and can be used as a basis for the
objective assessment of the learning process.

2.2 Human Action Recognition

Human action recognition, a popular research topic in the field of deep learning, has been
a focus in the past few years due to its wide range of applications, including human-
computer interaction, sports, and healthcare [19, 20]. Common approaches to recognize
human action can be classified by data type: video-based human action recognition [20],
wearable device-based human action recognition [21], and wireless network device-
based human action recognition [22]. In these studies, greater attention has been paid
to video-based human action recognition because of its advantages in terms of higher
recognition accuracy and ease of affiliation [23].

With the release of Kinect-related applications by Microsoft in 2011, an increasing
number of studies have been conducted on human action recognition using 3D human
node images [24], for instance, pace measurement and health monitoring [25]. However,
the extraction of 3D human keypoints requires specific sensors and depth cameras for
recognition, and overlapping joints may cause inaccurate recognition [25]. Cao, Simon,
Wei, and Sheikh [26] propose a system calledOpenPosewhich extracts human keypoints
from 2D RGB images in real time, and further use part affinity fields to connect the
human keypoints to determine the human body pose. This method not only requires
commercially available cameras for keypoint extraction, but also effectively solves the
problem of keypoint overlap by convolutional neural networks [26]. For example, Yan,
Hu, Chen, and Zhengyuan [27] combine OpenPose with a Kalman filter to track the
correctness of patients’ rehabilitationmovements to understand their recovery.Wu,Tang,
Xiong, Wei, Song, and Zhu [28] propose ROpenPose based on OpenPose optimization
to detect astronauts’ movements and maneuvers in a weightless environment in a space
capsule. Considering the speed and accuracy of OpenPose detection, in this study we use
OpenPose to extract learners hand keypoints in STEM activities and develop a system
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to identify learner behaviors in STEM learning activities as a basis for evaluating their
learning process.

3 Methodology

Hofstein and Lunetta [29] consider the learning process to be the learner’s experience,
which includes interaction between the learner and the learning material and the obser-
vation of phenomena. Thence, based on this concept, in this study we comprehend the
learners’ learning process in STEM activity by recognizing interaction between the
learners and the learning materials. The system captures images from STEM activity
frame by frame, recognizing learners’ hand keypoints using OpenPose [26] and learning
materials’ information with YOLOv4 [30]. Finally, the current behavior of the learner is
defined by analyzing the interaction between the hand keypoints and learning materials.
The system architecture is shown in Fig. 1.

Fig. 1. System architecture

3.1 Data Collection

Three researchers were recruited to simulate behaviors during STEM activity, and two
minutes of video was recorded for each behavior type as training and validation data for
the system. A total of 21 simulated videos were collected, and all videos were captured
every 10 s for model building.
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3.2 Image Processing

1. YOLOv4
In this study we used the YOLOv4 model proposed by Bochkovskiy, Wang,

and Liao [30] to detect objects commonly used in STEM activity. However, most
objects frequently used in STEM activities lack native YOLO pretrained weights.
That is, these objects were not labeled in the COCO dataset. Therefore, we adopted
transfer learning to accurately detect objects used in the STEMactivities in this study.
Transfer learning used the weight parameters trained in other large datasets as the
initial weights for training, freezing the weight parameters in deeper network layers
and retraining the network weights in the shallower network layers. With transfer
learning, we thus take a neural network originally used for another task and apply
it to a completely new domain, inheriting the weights from the pretrained model in
another domain to save retraining time and improve model accuracy. The YOLOv4
training parameters are listed in Table 1.

Table 1. YOLOv4 training parameters

Parameter batch subdivision max_batch height width class

Value 64 8 12000 608 608 6

The adjusted parameters of YOLOv4 in this study included setting the batch size
to 64, i.e., each time 64 samples were input to the model for training and weight
updates; subdivision was set to 8 to split the batch into 8 loads when there was
not enough memory for the whole batch. As max_batch was set to the number of
categories multiplied by 2000 in the original paper [30], we set it to 12,000 to ensure
that there were enough training epochs for each category. In this study, the height
and width of the model were both set to 608. Note that since objects are generally
small in STEM activities, the input height and width should be increased to improve
the recognition of small objects.

In this study, the simulated images mentioned in the data collection section were
used as training data, and six objects—keyboard, mouse, tablet, car, phone, and
pen—were detected in the images. The YOLOv4 output in each frame contained five
parameters: the category number, the ratio of the boundbox’s center X coordinate
to the image width, the ratio of the boundbox’s center Y coordinate to the image
height, the ratio of the boundbox’s width to the image width, and the ratio of the
boundbox’s height to the image height.
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2. OpenPose
We used the OpenPose architecture proposed by Cao, Simon, Wei, and Sheikh

[26] to extract the hand keypoints of learnerswith the parameters set in Table 2 below.
OpenPose, which uses part affinity fields to learn the connections of human muscles
through convolutional neural networks, represents various keypoint connections by
2D vectors, thus significantly increasing the efficiency of human keypoint detection.
The final output is a three-dimensional vector of 135 × 3 × N, where 135 is the
total number of body keypoints, including 25 keypoints for the trunk and limbs, 70
keypoints for the face, and 40 keypoints for the hands. Each keypoint has 3 attributes:
the x- and y-coordinates of the keypoint and the confidence of the keypoint. N is the
number of people in the image. After reviewing the source code of OpenPose, we
used only hand keypoints 26 to 65 as the basis for subsequent behavioral analysis.

Table 2. OpenPose parameter settings

Parameter camera_resolution model_pose net_resolution face_detector

Value 608 × 608 BODY_135 −1 × 480 false

The parameters include camera_resolution, which was set to 608x608 to make
the output format of OpenPose and YOLOv4 consistent while ensuring the over-
all detection performance and speed; model_pose, which was set to BODY_135
to call the pre-training weight of OpenPose, which output a total of 135 human.
Net_resolution was set to −1 × 480 as suggested by Cao, Simon, Wei, and Sheikh
[26] as a balance between recognition speed and accuracy. Finally, face_detector
was set to false because we focus only on hand poses in this study.

3.3 Automatic Learning Process Recognition System

In the image processing stage, input classroom images were input to YOLOv4 to detect
the learning material locations and then to OpenPose to extract the hand keypoints of
learners in the images. The systemoutput is shown in Fig. 2. In addition, we also took into
account themanual coding frequency of Sun,Ouyang, Li, andZhu [15] to identify learner
behaviors at a rate of 5 s. Finally, the automatic STEM behavior recognition system
recorded each 5-s behavior in the learning history of each learner and provided visual
reports to help teachers understand the distribution of behaviors at different moments
during the STEM activity.
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Fig. 2. System output

3.4 Learning Process Indicators

The STEM learning process indicators were defined by the learning materials that
YOLOv4 recognized in this study. That is, if learners touched a learning material during
the STEM activity, the corresponding learning process indicator was recognized and
recorded. A total of seven such indicators were defined: use computer, read, assemble,
use phone, write, idle, and error. These are described in Table 3.

Table 3. STEM learning process indicators

Indicator Description

use computer Use keyboard and mouse to operate computer

read Operate tablet to study learning materials

assemble Assemble

use phone Assemble Micro: bit components to finish manufacturing car

write Use pencil to take notes about what has been learned

idle Hands are not touching any objects related to STEM activity

error Cannot recognize keypoints of learners’ hands
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4 Results and Discussion

The proposed system identifies learning processes in STEM activity by recognizing
interaction between hand keypoints and STEM learning materials. We analyzed and
validated the accuracy of the system to ensure its accuracy. To measure the accuracy
of the system, one-minute images were randomly selected from the collected data for
accuracy analysis and compared with expert coding. Finally, a confusion matrix was
used as the basis for system evaluation. The analysis results are shown in Fig. 3.

Fig. 3. Confusion matrix for proposed system

In this study, the resultswere expressed as the precision of each indicator, as described
in Table 4. The average precision was 0.871 and the average recall was 0.864. The preci-
sion of the use computer indicator was worse than the error indicator due to the limited
camera angle and field size, which caused multiple objects to overlap in the camera’s
view angle. In addition, the keyboard and mouse, which were used to determine the use
computer indicator, occupied a large area of the desktop. If small-object recognition
failed, these were misjudged as use computer because the hands are placed near the
keyboard and mouse on the desktop.

Since the objects used to determine write and use phone were small, both indicators
were difficult to recognize. In addition, the fact that the camera captured video at only 20
frames per second (FPS) made it difficult to recognize small learning materials. Also, in
many cases OpenPose extracted hand keypoints for the learner evenwhen the handswere
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Table 4. Indicator precision

use computer read assemble use phone write idle error

Precision 84% 91% 94% 79% 86% 94% 82%

Recall 82% 92% 92% 77% 89% 93% 80%

under the table, which degraded the accuracy of the error indicator. The performance of
the remaining assemble, read, and idle was better.

We thus offer the following observations: as most of the learning process indicators
during STEM activities were generated by hand interaction with learning materials, we
combined hand keypoints with learning material information to recognize the state of
the learning process when completing STEM activities. A few indicators were limited
by the size of object and angle of the camera. Hence we believe that combining hand
keypoints and STEM learning material location information is a feasible way to keep
track of the STEM learning process.

5 Conclusion

In this study we develop a system to measure a learner’s learning process in STEM
activity by combining deep learning and computer vision techniques. The proposed
method yields an average precision of 0.871 and an average recall of 0.864. In recent
years, due to COVID-19, large-scale workshops have not been held, which limited the
experimental activities and the number of participants in this study, making it difficult
to carry out the corresponding STEM activities and planning. Therefore, we used past
images of STEM activities to evaluate the system. Thus it was impossible to control
field conditions such as intervention by teaching assistants and movement of unrelated
personnel, which would normally be needed for proper model development.

The results reveal room for further discussion and improvement. First of all, to
complete the implementation of the multi-person learning process tracking algorithm,
we could use other more novel human tracking algorithms to record each participant,
for instance by using a feature vector instead of tracking each person’s specific points.
Furthermore, to improve the system efficiency for real-time tutoring of learners, we
suggest further optimizing the data flow transfer and adopting a more lightweight model
architecture. In addition, to improve the camera’s limited view angle, more sensors could
be used to collect more data about the learners (e.g., watch-based tri-axis accelerometers,
the log file of the platform operation, etc.). Future studies should also add questionnaires
to assess more learning outcomes in terms of motivation, participation, and self-efficacy.
In thisway, the systemwouldmore comprehensively analyze the impact of learners in the
learning process of STEM activities and conduct a step-by-step investigation of various
learning situations in STEM activities using computer vision technology.
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Abstract. The recent rise in popularity of online learning has completely over-
hauled the way students consume informative content and how educators provide
it. One of the ways teachers can provide more engaging lectures online is by
segmenting recorded lectures by topic, which allows students to interact with the
video and navigate it. Unfortunately, manually segmenting videos requires time
and effort, adding even more to their workload. To address this issue, a system
that takes any slide-based lecture videos as input and outputs a list of all the topic
transitions contained in the video was developed. Previous research on this topic
have placed heavy emphasis on the lecturer’s speech to segment the video by topic.
However, this research investigates the use of lecture video’s presentation slides to
determine topics. Topic transitions were determined using a Convolutional Neural
Network - based Binary Classification Model trained on an original dataset of lec-
ture videos collected from different educational resources. The video undergoes a
series of preprocessing steps that gradually cut down the group of frames to con-
tain only distinct slides before inputting them into the model. The classification
model’s performance was satisfactory. It obtained 91% accuracy and an 80% F1
score, which is indicative of its reliability in determining whether a slide is a topic
transition or not. The system developed in this research provides both lecturers
and students with a method to label and segment their videos based on key topics
automatically. With further evaluation, this system can potentially be proven to be
convenient enough to be introduced as a new tool in the educational industry to
supplement online learning.

Keywords: Video segmentation · Information retrieval · Convolutional neural
network

1 Introduction

Because of the pandemic due to COVID-19, there was a shift in the education system
around the globe. Therewas a distinctive rise in handling classes in an online setting, also
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called e-learning [1]. Included in how online classes are handled are the use of videos
in conducting lectures, which have been a rather effective means to deliver informative
content and to teach students online [2]. Because of the increased use of lecture videos, a
need for more straightforward navigability according to the topics covered in the lecture
video arises. To address this issue, some online platforms created a feature that enables
one posting a video to place markers in a video to help the user navigate and sift through
the needed information. This feature is also known as video segmentation.

Video segmentation identifies key objects in a video scene [3]. Video segmentation
has played an important role in digital media processing, pattern recognition, and com-
puter vision [4], which have been crucial in many areas, including autonomous driving,
robotics, automated surveillance, social media, and video conferencing, to name a few.
In the case of lecture videos, online platforms that have implemented this feature mainly
require the manual addition of points in the video to divide it into parts. This research
aims to automate the process of video segmentation in a lecture video and provide quick
navigation and convenience for users.

The scope of the study is solely on the automation of video segmentation in lecture
videos that make use of presentation slides.

2 Literature Review

Automatic Topic-based Lecture Video Segmentation (ATLVS) is increasingly needed in
academics as students require quick access andmaneuverability of educationalmaterials.
Video segmentation by topic requires grouping the video by image frames based on its
content similarity and detecting topic transitions that signify the end and start of a topic
[5, 6]. There are multiple approaches to segmenting a video by topic. Some of the more
common methods include identifying scene changes, processing text used in the video,
and analyzing the audio cues of the lecturer.

2.1 Video Segmentation Using Scene Changes

One of the earlier video segmentation methods was detecting scene changes in videos. A
certain scene-change detection algorithm [7] used image processing and edge detection
algorithms to map out changes in video scenes, detecting points in the video where
there is a significant change in scenes. From that, it was possible to segment the video
according to scene changes, but this did not necessarily mean that the videos were
segmented according to topic, since changes in video scenes do not necessarily signify
a shift in the topic of the video.

Another method used in another paper was extracting keyframes in a video with the
use of k-means clustering algorithm [8]. Afterward, texture, edge, and motion features
were applied to each extracted frame. This algorithm was able to identify unique objects
in each frame, thereby making the identification of video scenes according to their
content possible.
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The twoworksmentioned used image processing to extract information froma video.
These methods may be effective when segmenting videos in general. However, lecture
videos usually have little to no scene changes. Thus, with lecture videos, it is necessary
to be able to detect small changes occurring within the presentation of the lectures.

To do that, a method called average hashing can be done [9]. This is a type of image
hashing that creates a hash from the average of the grayscale pixels from each frame.
This method was able to identify slightly different images to their proper categories with
around 80 to 100% accuracy when the threshold value was placed at around 75 to 80%
similarity.

Yet in most cases, scene changes in lecture videos do not coincide with topic changes
[10]. Text extraction may be performed to address this issue. In addition to identifying
topic changes in a lecture video, this may also be faster in segmenting a lecture video
according to its topic since most lecture videos would most likely convey information
that an algorithm can extract as text.

2.2 Video Segmentation Using Text Extraction

Texts found in lecture videos are valuable for detecting topic changes within a video.
That is why extracting these texts is one of the approaches to segmenting videos based
on their topics [11]. One way of extracting these texts is through Optical Character
Recognition (OCR) [6]. The extracted texts from OCR were used as an input for a text-
based indexing algorithm. This indexing algorithm aims to be able to segment the lecture
video so that each segment will represent a topic. Just like the purpose of an index in a
book, indexing a video would provide viewers with faster accessibility and navigability
of contents [12]. However, it may be possible that texts extracted from different slides
may have similar or the same topics and, thus, similar words used.

Lecture videos contain screen text and speech text, which is the corresponding text
of the spoken words in the lecture video. The technology to convert these spoken words
into text is called Automatic Speech Recognition (ASR) [13]. Speech text is as valuable
as screen text because it contains information that can give topics in a lecture video.
For this reason, a study [14] was done to use the speech content of the instructors to
obtain textual and acoustic features and use them to segment the lecture video. The study
showed more efficiency than other similar systems in Precision, Recall, and F-score.

A study was conducted to investigate which performs better in segmenting a video,
whether using screen text or speech text as the input for a text-based indexing algorithm
[6]. The study showed that screen text is a better guide in discovering topic changes than
speech text. Errors found in speech recognition far exceed the errors in text recognition.
Therefore, there would be greater accuracy in segmenting a video when screen text
recognition is used instead of speech recognition.



36 P. A. Co et al.

2.3 Video Segmentation Using Machine Learning

Although text extraction is accurate, a comparative study [15] was conducted that shows
video indexing where machine learning is involved provided better results. The study
revealed that text-based algorithms performed better than non-text-based algorithms and
indexing with machine learning algorithms performed better than text-based algorithms.
The machine learning algorithms were accurate by around 80%, whereas text-based
algorithms were accurate by around 68%. This shows that there is a huge improvement
in video indexing accuracy if machine learning algorithms are involved in the process.

Another study uses boosted deep convolutional neural networks (CNNs) to segment
lecture videos accurately [16]. In this study, indexing is done by matching high-quality
slide images, with either known or extracted text, to lower resolution video frames
with possible noise, space distortion, and occlusion. Experimental results of this study
showed much more capability in handling features of the video like occlusion, spatial
transformations, and other noises compared to other known approaches. Due to that, the
indexing of the videos is a lot more accurate.

With these in mind, this research aimed to further improve the accuracy of video
segmentation algorithms by combining image processing, text extraction methods, and
machine learning. More specifically, the study was based on extracting text seen on the
video using video frames and Optical Character Recognition (OCR). The data gathered
from these methods were used as input into a convolutional neural network (CNN).
Afterward, fine-tuning and testing were done to ensure the accuracy of the results.

3 Methods

A simple web app was used to get or capture lecture videos from the user. The video
uploadedwere then put through a data pipelinewhere the output of the process are unique
slides found in the video. In the data pipeline, the frames per second of the video were
extracted using OpenCV library. While extracting, redundant frames were filtered out
using Image Hashing. Both of these processes were done together to make it a little bit
faster. Afterwards, using the frames thatwere filtered out through ImageHashing, similar
slides found in the frames were filtered out. This was done using CRAFT text detection
and easyocr. These two libraries were able to get the title text of the slides and then
using SequenceMatcher, title texts of two consecutive frames were compared by their
similarity ratio. The output of this pipeline, which were the frames containing the unique
slides in the video, were used as the input to a CNNModel that was created and designed
for this purpose. The model identified which of the frames contained Transitional Slides
and Non-Transitional Slides.With the Transitional Slides identified, their respective title
text and timestamps were then extracted to segment the lecture video using the video
player created (Fig. 1).
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Upload Lecture Video
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Filter Using OCR & 
Similarity Ratio

Identify Tranisitional & 
Non-Transitional Slides

Video Player with 
Timestamps

Fig. 1. Automatic topic-based lecture video segmentation flowchart

3.1 Data Pipeline

Frame Extraction. To be able for the system to process the lecture video, the image
frames found in the lecture video are extracted first. However, not all image frames are
extracted in the lecture video. Only one image frame per second is extracted to make
the process faster and at the same time, get all the slides found in the presentation. The
OpenCV library was used to read the video file and get the Frames Per Second (FPS) of
the lecture video. Then, the FPS was used to get the exact image frame per second of
the lecture video. The image frames extracted were used for data collection and input
for the model.

Filter Similar Frames through Image Hashing. After extracting the frames per sec-
ond of the video, redundant frames must be filtered out. This will serve 3 purposes: to
narrow down the number of frames to be used as input to the model, ensure there are
no consecutive frames that have little to no difference, and allow the next part of the
pipeline to distinguish between slides.

To filter out similar frames, the visual similarities and differences of the frames must
be considered. To do this, Image Hashing can be applied in which the image structure is
analyzed and given numerical values for comparisons. To be more specific, a particular
Image Hashing technique called Average Hashing was used. With this algorithm, the
images are converted to grayscale then scaled down. The average of all gray values of the
image is then calculated and the pixels are examined one by one from left to right. Pixels
with gray values larger will lead to a 1 being added to the hash value while a 0 is added
otherwise. Once a hash value is given to each image, arithmetic operations can then be
applied to the hash values of two images to get a numerical value that represents their
visual difference. A difference threshold (the value in which we consider two images
to be too different from each other) was determined by comparing the hash values of
1,500 video frames with no similarities with each other and taking the average of all the
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differences. This value was determined to be 5.98, which means that any difference that
falls below the threshold will be considered having too many similarities to be different.
The image frame that comes later in the order of frames will be dropped entirely.

Filter Similar Slides through OCR and Similarity Ratio. Extracting every frame
per second in the lecture video also captures all the slides that can be found. And after
filtering out redundant frames, there are still similar slides found in different frames.
Text detection using CRAFT and OCR libraries like easyocr was used to address this.
With the help of CRAFT, all the text region or area in the slides were detected, and one
of these text areas contains the title text of the slide. After finding the location of the
title, easyocr was then used to extract the text in that location to be compared to the text
found in the next frame. The basis for comparison used for the two texts will be their
similarity ratio. The similarity ratio used was 90% which was able to cover 2–3 letter
differences in the texts. This type of comparison was used since there are image frames
that were captured during transitioning or going to the next slide, and easyocr cannot
easily extract texts from it.

3.2 Dataset

An array of lecture videos that use slides were collected from various resources such as
educational YouTube playlists, Free Online Courses, and recorded lectures uploaded by
multiple different Universities. There were minor constraints with the kind of lectures
being chosen aside from the constraint of having to select only those that made use of
presentation slides.

Because themodel is a binary classificationmodel that will identifywhether a certain
slide is a slide that transitions to a new topic or not, the dataset is therefore split into
only two classes: Transition Slides and Non-Transition Slides. The labeling of these
slides was mainly determined through the uploader’s topic segmentation of their videos,
and for those videos that were not pre-segmented by their uploader, the content of the
presentation itself was considered.

Around 80 lecture videos of varying lengths were collected, and after going through
the pipeline and manual labeling, a dataset of 1,200 transition slides and 1,300 non-
transition slides was made. Non-transition slides initially only amounted to around 750.
However, training with the model with this amount resulted in it being heavily biased
towards transition slides; therefore, data augmentation (horizontally flipped) was applied
to double the number of non-transition slides. These were then split into train, test, and
validation sets with a 80%, 10%, and 10% ratio, resulting in 1750 images for the training
set and 250 images each for the validation and test set.

3.3 Image Classification Model

Model Architecture. The proposed system contains a Convolutional Neural Network
based Binary Classification Model implemented through Python’s Tensorflow Keras
Library. It comprises 5 layers that each has one Convolutional Layer, one Max Pooling
Layer, and one Dropout Layer. The only variation between these 4 layers is the number
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of outputs for each Convolutional Layer. The first layer has 16 output filters, 32 for
the second layer, and 64 for the next 3 layers. The final group of layers comprises of
a Flattening Layer, a Dense layer that outputs 512 units, and another Dense layer that
has one output unit, which serves as the final output of the whole model. All layers that
require activation functions use the ‘relu’ activation function except for the final Dense
output layer, which uses the ‘Sigmoid’ activation function since an output range of 0 to
1 is needed.

Hyper-parameter Tuning and Training. Since this is a binary classification task, the
model was trained on a Binary Cross Entropy loss function. In addition to this, because
initial results of model training resulted in several degrees of overfitting (a validation
loss of more than 0.9), multiple regularization techniques were added to circumvent this.
First, Max Pooling Layers were added to each group of layers to minimize features and
narrow them down to the most important ones that should logically reduce overfitting.
Along with this, Dropout layers with 20% dropout rate was added to reduce overfitting,
which decreased validation loss by around half (still 0.5 >). Finally, an Early Stopping
Function that monitors a significant increase in the validation loss was applied to the
model’s training, which further decreased the validation loss by half to around 0.26.

Applying Early Stopping automatically stopped the training at 19 epochs, which was
the point where the validation loss started climbing up once again.

3.4 Evaluation of the Model

The model was evaluated on the test set mentioned earlier. Key metrics that were mea-
sured are the accuracy, evaluation loss, as well as standard evaluation scores for classi-
fication models such as precision score, which quantifies the number of positive class
predictions that actually belong to the positive class, recall score, which quantifies the
number of positive class predictions that were made out of all the positive examples,
and the F-1 score, which takes the weighted average of both precision and recall scores.
The equations for the three scores are displayed below:

Precision= Number of Correctly Labeled Transition Slides

Number of All Slides Labeled as Transition Slides
(1)

Recall =
Number of Correctly Labeled Transition Slides

Number of All Transition Slides in Dataset
(2)

F1 Score = 2× Precision × Recall

Precision + Recall
(3)

3.5 Web Application

A simple web application was implemented to demonstrate the functions of the system
created. The web application can accept any video file of standard format. This video file
is then be fed into the data pipeline explained above. After the unique slides are extracted,
they will be used as input for the Binary Classification Model. The model will then label
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each frame, and the ones that have been labeled as being topic transition slides will have
their topic title extracted using Optical Character Recognition. Since the filename of the
image frames is their frame number, timestamps can be extracted in seconds by dividing
the frame number to its FPS.When this is completed, the results are then displayed in the
web interface where they can be interacted with by the user. Clicking on the timestamp
on any topic of their interest will skip the video player ahead to that timestamp. The web
application was made using Flask and Bootstrap as the framework and HTMLVideo for
the video player.

4 Results and Discussion

The model’s performance on key metrics was the basis used to evaluate the system’s
performance itself.

After evaluating themodel on a test set containing 250 slides resulted in an evaluation
loss of 0.19 and an accuracy of 0.91. Among 121 total Transition Slides and 131 Non-
Transition Slides in the dataset, 119 were correctly labeled as Transition Slides while
76 were correctly labeled as Non-Transition Slides. When the detailed results of the
evaluation are plotted in a confusion matrix, the results are shown below (Table 1):

Table 1. Confusion matrix of evaluation results on the test set

Heading level True transition True non-transition

Predicted transition 119 55

Predicted non-transition 2 76

The model had a Precision Score of 0.70, a Recall Score of 0.98 and an F1 Score of
0.80.

Overall, the model has a satisfactory result in its F1 Score, which is the benchmark
score used for classification. A few inferences can be made about the model by breaking
down the score even further. First, a very high Recall Score means that the model returns
a high number of results including a few false negatives. A 0.70 Precision Score indicates
that the model mistakes non-transition slides to be transition slides quite a bit. These
two scores highly suggest that the model might still have a bit of a bias toward transition
slides despite it decreasing. However, most of the time, after a lecture video is processed
through the data pipeline where only its unique slides remain, the transition slides often
outnumber the non-transition slides by a factor of 2. So, perhaps this bias is unavoidable
and generally harmless in the application. Another reason might be because transition
slides generally follow a visual layout with a degree of similarity from each other such as
large bold titles at the center or at the top. Non-transition slides do not generally follow
any pattern and are therefore much harder to distinguish.

Aweb applicationwas implementedwhere a videowas used as input. The application
was able to output timestamps that were detected by the model as transition slides, along
with their corresponding topics. Though there were a few errors in text extraction, the
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model was able to get important topics throughout the video. These strings of topics
were extracted from detected topic transition slides, as mentioned earlier in the Methods
section of this paper. Figure 2 shows how the timestamps help the user’s navigability
in the video. Each timestamp is a link that skips the video on the left to the specified
timestamp when clicked, allowing for instant jumping to the specified transition slide in
the video.

Fig. 2. An image of the video player after a timestamp was clicked.

5 Conclusion

The shift to online learning has increased the workload of teachers to compensate for the
decrease in interactivity and engagement in lectures. One of the ways they can achieve
this is to provide students with recorded lecture videos that have been pre-segmented by
topic. However, teachers have so far only been able to do this manually. This study aimed
to develop an AI system where lecture videos that made use of presentation slides could
be uploaded then the timestamps of the start of essential topics could be identified and
then outputted. The technique used to preprocess the raw video before being inputted
into the model involved several techniques. First, image hashing was used to eliminate
similar image frames effectively. And then, this filtered group of frames will have their
text content extracted throughOptical Character Recognition. Finally, the similarity ratio
between slides is analyzed to determine if two image frames contain the same slide.
The CNN-based binary classification model trained on a sample of 1750 lecture slides
achieved satisfactory benchmark scores and has been integrated into a web-based video
player platform. This research has created a system that could take in lecture videos of
any duration and automatically segment them by topic with no human input. It should be
noted that although system performance is satisfactory and the preprocessing techniques
used were quite effective, the system itself has not been tested beyond system evaluation
or its technical performance. Before a system like this can be formally introduced for use
in any educational institution,more feedbackmust be taken from significant stakeholders
in the academe.
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Abstract. Maker’s popularity worldwide has led to numerous studies on maker
education to enhance learner competitiveness. One important research topic in
educational research is how to effectively measure learning performance. Given
the rapid development of science and technology, it is now possible to use learner
discussion data to measure learning outcomes. We propose using natural lan-
guage processing (NLP) technology to analyze learner discussion records by using
speech-to-text technology to convert audio files into text files and using NLP tech-
nology exploring the resultant discussion texts. Experimental results reveal sig-
nificant relationships between learner discussion and learning effectiveness, par-
ticipation, and teamwork. This analysis also shows that high-achieving learners
often discuss programming-related keywords. The proposed method can be used
to analyze learner discussions and thus to measure their learning achievements.

Keywords: Maker education · Natural language processing · Speech-to-text ·
Discussion analysis

1 Introduction

Maker education adheres to the concept of “learning by doing” via the learner’s learning
process and connecting the acquired knowledge with the real world [1]. Compared with
traditional, teacher-centered instruction, in which learners typically passively accept
knowledge and find it more difficult to applywhat they have learned [2], maker education
is learner-centered, allowing learners to learn by hands-on practice and problem-solving,
and also placing a greater emphasis on cultivating the learner’s creativity and promoting
problem solving, critical thinking, and collaborative sharing [3].

The success of learners in maker activities depends on whether they actively par-
ticipate as teams during the learning process [4]; Riikonen, Seitamaa-Hakkarainen, and
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Hakkarainen [5] emphasize the importance of students working as teams during maker
activities. Teamwork thus plays an important role in maker education and is a key factor
in maker success [6]. Therefore, it is important to determine how to assess the learn-
ing process and learning effectiveness when a learner works within a team. This has
attracted several researchers to shift their attention to the course discussion records of
maker activities.

The rise of the maker culture has caused educators to turn their attention to makers
and has multiplied the opportunities for students to participate in design and hands-
on practice [7]. Tofel-Grehl, Fields, Searle, Maahs-Fladung, Feldon, Gu, and Sun [8]
show that bringing the idea of makers into traditional classrooms can promote interest
in science. However, due to the impact of COVID-19, traditional face-to-face learning
is limited, making it necessary to conduct remote maker courses via online video con-
ferencing. Therefore, this study records the discussion content generated when learners
participate in remote maker activity. We use latent Dirichlet allocation (LDA) to mine
semantic information from textual data and understand the focus of the discussion and
related vocabulary, which helps researchers and classroom teachers better understand
learner discussions in maker courses.

2 Related Work

2.1 Social Learning

The demand for collective thinking and collaborative problem solving in society has
increased, and collaboration has slowly become a key skill in today’s society [9]. The
pedagogical philosophy of adopting cooperation in teaching activities to promote student
learning and the ability to work in groups has led to its wide use around the world [10,
11]. As collaboration becomes more and more important, educators also incorporate the
idea of collaboration into curriculum teaching.

Social learning is the process by which individuals or groups acquire relevant envi-
ronmental information and change their behavior through interaction with others [12].
In the process of collaborative knowledge construction, learners share knowledge and
ideas and exchange opinions [13]; this is also an important motivation for learners [14].
In discussions, learners engage in debate, critical thinking, elaboration, and reasoning
in small groups [15], an interactive process in which learners share ideas and opinions
with their peers, thereby gaining knowledge from different viewpoints and promoting
their understanding of the course content [16].

Participating in discussion activities during the learning process can improve their
learning results, and learners who actively participate in discussions criticize, correct,
or supplement the opinions of others so as to reach consensus with peers and solve
problems [17]; in addition to helping to understand and apply what they have learned in
the course [18], classroom discussions lead to more critical thinking and better learning
outcomes for learners [19, 20].
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2.2 Discourse Analysis

Discourse analysis first appeared in the field of linguistics [21]. In the field of education,
discourse analysis can be used (1) to detect students’ contributions and learning attitudes
when participating in discussions, (2) to reveal howknowledge is constructed by learners,
and (3) to gain a deeper understanding of how learners interact with each other [22].
In recent years, due to the advancement of science and technology, discussion-based
teaching activities have received increasing attention; in particular, researchers have
begun to develop artificial intelligence (AI) based discussion and analysis techniques
for educational research. This is a key technology to promote the practical application
of learning analysis and educational data mining [23], the most typical data source of
which is discussion text derived from the learning process [12].

The discourse keywords of learners in discussions are gradually being valued by
researchers, as these can be used to analyze and understand the key and focus of the
discussions [24]; topic modeling has thus become increasingly popular in education
[12, 25]; LDA, an unsupervised topic modeling algorithm based on machine learning,
mines semantic information from textual data and can be used to understand the focus
of discussion and related vocabulary. Ezen-Can, Boyer, Kellogg, and Booth [25] use
K-medoids clustering to classify learner discussion posts in MOOC online forums, and
further adopt an LDA model to observe topics of interest to learners. Peng and Xu [12]
use LDA in a behavior-emotion topic model (BETM) to evaluate the semantic content of
comments between two learning achievement groups (an “academic completion” group
and an “academic incompletion” group), including topics discussed among learners as
well as related affective and behavioral characteristics. Their results reveal differences
in the discourse behavior between the two groups, in particular the subject category,
subject emotion, and subject behavior. The researchers also found that the academic
incomplete group tends to respond to comments unrelated to the course.

3 Methodology

3.1 Participants

We offered an “Online Maker Class” as an experimental course for remote maker activi-
ties. To ensure that the experimental subjects had basic computer and programming expe-
rience, a total of 18 volunteers participated in this experiment from elementary schools in
southern Taiwan, including 12 boys and 6 girls. The 18 students were randomly divided
into 6 groups of 3 people.

3.2 Online Learning Environment

Due to the COVID-19 epidemic, this study used Google Meet and Google Classroom
as the learning platforms for online courses and online discussions.
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Google Meet is an online video conferencing platform which helps teachers imple-
ment learning activities such as online synchronous teaching courses or oral presentations
in an online environment; teamwork and sharing of creative results are part of the creative
process, and functions provided by Google Meet provide effective support for remote
maker activities. In Google Meet, learners display programming results by sharing the
screen, and share implementation results with peers via video. Google Meet also pro-
vides a breakout room function, using which learners can join different breakout rooms
so that they can discuss and share without interference from other groups. Figure 1 is a
screenshot of the Google Meet breakout room. In the distance maker course activity of
this research, as there were six groups of participants in the experiment, we established
six breakout rooms.

Fig. 1. Google Meet breakout rooms

UsingGoogleClassroom, an online learningmanagement platform, coursemanagers
or teachers invite students to participate in courses; they also share courses, assign
homework, and check homework submission status through this platform. Figure 2
shows the list of learners in a maker activity, the activity task list, and the completion and
submission status of their homework assignments (tasks) for this study.When experiment
participants were engaged in online maker activities, they could view the handouts, the
task content, the assignment submission (task upload), and the course comments through
Google Classroom at any time.
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Fig. 2. Google Classroom

3.3 Maker Activity

For the remote maker activity of this study, we adopted micro:bit as the theme of the
experiment. The activity was divided into four stages, including an introduction of
micro:bit, the makecode platform, the variables and operations, and logical judgment.
All tasks were designed with reference to Microsoft [26]. The tasks and learning objec-
tives in this study are described in Table 1. This experimental activity was designed with
a total of seven basic tasks and one challenge task.

To ensure that all participants in the experiment were able to successfully com-
plete the remote maker activities, we briefly explained Google Meet, the online video
conferencing platform, and Google Classroom, the online course platform. Then, the
teacher introduced each staged course and tasks and demonstrated the operation thereof,
after which participants were to complete the corresponding phased course tasks. After
explaining each stage of the course, the participants were asked to use the micro:bit
development board to complete the activity tasks using the course handout and study
sheet.
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Table 1. Micro:bit tasks in maker activity

Learning stage Task

Micro:bit introduction N/A

Makecode platform Basic task #1: Automatic countdown

Basic task #2: Marquee

Variables and operations Basic task #3: Smart thermometer

Basic task #4: Smart light sensor

Logical judgment Basic task #5: Finger-guessing game

Basic task #6: Electronic dice

Basic task #7: Electronic compass

Challenge mission: Night lights

4 Results

We explore the proposed use of natural language processing technology in the analysis
of discussion records to evaluate the relevance and feasibility of the learning outcomes
of maker education. Based on the text data collected in the remote maker activities,
we summarize and sort the LDA analysis results to understand the differences in the
discussion process of learners with different achievements participating in the maker
activities.

In this study, students were divided into groups based on their learning performance.
This grouping resulted in 9 high-achievement students and 9 low-achievement students
(Table 2).

Table 2. Learning achievement groups

Product score Testing score

Mean SD Mean SD

High achievement (N = 9) 9.85 0.71 9.62 0.94

Low achievement (N = 9) 7.09 3.58 3.13 4.19

For the discussion analysis, we used LDA for text topic analysis, seeking to ana-
lyze the discussion data generated by learners during their maker activities. Since the
experimental activity was a remote maker activity designed around micro:bit; during the
activity, the learners discussed the learning platform, learning materials, programming
design, as well as content unrelated to the course. Thus we classified subject words
extracted by LDA into 1) online operation; 2) activity theme; 3) programming; and 4)
other. Table 3 categorizes and describes the discussion categories of maker activities in
this study.
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Table 3. Maker activity discussion categories

Discussion category Description Example

Online operation Problems encountered in Google
Meet and Google Classroom

“I’ll project it”
“How to download”
“How to upload”

Task theme Discuss course content and
worksheet content

“How to write the fifth
question”

Programming Discuss the problems encountered
when writing programs on the
makecode platform

“Like this with an array of
numbers”
“Use the if-then-else”

Other Discuss content not related to the
activity

“I wrote it”
“Wait a minute it will be
ready”

To explore differences in the discussion categories between different achievements,
a Kruskal–Wallis one-way analysis of variance (ANOVA) was conducted on high and
low achievements. Shown in Table 4, the analysis results indicate a significant difference
in programming between achievements (p = 0.010).

Table 4. Differences between students of different achievement and discussion categories

High achievement Low achievement Kruskal–Wallis test (p)

Mean SD Mean SD

Online operation 1.75 1.67 3.67 3.28 0.241

Task theme 14.0 11.1 6.89 6.62 0.111

Programming 12.9 8.46 3.00 3.12 0.010*

Other 3.13 3.83 4.56 3.57 0.265

5 Conclusion

This study uses natural language processing technology to analyze the discussions of
learners participating in distance-learningmaker activities. In these discussions, learners
with different achievements exhibit significant differences in the discussion of program-
ming writing; there are no significant differences in online operations, activity themes,
and the three other aspects. Programming is a discussion-oriented task in which one
puts into practice the knowledge learned, ultimately achieving a higher learning level.
In this study we used the system to analyze the recorded audio files of the course so that
teachers can understand the current learning status of learners and assist low-achieving
learners.
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Abstract. Student feedback is commonly used as a reliable source of information
to evaluate learning outcomes and teaching quality. This feedback has proven to
provide faculty not only with valuable insights into how students are learning,
but also with an ideal opportunity to reflect on teaching resources and instruc-
tional strategies. However, given the increasing massive amounts of feedback that
is available online, collecting and analyzing this data manually is not usually an
easy task. The aim of this work is, therefore, to put forward a sentiment analysis
classifier that is capable of categorizing student feedback as being either posi-
tive or negative. To this end, students’ reviews posted about online courses were
automatically extracted, preprocessed and then fed into various machine learn-
ing algorithms. The findings of this analysis revealed that the Support Vector
Machines (SVM) algorithm achieves the highest accuracy score (93.35%) and,
thus, outperforms other implemented models.

Keywords: Education · Student feedback · Sentiment analysis ·Machine
learning · SVM

1 Introduction

Student feedback has always been used as a valuable source of information that can be
used to assess learning outcomes and the quality of teaching. By collecting and analyzing
this feedback, faculty can get information into how students are learning and how they
are engaged with content. In fact, teachers can see what specific areas students are strong
at and what parts of the course they are weak at. This formative feedback, thus, gives
faculty an ideal opportunity to reflect on both the teaching resources as well as on their
instructional strategies and approaches [1, 2].

This feedback is generally collected from students through discussions that are held
during or after face-to-face classes or through rating scale surveys or amixture of closed-
ended and open-ended questionnaires. However, given the increasing proliferation of
online courses over the last couple of years, the internet has become an optimal space
in which students post massive amounts feedback about the various learning resources
that they have used. Nevertheless, extracting and analyzing this feedback manually is
time consuming. Therefore, our purpose in this work is to propose a sentiment analysis
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approach that automatically identifies the perceptions and opinions of students towards
the learning resources and classifies them as being positive or negative.

The rest of this article is structured as follows. In Section Two we review the major
studies that have addressed student feedback using sentiment analysis. In Section Three
we propose our sentiment-based approach. Section Four presents the results of the exper-
iments that have been carried out. Finally, Section Five summarizes the findings of this
article.

2 Review of the Literature

Due to the huge amounts of data that have been produced online in the past few years,
sentiment analysis has drawnmuch attention from researchers. Sentiment analysis appli-
cations are currently used in various domains [3–5]. These include e-commerce, market-
ing and hospitality. Nonetheless, these applications have recently found their way into
other fields, one of which is education [6–9]. In fact, due to the growing proliferation
of online tutorials over the last two decades, the platforms hosting these resources have
become an ideal space where students or learners post comments about the courses as
well as questions/answers about issues that need clarification. Once retrieved, this for-
mative feedback can be beneficially made use of to enhance the teaching and learning
experiences [10–14].

To extract value from this student feedback, many studies have been carried out
using different sentiment techniques. In this vein, Giang et al. [15] collected Vietnamese
university students’ feedback and manually organized it into three main classes, namely
positive, negative and neutral. On the basis of this annotated dataset, they trained and
tested three classifiers. These include Naïve Bayes, Maximum Entropy and Support
Vector Machine. After evaluation they found out that Maximum Entropy is better than
the two other algorithms as it is associated with the highest accuracy score (i.e. 91.36%).

Within the same context, Altrabsheh et al. [16] trained Naive Bayes, Complement
Naive Bayes (CNB), Maximum Entropy as well as Support Vector Machines (SVM)
using students’ feedback. Two classifiers were found out to do well at learning senti-
ment. The first is SVM, which has the best accuracy score (i.e. 94%) followed by CNB
(84%). The authors also attempted to make use of the neutral class but their findings
demonstrated that both classifiers generally perform better in terms of accuracy when
this class is excluded.

In his attempt to design a model that can classify lecturer-student reviews,
Rakhmanov [17] undertook a comparative study of different vectorization and classifi-
cation methods. In this context, TF-IDF and Count Vectorizer, as vectorization methods,
were compared, and Random Forest, Support Vector Machines, Naive Bayes, Gradient
boosting and artificial neural networks were evaluated as classification algorithms. The
results of the experiments showed that the classifier designed using Random Forest was
the most proficient as it has an accuracy of around 97% for a 3-class classification while
TF-IDF performed better than Count Vectorizer.

In [18] Kandhro et al. evaluated the use of Multinomial Naive Bayes, Stochastic
Gradient Decent, Support Vector Machines, Random Forest and Multilayer Perceptron
on the dataset they collected from various universities in Karachi. The results of their
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analysis showed that the performances of MNB and MLP was more effective compared
to those of the other classifiers.

For their parts, Nasim et al. [19] presented a hybrid approach that combines both
machine learning and lexicon-based methods. The best performing approach was the
one using TF-IDF and the domain-specific sentiment lexicon. As opposed to lexicon-
based techniques, using a sentiment lexicon together with machine learning models can
correctly predict the sentiment of the feedback although opinion words are not present
in the lexicon.

Using roughly the same set of machine learning algorithms, Dsouza et al. [20] col-
lected student feedback via Google forms and used Support Vector Machine, Multi-
nomial Naive Bayes Classifier, and Random Forest to perform sentiment analysis. A
comparative analysis of these machine learning techniques approaches revealed that
Multinomial Naïve Bayes algorithm performs much better than Support VectorMachine
and Random Forest algorithms.

3 Proposed Model

In this section we detail the different steps that we went through during the sentiment
classification of student feedback.

3.1 Data Extraction and Sentiment Annotation

To carry out sentiment analysis on student feedback, we extracted reviews that have been
written on YouTube educational videos. Our choice of this social media platform is not
at random. In fact, though YouTube has widely been recognized as an entertainment
outlet, through which the internet user can view, upload and share an extremely large
array of multimedia content, this video sharing website has recently turned into an ideal
venue which students resort to so as to improve their learning experience in a variety of
disciplines [21–24]. However, just like other social networks, this platform serves not
only as a means to watch video tutorials but also as a forum in which learners can leave
feedback [25–27].

Once the learners’ feedback has been extracted, we firstly deleted duplicated com-
ments well as those that are written in languages other than in English. The resulting
reviews were then manually assigned sentiment labels namely, positive or negative.
Once all comments have been annotated, we got 5969 reviews: 3340 positive and 2629
negative.

3.2 Data Preprocessing

After the reviews have been extracted and labelled, our dataset had got to go through
the pre-processing phase. The latter is, actually, a critical step in any natural language
processing operation. Indeed, since raw YouTube comments usually contain irrelevant
or meaningless data that can negatively impact model accuracy, we had to clean them
up. The pre-processing or cleaning phase includes the following tasks:
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• Removing noise such as special characters, numbers, hyperlinks, white spaces, tags,
punctuation, etc.

• Lowercasing: convert all letters to lower case so as to avoid lower and upper case
differences between words.

• Deleting stop words such as articles, pronouns, conjunctions, preposition as these
items do not affect sentiment analysis.

• Normalization, that is converting words into a canonical form.
• Tokenization: split a piece of text into individual words or tokens.
• Stemming: reducing words to their stems by deleting affixes.
• Lemmatization: returning words to their dictionary basic unit.

3.3 Feature Extraction

After the pre-processing phase, the data must be converted into features for machine
learning models to process it. In fact, since no model can understand human natural
languages, our preprocessed data should be turned into numeric or vector representation.
To this end, we used TF-IDF. This feature extraction technique takes into consideration
the occurrence of a word not just in a single document but in the entire corpus. This
method works by assigning higher weights to rarer words or phrases which are more
important and by allocating lower weights to common words.

3.4 Model Classification

Once the data was preprocessed and turned into vectors, it was split into two: a training
set (80%) for fitting and tuning the model and a testing set (20%) for creating predic-
tions on and evaluating the classifier at the end. The next task was to fed our data into
machine learning models. Yet, for our particular problem in this work, we used super-
vised learning algorithms, which are characterized by two important stages: a learning
phase where the model is trained on the data, and an evaluation stage where the perfor-
mance of that approach is tested. In this respect, the dataset prepared beforehand was
used with four machine learning classifiers, namely Support Vector Machines (SVM),
Naive Bayes (NB), Logistic Regression (LR) and Random Forest (RF). These models
are detailed below.

• NB is a probabilistic classifier which is based on the Bayes Theorem [28] that assumes
that the presence or absence of a given feature of a class is absolutely independent of
that of the other features. This algorithm predicts the likelihood of an incident based
on some prior knowledge of certain conditions related to that event.

• LR is a classification rather than a regression model despite its name. Logistic regres-
sion basically uses a logistic function to model a binary output variable [29]. It is
commonly made use of in cases in which the data in question is associated with a
binary output (e.g. “spam/ham” or “true/false”).

• SVM is a non-probabilistic classification model that is based on the notion of decision
planes which define decision boundaries. SVM conducts classification by identifying
the best hyperplane that divides a particular dataset into two classes using support
vectors. Intuitively, the most appropriate decision boundary or hyperplane is the one
that has the largest distance to the most adjacent training data point of any class.
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• RF is an ensemble classifier that makes estimates on the basis of multiple different
decision trees. RF fits a set of decision trees on subsets of data that are randomly
selected. The prediction of the random forest is attained via a majority vote over the
predictions of every individual decision tree.

To evaluate the performance of these machine learning algorithms after their imple-
mentation on our dataset, we made use of accuracy as an evaluation metric. The latter
is a measure of the number of correctly predicted instances of the global number of
predictions.

4 Results and Discussion

Based on a set experiments that were conducted on the dataset using three language
models of n-grams, namely unigram, bigram and trigram, we got the following findings
(Table 1).

Table 1. Findings based on testing accuracy

Model N-Grams Accuracy (stemming) Accuracy (lemmatization)

NB Unigram 91.83% 92.00%

Unigram-bigram 92.34% 91.49%

Unigram-trigram 92.00% 91.41%

LR Unigram 91.32% 90.40%

Unigram-bigram 90.82% 89.89%

Unigram-trigram 90.74% 89.81%

SVM Unigram 93.09% 93.35%

Unigram-bigram 92.67% 92.84%

Unigram-trigram 92.67% 92.76%

RF Unigram 89.64% 88.88%

Unigram-bigram 89.22% 88.72%

Unigram-trigram 89.98% 88.97%

As the table clearly displays, SVM performs better than the other algorithms in
classifying student feedback. Indeed, despite the fact that its implementation seems to
bemore time-consuming, thismodel actually achieved the highest accuracy scorewith all
three combinations of n-gram language models, namely unigrams (93.35%), unigrams-
bigrams (92.84%) and unigrams-trigrams (92.76%) when only lemmatization is taken
into consideration. Equally, this supervised machine learning model outperforms other
algorithms when stemming is opted for rather than lemmatization. In this vein, the tests
that were performed have proven that SVM got the best accuracy score when using
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unigrams (93.09%) as well as with combinations of unigrams-bigrams and unigrams-
trigrams (92.67%).

With scores that are not distant from those of SVM, the NB classifier exhibited an
accuracy of 92.34% for unigrams and bigrams. Besides SVM and NB, LR has similarly
been demonstrated to yield good results. As for RF, the findings of the experiments have
shown that this classifier is associated with the lowest accuracy scores (around 89%) for
all cases.

Taking into account the good performance of SVM in classifying our dataset, it can be
deduced that this model can efficiently process student feedback and can provide faculty
and educators with the students’ perceptions and attitudes towards the learning materials
and teachingmethodologies in real-time or near real-time. This valuable information can,
thus, help improve the students’ learning experience and teaching strategies.

5 Conclusion

Our aim in this work was to put forward a sentiment analysis model that is capable of
classifying student feedback as being positive or negative. In this context, on the basis
of the implementation of various supervised machine models on the students’ reviews
that have been posted about YouTube educational videos, it has been demonstrated that
SVM performs better in comparison with other machine learning models. Thus, the
sentiment analysis approach we proposed can efficiently predict students’ perceptions
and sentiments towards learning resources and can, thus, allow faculty to get an idea on
the different parts of the course that the learners master as well as information on the
learning difficulties that students encounter.
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Abstract. Data structure is an important educational issue because it could help
us write efficient programs. However, the traditional teaching materials in data
structure courses make it difficult for students to understand because students
usually learn data structures through paper textbooks, which usually use abstract
graphics to represent data structures, making it difficult for students to understand
the concept of data structures. In addition, augmented reality has been shown
by many scholars to improve students’ understanding because it could visual-
ize abstract concepts, and therefore many scholars have applied it in education.
Therefore, based on these findings, this study developed an augmented reality
learning system for data structure programming called AR Compiler for students
to learn the concepts of data structure programming. Finally, most of the students
have positive comments about AR Compiler after using it, but it still has some
improving points which are listed at the end of this paper.

Keywords: Augmented reality · Data structure · Visualization learning system

1 Introduction

Data structure is an important educational topic because it could help us write efficient
programs. Specifically, the data structure is a collection of datawith specific relationships
that help us save program space and promote program efficiency. In other words, data
structures can organize data systematically and logically among them. In addition, there
are four types of data structures [1], namely, set, linear, hierarchical, and graphical. Set
data do not have an order problem, but only a question of whether the data belong to
the set. Linear data are organized in a one-to-one relationship, and there is an order
of sequence between the data, such as an array. Hierarchical data is a one-to-many
organization relationship and has the concept of upper and lower levels, such as a tree.
Graphical data is a many-to-many organization, and the access to the data depends on
specific rules, such as shortest path. In addition, data structures can help us to write
efficient programs. For instance, if we have two strings of data called rhinoceros and
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zebra, we can store them in an array called animal, so that when we want to access them
in the future, we can access them in animals, because they are all animals. In addition,
the concept of array is very similar to bookcase. For instance, if there is a bookcase with
numbered order, then we could use the number of the bookcase to read the data in the
bookcase, so that the access to the data would be faster. Therefore, the data structure is
an important factor if we want to write good programs [2, 3].

However, traditional data structure courses usually teach abstract theoretical knowl-
edge, which makes it difficult for students to understand the concepts [6]. Specifically,
data structure courses have many topics, including introduction, arrays, linked lists,
stacks, queues, tree structures, graphical structures, sorting, searching, etc. [4]. In the
introduction, the basics of data structure are usually introduced. In arrays, data storage
in continuous space is usually introduced. In linking lists, discontinuous data storage is
introduced. Stacks usually introduce LIFO (Last In First Out) data processing, such as
recursion. In queue, the FIFOmethod is usually introduced. Tree structures usually intro-
duce hierarchical data organization, such as binary search trees. The graphical structure
usually introduces many-to-many data organization, such as an adjacent matrix. Sorting
usually introduces data ordering, such as bubble sorting. Searching usually introduces
how to find data, such as binary search. However, the data structure is not visible in our
life because it is stored in computer memory [5], so it is a very abstract concept, but
data structure courses are usually taught in a descriptive way [6], which is so abstract
that students often have difficulty in understanding the concept of data structure, and
then encounter learning challenges in future related courses [3, 7–9]. More importantly,
students often try to remember this knowledge without understanding them [10], e.g.,
data processing in stacks is last-in-first-out (LIFO), data processing in columns is first-
in-first-out (FIFO), so students may think that data structures just require learning about
data structures (LIFO and FIFO), but they do not know that their concepts are important.
Therefore, some students may be able to describe the knowledge of data structures but
start to have difficulties in introducing the concepts of data structures because they learn
them by rote [9].

Based on this, this study found that the current problem in data structure education
is that students have difficulty understanding the concept of data structure. Therefore,
this study developed an augmented reality visualization learning system, called AR
Compiler, to try to improve students’ understanding.

2 Related Studies

Because of the problems with traditional data structure materials, many scholars have
tried to develop applications to solve them. Venigalla, Lakkundi, and Chimalakonda
suggested that the traditional data structured materials made it difficult for students to
understand the concept of the pointer. Although students can understand the concept by
drawing a flowchart of the pointer, drawing the pointer on paper is boring [11]. Therefore,
they proposed PointerViz, aweb suite that visualizes the pointer code and allows students
to see the flowchart of the pointer while writing a program. The results showed that the
students thought that PointerViz could help themunderstand the concept of pointer easily
[11]. Su, Zhang, and Giacaman pointed out that the data structure is abstract and boring,
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somany students have difficulty understanding its concepts. Although visualization tools
are available to help students understand the concept of data structure, they generally
lack an interactive environment, resulting in a lack of motivation [6], and game-based
learning can promote students’ motivation [6]. Therefore, they developed Decode, a
data structure learning system based on game-based learning. The results showed that
most of the students thought that Decode not only enhanced their motivation but also
helped them to understand the concept of a data structure [6]. Narman et al. proposed
ARCSE, as shown in Fig. 1, which is a training tool for novice programmers to learn
data structure, and it contains a system (ARCSE) and diagram cards. During the learning
process, students use the system to scan the cards, and then the system displays the data
structure models (Linked List, Array List, and Stack), and then students can use the
buttons in the system to control the models, such as adding or deleting data. The results
showed that although most of the students liked ARCSE, two improvements could be
made to ARCSE. The first is that the content on the ARCSE picture cards is meaningless
(the school logo). The second is that the ARCSE extended data structure model is still
abstract (square) [12].

Fig. 1. Data structure visualization learning system (ARCSE)

Thus, this study finds that there are some problems in the past data structure learning
system (ARCSE), so this study proposes a new learning system called AR Compiler
based on this, and the details are as follows.

3 AR Compiler

TheARCompiler development environment is divided into twoparts, thefirst is software,
and the second is hardware. Specifically, in terms of software, this study uses Unity
2020.3.0f1 C# (.net 4. x), Vuforia 9.8.8, Adobe Illustrator, andBlender to develop theAR
Compiler. Specifically,Unity is responsible for system integration,Vuforia is responsible
for supporting augmented reality, Illustrator is responsible for the interface design, and
Blender is responsible for themodel design. In terms of hardware, this study uses Google
Pixel 4, thick snow tungsten paper, and a cell phone stand. In addition, the AR Compiler
was installed on the Google Pixel 4, and the paper used for the program cards was thick
snow tungsten. The Google Pixel 4 was installed on the phone stand, as this allowed
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students to have their hands free to use the program cards. Finally, the system is shown
in Fig. 2, where the student has to write a program using a card, and the conceptual
model of that program would appear in the center of the screen. The conceptual model
of that program would appear in the center of the screen. In addition, the purpose of the
card in Fig. 2 is to create an array, and the length of the array is five, which means that
it could hold five data, and the type of those data is string, so it could hold some text.

Fig. 2. Data structure visualization learning system (AR Compiler)

4 Conclusion

In conclusion, this study found that the current data structure courses make it difficult
for students to understand the concept of data structure, so this study developed AR
Compiler to help students understand data structure. In addition, there is some improve-
ment potential for AR Compiler. The first one is that there are too few augmented reality
related data structure learning systems, so in the future, we could develop related types
of data structure learning systems, such as linked list, Queue, Stack, etc. The second one
is that this study uses smartphone to develop AR Compiler, so it could be developed
using tablets in the future, because tablets could make the system more flexible because
it can scan more cards. The third one is that this study uses smartphones to develop AR
Compiler, so students need to use a tripod to support the phone, so in the future, we could
consider using smart glasses to develop teaching materials, because smart glasses can
free up students’ hands to use the cards, but we need to pay attention to whether the smart
glasses can handle the performance required by the teaching materials. The fourth one
is that the AR Compiler developed in this study is a data structure visualization learning
system, so it may be a good direction to integrate other factors such as gamification
into the system in the future, which is the Augmented Reality Gamification Learning
(ARGBL) system.
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Abstract. The ongoing digital revolution in education and learning is the focus
of many research studies due to the significant potential of technology-mediated
learning. However, the integration of holoportation as an immersive technology in
educational contexts is still somewhat unexplored. In this semi-systematic litera-
ture review, we seek to assess the emerging literature on teachers’ and learners’
experiences using Microsoft HoloLens as a teaching and learning medium. The
objective is to identify the benefits, challenges, and future development needs
related to the use of the HoloLens in education. We limited our review to empir-
ical studies published in international peer-reviewed journals during the last five
years. The reviewwas not limited by discipline, educational context, or theoretical
perspectives. The findings of this meta-analysis highlight the lack of research on
the use of mixed reality (MR) in education. Possible directions for future devel-
opment of pedagogical approaches that take advantage of innovative immersive
learning environments and research in this area are also outlined; these suggestions
can benefit researchers and industrial developers.

Keywords: Microsoft HoloLens ·Mixed reality (MR) · Education · Immersive
technology · Semi-systematic literature review

1 Introduction

Immersive experiences with three-dimensional (3D) holographic technology can offer
an unparalleled tool for learning, both in face-to-face and remote educational contexts,
as this technology can enable collaboration and interaction among learners in different
locations. This is due to the fact that holoportation offers an immersive telepresence
form of communication in which augmented reality (AR) and virtual reality (VR) are
combined in a real-time 3D system [9]. In this mixed reality (MR), the real environment
is combined with digital elements, as users are able to see their surroundings but also
interact and communicate with a virtual but tangible holographic environment or with an
object or person that is visible through a headset or head-mounted display (HMD) [10,
11]. Microsoft developed the HoloLens MR holographic glasses in 2016. These glasses
incorporate a real-time functioning central processing unit, a graphic processing unit, and
a holographic processing unit [16]; they can also monitor the wearer’s movements. The
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HoloLens is mostly used to aid medical and surgical procedures, in medical education
(for simulations), in architecture, and in engineering [11].

The objective of the present semi-systematic literature review (SSLR) is to analyze
existing empirical academic papers that explore the use of the HoloLens as a learning
tool in educational contexts. Since little research has been done in this area, we did
not limit the educational context to any particular level of education. This review seeks
to contribute to a broader understanding of the potential of holoportation in education,
to investigate the benefits and challenges of holoportation in education, to identify the
needs for development in holoportation technology involved education, and to map the
possibilities of holoportation in education to support future research on and development
of this technology.

2 Research Methodology

2.1 Research Questions

Literature reviews are useful for mapping current research and development trends in a
given educational field independent of discipline [15] and type of learning [4]. A semi-
systematic literature review method was chosen for this study for three reasons. First,
this enabled the inclusion of qualitative and quantitative articles from diverse disciplines.
Second, this best matches the study’s goal of obtaining an overview of the research area.
Third, this approach enables the present review to contribute to the state of knowledge in
the research area and create an agenda for future research (Snyder, 2019). This SSLR on
the use of holoportation—specifically, holoportation using the Microsoft HoloLens—
in education was conducted to provide evidence of the potential of holoportation, one
tool of digital pedagogy, for enhancing learning. This study also sought to identify the
needs for development of this technology to improve the usefulness of holoportation in
education. To achieve these research objectives, the following research questions were
used:

1. What benefits does the HoloLens experience offer for learners?
2. What challenges do learners experience while using the HoloLens?
3. What future research directions do existing papers suggest?

2.2 Literature Search Procedure

This section describes the papers’ selection process; the eligibility, inclusion, and exclu-
sion criteria; the information sources and search strategy; the data items collected; and
method of analysis. To identify scientific publications on the chosen topic, we used the
following literature review steps, as recommended by Creswell and Creswell [2]:
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1. Identify keywords
2. Choose databases
3. Begin searching
4. Locate related articles and books
5. Identify useful literature
6. Design a literature map
7. Assemble the literature review

First, the search keywords were identified. For this study, the keywords “HoloLens”
and “education” were used. Searches were conducted on the Web of Science (Clariative
database), Scopus (Elsevier database), and the Taylor and Francis Social Science and
Humanities Library (Taylor & Francis database) online retrieval systems for scientific
articles.

2.3 Identification and Screening Process

The following selection criteria were used to reduce the number of included papers
(Table 1).

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

• Peer reviewed
• Written in English
• Published 2016 – April 2022
• Presents empirical research
• Includes implementation of the HoloLens in
education

• Does not focus on an educational
implementation of the HoloLens

• Participants not specified
• Book chapters, reviews, editorials and
essays

Since the HoloLens was first introduced in 2016, the search was limited to papers
published between January 2016 and April 2022. Only peer-reviewed empirical studies
published in English were considered. The initial search identified a total of 195 articles,
including 79 from Web of Science, 53 from Scopus, and 63 from Taylor and Francis.
Four of the 195 articles were identified immediately as duplicates, leaving 191 for further
filtering (Fig. 1).
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Fig. 1. The identification and screening process for selecting papers for this study.

After manually found duplicates (36) were removed, the abstracts of 155 papers
were examined to exclude studies that did not focus on the use of the HoloLens in an
educational context. Non-empirical and review papers, as well as those reporting pure
medical experiments, were also excluded, leaving 40 papers for further screening. The
full texts of these 40 papers were assessed, and an additional 29 papers were excluded
due to vague information on the learning process or the participants in the study. A total
of 11 papers were then included in the final literature review.

2.4 Data Analysis

These 11 papers were analyzed, and the contents were classified and interpreted. A
thematic analysis method was used to identify themes in the papers that related to the
research questions of the present literature review. In the first phase, the researchmethod,
topic or aims, participants, generation of HoloLens used, and the field in which the study
was executed were identified for each paper (Table 2).
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Table 2. Description of the included 11 studies.

Study Method Topic/Aims Participants Field

Brunzini et al.
(2022) [1]

Quantitative
(1st-gen.
HoloLens)

Measure stress and
workload to
confirm the
simulation’s
enhanced realism
and to ensure that
the simulation
does not lead to
cognitive overload
during medical
training

20 sixth-year
students in
medicine and
surgery

Medical

Gnanasegaram
et al. (2020) [3]

Quantitative
(1st-gen.
HoloLens)

Learn the anatomy
of the ear

29 first- and
second-year
medical
students

Medical

Kwon & Kim
(2019) [5]

Quantitative
(1st-gen.
HoloLens)

Measure the
positive effects on
learning of adding
tactile senses to a
training system
that uses
augmented reality
(AR) to teach the
use of an
automated external
defibrillator (AED)
during CPR

24 university
students

Medical/Engineering

Lauer et al. (2021)
[6]

Quantitative
(HoloLens
2)

Assess the
usability of
Microsoft’s
HoloLens 2 (the
latest
HMD-AR-device)
for elementary
school children

47 second- to
sixth-grade
children

Humanities

Leonard &
Fitzgerald (2018)
[7]

Mixed
methods
(1st-gen.
HoloLens)

Identify the design
and research
problems, establish
design framework

73 secondary
school
students

Humanities

(continued)
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Table 2. (continued)

Study Method Topic/Aims Participants Field

Moro et al. (2021)
[8]

Quantitative
(1st-gen.
HoloLens)

Learn the anatomy
of the brain

38 pre-clinical
medical
students

Medical

Peterson et al.
(2020) [12]

Quantitative
(1st-gen.
HoloLens)

Learn complex,
three-dimensional
(3D)
macromolecule
structures

83 biology or
biochemistry
majors

Medical

Robinson et al.
(2020) [13]

Quantitative
(1st-gen.
HoloLens)

Learn about gross
and microscopic
respiratory
anatomy

10 first-year
medical
students

Medical

Schoeb et al.
(2020) [14]

Quantitative
(1st-gen.
HoloLens)

Learn to place a
bladder catheter on
a male
catheterization
training model

164 medical
students

Medical

Wolf et al. (2021)
[17]

Quantitative
(HoloLens
2)

Investigate the
benefits of
AR-based,
contextual
instruction in
ECMO
cannulation
training to fight the
persistently high
mortality rate of
ECMO
interventions

21 medical
students

Medical

Wyss et al. (2021)
[18]

Mixed
methods
(1st-gen.
HoloLens)

Investigate the use
of the Microsoft
HoloLens for
learning molecular
structures,
focusing on a
didactic
perspective

18 student
teachers

Humanities

In the second phase, the contents of the learning processes and users’ experiences
while using the HoloLens were analyzed. In particular, benefits, challenges, and sug-
gested future research directions related to the HoloLens mentioned in each paper were
identified.
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3 Results

3.1 What Benefits Does the HoloLens Experience Offer for Learners?

The main advantages of the device that users mentioned were the perception of realistic
three-dimensionality and the visual feedback, particularly regarding human anatomical
structures, histology, the circulatory system, and macromolecular structures. These fea-
tures of the HoloLens can reinforce learning [1, 3, 7, 12, 13]. In medical education, the
HoloLens enables visual access to structures that were previously inaccessible [18]. In
one study [5], this sense of realism was further enhanced by an experiment that added
tactile sensory experiences to the visual features of the HoloLens. Several studies men-
tion that the use of the HoloLens stimulated participant engagement through interactive
and collaborative learning, enhancing participants’ motivation to learn about the topic
[3, 6–8, 12, 13, 17, 18]. Several participants also reported that engagement with the con-
tent through exploration and individual discovery positively impacted their learning [7,
8, 13, 18]. In addition, participants appreciated the possibilities for collaborative work
[18], supporting the conclusion that the positive emotions related to achievement are
one benefit of using the HoloLens in educational contexts [6]. Furthermore, one study
confirmed that children experienced increased enjoyment and decreased frustration and
boredom during learningwhen using theHoloLens; this occurred evenwhen the children
used the technology for the first time [6]. This finding further confirms this technology’s
positive impact on learning, even when learners experience some difficulties using the
HoloLens; such difficulties may be due to unfamiliarity [7]. In all included studies,
learners’ performance levels and skills improved satisfactorily when they learned using
the HoloLens; this means that learning outcomes with the HoloLens were equal to or
better than the outcomes of learning with other learning methods.

One attractive feature of theHoloLens in educational contexts is the option of record-
ing activities. This offers an excellent opportunity for learners, teachers, and researchers
to analyze and reflect on the learning process [18]. Furthermore, for adult learners,
instructions can be provided with video- and audio-based guidance, allowing learners
to proceed independently without direct interaction with teaching personnel or fixed
time schedules. This highlights the flexibility and cost-effectiveness of the HoloLens for
supporting self-directed learning [13, 14] as well as to the efficiency of HoloLens for
information acquisition and ease of learning [17]. Several studies also conclude, how-
ever, that the use of 3D technologies should supplement, not replace, applied instructional
methods to obtain the best learning outcomes [6, 8, 18]. Another positive aspect of the
HoloLens is that the wearer of the device can perceive the holographic objects but also
interact with paper documents at the same time [18]. Although several studies mention
the high cost of the HoloLens as a disadvantage that may limit its possible applications,
working with it can help teachers and learners become more familiar with digital media,
which could increase their motivation to use and comfort in using new technologies in
their future work. Overall, participants were highlymotivated toworkwith theHoloLens
[18].
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3.2 What Challenges Do Learners Experience While Using the HoloLens?

The challenges that learners faced while using the HoloLens related to the available
applications, uncomfortable equipment, the technology’s dependability, and teachers’
self-efficacy [7, 12, 14, 17, 18]. The limited number of applications available for the
HoloLens limits the use of the HoloLens in educational contexts. One study mentions
that the HoloLens currently does not have educational applications for every desired
subject or topic [12, 18]. This means that teachers who would like to use the HoloLens in
the classroomneed to first determinewhether suitable applications exist before acquiring
the HoloLens equipment.

Another challenge to using the HoloLens in educational contexts is the fit of the
HoloLens equipment, which may be uncomfortable [14, 17]. One study acknowledges
this issue, emphasizing the need to include real-life interactions in the educational setting
and to avoid using AR elements exclusively to present visual material such as pictures
or videos [18].

Another challenge relates to the technical issues of the HoloLens. One study reports
that learners slightly preferred conventional instructions to those provided with the
HoloLens because of the possibility of technical difficulties [17]. The HoloLens also
requires significant infrastructure, such as fast and reliable internet and technical support,
to be utilized successfully [14].

The reviewed studies also identify several challenges related to teachers’ self-
efficacy. In one study, teachers expressed concern because they could not fully control
the teaching process while learners were using the HoloLens [7]. Another study empha-
sizes the need for teachers to be experienced in and comfortable with technology in
general and the HoloLens specifically to successfully utilize this technology in an edu-
cational context [18]. One study also points out that learners need some time to become
accustomed to using the HoloLens [12].

3.3 What Future Research Directions Do Existing Papers Suggest?

3D technologies are an effective teaching method, particularly for teaching and learning
anatomy [3, 8, 13]. However, many assessment methods are still two-dimensional [3],
determining the relative effectiveness of teaching and learning. This opens the ques-
tion of whether traditional assessment methods are optimal or whether new methods
should be developed [3]. Future studies could also assess learning outcomes and long-
term memory a number of weeks after participants have learned new material using the
HoloLens, as existing studies have only assessed immediate recall [8]. Since the exper-
iment with the HoloLens 2 triggered strong positive emotions and excitement in par-
ticipants, future studies should investigate the impact of affective processes on learning
using the HoloLens 2 [6] as well as this technology’s potential for promoting embodied
learning [7]. In addition, future research could explore new theoretical directions using
theories on the social nature of knowledge creation and related theories that focus on the
roles, rules, and tools of specific learning environments [7]. The use of the HoloLens in
learning should also be tested and evaluated in many contexts, courses, and disciplines
to identify and assess the overall usefulness of 3D technologies in teaching and learning.
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These evaluations should also assess cognitive load, engagement, and non-verbal com-
munication through video recording, in addition to assessing self-reported perceptions
[8, 18]. Furthermore, several iterations of research using the same instructional materi-
als, methods and participants could elucidate long-term performance improvement [3,
17].

4 Discussion, Limitations and Conclusion

This literature review has sought to identify the benefits, challenges, and possible future
research directions related to the use of theHoloLens in educational contexts. Our overall
aimswere to paint a picture of a new, developing topic; to identify current research trends;
and to provide some suggestions for future research directions. The literature review
included 11 articles in the fields of humanities, medicine, and engineering. A larger
sample might have enabled comparisons among different fields of study. However, the
authors wanted to focus this meta-analysis on the use of the HoloLens as an educational
tool.

First, overall, the reviewed articles consistently agree that the HoloLens is a valuable
tool for teaching and learning 3D structures. Second, several of the included studies
provided information about the use of hardware and software applications with the
HoloLens but did not provide an overall description of or conclusion regarding the
pedagogical significance of using the HoloLens in educational contexts. Thus, there
is a need for more research on the pedagogical use of the HoloLens and development
of immersive technology-enhanced pedagogy. Third, we observed a marked trend in
research methods: Most included studies are quantitative; the only two exceptions are
studies in the humanities that used mixed-methods approaches. No qualitative studies
have been conducted on the use of the HoloLens in educational contexts, pointing to the
need for additional research using this approach. The video recordings of the activities
would provide a rich source of qualitative data for evaluating the entire teaching and
learning process.

The results of this literature review clearly indicate the potential of the HoloLens for
supporting education at all levels. Participants particularly appreciated the possibility for
collaborative aswell as individualized learning.Our results also show that learners’ needs
for traditional instruction and support vary depending on their age and prior experience
with the HoloLens.

This literature review sets the foundation for future research on the use of the
HoloLens in education. This study has provided useful insights about the use of the
HoloLens in educational contexts. We argue that thorough assessments of learning pro-
cesses and learning experiences with the HoloLens can contribute knowledge that can
then be used to develop innovative immersive learning environments that usemeaningful,
tailored pedagogical approaches and assessment methods to achieve the best possible
learning outcomes. This can ensure that the potential of the HoloLens in educational
contexts is maximized.
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Abstract. In this study, a smart Ubiquitous Geometry (Smart-UG) system with
smart mechanisms support was developed to facilitate learners’ geometry learning
through measuring objects in authentic context. Further, we designed a real-time
collaborative measuring function based on the augmented reality (AR) in the
mobile device. Learners were required to measure objects collaboratively with
their peers, calculate the surface area and perimeter of the objects in authentic
contexts, and discuss. In order to facilitate meaningful collaboration, interaction
and socialization among peers, we designed the smart mechanisms that provided
learners with a way to ask others for help if they face difficulty. Participants were
fifth-grade learners from two classes that were assigned into different groups.
The experimental group (EG) consists of 26 learners and the control group (CG)
consists of 26 learners with/without smart mechanisms support, respectively. The
results revealed that EG with assistance of smart mechanisms like peer help sig-
nificantly improved geometry ability and got higher scores than CG. In addition,
EG who completed more practices, made fewer mistakes, and asked others for
help had a better understanding of geometry concepts. Moreover, learners showed
a positive attitude and high intention toward Smart-UG. Therefore, our Smart-
UG with the smart mechanism support could facilitate learners to learn geometry
smartly in authentic context and enhance their geometry ability.

Keywords: Geometry learning · Authentic context · Augmented reality · Smart
mechanisms · Collaboration

1 Introduction

Geometry is one main area of mathematics and it is essential to connect with real-
life problems [1]. However, in conventional mathematics education, learners often fail
to understand and apply geometry concepts in their daily life since they usually learn
geometry through paper-based approaches [2]. Several studies showed that learning in
authentic context allowed learners to create meaningful outcomes and it could improve
their abilities, including geometry ability, spatial ability and estimation ability [3].
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In the recent years of research, there is an evolution of “smart” in education. A smart
learning environment provides learners with tailored and personalized learning services
[4]. In addition, collaborative learning is also an effective approach that can be used to
support smart learning and enhance socialization among learners [5]. As a result, it can
increase learners’ self-efficacy and intrinsic value of the learning tasks, such as problem
solving, and discussion [6].

Regarding measurement in authentic context, the previous study mentioned that AR
could be empowered to facilitate geometry learning individually through measuring the
real objects in their surroundings [7]. However, few studies addressed these issues of
collaborative learning in authentic context with the smart mechanisms and augmented
reality to support geometry learning.

Based on the aforementioned above, we developed a system using augmented reality
technology (AR) in mobile devices and designed collaborative learning activities to
facilitate geometry learning in authentic context. The following are the researchquestions
in this study:

1. Are there any significant differences in learning achievement between the exper-
imental group (EG) with smart mechanisms support and the control group (CG)
without smart mechanisms support?

2. What are the relationships between learning achievement and behaviors in EG?
3. What is the learners’ perception of the system and the smart mechanisms in EG?

2 Literature Review

2.1 Geometry Learning in Authentic Context

Geometry is an important knowledge in our daily life [1]. Geometric terminology is
used to describe the shapes of objects, such as point, line, angle, curve, rectangle, which
indicates that having knowledge of geometry is critical to daily life [8].

Applying geometry in a real situation like daily life can consolidate understand-
ing of geometry concepts. However, most learners learn geometry through paper-based
approaches which only emphasize the calculating process.

On the other hand, collaborative learning approach is an effective strategy that can
be used to enhance achievement and socialization among learners [5]. Several stud-
ies showed that technology supported collaborative learning in authentic context has a
positive effect on learners’ learning achievement [9]. Augmented reality (AR) allows
multiple users to share physical space surrounding them and a virtual space merged with
the physical one, which makes it possible for users to design something collaboratively
[10]. It can also be used to enhance face to face collaboration seamlessly [11].

Since there have been few studies regarding the development of social-aware appli-
cations for learners to improve geometry learning through collaboration, we designed
collaborative learning activities with AR technology support for geometry learning in
authentic context and providemore chances to connect the learning content with real-life
experiences.
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2.2 Smart Mechanisms for Geometry Learning in Authentic Context

A smart learning environment can provide learners with tailored and personalized learn-
ing services (e.g. context awareness, collaborative tool, or real-time feedback) [3]. A
smart learning environment enables learners to access ubiquitous resources and also
provides learning guidance, suggestions or supportive tools without limitations of time
and place [12]. Based on the suggestions on the smart learning environment, we devel-
oped smart mechanisms with advanced technology to support smart collaborative learn-
ing and assist learners’ geometry learning in authentic context. For example, the smart
mechanism “Ask for Help Among-groups” allows learners to ask other groups for help
if they face difficulty taking object measurements in a learning environment.

3 System Design

In this study, the innovative mobile app called Smart-UG with augmented reality was
developed to facilitate real-time collaboration for geometry learning in authentic con-
texts. In the learning activities, two collaborative learning topics were provided, such as
single shape and compound shape. During learning activities, learners work in pairs and
they are required tomeasure the same object collaboratively in real-timewith augmented
reality. In the compound shape activity, learners are required to discuss the strategy of
calculating area with their peers before measuring objects in their surroundings.

In detail, before collaborating onmeasurement, the learner in thewithin-groupwould
discuss first about the object and the strategy that will be used to measure it together
(Fig. 1a). Afterwards, they collaborated to measure the real object that used augmented
reality technology for measuring in Smart-UG (Fig. 1b). For example, in the first time,
they chose an additional strategy, later the first student measured the bottom side of the
box as a rectangle shape, which indicated in yellow color. At the same time, their mobile
screen synchronously displays the real-time object measurement after the first student
pressing the “get shape” button. Then the peers would help to measure the upper side of
the box as a trapezoid, which is indicated in blue color. By doing so, they could measure
different shapes on the same real object in surrounding them with our proposed Smart-
UG. Besides asking for help within-group by pressing “help” (Fig. 1c), they could ask
assistance from the other groups to measure the object collaboratively by pressing the
“help among-groups” button (Fig. 2a) when they have difficulty measuring the object in
their surroundings.

After completing the collaborative measurement with augmented reality in Smart-
UG, learners have to calculate the surface area and perimeter of the measured object.
Finally, the learners were encouraged to discuss the results with their peers in order to
complete the geometry learning activities.
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(a) Discuss to choose the 
strategy

(b) The measurement
process

(c) Ask for help within-
group

Fig. 1. The real-time collaboration of measurement process using our proposed Smart-UG with
augmented reality between learners and the peers as follows: a) the group discuss themeasurement
strategy, b) the within-group object measurement, and c) ask for help within-group

Since learners might face difficulty when they explore real objects in the real envi-
ronment, the researchers provided learners with the smart mechanisms and peer help. So,
they could get help from peers when they have difficulties. During these activities, the
learners were facilitated by our proposed smart mechanisms in Smart-UG, as follows:

1. Ask for HelpWithin-group, it refers that when learners have difficulty when measur-
ing the objects, they can ask their peers for help by pressing the help button. Later,
the notification of the seeker will be displayed on their mobile screen. (Fig. 1b).

2. Ask for Help Among-groups, it refers learners could ask other groups as seekers for
help by pressing the help-seeking button. Later, the other learners in other groups
who receive the notification can look at the previous problems from the seekers and
give them help by pressing the help-giving button (Fig. 2a).

3. Member Learning Status, it refers that in order to make the collaborative process
more smoothly and provide learners with their group member’s learning situation in
the collaborative learning activity, the system sends the notification to their group
member when learners complete measuring (Fig. 2b).

4. Member Answer and Correct Status, it refers to learners who can see if their group
member’s answers are correct or not. Which helps learners understand their group
member’s learning situation in order to motivate them to help each other (Fig. 2c).
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(a) interface of Among-
Groups Assist

(b) Member Learning 
Status

(c) Member Answer and 
Correct Status

Fig. 2. The smart mechanisms in Smart-UG are as follows: a) the among-groups assist b) the
learning status of each member, and c) the feedback from their peers when calculating the surface
area or perimeter of the measured object.

4 Methodology

In this study, a total of fifty-two learners from the fifth-grade elementary school par-
ticipated in the experiment. They were from two classes that were assigned into two
different groups. One was the experimental group (n = 26) using Smart-UG with the
smart mechanisms support and the other was the control group (n = 26) without the
smart mechanisms support.

The experiment conducted one month including pretest, learning activities, posttest,
questionnaire and interview. In the 1st week, the teacher gave the pretest, introduced the
learning activities, and introduced the Smart-UG for the all groups. In the 2nd until 3nd
weeks, learners used Smart-UG to explore and measure the single and compound shapes
of objects in their surroundings. In the 4th week, the posttest for all groups, questionnaire
and interview for the experimental group were conducted.

The topics for this study were based on their curricula, such as measuring single
shape and compound shape of the objects. The shapes thatweremeasuredwere rectangle,
triangle, parallelogram, and trapezoid. Table 1 shows the research variables for this study,
such as learning behavior, and learning achievement to measure geometry ability.

The ANCOVA analysis was used in this study to examine whether there were signif-
icant differences or not in learners’ prior knowledge and learning achievement between
two groups Pearson correlation was used to evaluate the relations between learning
behavior and learning achievement in the experimental group only. In addition, the
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technology acceptance model (TAM) questionnaire was used to investigate learners’
perceptions of Smart-UG. Further, the Cronbach’s alpha coefficient was used to verify
the reliability of pretest, posttest and the questionnaires.

Table 1. Research variables

Variables Description

Learning achievement

1. Geometry ability Ability to calculate area and perimeter of
single and compound shape

Learning behavior

2. Error rate The ratio of the number of erroneous
calculations to the total completed practice

3. Number of practices The number of completed practice

4. Number of asking for help within-groups The number of asking group member for help

5. Number of asking for help among-groups The number of asking other groups for help

5 Results and Discussion

5.1 Learning Achievement Between Groups

The descriptive statistics of learning achievement in pretest and posttest were shown
in Table 2. It shows that both two groups had improvement of geometry ability from
the pretest to the posttest. Moreover, the experimental group with support of smart
mechanisms gained mean scores (M = 83.46) higher than the control group (M =
72.96) without support of smart mechanisms.

Table 2. Descriptive statics of pretest and posttest

Group N Pretest Posttest

Mean SD Mean SD

EG 26 72.54 11.700 83.46 6.525

CG 26 71.54 10.331 72.96 11.718

In addition, the homogeneity of variance for two groupswas tested. The hypothesis of
homogeneity of regression coefficients in the covariate analysis was allowed to continue
in this study (F = 1.268, p > 0.05). The ANCOVA result shows that there was no
significant difference in the pretest (F= 1.834, p > 0.05). However, the results in Table
3 showed that there was a significant difference in the posttest (F = 15.667, p < 0.001)
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between two groups. It indicates that the prior knowledge between two groups was not
significantly different before the experiment. However, after the experiment, learners
significantly improved their geometry ability, especially the experimental groups after
using the Smart-UG app.

Thepotential reason is that Smart-UGappwith the smartmechanisms support for col-
laborative learning facilitated learners to give/get help for/from others, which promoted
learners’ meaningful interaction by exchanging information and ideas when solving the
tasks. Therefore, it could effectively enhance the learning achievement, especially their
geometry ability.

Table 3. Comparison of posttest between groups

Source ss df MS F Sig.

Pretest 162.240 1 162.240 1.834 0.182

Group 1386.083 1 1386.083 15.667 0.000

Error 4335.183 49 88.473

Total 324017.000 52

Dependent Variable: Posttest

5.2 Relationship Between Learning Behaviors and Learning Achievement

The correlation analysis revealed that there was a negative correlation between the error
rate and geometry ability as learning achievement (r =−.705, p < .01). It indicates that
learners who got higher scores made fewer mistakes in the calculation process. It was
also found that there was a positive correlation between the number of practices and
geometry ability (r =−.495, p < .05), which implied that the more measurements they
took, the better the learning achievement was.

In addition, the number of asking for help within-groups (r = .611, p < .01) and
among-groups (r = −.583, p < .01) have significant correlation in learning achieve-
ment, which implied those who asked others for help more frequently could get higher
scores. The possible reason is because the smart mechanisms provided learners with
opportunities for seeking help and getting useful information from peers, so they had
better learning achievement.

5.3 Learners’ Perception of Smart-UG

The TAM results indicate that learners in the experimental groups felt useful (M = 4.39,
α= 0.96) and easy to use Smart-UG for geometry learning in collaborative activities (M
= 4.29, α = 0.93). They had a positive attitude on the system and the smart mechanisms
(M = 4.32, α = 0.97). In addition, according to the interview content, learners have a
high willingness to continue to use Smart-UG in geometry learning in the future. The
possible reason is they felt satisfaction using the Smart-UG (M = 4.31, α = 0.95). One
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learner said that “I like to use Smart-UG to measure a big object because it is more
convenient than using a ruler.”

According to the feedback by learners on the smartmechanisms “Ask for helpwithin-
group” and “Ask for help among-groups”, these two mechanisms provided learners with
opportunities for seeking help and getting useful information from peers. One learner
said that “If I cannot find a suitable object to measure, I will click the help button to ask
peers for help. Then, my classmate would come to help me and I don’t waste too much
time looking for measurable objects.”

On the other hand, the smart mechanisms “Member Learning Status” and “Member
Answer and Correct Status” also helped learners understand peers’ learning situation so
that they could teach each other and solve problems together. As a result, Smart-UGwith
the smart mechanisms not only help learners’ geometry learning in authentic context,
but also enhance meaningful interaction among peers.

6 Conclusion

Regarding research question one, the results revealed that there was a significant differ-
ence between experimental group (EG) with the smart mechanisms support and control
group (CG) without the smart mechanism support. The learners of EG outperform in
posttest compared with CG since they could be guided well by the smart mechanism in
our innovative “Smart-UG.”

Regarding research question two about the relationship between learning behavior
and learning achievement. The results found that those who made fewer mistakes, prac-
ticed more and asked others for help more frequently could get better scores in learning
achievement, which improved their geometry ability.

Regarding research question three, learners had a positive attitude on Smart-UG
with the smart mechanisms. Learners generally think that using Smart-UG for geometry
learning is useful and simple, and satisfied with the help of smart mechanisms and peers.

The limitation of this study is that the real-time collaborative measuring function in
the Smart-UG takes a longer time to scan the environment and the real objects, which
might be implied to reduce learners’ practicing time. This problem will be improved in
the future Smart-UG and the researchers will improve the design of the function in a
more convenient and efficient way. In addition, the future study needs a deep analysis
about their learning behavior, especially their collaboration process to construct their
cognitive skill or other skills when learning geometry.
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Abstract. As teaching materials continue to develop and improve, learners have
gradually shifted from abstract learning methods such as learning formulas and
understanding images to hands-on learning. Learners apply the acquired knowl-
edge and skills to practical STEM hands-on experiential courses to verify the
formulas and knowledge they have acquired. Hands-on learning effectively helps
learners transform abstract knowledge into conceptual skills and practical abili-
ties and apply these in practical fields. In a traditional STEM hands-on learning
experiment environment, learners verify knowledge through experiments. How-
ever, in the experimental fields set up at many schools and laboratories, there is
often a lack of experimental equipment. Also, in experiments such as fire drills
and medical experiments, learners may not be permitted to perform actual opera-
tions and practices in laboratories due to safety factors. Learners lack a safe and
secure learning environment where they can study anytime, anywhere. Therefore,
we design and develop a virtual reality system which we apply to embedded elec-
tronic circuit learning activities, creating for learners a virtual environment for
immersive learning. The effectiveness of the system is verified through a pilot
study using the technology acceptance model (TAM) to measure learner accep-
tance. The results of this study and the analysis of the TAM data show that the
system was well-accepted by participants.

Keywords: Virtual reality · STEM · Technology acceptance model · Pilot study

1 Introduction

Recent years have witnessed an increasing demand for science, technology, engineering,
andmathematical (STEM) skills in the teachingfield, but it is often difficult for learners to
understand complex scientific phenomena from theoretical knowledge andmathematical
formulas [1].Baird andPenna [2] show that teaching and learning science is a challenging
task. Traditional teaching methods only provide learners with solutions and knowledge
concepts, but may not really teach learners how to solve problems. This is confirmed by
Hake [3], who finds that learners have difficulty understanding the concept of formulas
even after memorizing them. Practical knowledge relies on hands-on practice, without
which there is no knowledge; knowledge is the collection of hands-on experience [4].
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Today, the integration of hands-on learning in education has proven to be an effective
teaching method [5].

The use of hands-on teaching environments has spreadwidely, and teachingmaterials
have also evolved rapidlywith the development of science and technology in recent years.
With traditional blackboard teaching, students only absorb teaching content from teach-
ers in one direction. Now, however, many teachers are abandoning traditional teaching
methods. When designing courses, more learning methods are available, giving learners
more opportunities for interaction and communication in the learning process, especially
in traditional hands-on experiment courses. Teachers also use digital teaching materials
such as PowerPoint presentations, multimedia 2D/3D, and other diverse content to create
a richer learning experience for students [6].

Problems encountered in traditional hands-on experiments include limited equip-
ment supplies, difficult access to experimental equipment, a lack of immediate assis-
tance, and even safety factors. The experimental equipment and parts that the learner is
exposed to during the experiment are limited, and what is available cannot be used by the
learner freely or indefinitely. The learner may even be afraid to conduct the experiment
for fear of damaging the equipment [7]; a lack of equipment may also make it impossible
for every student to have experimental equipment. Students may be obliged to conduct
experiments in groups, resulting in an uneven allocation of time for each student to
obtain practical hands-on experience while learning and thus fully participate in the
experiments. Some scientific disciplines require the use of large and expensive experi-
mental equipment such as large X-ray machines or tomography machines for medical
training and lathes for mechanical departments. However, such large-scale equipment
is typically difficult to procure and is not easy for general learners to operate and use,
to the end that learners are unable to verify previously-learned knowledge using actual
experiments. Learners must resort to “imagining” real-world scenarios for experiments
[8]. Practical experiment courses cover a wide range of fields, some of which may be
dangerous fields. Students may not be able to fully experience areas such as fire training
and ambulance training in real emergency situations due to safety concerns. Hands-on
courses do not allow learners to train or learn at any time.

In summary, given the difficulties encountered in traditional hands-on experiments,
conducting experiments in the above situations using virtual reality (VR) would reduce
the obstacles and limitations of students in the learning process [9, 10].VRuses computer
vision technology to generate a three-dimensional virtual environment on the computer
screen, immersing users in the virtual world and making it possible for them to observe
the objects in the space instantly and without limitations. In recent years, VR has not
only been used for entertainment but has also found wide use in education [11, 12]. VR
provides an immersive equipment which is suitable for hands-on experimental courses.
The VR laboratory can create many environments that traditional laboratories cannot
provide for learners, so that learners need not worry about equipment being too expen-
sive, about there not being enough equipment to go around, and about not having a
chance to conduct experiments, because the VR environment can provide learners with
unlimited experimental equipment, giving them the opportunity to experiment freely.
For fire drills, medical experiments, blasting experiments, or other high-risk fields, VR
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provides learners the opportunity to conduct experiments in a safe environment [13, 14].
Using VR, learners can instantly apply the theoretical knowledge they have learned.

In this study we develop a VR system and apply it to embedded electronic circuit
learning activities so that learners can learn about embedded development in a safe and
secure virtual environment. We conduct a pilot study and use the technology acceptance
model (TAM) [15] questionnaire to measure the acceptance of the subjects to verify the
feasibility of the curriculum system.

2 Literature Review

2.1 STEM Hands-On Learning

STEM education provides teachers with a novel and comprehensive approach to teach-
ing, which is designed to teach different subjects without deliberate division of subject
content, and is seen as dynamic, adjustable teaching [16, 17]. Many advocates believe
that STEMeducation can improve learners’ systemic thinking andproblem-solving skills
[18, 19]; by integrating STEM subject knowledge, learners can develop hands-on skills.
Chien [20] integrates 3D printers to develop a novel STEM CO2 high-speed car design
course in which the experimental group which integrates STEM 3D printers clearly out-
performed traditional hands-on groups in terms of both the novelty and complexity of the
finished products. Fan and Yu [21] investigate the respective performance of learners of
STEM engineering modules compared with students of technology modules, and show
that learners of STEM engineering modules were significantly better than those of tech-
nology education modules in terms of knowledge, concepts, and higher-order thinking
skills. Gao, Li, Shen, and Sun [22] point out that the effectiveness and reliability of inter-
disciplinary learning in STEM over the past two decades remains a challenge in terms
of knowledge, skills, experimentation, and affective domains. In the various subjects, it
is easy for students to lose interest and enthusiasm due to the poorly-designed curricula,
which leads to a decrease in learning effect.

Therefore, it is necessary to improve teaching methods and the learning environment
for different subjects so that learners can achieve greater gains and effects in the learning
process.

2.2 Virtual Reality

Olson and Riordan [23] find that past learners had a high failure rate in learning scientific
STEM subjects, which may be related to their difficulties in understanding scientific the-
oretical concepts and knowledge. Teachers have therefore integrated traditional course
content into virtual simulations or animations and interactive teaching materials to help
learners better understand the knowledge concepts of the subject. Zhang and Zhou [24]
believe that teaching methods of 2D/3D simulation teaching situations lack interactivity
and timely feedback on student behavior, and thus cannot be considered real-time inter-
active teaching. To solve this problem, it is necessary to import traditional simulation
courses into VR. Although VR technology has been around since the late 1950s, its use
in the education sector has been limited due to high equipment costs, difficult access to
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technology, availability issues, and a lack of proper educational content and educator
training. Today, technological advancements in science and technology have reduced the
cost of equipment, thus greatly reducing the restrictions on applications in education.
In addition, the operability and popularity of current mainstream VR devices on the
market have yielded amazing results, highlighting the potential of this technology for
educational purposes [25]. VR is expected to play a pivotal role in transforming teaching
and learning in higher education; there is no doubt that novel content and full immersion
in a virtual environment enhance user attention.

When VR is used as an augmentation tool for traditional learning methods, learners’
comprehension and knowledge concept performance are significantly improved [26].
Çakiroğlu and Gökoğlu [27] propose a virtual reality-based behavioral skills training
method to teach basic behavioral skills in fire safety. They design and implement a virtual
reality-based environment in the context of design-based research, with results that show
that usingVR-based training significantly improves learners’ fire safety behavioral skills,
such that most students are able to transfer their behavioral skills to the real world. Pellas,
Dengel, and Christopoulos [28] survey various approaches to the instructional design
and implementation of VR in K-12 and higher education over the past decade. This
includes the characteristics of all participants, teaching methods, teaching uses, and
applications. Their results demonstrate the strong potential of using VR applications
to enhance or design different teaching environments, with significant improvements
in student attitudes, engagement, learning outcomes, achievement, and performance
across different STEM domains. They show that the application of VR technology in
the teaching field effectively improves the learning effect of students.

3 Method

In this study we seek to use VR technology in STEM learning activities by designing a
set of VR course activities for embedded electronic circuit activities. We invited college
students and graduate students to participate in a pilot study, and administered the TAM
questionnaire to participants to determine the perceived usability and ease of use of the
system for use by students.

3.1 Design

This study concerns a set of VR activities for embedded electronic circuit development
boards, the content of which is to help participants learn and familiarize themselves with
five embedded development board tasks: connecting GPIO and sensors, connecting the
mouse and keyboard via USB, connecting the network cable to the LAN, connecting the
HDMI video output, and connecting the micro USB power.
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Participants were to wear a HTC VIVE head-mounted display (HMD) (Fig. 1) at the
start of the experiment, after which the teaching assistant helped to start the course, and
the activity started. In the virtual embedded course environment, the scene was a general
electronic circuit laboratorywith all the equipment required for the experiment, including
the virtual embedded development boards, mice and keyboards, DuPont cables, sensors,
and HDMI cable. In the virtual environment, an experimental schedule was included
in the virtual reality screen (Fig. 2) so that participants could determine their progress
and unfinished tasks. In the virtual environment, there was also a prompt function which
could be used to bring up detailed descriptions of the embedded development board and
peripheral equipment and the connection methods and positions so that learners could
familiarize themselves with the embedded development board and operations.

In the course participants were guided step by step to perform each task. After a
participant successfully completed a task, an eye-catching prompt would appear (Fig. 3),
and was noted in the task progress table. Conversely, if the participant connected the
wrong component to the wrong port, an error message appeared (Fig. 4). When the
participant had completed all tasks, he/she was informed on the screen and guided to
other scenes to continue the other tasks (Fig. 5).

Fig. 1. Participants operating the system

Fig. 2. Initial task screen Fig. 3. Task success message



Designing STEM Learning Activity Based on Virtual Reality 93

Fig. 4. Task failure message Fig. 5. Task completion message

3.2 Procedure

The participants in this study were undergrad and graduate students who had no under-
standing of embedded development boards: there were 15 participants in total. The
experimental process is shown in Fig. 6. Before beginning the experiment, the teach-
ing assistant explained to the participants how to use the VR equipment, demonstrating
how to move and pick up the equipment and change the VR scene. Because the learners
wore the HMDs throughout the experiment, they could not operate computer equipment.
Therefore, after the learner was familiar with how to use the VR equipment, could move
smoothly between the activity scenes, pick up the equipment needed for the experiment,
and change the scene, the teaching assistant operated the computer equipment and started
the activity course.

The activity lasted for about 45 min, and its content included a number of learning
tasks. The purpose of the tasks was to help participants familiarize themselves with
the operation and connection methods of the embedded development version. After the
activity was performed, the participants filled out the TAM questionnaire for analysis.

Fig. 6. Experimental procedure
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4 Results and Discussion

This study was conducted using an adapted TAM to collect participants’ learning expe-
riences of VR activities for embedded electronic circuits. We used a 5-point Likert scale
for measurement, divided into very satisfied, satisfied, average, dissatisfied, and very
dissatisfied. The results are shown in Table 1. The scale consisted of six items for per-
ceived usefulness and six items for perceived ease of use. The reliability analysis of the
questionnaire is shown in Table 2.

Table 1. Descriptive statistics

Mean SD

TAM 4.1975 .45004

The average TAM score of the participants in the VR activities with embedded
electronic circuits developed here was 4.1975 (Table 1), which indicates that students
exhibited a good level of technology acceptance when using VR for the embedded
electronic circuit activities. Moreover, the device and its virtual environment were also
easy for students to operate, making them feel that it was helpful to use the VR system
to complete the required design activities.

Because none of the subjects in this study had any experience using VR headsets,
after the activity was explained, participants spent time familiarizing themselves with
the functions of the device. During the experiment, some participants asked whether
they could suspend the activity due to discomfort from the head-mounted device, which
may have prevented the participants from fully experiencing the course using the VR
device.

Table 2. TAM reliability analysis

Cronbach’s alpha Items

.817 12

5 Conclusion

The VR activity system for embedded electronic circuits that we developed include cor-
rect and incorrect prompts, task schedules, and step-by-step task guidance. The purpose
of the system was to avoid the need for participants to conduct traditional experiments.
During the course of the experiment, due to unfamiliarity with the operationmethods and
formulas it was necessary to pause the experiment to review notes and class briefings,
which may have reduced the effectiveness of the experiment.
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In the virtual experiment environment, participants were able to use as many
resources and materials as needed to repeatedly practice the connections, and they could
also gain a deeper understanding of embedded electronic circuits through the many
visual components designed by the system, and do so in a safe and secure environment.
The participants exhibited a high degree of acceptance of the system designed in this
study.

However, this study also has some limitations. Due to equipment and environmental
factors, this experiment was limited to a space of less than one square meter, so that
while performing the experiment, some participants exceeded the range of the device
sensor, interrupting the experiment. We suggest that in the future, when performing
virtual reality activities, participants should be allowed a range of motion of at least one
square meter before the experiment can be carried out smoothly.
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Abstract. The study has taken the issue of “AR in education” into consideration
in design cultural creation domain. The specialized areas such as AR development
and user satisfaction have been taken into account. The purpose is to develop anAR
application for helping students to learn local culture while having Field Learning
Activities. Roaming Jingliao is a LBS AR to provide local cultural information
and attract students to learn in the field course. The study carried out experi-
ments to assess the impact of exploiting AR in learning local culture. The author
brought students to discover Jingliao Old Street in Houbi District by using Roam-
ing Jingliao. The participants were asked to take the satisfactory questionnaire
and a short interview. Afterwards, they worked in groups to design and produce
e-books based on the cultural knowledge they’ve obtained, and further register for
an e-book contest. Meanwhile, these works were also assessed by three profes-
sional judges for cultural and creative scoring. There were 9 e-books produced in
the study and 3 of them earned excellent works award in the contest. It is shown
that the participants have a positive attitude and high interests of using Roaming
Jingliao to learn local cultures.

Keywords: LBS · Game-based learning · Computer-assisted learning

1 Introduction

1.1 Background

“Culture” as the foundation of industrial development, people in various domain keep
integrating the design methods, using creative ingenuity, and combining relevant media
and tools to design and develop based on culture. Cultural creativity thus emphasizes the
transformation and production of cultural perception. In the past decade, departments
related to cultural and creative industries have been established in lots of universities in
Taiwan to cultivate talents needed by related industries. The understanding of cultural
industry has become one of the key courses in design-related fields. Teachers in the field
of design are actively guiding students to integrate and apply their professional skills, so
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as to become multi-disciplinary talents required by the cultural and creative industries.
Therefore, in addition to the cultivation of basic technical skills, it is expected that
students will continue to think and explore problems in the process of team interaction,
and to learn knowledge of culture through practical exercises.

Generally speaking, culture originates from daily life and is the accumulation of life
experiences. A full understanding of culture requires a keen sense of life. Therefore, if
the transmission of cultural knowledge only depends on classroom teaching, it will be
difficult to achieve effective understanding. However, in the modern age of information
explosion, the convenience of obtaining information has led students to become accus-
tomed to receiving information in one direction and gradually lose their sense of life.
Due to the lack of sensitivity to life, more and more students are losing their own per-
spectives, resulting in low creativity. It was ever occurred in the authors’ previous teach-
ing experience that students are hard to fully understand the cultural connotation only
through lectures in classroom. In order to improve the shortcomings of traditional class-
room lectures, educators constantly develop teaching innovations. Experiential learning
and community-based learning, for example, are well known learning-by-doing learn-
ing modes commonly used to enhancing learning motivation and further improving the
effectiveness. The author once took students into the historical and cultural district and
learned about the local culture through guided tours for inspiring students’ perception.
However, students are often affected by particular scenery and lost concentration on the
guide’s explanation. Group guiding in vast outdoor space also lead to inefficiencies in
learning. Mobile digital assistance might be a solution.

Digital game-based learning has been proved that is an effective way to motivate
students and improve the learning results [1–4]. Gaming becomes a new form of inter-
active content, worthy of exploration for learning purposes. Augmented Reality (AR)
is an information technology that overlays virtual images on real scenes in real time
through computer operations, can easily interacts with users in the form of games. It
suits to provide rich interactive experiences as additional information beyond reality is
provided through mobile devices to enrich learning content [5, 6]. Hence, the authors
conceived of developing an AR based cultural field guide system as a learning assistance
can provide learners with individual and timely cultural in-formation during commu-
nity visits. Through the use of the developed AR guide system, the motivation can be
stimulated and the learning effectiveness can be further improved.

1.2 Research Purposes

As mentioned previously, besides the training of skills, students in the field of cultural
and creative design need to cultivate the ability to perceive life. Thinking from the
perspective of teaching, how to make a proper use of the local cultural environment,
supplemented by the ubiquitous characteristics of mobile AR, and further effectively
stimulate the learning motivation of students in the field of design, culture and creativity,
to explore the cultural stories, so as to improve their cultural literacy is an emerged issue
in cultural creation education. Furthermore, students can combine their professional
skills for design thinking, and then apply the cultural elements they’ve understand to
develop the ability of content design.
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Hence, this study has taken the issue of “AR in education” into consideration. The
specialized areas such as AR development and user satisfaction have been taken into
account. The purpose of this study is to determine whether the use of AR is helpful for
activating the motivation of learning local culture. The research questions are

1. Can the augmented reality situational navigation system stimulate the learners’ will-
ingness to learn local culture, can they deepen their impressions in the cognitive
process?

2. Can the learners achieve the purpose of their exploration and further enhance their
learning effectiveness?

2 Literature Review

2.1 Augmented Reality

Augmented reality (AR) is a derivative of virtual reality. Through the interaction of
mobile devices and contents, the virtual world is extended to the real world. With the
development of technology and the maturity of the hardware, AR has been widely used
in various fields, such as medical, national defense, education, entertainment, and so on.
According to the integration of domestic augmented reality research projects in Taiwan
from [7], augmented reality ismostly applied inmedical training, education and teaching
demonstrations, design development, service design, and environmental space projects.
In particular, with Augmented Reality (AR), learners can interact with learning content
through mobile devices, which is a new trend in the development of digital learning
in recent years. The advantages of AR technology provide information that cannot be
provided in the real environment, so as to meet the needs of students of learners and
teachers to provide immediate interaction during learning process [5, 6].

From a technical point of view, AR tracking technology is specifically to explore how
virtual objects are properly positioned (including position and orientation) in the real
world. In a research report published by Billinghurst et al. [8]. in 2015, a variety of AR
positioning tracking technologies were discussed, including Magnetic tracking, Vision
Based Tracking, Inertial Tracking, GPS Tracking, and Hybrid Tracking. ARToolKit is a
software library for building Augmented Reality (AR) applications. It is a very widely
used AR tracking library, uses video tracking capabilities that calculate the real camera
position and orientation relative to square physical markers or natural feature markers in
real time. The ARToolkit component allows quick and easy integration of AR into the
application for a wide variety of scenarios. Smart Garden (SG) proposed in [10], which
provides information about what to plant where, uses NyARToolkit for processing,
in which virtual plants are overlaid on real image to help growers to understand the
outcomes of their decisions intuitively.

Moreover, Augmented Reality Software Development Kit (AR SDK) facilities dif-
ferent components intoAR applications, includingAR recognition, AR tracking, andAR
content rendering. A comparative study of various augmented reality software develop-
ment kits available to create augmented reality apps is proposed in [9]. The researchers
organized AR SDKs in Geo-located AR Browsers, Marker based, and Natural Feature
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Tracking. Campus event application proposed in [11] is GPS location based AR appli-
cation developed using marker less tracking feature of Metaio and Android SDK. It was
implemented which updates the users with daily campus events by visualizing the event
over real world and providing real time map and route to the event. Vuforia supports the
creation of both marker-based and marker-less AR and has several key features, includ-
ing Ground Plane (for adding content to horizontal surfaces), Visual Camera (expands
supported visual sources beyond mobile phones and tablets), and VuMarks (custom
markers that can be used in Vuforia face recognition and also encode data), that make it
one of the best for object recognition and 3D modeling [12].

Hence, through the combination of AR, GPS, andmobile devices, the cultural stories
hidden behind the sceneries can be obtained in real timewhilewalking through the streets
and alleys.With anARbased learning assistance is developed and eventually exploited in
the outdoor lectures, the gamification of learning process is enhanced and the motivation
of learning is further activated.

2.2 Game-Based Learning

Games can introduce goals, interaction, feedback, problem solving, competition, narra-
tive, and fun learning environments, elements that can increase learner engagement and
sustain motivation [13]. In recent years, many researches proposed that using computer
games, or games in general, for educational purpose motivates the learners and further
enhances the learning effectiveness and improves the performance. The motivational
psychology involved in game- based learning allows students to engage with educa-
tional materials in a playful and dynamic way. As indicated in [1], game-based learning
has been widely adopted for children’s learning and has a proven success in the improve-
ment of learning as well as in children’s acceptance. In [14], the researchers proposed a
meta-analysis of investigating the learning-theory foundations of game-based learning.

Gaming becomes a new form of interactive content, worthy of exploration for learn-
ing purposes. Many studies have investigated the effects of digital game-based learn-
ing on learning and motivation in different areas, such as computer science education,
business education and advanced training [1–3]. Additionally, [4] reported a positive
relationship between the level of intrinsic motivation and learning scores in a digital
learning game. Intrinsic motivation refers to the inner desire to engage in a task out of
interest or amusement, or even because of the challenge it offers [15, 16]. Furthermore,
Erhel and Jamet systematically demonstrated the benefits of digital game-based learning
in their publication [17]. The benefits of digital game-based learning are often attributed
to its entertainment aspect.

In the study, in order to reduce the boredom caused by traditional guided tours, and
make students pay more attention on guiding, the authors designed learning activities
that are intrinsically game-like for learning local culture.

2.3 Computer-Assisted Learning

With computer technology development, researchers and workers in various industries,
education is no exception, are all using computer technology to improve work efficiency
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and to create additional value. Computer-assisted learning (CAL) describes the educa-
tion that uses computers and other technologies and doesn’t require human interven-
tion or interaction. With computer technology and instructional design, an interactive,
cooperative and real learning situation can be simulated in virtual environment so that
participant can interact with situations to stimulate the ability to think and solve prob-
lems and to get better learning achievements. For example, in the course of learning
equipment operation, students simulate the situation of equipment operation through
the computer screen, and follow the instructions step by step to learn the operation; in
a Political Science course, students might role-play in the virtual environment as they
engage in mock negotiations involving a labor dispute. Barney Dalgarno has summa-
rized the psychological and pedagogical theories that have led to significant changes
in accepted teaching and learning strategies in 2001 [18]. It has examined the way that
these theories may be applied to Computer Assisted Learning, showing that the range
of possible CAL approaches incorporating constructivist theory are broad and varied.

CAL has been claimed to improve knowledge retention and achievement scores,
enhance clinical judgement skills and reduce required instruction time; performing as
well (if not better) when compared to other more traditional education techniques. More
specifically, the researcher in [19] proposed that the advantages of the utilization of
CAL in nursing education can be made clear by consideration of adult education theory
and curriculum design, as well as the particular learning needs of nurses themselves.
Moreover, computer-assisted language learning (CALL) has established itself as an iden-
tifiable and fruitful area of inquiry that contributes to the language education community.
Research in [20] investigated the perception of EFL/ESL learners on the application of
computer in learning English and provided empirical support for its positive effects from
the perception of learners. It proposed that most EFL/ESL learners recognized the ben-
efits of using technology in learning English and found computers helpful in learning
grammar. The article [21] provides an overview of the evolution of theory and practice
in CALL research. It concludes with theoretical and methodological considerations for
approaching CALL today and beyond.

3 Methods

3.1 System Architecture

The study designed to develop an AR based application, named Roaming Jingliao, in
which users can view virtual object from various orientation to obtain the stories of the
locals while having the local tour. According to [22], combining augmented reality with
LBS (Location Based Services) technology is considered an innovative application of
mobile phones, can provide users with more detailed services in the sports and tourism
industries. Hence, the system architecture of the required AR in this study is developed
using LBS which overlays a virtual mechanical 3D object based on GPS coordinates.
As shown in Fig. 1, it is divided into three parts: User Components, Communication
Components, and Service Components. The user components is basically the interface of
the application; the communication components includes utilizing GPS satellites signals
andmobile networking; and the service components ismeant to the service server and the
backend operations. The Raw GPS Measurements is obtained through mobile devices
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and then recalculated to GPS Coordinates. The GPS coordinates is then used to obtain
the related local information stored in the Mysql database. In addition, it is suggested
that avoid displaying too many POI (Point of Interest) signs on the interface of the LBS
system is to provide users with better usability and experience [23]. It is exploited in the
study to be the principles while designing the user interface.

Fig. 1. The mobile-server LBS architecture of Roaming Jingliao.

3.2 Technologies

A variety of familiar and skilled techniques are exploited to develop the AR applica-
tion, Jingliao, in the study. Unity is mainly used for the development of system core,
Adobe XD is for the design of interface, and Blender is used to build fined 3D vir-
tual contents. Figure 2 shows an overview of the technologies exploited for developing
Roaming Jingliao. The technologies are categorized as game art software, game engine
and SDK, tracking environments, and platform support. In order to achieve rich aug-
mented reality content by tracking the ground and areas, the Vuforia SDK is used to
assist in development. Finally, the application will be listed on Google Play and App
Store for download and use by research participants.

Fig. 2. Overview of technologies exploited for developing Roaming Jingliao.
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4 Results and Discussions

The practicality of the proposed methodology is demonstrated through experimental
method. The data was collected by questionnaires and interviews that are given after
using the designed AR. The authors thus carried out experiments to assess the impact of
exploiting AR in learning local culture, bringing the participants to Jingliao Old Street
in Houbi District, Tainan, after taking lectures of Taiwanese Countryside and Rice Food
Culture. The participants were asked to walk through the field using the AR guide and
to take the satisfactory questionnaire and a short interview afterwards. Figure 3 shows
a photo collection of travelling with Roaming Jingliao. The participant follows the spot
shown on the map in Roaming Jingliao to find out the stories of individual scene. When
the AR scene is activated, a virtual character is shown to introduce the story with text and
voice. After the course, students worked in groups to design and produce e-books based
on the cultural knowledge they’ve obtained, and further register for the 12th International
Chinese Language and Education Cup E-Book Creation Competition. Meanwhile, these
works were also assessed by three professional judges for cultural and creative scoring.
From the feedback of the judges, although a small number of works lost focus on local
culture, most of them combine culture with different elements for various presentation.
There were 9 e-books produced in this study and 3 of them earned excellent works.

This study exploits the satisfaction questionnaire used [24]. A total of 33 valid
satisfaction questionnaires were collected in this study. The satisfaction discussed in
this study is divided into four dimensions, namely “user interface design”, “stability”,
“human-computer interaction”, and “system potential for teaching”, and the measured
score is shown in Table 1. The five-point scale is used to evaluate the satisfaction, and
the overall score is around 3.755. It shows the participants have a positive attitude in the
cultural study of using Roaming Jingliao. And the user interface and human-computer
interactions of the AR system makes self-learning easy. The lowest score goes to the
dimension “stability”, meaning that the system has to be verified on different mobile
devices before released.

Fig. 3. Travelling with Roaming Jingliao. (A) The participant follows the spot shown on the map
in to visit individual scene; (B) scene knowledge introduced by the virtual character; (C) the
participant takes photo together with the virtual character.
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Table 1. The result of user satisfactory of using Roaming Jingliao to learn local culture.

Dimension Number of questions Average score Standard deviation

User interface design 5 3.76 0.75

Stability 5 3.52 0.87

Human-computer interaction 5 3.79 0.73

System potential for teaching 5 3.95 0.72

Overall 20 3.755 0.77

Moreover, the participants were interviewed after the course to give back the experi-
ence of using ARwhile having field learning. The interview questions basically included
“How do you feel about actually visiting the field using AR?Does the use of AR enhance
the understanding of local culture?” Most participants indicated that they were initiative
on self-learning while using the AR. It is obviously that with the game-based learning,
the participants became active to learn because they were interested in the scenario.
Some feedback is as follows:

“Using AR apps made me more willing to explore local stories.”

“As the virtual character appeared on the map to guide the visit path, I was
unconsciously visiting one after another, with local stories of characteristic
attractions.”

“The developed AR is like a mobile game, attracting me to actively use so that I
was happy to visit the area more.”

However, the participants also mentioned that the positioning function of the app is
activated after scanning the physical floor, and the operation is not usually smooth. It
is because that not all mobile phones can support accurate GPS and the performance is
various depending on different types. Students reviewed that they had learned the local
culture through the game-based learning.

5 Conclusion

Based on observations in the experimental class, it can be concluded that game-based
learning is effective to stimulate the learning motivation of students. If it is supported
through the interesting subject matter, methods as well as enthusiasm and fun, make stu-
dents have a positive desire or inclination to learn. The results shows that the participants
are generally satisfied with AR, Roaming Jingliao, in learning local cultural knowledge.
Students indicates that they keep active and having higher concentration on learning
local cultural knowledge during the class although some crash occurred occasionally
while using Roaming Jingliao. AR is thus helpful indeed for activating the motivation
of learning local culture.

Moreover, students were asked to work in groups to design and produce e-books
based on the cultural knowledge they’ve obtained, and further register for an e-book
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contest. There were 9 e-books produced after the course, and were also assessed by pro-
fessionals. Most of the works show local cultural elements and fully convey the meaning
of the title. The works mostly received high evaluation and earned three excellent works
award in the contest.

These results can prove that the use of Roaming Jingliao in the field course can
effectively stimulate students’ interest and achieve cultural learning. Through the process
of e-book production, learn how to integrate and use the professional skills that students
already have and the cultural knowledge to create cultural works. A well-developed AR
application is a solution for activating learning motivation in design cultural creation
education.

Acknowledgement. This work was partially supported by the Ministry of Science and Technol-
ogy of Taiwan R.O.C., under grant MOST- 110–2635-H-218–003-.

References

1. Pivec, M., Dziabenko, O., Schinnerl, I.: Aspects of game-based learning. In: Proceedings of
I-KNOW 2003, Austria, pp. 216–225 (2003)

2. Chandel, P., Dutta, D., Tekta, P., Dutta, K., Gupta, V.: Digital game based learning in computer
science education. CPUH-Res. J. 1(2), 33–37 (2015)

3. Garris, R., Ahlers, R., Driskell, J.E.: Games, motivation and learning: a research and practice
model. Simul. Gaming 33(4), 441–467 (2002)

4. Liu, M., Horto, L., Olmanson, J., Toprac, P.: A study of learning and motivation in a new
media enriched environment formiddle school science. Educ. Technol. Res. Dev. 59, 249–265
(2011)

5. Cheng, K.H., Tsai, C.C.: The interaction of child-parent shared reading with an augmented
reality (AR) picture book and parents’ conceptions of AR learning. Br. J. Edu. Technol. 47(1),
203–222 (2016). https://doi.org/10.1111/bjet.12228

6. Chiang, T.H.C., Yang, S.J.H., Hwang, G.J.: An augmented reality-based mobile learning
system to improve students’ learning achievements and motivations in natural science inquiry
activities. Educ. Technol. Soc. 17(4), 352–365 (2014)

7. Hsu, C.-B.: Employing usability evaluation to analyze an affective AR-based interface.
National University of Tainan, Master thesis, Tainan City (2010)

8. Billinghurst, M., Clark, A., Lee, G.: A survey of augmented reality. Found. Trends Hum.-
Comput. Interact. 8(2–3), 73–272 (2015)

9. Amin, D., Govilkar, S.: Comparative study of augmented reality SDK’s. Int. J. Comput. Sci.
Appl. 5(1), 11–26 (2015)

10. Okayama, T.: Future gardening system—smart garden. J. Dev. Sustain. Agric. 9(1), 47–50
(2014)

11. Chao, J.T., Lei, P., Kevin, R.P.: Campus event app-new exploration for mobile augmented
reality. Issues Informing Sci. Inform. Technol. 11, 001–011 (2014)

12. Vuforia. https://developer.vuforia.com/. Accessed 28 Aug 2021
13. Gamification and game-based learning. https://uwaterloo.ca/centre-for-teaching-excell

ence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-
based-learning. Accessed 28 Mar 2022

14. Wu, W.-H., Hsiao, H.-C., Wu, P.-L., Lin, C.-H., Huang, S.-H.: Investigating the learning-
theory foundations of game-based learning: a meta-analysis. J. Comput. Assist. Learn. 28(3),
265–279 (2018)

https://doi.org/10.1111/bjet.12228
https://developer.vuforia.com/
https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning


106 C.-I. Cheng et al.

15. Deci, E.L., Ryan, R.M.: The, “what” and “why” of goal pursuits: human needs and the
self-determination of a behavior. Psychol. Inq. 11(4), 227–268 (2000)

16. Martens, R.L., Gulikers, J., Bastiaens, T.: The impact of intrinsic motivation on e-learning in
authentic computer tasks. J. Comput. Assist. Learn. 20, 368–376 (2004)

17. Erthel, S., Jamet, E.: Digital game-based learning: Impact of instructions and feedback on
motivation and learning effectiveness. Comput. Educ. 67, 156–167 (2013)

18. Dalgarno, B.: Interpretations of constructivism and consequences for computer assisted
learning. Br. J. Educ. Technol. 32(2), 183–194 (2001)

19. Nerlich, S.: Computer-assisted learning (CAL) for general and specialist nursing education.
Aust. Crit. Care 8(3), 23–27 (1995)

20. Shafaei, A.: Computer assisted learning: a helpful approach in learning English. Front. Lang.
Teach. 3, 108–115 (2012)

21. Han, Y.: Connecting the past to the future of computer-assisted language learning: theory,
practice, and research. Issues Trends Learn. Technol. 8(1), 1–13 (2020)

22. Kanade, P., Prasad, J.P.: Mobile and location based service using augmented reality: a review.
Eur. J. Electr. Eng. Comput. Sci. 5(2), 13–18 (2021)

23. Brata, K.C., Liang, D.: An effective approach to develop location-based augmented reality
information support. Int. J. Electr. Comput. Eng. 9(4), 2088–8708 (2019)

24. Chang, W.-J.: A design of augmented reality learning system to support college students’
rural experimental learning. J. Liberal Arts Soc. Sci. 13(1), 29–64 (2017)



Using Immersive Virtual Reality to Explore
the Learning Performance and Cognitive Load
of Students in STEAM Electronic Circuits

Learning

Yu-Ping Cheng1, Chin-Feng Lai1, Shu-Chen Cheng2, and Yueh-Min Huang1(B)

1 Department of Engineering Science, National Cheng Kung University, Tainan City, Taiwan
cinfon@ieee.org, huang@mail.ncku.edu.tw

2 Department of Computer Science and Information Engineering, Southern Taiwan University
of Science and Technology, Tainan City, Taiwan

kittyc@stust.edu.tw

Abstract. In the recent era applying advanced emerging technologies to educa-
tional issues has become a subject for wide discussion, also students have a high
scope to obtainmuchmore learning experience and resources through these exclu-
sive technologies. Many such studies have used this immersive virtual reality to
explore the feasibility of STEAM education for their students. However, learning
activities through immersive virtual reality may have some negative effects as
well, indeed which may indirectly reduce student learning performance. There-
fore, this study has built an extremely realistic virtual reality system to present the
materials of electronic circuits. The students can make use of immersive virtual
reality devices and handheld sensing devices to operate and practice the electronic
circuit learning tasks in a virtual learning environment. In addition, this study has
recruited 20 students to have an investigation on the effect of immersive virtual
reality on learning performance and cognitive load in electronic circuit learning.
According to this result, the experimental group using the virtual reality system
for STEAM learning activities can significantly have an emerging improvement
in the learning performance. Additionally, the cognitive load of the experimental
group was also lower than that of the control group in the process of STEAM
learning activities.

Keywords: Virtual reality · STEM/STEAM education · Learning performance ·
Cognitive load

1 Introduction

With the vigorous development of information technology, students and users can essen-
tially obtain more learning resources and learning experiences through the available
multimedia and emerging technologies, such as virtual reality [1], augmented reality
[2], the Internet of Things [3] or business simulation game [4] etc. When compared
with the instructional method of traditional lectures on, how students fetch in acquiring
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knowledge by combining emerging technology and E-learning has added to become a
very vital issue in the educational field. If students passively receive the knowledge, it
may have a chance of affecting their learning performance and interest, therefore, when
students actively accept the knowledge or practical operation in the process of learning,
their effort of learning efficiency can also be improved [5, 6]. As a comprehensive and
interdisciplinary instructionalmethod, STEM/STEAMeducation added positive benefits
to students in the process of knowledge acquisition and hands-on practice [7, 8]. Chien
[9] stated that, the hands-on activities of STEM/STEAM education can cultivate stu-
dents’ interdisciplinary knowledge, developed problem-solving skill and creativity and
enabled students to implement valuable and unique products through hands-on activities
[9]. In addition, some studies have also shown that the combination of STEM/STEAM
education and emerging technologies can have a positive impact on interdisciplinary
courses and can also improve and motivate students’ learning engagement [10].

In recent years, some studies have confirmed the effectiveness of virtual reality as an
emerging technology in STEM/STEAM education [11]. Virtual reality has enabled peo-
ple to have knowledge in sensing the reality, presence and engagement in an immersive
virtual environment through a first-person perspective and used sensors with headphones
to bring people on an immersive sense of presence and experience [12]. In addition, vir-
tual reality can present abstract concepts through three-dimensional (3D) virtual images
to essentially help students have a quick understanding concepts [13]. Hsiao, Chen, Lin,
Zhuo and Lin [14] have considered that students can gradually improve their under-
standing skills, and concepts through virtual reality and “learn by doing” in the learning
stage and the hands-on development process also can further help students to equally
develop their hands-on ability as well [14].

Although, the development and effectiveness of combining virtual reality and
STEM/STEAM education in its own educational research has a direct scope for being
widely discussed, normally few studies have revealed that, when exactly students have
not fully used the virtual reality for practice, there will be an impact of increase in their
learning burden and cognitive load [15, 16]. In addition, the authors who has worked on
this research has also found that, there are few studies that deeply explored the effect
of virtual reality on the learning performance and cognitive load of electronic circuit
learning. Therefore, this study has developed a virtual reality system for electronic cir-
cuit learning to basically conduct a safe and risk-free electronic circuit practice through
immersive virtual reality by discussing and analyzing students’ learning performance
and cognitive load in virtualized electronic circuit learning.

2 Literature Review

2.1 Virtual Reality

With the advent of the digital age, students can gain even more learning experiences
through virtual reality and the positive benefits received from virtual reality in edu-
cational research have also been confirmed [17]. Virtual reality is one of the major
techniques used by artistic teachers to make students learning performance effectively
active and motivational in the classrooms [11]. Virtual reality has eventually used 3D
images or environments to mainly emphasize on the sense of existence in the simulated
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environment, so that users can experience the actual immersive feeling in the virtual
environment [18]. On the other hand, virtual reality has included immersive virtual real-
ity and non-immersive virtual reality. The immersive virtual reality has fundamentally
interacted and played in the virtual environment by wearing a head-mounted display
(HMD) and handheld sensor devices, which indeed has enabled students to essentially
perform activities or simulation training in a high-fidelity virtual environment without
having any high-risk in the activities [19]. For example, Frederiksen, Sørensen, Konge,
Svendsen, Nobel-Jørgensen, Bjerrum and Andersen [15] has been used in immersive
virtual reality for the surgical simulation training [15]. Non-immersive virtual reality
has used the devices such as keyboards, mice and screens to interact and play in the
virtual environment. This method has no determination to enable students to analyze
and experience the immersion of virtual environment [20]. For example, Lee and Wong
[16] had explored the performance of students’ spatial ability through desktop virtual
reality [16].

In addition to this, some studies have shown that immersive virtual reality was often
used in high-risk situations or in simulation training courses [21]. Wang, Wu, Wang,
Chi and Wang [22] showed that virtual reality can also be applied to the implementation
of construction engineering education and training through the integration of visualiza-
tion technologies and education paradigms, thereby improving students’ training per-
formance as well [22]. Jensen and Konradsen [23] used HMD to conduct educational
training to explore the difference and impact of its method and traditional teaching in
cognitive skills, psychomotor skills and affective skills [23].

Although we notice most of the studies have shown that immersive virtual reality
can enhance students’ learning performance even more effectively, Lee and Wong [16]
has specially showed that, using it may increase the learning burden of students without
sufficient virtual reality training [16]. In addition, keeping the high level of immersion
as a base it has bought about immersive virtual reality, students have a chance of getting
distracted in the virtual environment [23], which may also make it easy for students
to increase their cognitive load [15]. Therefore, this study has considered matching
appropriate learning material and animations to create an interesting and highly realistic
virtual learning environment for students to reduce the cognitive load of students in the
learning process and effectively improve their learning performance.

2.2 STEM/STEAM Education

STEM education was a novel and interdisciplinary instructional method, which consists
of four disciplines, namely science, technology, engineering and mathematics. Bybee
[24] considered that, STEMeducation should basically enhance students to have a knowl-
edge of usage of technology and improve their ground understanding of the operation for
anything and any product [24], because STEM education has not explore the content and
keep thinking of a single discipline, it has actually paid more attention towards the inte-
gration of multiple disciplines to deepen their elementary understanding and skills [25].
Therefore, instructors in many countries were regularly promoting STEM education,
which also had emphasized the importance of improving STEM skills and abilities [26].
For example, Hu, Yeh and Chen [27] proposed a framework of knowledge, skills and
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attitudes to explore the impact of students’ STEMcompetence, creativity and STEMatti-
tudes in making electronic musical pencils [27]. Arís and Orcos [26] explored the STEM
skills of secondary education students through educational robotics and the results of
this study showed that students can eventually improve and develop their technological
competence through robot programming [26]. ZAHIDI, Ong, YUSOF, KANAPATHY,
ISMAIL and YOU [28] hold a unique science camp to steadily explore young children’s
understanding of STEM education. This indeed showed the results of the study that,
having the method can effectively improve the students rational understanding and mas-
tery of STEM knowledge, also can stimulate their profound interest in STEM education
[28].

On the other hand, Yakman [29] added art to propose a STEAM framework based on
STEM education and has described the importance of art in presenting art and aesthetics
in the hands-on process [29]. Therefore, STEAM education can ultimately cultivate stu-
dents’ liberal and physical abilities in the discipline of adding art, so that students can not
only use STEM knowledge, technology and logical thinking but can also demonstrate
creative aesthetic results through engineering practice [29]. For example, Dejarnette
[30] implemented a STEAM curriculum in order to explore the self-efficacy and imple-
mentation rate of young talented children in hands-on practice and the results essentially
showed that young childrenwill have a high degree of acceptance, engagement and coop-
eration for STEAM curriculum [30]; Shatunova, Anisimova, Sabirova and Kalimullina
[31] has been implemented in the project training in creative aspects up to the spaces
through the model of STEAM education and explored students’ abilities in systematic
thinking and art creativity. The study pointed out that the use of creative spaces can
even more enable students to cultivate the skills and competencies which are essentially
required for Industry 4.0 in the arts [31]; Hsiao and Su [32] has finally combined STEAM
courses and virtual reality to explore students of satisfaction, self-efficacy and learning
outcomes. The results have suggested that students can still improve their self-efficacy
through virtual reality games. However, the quantified authors also have specified that
through the ultimate use of virtual reality technology, it was necessarily having an adjust-
ment towards the materials appropriately, so that the students can be even more familiar
with the operations of virtual reality [32].

Although the relevant research on virtual reality and STEM/STEAM education has
confirmed its effectiveness, there are few more studies to explore the effect of virtual
reality and STEAM education on the learning effect of electronic circuit learning. In
addition, there is a typical requirement to explore how exactly the students can reduce
the cognitive load in the electronic circuits by learning through appropriate virtual reality
scenarios, therefore this kind of study has provided two research questions as follows:

RQ1: Does virtual reality gradually increase the learning performance of students in
electronic circuits when compared with conventional lectures?
RQ2: Does virtual reality steadily decrease the cognitive load of students in electronic
circuits in comparison with conventional lectures?
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3 Research Method

3.1 Participants

This study has used immersive virtual reality to basically implement STEAM learning
activities to explore the impact of students’ learning performance and cognitive load in
electronic circuits learning. This study recruited 20 students aged between 16 and 24,
where all of whom has agreed to participate in this STEAM learning activity and have
proactively signed an informed consent form their parents. In addition, all students were
randomly assigned to the experimental group and the control group 10 students were
assigned to the experimental group, and 10 students were assigned to the control group.

3.2 Virtual Reality System for Electronic Circuit Learning

This study has developed a virtual reality system for electronic circuit learning, which
have basically enabled students to conduct virtual electronic circuit learning through
immersive virtual reality. As shown in Fig. 1, the researchers presented the learning
material of electronic circuits through entertaining and a highly realistic virtual learning
environment.When starting to use virtual reality, the systemplayed an animation to guide
students into a virtual learning environment, which has used a computer classroom as a
prototype of a virtual situation. Students in real needed to complete the learning tasks
in sequence according to the task list of the given system. In this stage, students can use
hand-held sensing devices to pick up various 3D virtualized electronic components to
perform component pairing operations, such as Raspberry Pi, resistors, Dupont wires,
LED, mice and related sensors. If students encounter problems, they can click on the
system hint to obtain the name and function instruction of electronic components.

The virtual reality system developed in this study can provide students with a lot of
trial and practice so that students did not need to worry about component damage when
encountering errors in the pairing process. In addition, the system enabled students to
observe the structure of electronic components more easily through the visualization
feature, to help the students to further understand the function of each specified com-
ponent. Therefore, students can not only understand the pairing method of electronic
circuits and the knowledge of related components through the virtual reality system, but
also even more various complex components and easily understand the structure.
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Fig. 1. Virtual reality system for electronic circuit learning.

3.3 Experimental Process

Figure 2 has showed the experimental process. In this study, 20 students were recruited
to implement a three-hour STEAM learning activity. The experimental group has used
immersive virtual reality to conduct STEAM learning activities and the control group
used PowerPoint to conduct STEAM learning activities. Just before the activity, teacher
has clearly introduced the materials and tools of the activity to all students present
there, additionally the entire students took a pre-test to measure the prior knowledge
and concepts they have learned in electronic circuits. Students in the experimental group
needed to learn the names and concepts of various electronic components through the
virtual reality system and operated the pairing of electronic components in the virtual
environment through sensors; students in the control group spontaneously learned the
names and concepts of various electronic components through PowerPoint. Finally,
the researchers distributed post-test and cognitive load questionnaires to measure the
difference between their learning performance and cognitive load using different learning
tools.

Fig. 2. The experimental process of this study.
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3.4 Data Collection and Analysis

The researchers have been designed with a pre-test and post-test based on the electronic
circuit learning, including 12 multiple-choice questions, with a complete score of 100
points and collected the results of 20 students before and after the STEAM activity.

In addition to this, the study referred to the cognitive load questionnaire which was
proposed by Hwang, Yang and Wang [33] and edited the questionnaire according to
the content of the STEAM learning activity, so that it will be definitely suitable for
investigating the differences in cognitive load between the two different groups after
conducting the experimental activities. The cognitive load questionnaire is basically
consisted of 8 items and included two dimensions, 5 items of mental load and 3 items
of mental effort. The questionnaire used a 5-point Likert scale, with scales of strongly
disagree (1), disagree (2), moderate (3), agree (4) and strongly agree (5).

In this study, a Mann-Whitney U test was used to analyze the pre-test, post-test, and
cognitive load questionnaires of 20 students and to explore if there was any significant
difference in learning performance and cognitive load of the two groups of students. In
addition, this study used Cronbach’s alpha to examine the internal consistency of the
cognitive load questionnaire, which has a Cronbach’s alpha of 0.875, which indicated
that the cognitive load questionnaire has good reliability in terms of statistical power.

4 Results

In order to effectively explore the difference between the learning performance of immer-
sive virtual reality and conventional lectures in electronic circuit learning, this study used
several Mann-Whitney U test to analyze the learning performance of two groups using
different tools. The Mann-Whitney U test results of the pre-test showed that the mean
rank of the experimental group was 11.25; the mean rank of the control group was 9.75,
and theU value was 42.5 (p> 0.05). This result has eventually indicated that, there were
no more significant difference found between the two groups in the prior knowledge of
electronic circuit learning.

Table 1 showed the Mann-Whitney U test results of the post-test. The mean rank of
the experimental group was 15.2; the mean rank of the control group was 5.8 and the U
value was 3 (p < 0.001), a significant difference was reached between the two groups.
This has progressively showed that the learning performance of the experimental group
using immersive virtual reality for electronic circuit learning was significantly higher
than that of the control group using PowerPoint for electronic circuit learning.

Additionally, Table 2 showed theMann-WhitneyU test results for the cognitive load.
The mean rank of the experimental group was 7.6; the mean rank of the control group
was 13.4, the U value was 21 (p < 0.05), a significant difference was reached between
the two groups. Table 3 showed the Mann-Whitney U test results for mental load and
mental effort. In terms of mental load, the mean rank of the experimental group was 7.4;
the mean rank of the control group was 13.6, the U value was 19 (p< 0.05); in terms of
mental effort, themean rank of the experimental groupwas 8; themean rank of the control
groupwas 13, theU valuewas 25. According to these results, the experimental group can
significantly decrease the cognitive load of electronic circuit learning through immersive
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virtual reality, and the experimental group would not produce excessive mental load and
mental effort when using the system to practice and operate.

Table 1. The Mann-Whitney U test of post-test.

Group Mean rank Sun of ranks U Z p

Experimental group 15.2 152 3 −3.598 0.000***

Control group 5.8 58
*** p < 0.001.

Table 2. The Mann-Whitney U test of cognitive load.

Group Mean rank Sun of ranks U Z p

Experimental group 7.6 76 21 −2.200 0.028*

Control group 13.4 134
* p < 0.05.

Table 3. The Mann-Whitney U test of mental load and mental effort.

Dimension Group Mean rank Sun of ranks U Z p

Mental load Experimental group 7.4 74 19 −2.358 0.018*

Control group 13.6 136

Mental effort Experimental group 8 80 25 −1.926 0.054

Control group 13 130
* p < 0.05.

5 Conclusion

This study has developed a virtual reality system to actually provide the students with the
knowledge and concepts of electronic circuit learning in a virtual environment. Addition-
ally, this study has allowed students to practice and try out with each component pairing
in a virtual environment through immersive virtual reality devices and hand-held sens-
ing devices. According to the results compared with the control group, the experimental
group using the virtual reality system for STEAM learning activities can significantly
improve the learning performance. This means that, the students can pick up differ-
ent 3D visualization components with hand-held sensing devices to quickly understand
the features. Additionally, in terms of cognitive load, the use of virtual reality system
in the experimental group was also significantly lower than that in the control group
using PowerPoint. This means that the materials presented through a highly realistic
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virtual learning environment can not only be present complex concepts, but also the sys-
tem guides students to gradually complete the practice of component pairing. Therefore,
even if the experimental group did not have any experience in using virtual reality before
the activity, they can quickly complete the task of electronic circuit learning through the
virtual reality system developed in this study.
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Abstract. According to the 2019 statistics,more than 580,000 people have sought
medical treatment for cerebrovascular disease, and “stroke” has always ranked
fourth among the top ten causes of death. The shortage of the language therapists
becomes an issue to stroke patients. Yet there are relatively few studies suggest-
ing ways on how language teachers cooperate with entry-level therapist to do the
speech language pathology inquiry by implementing virtual reality technology.
The purpose of this qualitative research is to identify whether the integration of
VR helped increasing the inquiring ability for less experienced language therapist.
The procedure of the inquiry is recorded in order to provide and identify accurate
practical training. The prototype is revealed. Based on this technology, profes-
sionals are able to develop the level of competence for medical treatment and
determine any improved performance on the patients. Virtual reality simulation is
allowing the intern language therapist to learn skills that prepare them for the real
world. Two female and one male intern language therapists were participated in
the research. The results indicated that technology support creates more opportu-
nities to build confidence and competence for entry-level professionals. However,
some difficulties and challenges in the application of VR in the medical field were
also exposed.

Keywords: Cerebrovascular disease · Stroke · Virtual reality · Speech language
pathology · Therapist · Inquire

1 Introduction

Visual Reality technology has surrounded the environments and played an important role
in the daily lifestyles. Virtual Reality technology has become a part of the civilization in
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enhancing better education and quality life [1]. Incorporating existing technologies and
techniques such as Visual Reality as treatment and instructional support is an inevitable
movement worldwide. According to the 2019 statistics, more than 580,000 people have
sought medical treatment for cerebrovascular disease and stroke. The way of effectively
reducing long-term disability is to strengthen the patient’s activeness after a stroke. A
language therapist plays a critical role in helping the patient to rehabilitate after the
stroke attack.

VR has been widely used in medical education, clinical skills training, clinical appli-
cations, anatomy and physiology teaching, customized VR learning material develop-
ment, drug development, wound management, rehabilitation, and other practical appli-
cations. VR technology support can actually help students to learn, teachers to teach,
medical staff to train and communicate. VR significantly improves learning and working
effectiveness and medical quality. This system provides somatosensory feedback which
assists or train entry-level therapist to do the speech language pathology inquiry and to
communicate with patients. VR technology generates a three-dimensional visual virtual
world in which enables users to simulate, immerse, and interact with 3D imagery and
sound [2].

Speech Therapy is based on the needs of individual patient. Stroke, brain injury,
degenerative diseases, head and neck surgery, cleft lip, hearing loss, developmental
delay patients need rehabilitation. Patients normally receive the training or treatment
from the therapists’ designed activities. They also do oral exercise to improve their com-
munication skills, solve the difficulties and improve the quality of life. The treatments
normally include individual therapy or small group therapy. Speech therapists design and
implement treatment plans according to different needs, achieve the set goals through
patients’ background and symptoms. Instruments, teaching aids, health education and
counseling are often provided to patients, family members, and caregivers. Medical sit-
uations can be simulated by implementing VR. The provided practical training followed
by feedback and debriefing, the system allows entry-level therapist to do the speech
language pathology inquiry and learn from their mistakes.

The compact of VR systems and the fact that faculty are not required to be present
make the access of the practical training more flexible and broad-based [3]. The effect of
the speech therapy is not immediate but requires the cooperation from patients and ther-
apists, and the support of family members and caregivers. Sometimes, the cooperation
with other professionals such as physicians, physical therapists, occupational therapists,
nurses, and social workers are suggested in order to achieve optimum treatment outcome.

According to the Common Health Magazine, there are 6 key points for caregivers to
consider when assisting a patient with motor speech disorder:

1. Have Conversation and communication with patients in a quiet environment.
2. Avoid lengthy, complex and compulsive conversational patterns.
3. Remind patients to express in simple sentences, even with images, gestures,

expressions, and writing.
4. Be patient and give ample time for conversations, or guess what the patient means

or simple prompts.
5. Avoid correcting and asking patients, try to encourage and guide them positively.
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6. Severe patients do not need to insist on oral communication, but can try phonetic
symbols, pictures, communication books, computer typing, etc. to assist patients in
communication.

Motor speech disorder is mainly due to the damage of the central or peripheral
nervous system by having stroke, brain injury, disease, or brain tumor, resulting in dys-
regulation of speech muscle control. Patients need the treatment or cure for the problems
of vocalization, resonance, articulation, and rhythm control in order to develop speech
intelligibility [4]. In addition, VR has also gradually integrated in the field of medical
care, medical nursing education and training, surgical simulation, and rehabilitation.
Meanwhile VR effectively improve the training usefulness of medical staff and the qual-
ity of care [5]. Language instructor cooperates with language therapist and patients under
speech language pathology treatment can be a new intervention especially for training
entry-level medical staff to achieve optimum treatment outcome. Stroke patients nor-
mally face difficulties in moving, thinking, and perceiving in the daily living, such as
the ability to write, walk, and drive. Virtual reality with interactive treatment provides a
new type of rehabilitation for stroke patients. This therapy involves the use of computer
programs to simulate real-life objects and events. Virtual reality and interactive activi-
ties may offer additional advantages over traditional treatment modalities and stimulate
more motivation, such as giving patients the opportunity to perform training in activities
of daily living.

In the virtual environment, all the features of activity such as duration, severity and
type of feedback can be adopted based on the type of treatment and individuals’ ability
[6]. As a result, individuals can see their motor results and correct them by themselves
or by the medical staff if necessary after using this VR system. Therefore, the purpose of
this study was to pinpoint whether the integration of VR helped entry-level therapist to
help the patients and do the speech language pathology inquiry. Applying VR technique
develop a new training platform to help language entry-level language therapy acquire
inquire skills without time and environment limit. Therefore, target-based treatment with
VR support is considered and implanted by the researcher and language therapist in order
to minimize the gap between the practical training and reality. VR into the language
treatment where applications offer a great deal of promise, especially in education and
training [7]. The tremendous impact of a wide range of VR technology on language
treatment is unmeasurable, but patients’ improvement is valuable.

2 The Research Methodology

Whenmedical intervention is driven byVR technology, it is necessary to pay attention to
its additional impact on patients. At the same time, it is necessary to understand that the
intervention of VR support is based on the preventive health education and experiential
health education. Virtual reality is an artificial environment presented by software and
images, allowing users to believe and accept that they are in a real environment. In other
words, VR is the use of goggles and two screens for imaging, using the perspective
of both eyes to create a three-dimensional effect, and the sound effects created with
headphones, so that users can isolate themselves from the outside world when using the
technology goggles, as if they are in another world and so-called immersion.
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Virtual reality provides 3D objects to users with an immersive virtual space. The
virtual objects, sound, and images interact with the users in real-time and allows users
to be fully integrated into a controlled, risk-free environment [9]. The VR environment
is a simulation tool, which provides a safe learning environment, and the advantage
of VR is that it eliminates external interference, allow users to devote themselves to
learning, and the implementation of the teaching plan can be adjusted according to the
level of different personalized learning progress. The design and implementation of the
VR system prototype and some operation procedures are shown in Fig. 1.

Virtual 
Reality 

Training 
System

Simulation for the 
intern language 

therapist to learn 
skills that prepare 
them for the real 

world. 

The inquiry is 
recorded in order to 

provide accurate 
practical training. 

The inquiring 
ability for intern 

language 
therapist

The level of 
competence for 

medical treatment 
and determine any 

performances on the 
patients

Fig. 1. The structure of the proposed VR system

This prototype instructs, identifies, increases, and improves the clinical experience
of intern language therapist. It is divided into four stages, the first and second stage were
designed to collect patient’s personal information. It is designed to evaluate patients’
basic oral ability. The third part is to assign the patient to do the picture matching. It is
aimed to discover patient’s understanding ability. The final stage is to evaluate patient’s
listening comprehension. From the VR Simulation, it instructs the intern language ther-
apist to learn skills that prepare them for the real world. The inquiry is identified and
recorded in order to provide an accurate practical training. The system is designed to
increase the inquiring ability for intern language therapist. This VR system improves the
level of competence for medical treatment and determine performances on the patients.
An on-the-spot survey was carried out and then the VR simulation was constructed with
inquire process and visual aid support. VR simulation training was designed to meet the
needs of interns.
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2.1 Design of the Display Platform

This VR inquire training system was constructed to achieve the goal of high immersive
experience while keeping the hardware and software cost low and efficient. Unity was
applied to present a 2D and 3Dactivity engine that can develop cross-platform simulation
[10]. In addition to developing video games, VR kit was implemented to make the effect,
which allows the software in Unity to link with HTC’s VR glasses to make 3D objects
virtual reality. Also, MAYA was applied to construct models, such as tasks, visual aids,
and covers to rich and reach the training system. The training sequence can be formulated
by the therapist; they are able to practice repeatedly in their free time for achieving
better training results. The illustrations of the VR system prototype and some operation
illustrations are shown in Fig. 2.

(a) An on-the-spot survey (b) Flash card support (c) Scenario and inquiring training

Fig. 2. VR speech language pathology inquire training for entry-level therapist

2.2 Research Data Collection

The purpose of this qualitative study was to investigate the effectiveness of VR appli-
cation on entry-level therapist to do the speech language pathology inquiry. Qualitative
interview is one of the most widely used data collection methods in social science
research. It mainly focuses on the interviewee’s personal feelings and experience state-
ment. Understand and explain respondents’ personal perceptions of social facts. Hence,
the use of semi-structure interview technique was applied to be the main method of
research data. The data was obtained through adapted and modified open-ended ques-
tions. 1 male and 2 female participants who received less than 6 months training were
selected. 3 entry-level therapists used VR system to practice the inquire procedure 3
times a week for 2 months. They were asked to reflect and identify whether the inte-
gration of VR helped increasing their language therapy inquiring ability. Individual and
group interviews were conducted for 1 months in order to identify the usefulness of the
training system. Transferability and dependability are the keys to credibility. Credibility
is the counterpart of internal validity [11]. Validity refers to whether the measurement
tool used by the researcher which can really measure the problem that the researcher
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wants to investigate [12]. Therefore, the researcher must be cautious on how participants
interact and react to each interview questions, it influences the analysis of the data [13].
Furthermore, the researcher consulted one experienced language therapist to ensure all
the open-ended questions covered the research scope.

3 Experimental Results and Discussions

3.1 Qualitative Data

Research Question 1. HowdoesVR training systemhelp entry level language therapist
increase the inquiring ability?

Virtual reality has become a new trend in the rapid development of science and
technology. At first, the commercial application of VR focused on game design and
the film industry, and later it was also well introduced in medical education. With the
VR support, intern language therapists were able to be skilled with the speech language
pathology inquire for the real world.

“The integration of VR and language therapy is an innovative implementation in my
professional career. Virtual reality is an artificial environment presented by software and
images, allowing me to believe and accept that I am in a real environment. This system is
a simulation support, it provides a safe training atmosphere, and the advantage of VR is
that it can eliminate external interference, allowing less experienced language therapists
to devote themselves to practice, and the implementation of the training procedure can be
adjusted according to the progress of the users, which can be regarded as a personalized
learning tool.” (April, Female Therapist 1).

Regarding VR facilitates entry-level therapist to do the speech language pathol-
ogy Inquire. Language therapist expressed that training should be connected to their
professional background. Tasks should be prioritized according to practical relevance.

“VR offers me an efficient task training mode. It allowsme to learn how to follow the
procedure, to locate, perform treatment, complete missions and techniques and collect
information. I can complete my own training in a virtual environment, from watch-
ing demonstrations to final self-operation assessments on the system.” (April, Female
Therapist 2).

“VR in the clinical field allows users interact with the situation from a first-person
perspective. Immersion in the environment helps build professionalism, and during the
COVID-19 pandemic, reducing human contact is also a clinical trainee solution.” (April,
Female Therapist 2).

“If the stroke patient has aphasia, he or she will need the assistance from a speech
therapist, I need to help him reestablish the communication skill and provide emotional
support. I will be frustrated if I suddenly can’t fully expressmy thoughts and feelings due
to stroke attack. Therefore, be very familiar with the inquire protocol is critical. Most of
the time, stroke patient will not receive the treatment alone. They are always companied
by the caregivers. Sometimes, the caregiver interrupts the treatment and answer the
questions for the stroke patient. I will need to repeat or demo the task again. Therefore,
be proficient of the procedure is helpful.” (April, Male Therapist 3).
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Research Question 2. How does the VR training system function to you?
With the support of VR technology, medical personnel can be placed in virtual

reality, they no longer need to consider the limitations of consumables, they can practice
repeatedly according to their learning needs to improve their inquire skills!

“In the traditional clinical situation, speech therapists need to practice from patients
to improve their experience! Patients and their families have to endure the unskilled
skills of the interns. The construction of VR clinical technology simulation with VR
virtual reality as the main technical application trains the interns and reduce the pain
from patients!” (April, Male Therapist 3).

“Quantitative objective data such as the skill training time at each stage, and after
the event, it can be reviewed and improved through multi-angle playback is helpful to
my personal development.” (April, Male Therapist 3).

“Whether it is a stroke patient who needs rehabilitation or cognitive training, Patients
can cooperatewith the language therapist to carry out a rehabilitationmethod that suitable
for their own level. The difficulty level can be set, and data such as the frequency of
use and performance of the patients can be recorded, which is great and helpful to the
progress and effectiveness of rehabilitation.” (April, Female Therapist 1).

Disadvantages of VR, users may experience discomfort similar to motion sickness.
In addition, the current high cost of VR hardware, VR headset and system development
challenge to popularize application and large-scale of implementation. Tech. Technology
maintenance is also one of the keys to function VR training system well.

“The advantage of VR system is that it can create an infinite world, infinite vision,
but the disadvantage is that it is virtual, that is, the lack of realism, and the visual effect
can only approximate the real, but cannot replace the real. I can improve the inquire
protocol. The interaction with the patient and the response from the patients may not be
the same.” (April, Female Therapist 2).

“Patients with motor speech disorders need to develop individualize lan-gauge train-
ing, combined with drug therapy and surgery if necessary. For patients with mild and
moderate motor speech disorder, speech therapy inquire VR training can effectively
improve their speaking situation; but for patients with severe motor speech disorder, it is
necessary to further follow the individual’s ability and cooperate with non-verbal com-
munication strategies to promote their functional communication skills. Unfortunately,
VR training system could only provide basic support” (April, Female Therapist 2).

“The input method of VR and the communication interface of the training system
are relatively unfamiliar new technologies, so it causes practical problems. To be honest
with you, if you are not here, I will not be able to use this training system to practice
the inquire procedure. It’s really a serious barrier to adoption. VR is a convenient and
educated technology, and the hospital officials must understand that it needs be a long-
term investment and will require considerable support” (April, Male Therapist 3).

4 Conclusions

Based on this VR training system technology support, “practice makes perfect.” Profes-
sionals of various medical backgrounds can develop the level of competence for medical
treatment and determine any improved performance on the patients. However, due to
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the number of minor entry-level therapists in a hospital, the limitation of this study was
the small sample size. Carry out this project in few different hospitals can be the future
research goal in order to collect a larger sample size.VR facesmany challenges and needs
more supporting data, so that medical technology can bring innovation and progress to
human health. There are still many difficulties and challenges in the application of VR
in the medical field. On the hardware, the volume and weight of VR glasses may reduce
the user’s sense of reality. Therapeutic training for VR is also an issue, speech thera-
pists, abdominal therapists and physicians do not have the skill of implementing VR
technology, track and give VR treatment can also be challenged. The technology is lack-
ing in convenience and practicability, and the cost of system construction is quite high,
so therapists cannot use this technology without assistance in the actual diagnosis and
treatment process. Meanwhile, it is expected that the price of VR hardware will be more
reasonable to the public, and if the mobile version of VR software development can be
more proficient, the emerging training or teaching will be more popular. Allowing users
to take the advantages of VR technology will bring a big change to not only the medical
field but wildly extensive use.
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Abstract. The objectives of this research were 1) to development of web-based
learning with augmented reality (AR) to promote analytical thinking on computa-
tional thinking for high school. 2) to study the analytical thinking of the students
who learned through development of web-based learning with augmented reality
(AR) to promote analytical thinking on computational thinking for high school.
These aims were used for students in grade 4 The target for this study were 35
students in grade 4/2 who studying in the subject of Technology (Computational
Science) in the first semester in 2021 at Khon Kaen University Demonstration
School, Secondary Department. (Education) The tools which used for data col-
lection consisted of 1) an analytical thinking measure, 2) an achievement test and
3) a satisfaction questionnaire. The results of research found that; 1.The result
of students who study the development of web-based learning with augmented
reality (AR) to promote analytical thinking on computational thinking for high
school, Secondary Department. (Education) There are 6 important elements in
creating and development, namely 1) problem situations, 2) learning resources,
3) exchanging knowledge, 4) analytical thinking center, 5) supporting base and
6) advice center. 2. The result of students who study the development of web-
based learning with augmented reality (AR) to promote analytical thinking on
computational thinking for high school, Secondary Department (Education). The
mean score was 29.43, representing 98.1%, which was higher than the specified
threshold of 70% of the full score, divided into different aspects of the analysis
as follows: The analysis had an average score of 5.71 or 95%, the relationship
analysis had an average score of 7.86 and an average of 98.3%, and the principle
analysis had an average score of 15.57, representing 86.5%.

Keywords: Analytical thinking · Augmented reality ·Web-based learning

1 Introduction

At present, the world has new changing in the era of globalization which is driven by the
rapid progress due to the advances in information technology and communication affects
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the awakening of the revolution in terms of society, culture, economy, politics, science,
technology and including reform and change in teaching and learning management as
well as preparing in various fields that are supporting factors that will lead to learning
the advancement of technology [1]. Since the outbreak of the coronavirus 19 has greatly
affected teaching and learning. Online teaching is therefore being used instead of tradi-
tional teaching and learning and tend to use online tutoringmore and longer. Information
technology is therefore an important variable that plays a role in teaching and learning
to make teaching and learning more effective.

An important method that can develop learners to have characteristics that respond to
change in society.Asmentioned above is the application of augmented reality technology
which is a technology that combine the realworld into the virtualworld through awebcam
device, mobile phone camera or computer with using of various software that will make
the image seen on the screen to be objects such as people, animals, things in a 3D which
has a 360-degree view. At present, the world has new changing in the era of globalization
which is driven by the rapid progress due to the advances in information technology and
communication affects the awakening of the revolution in terms of society, culture,
economy, politics, science, technology and including reform and change in teaching and
learning management as well as preparing in various fields that are supporting factors
that will lead to learning the advancement of technology [1, 2]. Since the outbreak of the
coronavirus 19 has greatly affected teaching and learning. Online teaching is therefore
being used instead of traditional teaching and learning and tend to use online tutoring
more and longer. Information technology is therefore an important variable that plays a
role in teaching and learning to make teaching and learning more effective [2].

The researchers are interested in conducting research on “Development ofweb-based
learning with augmented reality (AR) to promote analytical thinking on computational
thinking for high school” to help learners see clearly in the form of a three-dimensional
model such reasons above which can understand the body of knowledge more easily.
The results of this study can be used as a guideline to promote and continue to support
effective learning management. Bringing lessons on the network with augmented reality
technology to support analytical thinkingon computational concepts for students in grade
4 as a teaching material will increase interest in learning, resulting in reinforcement to
encourage analytical thinking [3, 4].

2 Research Objectives

1. To develop of web-based learningwith augmented reality (AR) to promote analytical
thinking on computational thinking for high school.

2. To study the analytical thinking of learners who learned through development of
web-based learning with augmented reality (AR) to promote analytical thinking on
computational thinking for high school.
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3 Research Scope

This research is development research according toRichey andKlein (2007), this study is
a type of development research that concentrates on the design and development process.
Its goal is to develop of web-based learning with augmented reality (AR) to promote
analytical thinking on computational thinking for high school. This includes document
research, a study of the educational context, and learning management in this design and
development process. Combining design ideas to increase quality.

4 Research Method

Development of web-based learning with augmented reality (AR) to promote analytical
thinking on computational thinking for high school. in this research study. Based on the
development by applying the concept of Richey & Klein (2007) [4]. which consists of
3 process;

1. Design Process
2. Development Process
3. Evaluation Process

4.1 Target Group

The target group used in this study were grade 4/2 students studying in the course for
31181 Technology (Computational Science) in the first semester of the academic year
2021 at Khon Kaen University Demonstration School, Secondary (Education) for 35
students.

4.2 Researching Tools

1. Development of web-based learning with augmented reality (AR) to promote
analytical thinking on computational thinking for high school.

2. Analytical Thinking measurement, built on the framework of Suwit Munkham
(2005).

4.3 Collecting Data

1. Perform document analysis by studying and analyzing the guiding ideas and theories
behind the creation of the learning environment model, which consists of the follow-
ing pillars: To be used as the foundation for synthesizing the theoretical framework
for the construction of learning environment on the network include psychologi-
cal base, pedagogies base, problem-solving thinking, media, technologies base, and
contextual base.
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2. This research study was based on the principle that pertinent research and theories
can be synthesized from the theoretical framework from the basic theory is as follows.
Theoretical framework creates a conceptual framework based on study and analysis
of theoretical principles, research, and variables [5]. Analytical Thinking Founda-
tions (Suwit Munkham, 2005) The Foundations of Learning Psychology (Cognitive
Constructivism, Social Constructivism, Information Processing), The Foundations
of Media Theory (Media Symbol System), The Foundations of Technology (Web-
based, Interactive), and The Foundations of Pedagogical Sciences. Contextual basis,
cognitive apprenticeship, and constructivist learning environment.

3. Study the context of teaching and learning in the course of Wor31181 Technology
(Computational Science), which consists of content analysis. The subjects used in
the research were on the topic of problem solving and the study of learner con-
texts, results of the study, contexts related to teaching and learning in the course of
Wor31181 Technology (Computational Science).

4. Synthesis of the design framework from the results of theoretical conceptual frame-
work studies and context studies It can be used as a basis to synthesize a conceptual
framework for web-based learning design, which will be the component of a web-
based learning model [6]. Then use it to develop knowledge on the network and
assess the effectiveness of web-based learning by bringing the web learning model
to present to a consultant for review.

5. Bring the web-based learning on the network that have been evaluated by experts to
be tested in real context.

4.4 Data Analysis and Statistics Used

1. Checking the quality of the format by experts in content, media, and measurement
and evaluation. Data analysis was performed using interpretive summaries.

2. The student’s analytical thinking as determined by the analytical thinking assessment
of the student. Statistics like percentage, mean, and standard deviation were used to
examine the data.

5 The Result of Research

Creating a theoretical conceptual framework, a conceptual framework based on the
study and analysis, Research and related theories are able to synthesize the conceptual
framework as follows (Fig. 1).
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Fig. 1. Theoretical framework of the development of web-based learning with augmented reality
(AR) to promote analytical thinking on computational thinking for high school.

5.1 Synthesize a Design Conceptual Framework.

The researcher has applied the theoretical framework as a guideline for the synthesis as
a design conceptual framework based on theoretical principles which shows the details
of the design conceptual framework in Fig. 2.

The researcher has brought a conceptual framework for developing lessons on
the network with augmented reality technology that promotes analytical thinking on
computational concepts (Fig. 2), each of them has details as follows.

(1) Problem based is designed to stimulate cognitive structures for learners to create
knowledge in designing problem situations in this research. The principles of intel-
lectual constructivism were introduced (Piaget, 1955) and taken as a basis with the
principles of Situated Learning to design environment, it is used to design problem
situations that are designed in authentic contexts learn to face in real life because it
will help learners to link their knowledge to problem solving [7].

(2) Learning resources involved in creating knowledgewhich the researcher has carried
out in the development process based on the technology and the symbolic system of
the media. It is the unique features of technology and media symbol system in the
process of developing learning resources which can display text, audio, still images,
animations, videos and virtual reality technologies leading to learn that promotes
learners’ learning [7, 8].

(3) Collaboration is based on Lev Vygotsky’s theory of social constructivism, which
emphasizes social interaction in learning. It is another element that supports learners
to share experienceswith others to expand their perspectives, collaborative problem-
solving encourages learners, teachers, and experts to discuss, express your opinions
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Fig. 2. Designing framework of development of web-based learning with augmented reality (AR)
to promote analytical thinking on computational thinking for high school.

with others for designing collaborative solutions while creating knowledge. In addi-
tion, collaborating to solve problems is also an important part of change and prevent
misunderstandings that will occur while learning as well as expanding the concept
by using Facebook and Line as ways between learners and teachers for using in
contacting questions or suggesting solutions to solve problems.

(4) Analytical Thinking Promotion Room is to promoting knowledge and analytical
thinking through intellectual balance. Based on OLEs principles, the researcher has
designed and developed to help supporting the learning process and the students
analytical thinking as an intermediary to support, enhance or expand their thinking.
Collaborative problem-solving is based on Lev Vygotsky’s theory of social con-
structivism which emphasizes social interaction in learning. It is another element
that supports learners to share experiences with others. In addition, collaborative
problem-solving is also an important part of modifying and preventing misunder-
standings that occur while learning and expanding ideas as well as the development
of a room to promote analytical thinking to help encourage students’ analytical
thinking that consists of component analysis, correlation analysis principle analysis
[9].
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(5) Scaffolding is a supportive part of helping thinking that supports an individual’s
thought process. It guides the way of thinking between learning the thinking meth-
ods used to solve the problems under which to study and the possible strategies that
should be considered helping [9, 10]. A process that recommends how to use it and
resources and tools, strategic assistance that will assist learners in supporting their
thinking analysis in which students consider how they can be applied to problem-
solving situations and conceptual assistance that allows them to conceptualize the
subject matter of the unit.

(6) This principle has become a constructivist approach to learning that has transformed
the role of an instructorwho transfers knowledge or imparts knowledge to a “coach”,
providing advice and guidance for learners as an exercise for learners by educating
students in terms of providing intelligence which the researcher has designed and
developed on the basis of technology and media symbol system [11].

6 Summary and Discussion

The result of developing of web-based learning with augmented reality (AR) to promote
analytical thinking on computational thinking for high school.

Researcher designed and developed a networked lessons with augmented reality
technology that promoted analytical thinking in Computational Concept for secondary
school, grade 10. This research aim was based on development by applying the con-
cept of Richey & Klein (2007), including Design Process which focused on designing
and developing environment through augmented reality technology and conducted a
study of theoretical principles, study and review related research to apply the acquired
knowledge to create a theoretical framework. Development Process, the aforementioned
design led to the developing a networked lessons with augmented reality technology
that promoted analytical thinking by using a framework of design concept synthesis
to develop to create lessons on the network with augmented reality technology. There
were 6 components namely 1) Problem situations and learning tasks promote analytical
thinking, 2) Learning resources was a source of information content that learners need
to solve problems learning resource design, 3) Collaboration was based on the design
principle that “The brain will develop very well when interacting with other brains”,
4) The Analytical Thinking Room consists of 3 components as follows: (1) promot-
ing component analysis, (2) promoting correlation analysis, (3) promoting analysis of
principles. 5) Scaffolding will help to support leaners to problem solving or in order to
they cannot success by themselves, including (1) Concept help base, (2) Thinking help
base (3) Process help base (4) Strategic help base 6) Advice Center was the part where
students can consult their doubts and solve problems from experts. Evaluation Process
used an assessment model by applying from the assessment of the efficiency and devel-
opment of the learning environment of Sumalee Chaicharoen (2004), which consists
of 1) Productivity Assessment 2) Context Assessment 3) Satisfaction Assessment 4)
Assessment of the students’ analytical ability found that the content was accurate, clear,
interesting, suitable, coverage the subject matter in the field of study which used to study
and solve problems that correspond to the problem situation and learning mission. There
were text, images, sounds, and colors are presented to help learners easily understanding
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and encouraging students to think analytical thinking and engaging in problem-solving.
[10, 11]; The screen designing was attractive and appropriate that can be easily linked
to other sources of knowledge or access to information. 2) Assessing the context used
in real conditions from the analysis of using context, it was found that grouping of 4–5
learners per group was appropriate and help learners to learn quickly. 3) Assessment of
learner satisfaction found that most of the students thought that learning was interesting
then causing enthusiasm to learn on their own. 4) Assessment of the students’ analytical
thinking abilities found that most of the students had the ability to think analytically
in all 3 components according to the conceptual framework of analytical thinking, (1)
Component Analysis (2) Relationship Analysis (3) Principle Analysis.

The result of development of web-based learning with augmented reality (AR) to
promote analytical thinking on computational thinking for high school.

The study of a networked lessons with augmented reality technology that promoted
analytical thinking in Computational Concept obtained from the analytical thinking by
using the framework of analytical thinking according to the concept of Suwit Munkham
(2005: 23–24), the characteristics of analytical thinking were classified into 3 aspects,
1) component analysis, 2) correlation analysis, and 3) principle analysis. The results of
this research were showed the analytical thinking test of the learners. The target group
consisted of 35 students from a full score of 30. There were 35 students who received a
score of 21 or higher, with a mean of 29.43 and a standard deviation of 0.74, or 98.1%,
exceeding the threshold of 70% of the total score. It can be broken down into various
analytical thinking facets as follows: The average score for component analysis was
5.71, or 95%, the average score for relationship analysis was 7.86, or 98.3%, and the
average score for principle analysis was 15.57, or 86.5%.

This was due to the fact that learners have practiced in every step of the learning pro-
cess by themselves and also have the opportunity to practice analytical thinking from the
analysis of components, correlation analysis and analysis of principles to find answers
and to exchange experiences and ideas enabling learners to be aware of new information,
expanding the intellectual structure for learning. From the findings of the research in
this study show that networked learning with augmented reality technology promotes
analytical thinking on computational concepts which is a combination of principles,
theories, basic technological features and media symbolism by design based on con-
structivist theory that focuses on knowledge creation helping to promote the knowledge
creation of learners and problem situations promotes analytical thinking [10] includ-
ing all elements of study development of web-based learning with augmented reality
(AR) to promote analytical thinking on computational thinking for high school, that
has brought the advantages of open learning environment (OLEs) to the development
of learning environment enabling students to study and acquire knowledge as needed
unlimited search for information to answer the mission of the problem situation and
to support learning management in the 21st century, [10, 11] emphasizing on learning
management by using technology to transfer knowledge to learners in order to develop
quality learning management and achieve maximum efficiency for all learners which is
consistent.
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7 Suggestion

1. Should study development of web-based learning with augmented reality (AR) to
promote analytical thinking on computational thinking for high school among learn-
ers in other ways by considering that model to be consistent and appropriate to
promote analytical thinking of learners

2. The learning environment should be arranged in accordance with the ability to
analytical thinking and solve problems in each area.
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Abstract. This study aims to 1) Develop an augmented reality (AR) book to
help students develop basic analytical thinking abilities on the basic life units. 2)
Examine how well students use analytical thinking when studying AR books. 3)
Compare the learning outcomes of students before and after using the AR book. 4)
Examine the students’ satisfaction with the AR book. 40 students from Thailand’s
secondary school as the research participants. Analytical thinking tests, pre-tests
and post-tests, and satisfaction assessments all are part of data collection method.
The results showed that AR book “the basic of life units” was developed using
unity 3D and designed using Adobe InDesign for 4 chapters. (1) the ability to
identify elements of something or a particular subject (2) the capacity to recog-
nize linked reasons, and (3) the capacity to judge the worth of items. The result
found that the students’ Analytical thinking score were higher than the specified
criterion as 70% of 37 people, representing 92.50%. (4) The test performance of
the students’ achievement scores because of their studywith theARbook exceeded
the stipulated requirement as 70% of 36 people, or 90.00%, achieved such. At the
level of.01 on the t-test scale, the post-test scores were significantly higher than
those obtained during the initial testing. Most students gave the AR book a high
rating for its ability to help them develop their analytical thinking skills (x 4.56,
S.D. = 0.90).

Keywords: Development of book · Augmented Reality Technology · Analytical
thinking · The basic of life units

1 Introduction

Distance learning has become relatively simple thanks to rapid technological advance-
ments. This type of distance learning is known by a variety of names, including online
learning. open education Web-based learning is a type of blended learning that involves
the use of computers as a medium. It is the capacity to link computers to a network
that allows teachers and students to stay in touch. and may teach at anytime, anywhere,
and in any beat using a variety of methods Online learning is a tool that allows for a
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more student-centered learning experience. Because of technological advancements in
connectivity and communication, as well as more flexibility. The term “online learn-
ing” refers to a learning experience that takes place in a multi device context. such as
cell phones, computers, and Internet access to live in an atmosphere where students
can engage with professors and other students through these surroundings. Students can
learn without regard to their physical location.

Students can attend live lectures in this learning environment. Teachers and students
can connect in real time and can interactwith eachother right away. Synchronous learning
is the term for this. Social interactions arise because of this method of learning. From
the teaching data of teachers who teach scientific courses in the second semester of the
academic year 2021 at Surawittayakarn school; the secondary school at Surin province,
Thailand. The teacher found that the secondary school who study about fundamentals of
living organisms. They do not understand, and Students do not understand and cannot
imagine images the composition and shapeof cells, cell types, cell structure, and transport
of substances into and out of cells. The students currently study using 2D images in
textbooks. The diagrams aren’t clear. As a result, kids become bored with learning, and
teachers lack augmented reality technology-based teaching tools. It is aligned with the
National Education Act of 1999, stressing learners from the philosophy of learning that
relies on learners to build knowledge from confrontationwith problem circumstances.As
a result, a constructivist approach to learning should be used, which encourages learners
to create self-learning, encourages learners to learn from knowledge-building methods
through processes, and focuses on learners building knowledge through actions that
follow their own thought process. Present, many countries have introduced augmented
reality technology to assist in teaching and learning. In a similar much research, they are
observed that AR-based application help to show a more positive attitude and enhancing
analytical thinking skills of students [1–5].

For the reasons stated above as a result, we are considering create an augmented
reality book in the topic of “the basic of life units” for enhancing learning and encourage
analytical thinking of the secondary. The contents of the book include how to operate a
microscope, cell structure and function of plant and animal cells, transport of substances
into and out of cells. In the form of a 3D model, assist learners in seeing clearly. may
more readily comprehend the collection of information The use of augmented reality
technology in the books to encourage analytical thinking.

2 Research Objectives

1. To develop an augmented reality book to promote analytical thinking on the topic
of the basic of life units.

2. To study the analytical thinking skills of students in learning augmented reality book.
3. To compare the students’ learning achievement before and after using augmented

reality book.
4. To study the satisfaction of students after learned with augmented reality book.
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3 Research Scope

This study is a type of development research that focuses on the design and development
process, according to Richey and Klein [6]. Its goal is to design and develop an online
learning environment. To that end, research is conducted on pertinent documents, the
teaching and learning management context is examined, design conceptual frameworks
are synthesized, a learning environment model is designed and developed, and quality
is improved. Below are specifics about performing research.

4 Research Method

The development of an AR book will help secondary school students develop their ana-
lytical and computational thinking skills. in this investigation. Based on the application
of Richey & Klein’s notion from 2007 [7, 8], This involves 3 processes: 1) Design
Process 2) Development Process 3) Evaluation Process.

4.1 Population and Sample

The population of this research was the secondary school studying in Surawittayakarn
school, Surin province, Thailand. A total sample of 580 students from 16 rooms. The
samples were selected using purposive sampling technique. The samples were 40 stu-
dents from room No. 5 who took the exam scored less than the criteria for analytical
thinking skill.

4.2 Research Procedure

This study was to develop interactive multimedia augmented reality book to promote
analytical thinking skill of students in learning on the basic of life units. The steps of
research and development in this study followed:

1) The development of a four-chapter interactive augmented reality book using Adobe
In Design and Unity 3D about the fundamentals of life. after design verification and
early AR book testing. The augmented reality book prototype was then tested by
professionals to gather feedback and ideas before they received the team’s approval.
There were two specialists participating, including professionals in media technol-
ogy and biochemistry. The updated AR book will be tested in secondary schools,
and its efficacy will be assessed.

2) Study the analytical thinking skills of students in learning augmented reality book
“The basic of life units” by designed and developed environmental learning based
on the analytical framework according to Chaisomboon and Samat [9]. consist of 1)
the situation problem and learning tasks 2) learning resources 3) promote analytical
thinking center 4) base of support (5) coaching and (6) knowledge exchange. The
problem situations and learning tasks that are created must follow to a three-step
analytical thinking framework, which includes: 1) the ability to identify elements of
something or a particular subject 2) the ability to identify correlated reasons, and 3)
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the ability to assess the value of things. Next step, the students’ analytical thinking
skills were measured using an analytical thinking exam. The test results are used to
calculate the basic statistical variables, such as mean and standard deviation. The
students must achieve 70% score on the analytical thinking criteria.

3) Compare the learning of the students before and after using the AR book. Create the
assessment of learning progress. After that, experts examined the quiz that had been
enhanced. The updated test will be administered with secondary school assistance.
The test’s confidence level will be assessed using the equation KR-20 according to
Kuder Richardson is equal to 0.8550 and the exam results.

4) Evaluate the satisfaction of students after learned with augmented reality book
“The basic of life units”. The questionnaires evaluated using rating scale and five-
point Linkert scale.

4.3 Data Collection Technique and Instruments.

Data collection research used tests and questionnaires. The students’ analytical thinking
skills were measured using an essay test. The students’ answer was then measured
using an analytical thinking skill rubric [10]. Before used, the research instruments had
been validated using expert validation and empirical validation. The students’ learning
achievement were compared the score before and after study with AR book “the basic of
life units”. The satisfaction questionnaire aims to evaluate students’ satisfactions toward
the AR book interactive multimedia in learning the basic of life unit.

4.4 Data Analysis

Analyze the effectiveness ofARbook according to the 80/80 criteria. Analytical thinking
measured by solving 4 situations using basic statistical values, i.e., percentage, mean
(x) and standard deviation (S.D.). Learning achievement of learners who study with
augmented reality technology textbooks measure was measured by having students take
a pre-test and post-test. The results were used to analyze the quantitative data such as
percentage,mean score (x), standard deviation (S.D.)Evaluate the satisfaction of students
after learned with augmented reality book “the basic of life units”. The questionnaires
evaluated using rating scale and five-point Linkert scale.

5 The Result of Research

Design and development of AR book.
Constructing a theoretical conceptual framework that is based on the investigation

and evaluation of theoretical concepts, data, variables, and connections between the-
oretical concepts. The following is a synthesis of the conceptual framework based on
research and related theories (Fig. 1).
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Contextual basis
1.  Fundamental Education 
Core Curriculum 2017
revised edition.
2.  Science learning         
subject group of secondary 
school.

3.  Content scope of 
science courses.

4.  Objectives of       
teaching and learning    
management

Basics in learning
psychology

1.  Cognitive Theory
- Information Processing 
Theory 

2.  Constructivist Theory
- Cognitive Constructivism
- Social Constructivism

Technology
Fundamentals

1.  Technology 
- Augmented reality (AR)
- Unity 3D
- Adobe InDesign

2.  Media theory system
- Printing media

THE DEVELOPMENT OF AUGMENTED REALITY BOOK 
TO PROMOTE ANALYTICAL THINKING ON THE BASIC 

OF LIFE UNITS FOR SECONDARY SCHOOL

Analytical Thinking fundamentals
Analytical Thinking
Sumalee Chaijaroen (2007)

- the ability to identify elements of something
or a particular subject
- the ability to identify correlated reasons
- the ability to assess the value of things.

Fundamentals of Pedagogical
1.  Learning environment model

 - OLEs Model
- Sol Model
- Cognitive Apprenticeship 

Fig. 1. Theoretical framework of learning development on AR book on the basic of life units.

Synthesize a design conceptual framework.
The conceptual framework to produce the AR book is being synthesized in this step

to encourage critical thinking on the fundamental life units. The theoretical framework
served as a guide for the researcher as she synthesized a theoretical design conceptual
framework. which shows the details of the design conceptual framework in Fig. 2.
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Fig. 2. Designing framework of development of AR book on the basic of life units.

There is a book named AR that has four components.
Once it has been modified to reflect the advice of experts, teachers will use it with

their intended audience. Figure 3 in the example AR book “the basic of life units”.
The analytical thinking results obtained from the analytical thinking measurement

of the learners. AR book to promote analytical thinking on the basic of life units.
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Fig. 3. Example of AR book on the basic of life units.

Design a learning environment for use in promoting students’ analytical thinking
skills. of 4 problem-based Fig. 4.

Fig. 4. Example of learning environment

The results of analytical thinking obtained from the analytical thinking measure of
the learners (Table 1).
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Table 1. The results of analytical thinking obtained from the analytical thinking measure of the
learners.

The ability to identify
elements of something
or a particular subject

The ability to identify
correlated reasons

The ability to assess the
value of things

Total

Show total

x 5.48 6.88 14.28 26.63

S. D 0.60 1.02 1.54 2.64

Total students (person) 40

Number of students with a passing score of 70% (person) 37

Percentage of students with a passing score of 70% (21 points) 92.50

Student grade point average (x) 26.63

Standard Deviation (S.D) 2.64
* means a passing score of 7o% or more (21 points)

The results of the study on the achievement of the learners who studied with AR
book AR book to promote analytical thinking on the basic of life units for secondary
school (Table 2).

Table 2. Comparison of Pre-test and post-test achievement t-test

Achievement n x S.D t-test sig

Pre-test 40 19.80 3.81 46.16** <.001

Post-test 40 27.10 2.93
** Statistically significant at the level .001

The results of the study of the satisfaction of the learners who studied with AR book
AR book to promote analytical thinking on the basic of life units for secondary school
(Table 3).
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Table 3. The results of the study of the satisfaction of the learners who studied with AR book
AR book to promote analytical thinking on the basic of life units for secondary school.

Assessment item x S.D Quality

content 4.73 0.44 Very satisfied

Instructor side 4.54 0.54 Very satisfied

Print media (AR book) 4.44 0.53 Very satisfied

Measurement and evaluation 4.76 0.42 Very satisfied

Assessment of overall learning management 4.56 0.90 Very satisfied

6 Discussion and Conclusion

The results of this study demonstrate that the AR book “the basis of life units” can foster
learners’ analytical thinking abilities and give them information and understanding of the
lesson. Students can comprehend themany parts of amicroscope. andmicroscopy can be
used to initially investigate the intracellular makeup of plants and animals. Additionally,
students can identify the functions of numerous organelles and differentiate between
the appearance of organelles. inside the prison It was discovered that the learners had
higher learning achievements after using the AR book. According to a related study by
Yeh & Tseng [2], augmented reality-based programs dramatically improved students’
academic performance and attitudes toward scientific classes. Moreover, AR book “the
basic of life units” to be used as a media in teaching and learning to help learners have
higher analytical thinking skills. According to research by Tamam et al. [4], employing
augmented reality (AR) technology in a biology class can help students pay more atten-
tion to developing their analytical thinking skills. Moreover, consistent with the research
of Syawaludin et al. [1] indicate that the development of augmented reality-based inter-
active multimedia to improve the analytical thinking skills of elementary school teacher
education students.

Classification, identification, and reasonable linkages are all part of the learning
environment. The creation of a learning environment that enables students to research
endlessly and study as needed to solve problems and support learning management
in the twenty-first century, with a focus on learning management using technology to
transfer knowledge to learners to create high-quality learning management and achieve
the highest level of efficiency for all students.

In conclusion, incorporating AR technology into teaching and learning will benefit
students by facilitating interactive learning, which involves receiving feedback in the
form of ideas, arguments, and explanations. This will also help students develop their
analytical thinking skills and problem-solving abilities when using AR books to learn
about the fundamentals of life.
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7 Suggestion

1. Should study augmented reality technology books in other formats by considering
that model to be consistent and appropriate to promote the analytical thinking of the
learners.

2. Results of a study on development of AR book can be used to guide the development
of other relevant learning environments.
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Abstract. On-site practical machine operation skills were taught in the Machin-
ing Technology Course to implement the skills domain courses under the “108
curriculum” promoted by the Ministry of Education and help students in differ-
ent professional backgrounds achieve the same cognitive level. The mind map
and cooperative learning teaching method is adopted to guide students in solv-
ing machining technical problems through image thinking and group discussion.
As a result, students can have a deeper and wider learning effect and machining
cognition to strengthen their own technical ability, ultimately fulfilling the goal of
becoming technical engineers. The Cronbach’s alpha was used in this study as the
reliability evaluation method, and grade B machining course test questions and a
scoring table were used for scoring. In addition, a systematic strategy was used as
the teaching stage procedure. A T-test was used to statistically analyze samples
to explore the differences among students before and after learning. Furthermore,
this study aimed to prove that the core teaching method of mind map and coopera-
tive learning can effectively improve professional ability while allowing teachers
and students to create the core value of win-win teaching in an environment where
teaching benefits both students and teachers.

Keywords: Machining technology course ·Mind map · Cooperative learning ·
Cronbach’s alpha

1 Introduction

1.1 Motivation

One of the motivations of this study revolves around helping students with different
professional backgrounds to achieve the same cognitive level after course arrangement
and learning after the implementation of the “108 curriculum” [1].

The “Machining Technology Course” adopted the teaching method of on-site prac-
tical machine operation skills. Therefore, this study was also driven to guide students in
solving machining technical problems through image thinking tools and group discus-
sions with the mind map and cooperative learning teaching method and provide them
with more knowledge about machining.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
Y.-M. Huang et al. (Eds.): ICITL 2022, LNCS 13449, pp. 147–156, 2022.
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1.2 Purpose

This research project was mainly based on the Machining Technology Course of the
Undergraduate Precision Manufacturing Technology Courses. By enabling students to
understand and familiarize themselves with the operation technology, machining pro-
cess, and operating procedures of traditional machining tools, they become equipped to
independently and cooperatively plan the optimal process in the mechanical engineering
practice.

This study aimed to explore the effects ofmindmaps and cooperative learning on stu-
dents’ learning in the Machining Technology Course. The method was adjusted accord-
ingly in the teaching process, and the cooperative learning mode was adopted to enable
students to cooperate in finishing the machined products. Furthermore, this method
helps establish students’ processing skills and the cooperative relationship among their
learning peers while promoting teachers’ teaching and research development.

2 Literature Review

2.1 Mind Map

Tony Buzan [2] proposed that the content of a person’s thinking mode is directly asso-
ciated with individual thinking. David Egan [3] pointed out that pictorial organization
uses visual appearance to present knowledge and information structurally to make the
absorbed new knowledge clearer in reading. Joshi, Chandrashekhar V. [4] suggested
that communicating students’ ideas quickly and concisely in the form of charts not only
enables teachers to understand and assess students’ understanding, but it can also be
used for learning and assessment. Akanbi, Abdulrasaq Oladimeji [5] showed that using
the mind map teaching strategy can improve students’ learning performance.

Sun [6] mentioned that a mind map is a tool that assists thinking and learning based
on diffuse thinking, which is closer to the human thinking mode than the traditional
text. In addition, Aurelian Eminet [7] proposed that using a mind map can provide
effective teaching methods to reduce differences among multicultural backgrounds or
the degree of differences among students from different backgrounds. Rosemary Wette
[8] also proposed that the application of a mind map in education can achieve good
teaching effects, allowing students to make significant progress in the breadth and depth
of formal learning and improve their motivation and self-efficacy. Further, David N.
Hyerle and Larry Alper [9] suggested that the visual model of the mind map could
improve learners’ cognitive and critical abilities and that using the mind map could
improve the professional development performance of teachers, build their leadership
skills, and improve student scores on tests.
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2.2 Cooperative Learning

Since the inception of the Cooperative Learning Center in 1960, the theoretical model
of cooperative learning was gradually established, along with the advancement of the
cultivation of cooperative learning among teachers. The proverb, “When three are walk-
ing together, I am sure to find teachers among them” from the Confucian Analects is the
best demonstration of cooperative learning. In cooperative learning, a small group of
more than two people can achieve clear teaching objectives through cooperation, mutual
assistance and discussion, sharing learning results, and actively completing group tasks
(Huang, Cheng-Chieh, Lin, Pei-Hsuan) [10].

Although there are many cooperative learning teaching methods, they all share the
same characteristics: heterogeneous grouping, positive interdependence, face-to-face
encouraging interaction, individual performance, interpersonal skills, and group process
[11].

3 Research Methods

3.1 Research Design

This study aimed to apply the teaching method of mind map and cooperative learning
in the Machining Technology Course. Therefore, this study took the freshmen attending
the Machining Technology Course as the research subjects. Further, the pre-test and
post-test were conducted before and after the course to explore the differences among
students after the teaching practice research. The research structure and implementation
process of this course are shown in Figs. 1 and 2.

Fig. 1. Research structure
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Fig. 2. Course implementation process

The machining technology is widely applied from high-tech information electronics
to traditional industry and from industrial components to people’s livelihood articles that
need the technology. This course focuses on the examination questions for machining
and the machine operation of common hand tools and various processing methods of
metal forming in machining technology.

The four principles of cooperative learning and mind map learning in the teaching
process (i.e., Key Word, Radiant Thinking, Color, and Picture or Image) are the core
of practical problems [12]. The students were encouraged to have group discussions to
cultivate their active learning, critical thinking, and problem-solving abilities.

This research project was based on amindmap and cooperative learning as the teach-
ing method, with the Machining Technology Course as the main research content. The
main assessment methods include group discussions, processing procedures, discussion
results reporting, class participation, and measuring the machined products.

3.2 Research Steps

In this study, teachers’ questions and grade B machining test questions were generated
using a mind map and cooperative learning. The purpose was to help students find the
best way to solve the problem and determine the best processing method through group
discussion.

Undergraduate students from Classes A and B who took the Machining Technology
Course were selected for this study. The cooperative learning group teaching model was
employed in the class to draw and make mind maps in groups in order to find the optimal
processing method in the machining technology. Machining technicians and machining
verification and evaluation personnel in the industry were invited to join the on-site
teaching assistance in the teaching experiment research to solve students’ problems and
give them guidance in a new thinking direction. Figure 3 shows the machined products.
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Fig. 3. Class B machined products and detailed drawings

This study referred to the student learning outcome assessment proposed by Wang
[13]. It also used theReaction, Learning, Behavior, andResults of four evaluation steps of
Kirkpatrick [14] as the structure to understand the professional knowledge, technology,
attitude, and behavior accumulated by students after the teaching process. The students
were assessed before and after the test through professional ability, learning achievement,
and inspection methods to evaluate their learning effectiveness.

This teaching practice research plan mainly took data collection, processing, and
analysis of the pre-test and post-test as the statistical data. The Cronbach’s alpha was
used as the reliability evaluation method [15] to analyze the reliability of all students’
questions. Then, the differences between the pre-test and post-test were compared to
explore and analyze learning differences among students.

In addition to usingpre-test andpost-test to analyze students’ learningdifferences, the
Examination Paper for Technical Examination of Machining in Class B and the grading
table [16] published by the Skill Evaluation Center of Workforce Development Agency
Ministry of Labor were also used in this study to observe students’ skill performance in
the process of work-piece machining and precision measurement of machined products.
The assembly and functional tests were also completed for grading. Furthermore, this
study carried out a statistical analysis of the grading result through the statistical method
of average value and standard deviation to discuss the students’ learning differences
before and after the course.

The teaching procedure used in this study mainly adopted System Strategy pro-
posed by Kang and Tzu-Li [17], which is a three-stage process including preparation,
development, and improvement. It takes designed objectives and expected results as the
prerequisite and considers all factors in the process. Continuously giving feedback and
corrections allows the System Strategy to obtain data and experience to provide the best
solution to the problem [18].

3.3 Course Material Design and Implementation

In the first class, teachers made clear the course objectives and adopted the teaching
method of group cooperative learning. Students’ cognition of machining technology and
their expectation and demand for the course were understood through a pre-test. With a
mind map and team cooperative learning, subsequent course materials were developed
and effectively implemented. The main implementation methods of the course are as
follows:
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Group discussions are conducted according to the units in the activity study sheet, and
the teacher will provide guidance in time and remind students of the correct discussion.

Draw mind maps for the course content of manufacturing procedures and learn to
search for relevant knowledge.

Discuss learning topics in groups, propose topics to be discussed, and search related
materials to realize the concept of cooperative learning.

3.4 Data Collection and Analysis

Researchers’ teaching records, study sheets, pre-test, learning results, post-test, and other
data were analyzed and summarized to obtain the study results.

The experimental configuration is shown in Table 1. The code names in the table are
described as follows: E indicates that the experimental group receives the experimen-
tal processing of the mind map and group cooperation teaching method. El represents
the pre-test implemented before experimental processing. E3 represents the post-test
implemented after experimental processing.

4 Results and Discussions

The pre-test and post-test’s average values and standard deviations are 4.40 and 1.49, and
4.61 and 1.67, respectively, as shown in Table 2. The results show that the core teaching
method of mind map and cooperative learning has significantly improved students’
learning results in the Machining Technology Course. Table 3 shows the average value
difference test of the pre-test and post-test. On the other hand, Tables 4 and 5 present
the statistical results.

Table 1. Experimental configuration table

Pre-test Experimental processing Post-test

Experimental group E1 E E3

Table 2. The average value and standard deviation of the pre-test and post-test

Average value Standard deviation

Number of people Pre-test Post-test Pre-test Post-test

48 4.40 4.61 1.49 1.67
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Table 3. The test of the difference in the paired samples’ average value by each item’s pre-test
and post-test

Item Pre-test/post-test No. of
sample

Average
value

Variance Statistic
(T)

Significance
(P)

Learning
motivation 1

Pre-test 48 3.8333 0.695 2.843 0.0066**

Post-test 48 3.4583 1.0621

Learning
motivation 2

Pre-test 48 4.0208 0.5315 – 1.2313 0.2243

Post-test 48 4.1458 0.5102

Learning
motivation 3

Pre-test 48 4.3125 0.4322 0 1

Post-test 48 4.3125 0.4747

Learning
motivation 4

Pre-test 48 4.0833 0.5035 – 0.8136 0.42

Post-test 48 4.1667 0.5248

Learning
motivation 5

Pre-test 48 4.0417 0.5514 – 0.3503 0.7277

Post-test 48 4.0833 0.5461

Learning
motivation 6

Pre-test 48 4.1042 0.7762 0.4647 0.6443

Post-test 48 4.0417 0.5514

Learning
motivation 7

Pre-test 48 3.9792 0.6591 – 0.1838 0.8549

Post-test 48 4 0.6383

Learning
performance1

Pre-test 48 4.2083 0.7216 0.2921 0.7715

Post-test 48 4.1667 0.6525

Learning
performance 2

Pre-test 48 4.0833 0.6738 – 2.4238 0.0193*

Post-test 48 4.4167 0.3333

Learning
performance 3

Pre-test 48 4 0.5106 0 1

Post-test 48 4 0.6383

Learning
performance 4

Pre-test 48 4.1458 0.5102 – 0.1838 0.8549

Post-test 48 4.1667 0.4397

Learning
performance 5

Pre-test 48 4 0.5106 0.2921 0.7715

Post-test 48 3.9583 0.7642

Learning
performance 6

Pre-test 48 3.875 0.4947 0 1

Post-test 48 3.875 0.6649

Learning
performance 7

Pre-test 48 3.8333 0.5674 – 0.4647 0.6443

Post-test 48 3.8958 0.6485

Learning
performance 8

Pre-test 48 3.6667 0.5674 – 1.458 0.1515

Post-test 48 3.8542 0.6379

(continued)
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Table 3. (continued)

Item Pre-test/post-test No. of
sample

Average
value

Variance Statistic
(T)

Significance
(P)

Learning
performance 9

Pre-test 48 3.9375 0.5279 – 0.5182 0.6067

Post-test 48 4 0.6383

Learning
interest 1

Pre-test 48 6.5208 6.9357 – 1.7855 0.0806

Post-test 48 7.2917 4.1684

Learning
interest 2

Pre-test 48 6.0208 6.7868 – 4.5108 0***

Post-test 48 7.8542 2.5102

Learning
interest 3

Pre-test 48 6.4167 6.7163 – 3.2123 0.0024**

Post-test 48 7.75 2.617

In the T-test of paired samples, the performance of “learning motivation”, “learn-
ing performance”, and “learning interest” are examined respectively before and after
the test. Among them, “learning motivation” only takes learning motivation Item 1,
“learning performance” only takes learning performance Item 2, and “learning interest”
takes learning interest Items 2 and 3. P < 0.05 shows a significant difference. Table 4
shows sample narrative statistics, while Table 5 presents a two-sample variance (standard
deviation) difference test.

Table 4. Sample narrative statistics

Grouping variable Count Average value Median Minimum Maximum Std. dev.

Pre-test 1026 4.4006 4 1 10 1.4955

Post-test 969 4.6161 4 1 10 1.6766

I: None of the sample narrative statistics contain missing values.

Table 5. Two-sample variance (Standard deviation) difference test

Null Hypothesis: The variance of the two groups of data is equal to H0: σ12/σ22 = 1

F-statistics d.f. of numerator d.f. of denominator p-value 95% C.I. for ratio

0.7956 1025 968 0.0003*** 0.7025 0.9008

I: Significance code: ‘***’: < 0.001, ‘**’: < 0.01, ‘*’: < 0.05, ‘#’: < 0.1

The independent sample T-test is used to compare the average value difference
between the pre-test and post-test. P = 0.0003 means achieving a significant level,
indicating a significant difference in the variance between the two groups of samples (P
< 0.001).
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Table 6. Students’ views on and satisfaction with the course content and textbooks in this study

Item Average value SD Order

The course content and/or activities are appropriate to the
course’s educational objectives

4.33 0.74 1

The course topics are organized coherently throughout the
semester

4.31 0.76 2

The course meets my learning needs 4.22 0.70 3

The content of this course matches my ability and level 4.12 0.82 4

The content of this course can arouse my motivation to learn 4.06 0.83 5

This course features a moderate difficulty level and amount of
materials, including textbooks, handouts, and reference books

4.00 0.94 6

The content of this course can be adjusted and updated to meet
the needs of the times

3.94 0.90 7

Table 6 shows the students’ views on and satisfaction with the course content and
teaching materials. The average scores of each question in the Machining Technol-
ogy Course range from 3.94 to 4.3, equivalent to between “strongly agree with” and
“generally agree with”.

5 Conclusions

With mind map and cooperative learning as the core teaching method, students can
use the concept of cooperative learning and their practical experience of the machining
process to gain a substantial understanding of relevant knowledge.

In the course implementation, teachers also evaluated students’ learning achieve-
ments and recorded their problem-solving skills and achievement performance when
exploring problems. It was found that the participants actively collected more infor-
mation and related topics about the curriculum or development and sought answers to
questions through online videos, expert consultation, and field visits, implementing the
spirit of mind map and cooperative learning as the core of the teaching.

Furthermore, this study selected the freshmen taking the Machining Technology
course as the research subjects. Due to the uneven knowledge background of the students,
the results of the pre-test, post-test, and relevant teaching evaluation in the same groups
were only used for statistical analysis, and the experimental and control groups could
not be compared as a result. In addition, due to the limited number of school machines,
students were assigned to specific machines to complete their work. The test results
show that students had a declining trend of learning motivation. Therefore, in terms of
future teaching, students should first be grouped according to the subject groups of their
vocational senior high schools [19] for course planning. Moreover, with the resources
of the industry or the addition of relevant equipment, the overall results should be better.

Acknowledgments. The author is grateful to the Ministry of Education, Taiwan, for its support
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Abstract. English is always an important second or foreign language in Asia
countries such as Taiwan. However, elementary or secondary schools in Tai-
wan encounter the shortage of teachers especially in rural areas. With the matu-
rity of IT technology, IT equipment like educational robots offers opportunity
to reduce teachers’ effort and even replace teachers. The evidence of applying
robot-assisted language learning (RALL) in L2 class has been exhibited positive
effectiveness. Nevertheless, RALL in class often supports single or single type of
robot. Therefore, our present research was aimed to propose a modular English
teachingmulti-robot system (METMRS) that incorporatesmultiple heterogeneous
robots in English class. Moreover, in order to ease teachers’ effort on design of
course content, METMRS provides an editing system and seven instruction mod-
ules. The teacher simply manipulates the proposed editor to create module, fill
in instructional content, and configure the sequence of modules. After launching
the modules, a NAO robot acts like a teachers and Zenbo Junior robots act like
assistants are able to perform instructions in place of teachers in class. Therefore,
the objective of this paper concentrates the elaboration of design of the proposed
METMRS.

Keywords: Robot-Assisted Language Learning (RALL) ·Modular English
Teaching Multi-Robot System (METMRS) · Heterogeneous robots

1 Introduction

Even though most people in Taiwan recognized the importance of English education,
elementary and secondary schools in rural areas still suffer from shortage of teachers, due
to inconvenient transportation. Fortunately, IT technology has provided opportunity for
robot-assisted language learning (RALL) [1]. In RALL, robots perform verbal speech
and non-verbal behaviors like gestures and movements. Consequently, robots are able
to play roles of learners’ companions, tutors, and even teachers. In addition, educational
robots might be deployed in or out of classrooms. Recent literatures have exhibited
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the effectiveness of RALL in language education [2, 3]. Moreover, the study found that
learners weremotivated by robots in contrast to human teachers such that engaged longer
in learning [4]. Therefore, deployment of RALL in classrooms perhaps is a good strategy
to resolve the shortage of EFL teachers in rural areas.

However, deploying RALL in classrooms still has challenges. First, in order to
increase flexibility of educational materials presented by robots, teachers need a tool
to edit instructional content in robots. This is hard to most of teachers who are not IT
professionals and untrained to configure the settings of robots. Second, in terms of most
RALL studies, educational robots were assigned to play single role and take correspond-
ing responsibility. This limits variety of robots in classrooms. In fact, there is more than
just an educator in a physical classroom. For example, one teacher and several tutors or
assistants can present in a classroom in the meantime. The teacher dominates the main
instruction but coordinates assistants to help learners’ affairs while taking teamwork
activities in class. Nevertheless, installing more kinds of robots in a classroom makes
RALL more complex in either system design or instruction design.

In order to overcome the two issues above, the present research was aimed to propose
a design ofModular English TeachingMulti-Robot System (short for METMRS). There
are two objectives of METMRS: first, it offers teachers a facility to edit instructional
materials and configure the robot’s appearance and presentation. Second, the system such
far supports deployment of two kinds of physical robots, NAO developed by Aldebaran
and Zenbo Junior developed byASUS. OneNAO and several Zenbo Junior robots can be
deployed in a classroom and play roles of a teacher and assistants respectively. Finally,
class activities with presentations of multiple robots are organized as course modules.
METMRS also offers tool for English teachers to configure the course modules to form
a complete course activity.

2 Related Works

2.1 Robot-Assisted Language Learning (RALL)

Robot-assisted language learning (RALL) refers to the use of robots for scaffolding
language learning. Current studies of RALL have explored the effectiveness. Park et al.
proposed a RALL that adopted ROBOSEM to be an English teaching assistant [5]. In
this study, students used various input devices like remote controller to interact with
ROBOSEM such that cognitive ability could be enhanced via human-robot interaction.
The experiment results in this study show that ROBOSEM improved students’ English
proficiency. Lee et al. developed another educational robot as assistant for foreign lan-
guage learning and evaluated the effectiveness [6]. A total of 24 primary school students
aged from 9 to 13 participated in the English language course. The course helped stu-
dents immersed in learning by meaningful human-robot interactions. A pretest-posttest
evaluation was designed to assess the cognitive effect of the RALL method in students’
oral skills. The result exhibited no significant difference in auditory skills but signifi-
cant improvement in oral skills. Hung et al. adopt education robot as teaching assistant
for enhancing and sustaining student’s learning motivation [7]. This study was based
on the theory of RALL and ARCS learning motivation model to evaluate the learn-
ing motivation, learning performance and continuance intention of the proposed RALL
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system. Their experiment results showed significant differences between two groups of
participants in terms of sustainability of learning motivation, learning performance and
continuance intention. Lin et al. proposed a method that adopted integration of an edu-
cational robot and IoT-based 3D book to enhance children’s English vocabulary learning
[8]. The result showed that two males fourth graders participated in the experiment sig-
nificantly improved their oral productive skill. Chen et al. developed a RALL system
to offer five learning activities to engage students in learning [9]. The results showed
students’ perception are positive towards the system and students enjoyed learning with
the system.

The studies above concentrated on the development of RALL for personal language
learning. However, deployment of RALL in class was emerging. You et al. proposed a
humanoid robot that played a role of teacher’s partner in three English classes [10]. Five
models of collaboration between teacher and robot were proposed as well. The results
of this study showed students had positive attitude and interest in class. Hong et al.
proposed a RALL system to be deployed in an English class for elementary students
[11]. A total of 52 elementary school students in two groups enrolled in quantitative and
qualitative experiment and the results exhibited that experiment group learningwith robot
had more improvement on motivation, attention, confidence, acceptance of the teaching
materials, satisfaction in learning process, and language ability. Chin et al. proposed a
humanoid robot as a teaching assistant in a classroom to evaluate the teaching efficacy
of humanoid robot [12]. The experiment results showed the humanoid robot increased
student’s learning interest as well as potential for elementary education. Chin et al.
further adopted an education robot in elementary education to evaluate the student’s
motivation [13]. As shown in the results of studies above, deployment of educational
robots in classroom revealed a good effectiveness to students. However, these studies
adopted single or single type of educational robot and the robot played only role in
class. Nevertheless, as stated in introduction, not only teacher but tutor or assistant
might simultaneously present and perform different instructional tasks accordingly in
class. Therefore, the need of deploying multiple and heterogeneous robots in class is
increasing.

2.2 Multi-Robot System (MRS)

The field of decentralized robotics originated in the late 1980s, mainly to study the
difficulties and problems encountered in multiple mobile robotic systems. Prior to this,
research hasmainly focused on the problem solving of single robots or decentralized sys-
tems that do not involve robotic components. Early decentralized robotics technologies
include Dynamically Reconfigurable Robotic System (DDRS) based on cell structure
proposed in [14], which can reconfigure its settings and software according to a given
task, and is composed of many intelligent components with basic mechanical functions,
so its flexibility and adaptability are much higher than traditional single robots. Research
[15] proposed a new concept ACTRESS (ACTor-based Robots and Equipment Synthetic
System) for advanced robotic systems. This system is an autonomous and decentralized
robotic system consisted of multiple robotic elements. Each element has functions that
understand mission objectives, recognize the surrounding environment, and communi-
cate with components of other elements to make decisions. Kondaxakis et al. proposed
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research on communication protocols in multi-robot systems [16]. They adopted NAO
robot to point to an object and uses KUKA YOUBOT’s convenient moving feature to
cooperate with Kinect to access the label of the object pointed by NAO. When the sys-
tem wants to find the object next time, KUKAYOUBOTwill directly locate the object’s
location. It can be found from the above research that no matter whether the multi-robot
system is applied in any field, it is necessary to solve the problem of communication
between robots and or between robots and servers. Because heterogeneous robots can be
used for the integrity of the system, different types of robots have different advantages
to achieving complementarity.

3 Development of METMRS

Figure 1 shows two categories of robots in the proposed METMRS. One is NAO robot
designed by SoftBank Robotics, and the other is Zenbo Junior designed by ASUS.
METMRS allows only NAO but several Zenbo Junior robots in class. Both categories
are humanoid robots. The appearance of NAO is very similar to a real person has four
limbs but equips no touch screen. NAO has several joints such that the body movements
are able to be various to act like a person. Thus, NAO robot is assigned to carry out a
teacher’s job in class. In contrast, Zenbo Junior equips only head with a touch screen and
a body with sensors and speakers. Various facial or emotional expressions can be played
by the touch screen. Therefore, Zenbo Juniors could be assigned to be tutors or assistants
directly face to students in classroom by nonverbal interactions. Zenbo Junior is able to
show instructional multimedia materials on screen and students are able to interact with
the robot via the touch screen as well. A scenario of communication between NAO and
Zenbo Junior might be that teacher (i.e. NAO) requests students to watch an instructional
video displayed by Zenbo Junior or ask a student to answer a question by pressing a
choice on Zenbo Junior’s screen.

Fig. 1. (A) NAO robot (B) ASUS Zenbo Junior robot

3.1 METMRS Architecture

We adopted Django Web Framework to develop METMRS, including the client-end
website, server and database. QiMessaging JavaScript is a tool used to obtain the instruc-
tion modules in NAOqi, and then we adopted this tool to assign tasks to the NAO robot,
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such as rollcall. In terms of tasks for NAO robot, the design of METMRS referred to
the thinking of transforming the teaching or learning activities in English classrooms
into instruction modules. NAO or Zenbo Junior has to perform actions according to each
module. The instruction modules are independent, good readability and the coupling
is reduced. This design helps better debugging and maintenance. It is matched with
the MTV architecture of Django Web Framework. Zenbo Junior’s function extracts the
current function module status from View to perform tasks by using Zenbo Junior API.
The architecture of METMRS is shown in Fig. 2. Quiz items are included in Google
forms to request students to sit for a quiz. Views collects data sent back to the database
and render webpages. NAOqi connects to the server to get the current module and then
NAOqi accesses the modules of the NAO robot to drive the NAO robot to perform a
presentation. Table 1 lists the summary of these modules.

3.2 Design of Instruction Modules

Table 1. Instruction modules in METMRS

Module Description

Roll call Record student attendance

Vocabulary teaching NAO leads students to read aloud and learn vocabulary

Lesson teaching NAO reads paragraphs of a lesson aloud and explains keypoint

Quiz NAO randomly chooses students to answer questions

Classroom activity Robots play music to help students relax

Group discussion Robots help grouping students and encourage group discussion

Rest time Teachers insert a break in-between modules

METMRS supported seven instruction modules for teachers to edit an instruction by
configuring the order of instruction modules. Once an instruction module is added, the
system will access the database corresponding to the instruction modules and teachers
can choose the content of teachingmaterials.NAOandZenbo Junior can lead themodules
in an English classroom according to the defined teaching process and teaching material
content.

• Roll-call module
METMRS supports aQR code function onZenbo Junior, allowing students to scan

their own students’ ID to carry out rollcall. Zenbo Junior plays the role of teaching
assistant in class. Figure 3 shows the user interface of rollcall module. After pressing
the ‘Scan ID’ button of the interface displayed by Zenbo Junior, the robot will speak
“Please show me your ID QRCode!” Then, students have to hand in their student QR
code. NAO robot will speak out loud those didn’t sign for attendance. After that, NAO
will say “Please remember to sign in for those who have not signed in!”. Figure 4
shows the flow of this module.
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Fig. 2. METMRS architecture

Fig. 3. Roll-call’s screen of Zenbo Junior

Fig. 4. Flow of rollcall module

• Vocabulary teaching module
We designed this module to assist the students’ vocabulary acquisition. At the start

of this module, NAO attract student attention by announced “Nowwe start vocabulary
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read-aloud, please follow me to read!” Then, NAO reads every word aloud twice and
explain the meaning of the vocabulary in Chinese. Each student has to repeat what he
heard from NAO’s read-aloud. Press ready button to move on next stage.

• Lesson teaching module
This module is to delegate NAO read aloud main paragraphs of a lesson and make

supplementary explanation to students. NAO connects to the server to retrieve para-
graphs of the target lesson. NAO will read-aloud a paragraph, students have to read
it again by themselves. Once all students are finished reading current paragraph by
pressing the ready button, NAO reads the next paragraph until cycle ends. The ‘Expla-
nation’ button on Zenbo Junior screen is giving student to learn the supplementary
multimedia content. All of these multimedia files were previously provided before
class.

• Quiz module
Since teachers might need tests or quizzes to assess students’ learning achieve-

ment, this module supports an editor formed as a Web form to teachers to import
question items to METMRS’s question bank. During a quiz, NAO randomly chooses
some students in the classroom to answer the selected questions. After answering a
question, NAO announces the answer to students. The flow of this module is depicted
by Fig. 5.

Fig. 5. Flow of quiz module

• Classroom activity module
It is very important to help students’ concentration on learning. Current studies

have mentioned that RALL can effectively reduce students’ learning anxiety. There-
fore, offered a module to perform classroom activities to increase joyfulness in class.
For example, NAO is able to play music during short break in-between classes to
make students relax.

• Group discussion module
This module is designed for students to share their comment and opinion from the

lesson. Students divided to several group, each group is consisted five to six students.
NAO reads the topic and allows students to prepare their comments for couple of
minutes. During discussion time, Zenbo Junior act like a coach to encourage and help
students engage to the group discussion. For example, Zenbo Junior can play a video
related to the topic to help students share their comment. In the discussion period,
NAO asks every group to share their comments. Then, press ready button to next stage.

• Rest time module and Class note
This module is designed to prevent students from being overburdened in the learn-

ing process. Teachers can arrange a break in-between regular activities. Class note
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module is a simple facility that allows a teacher to make important announcements
which must be known by students. The notes are linked to the course, meaning that
NAO reads the notes to students in the commencement and the end of a class.

• Course management tool
Themanagement tool is developed for teachers to create, delete, andmanagemod-

ules thatwere described above. This toolwas implemented in formofWeb application.
The following displays homepage of this tool (see Fig. 6). When teacher signed in
the system, teacher has to name the course firstly. For example, as shown in Fig. 6,
the course was named “Unit 10”. After that, teacher can optionally create a new note
to this course. Besides the two functions above, this tool enables a teacher to create,
add, remove, and edit modules. As shown in Fig. 6, a list now is consisted of seven
existing modules. Once the teacher is going to add more modules in the list, there
is a drop-down list box that contains options of modules and the teacher is able to
select any of them to be added in the list. The order of modules in the list can be
changed, sequence of modules is confirmed, these modules will be admitted and run
by METMRS.

Fig. 6. Homepage of course management tool

4 Conclusion and Future Works

Our present research, METMRS, carried out the concept of multiple heterogeneous
educational robots and modularization of English classroom process. In METMRS,
NAO robot and Zenbo Junior act like a Teacher and assistants concurrently in English
class. We suggest to adopt METMRS to ease human teacher’s effort in classroom such
that the teacher can have more time to coach students in learning. METMRS even
can be applied in place of teachers. We believe METMRS can reduce the problem of
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teachers’ shortage in particular to schools in rural areas. Therefore, METMRS supports
modularization of course activities. A management tool was developed in METMRS
for teachers to edit seven categories of instruction modules and organize modules into a
course process. Robots execute and perform presentations according to the instruction
modules. Teachers do not need to get involved in the process, they only need to observe
the students’ learning status in the classroom.

However, there are still limitations in METMRS. First, METMRS such far supports
only NAO and Zenbo Junior. Second, METMRS disables to create a custom instruction
module other than the seven proposed categories. Third, investigation of effectiveness of
METMRS is ongoing. So far, we don’t have evidence to exhibit the multiple education
robots presented in the meantime in class is better. In the future, we hope to apply
METMRS not only in English curriculum but for more subjects.
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Abstract. This study aimed to develop a maker spirit problem–based learning
(PBL) innovation and entrepreneurship course and explore its impact on stu-
dents’ learning effectiveness. A mixed research method was adopted for this
study, in which qualitative and quantitative data were collected for inductive anal-
ysis. The research subjects comprised 49 students who took the “Innovation and
Entrepreneurship Course” at a university of science and technology. Further, an
18-week experimental teaching activity was implemented, in which the “Maker
Spirit-PBL Innovation and Entrepreneurship Course”was innovatively developed.
Results revealed that most students showed significant positive learning effective-
ness in three levels, namely “PBL” and “maker practice”, after the experimental
teaching. There’re two major implementation points of the “Maker Spirit-PBL
Innovation and Entrepreneurship Course” were proposed to provide references
for future implementations and applications in the teaching field.

Keywords: Maker spirit · PBL · Innovation · Entrepreneurship · Education
reform

1 Introduction

Maker education emphasizing “hands-on learning” has become popular around the
world. It mainly recommends that teachers make learning more interesting and prac-
tical and integrate knowledge through hands-on practical tasks by adopting the maker
spirit [1]. This way, students can cultivate their key competencies for the 21st cen-
tury in innovating, critiquing, problem-solving, cooperating, and communicating [2].
Therefore, it is significant to integrate maker spirit into the school curriculum, create an
innovative and hands-on atmosphere on campus, and cultivate high-quality talents with
practical and innovative abilities.
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Furthermore, maker education also fosters creative and critical thinking in traditional
professional courses, encourages teachers and students to engage in creative interactions,
and allows students to apply their professional knowledge in fields related to innovation
and entrepreneurship [1]. Many scholars pointed out that the problem-based learning
(PBL) curriculum design can enhance students’ practical learning ability for innovation
and creativity, cross-field integration, and hands-on practice while strengthening the
link between classroom teaching and industrial practice [3, 4]. In response to the diverse
needs of the rapidly changingworld, universities of science and technologymust cultivate
students with the maker ability and maker spirit of communication, creative thinking,
problem-solving, and cross-disciplinary learning.

Hence, this study aimed to conduct research on teaching practice and integrate
maker spirit into the student-centered PBL topic as the basis for the “Innovation and
Entrepreneurship Course” content design.

2 Teaching Method Design Concept and Theoretical Basis

2.1 Problem-Based Learning

PBL is a teaching method that enables learners to acquire knowledge and skills by
researching and investigating complex problems or challenges [5]. Since the teaching
method of PBL is inclined to real-time education, its main teaching features are practical
hands-on operation, guiding students with problems to stimulate students’ motivation
for active learning, and solving problems with teamwork strategies [6].

2.2 Maker Education

Maker spirit encourages sharing and cooperation rather than competition, as any idea
can be created by starting from fun with uninterrupted motivation [7]. Noteworthily, it is
recognized by many scholars as a hands-on learning process that can positively improve
students’ knowledge absorption and creation ability [8]. Therefore, schools are encour-
aged to planmaker-themed courses and integratemaker education into cross-disciplinary
subjects. Schools at all levels should make good use of maker space, plan a special
course on the maker in the school-based curriculum, establish school characteristics and
encourage students to develop their maker expertise [9].

In summary, this study proposed the following key points for implementing
maker education as an important reference for the maker spirit–PBL innovation and
entrepreneurship course design in this study: (1) students take the initiative, (2) students’
creative ideas can be realized, (3) students understand their own works, (4) students can
solve problems, and (5) students can demonstrate their self-confidence.

3 Research Design

The research was designed and planned according to the research purposes and lit-
erature review as follows: The “Maker Spirit–PBL Innovation and Entrepreneurship
Course” was developed for this study. A mixed research design was adopted. After the
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teaching activity, a questionnaire survey was carried out to understand the students’
learning status. Furthermore, the students’ text data and their feedback on the learning
experience were collected during the students’ learning process. In addition, the stu-
dents’ data at the learning venue were cross-collected and verified, and their feelings
toward the learning process were summarized and analyzed to verify the feasibility and
effectiveness of the course. 49 students of the “Innovation and Entrepreneurship Course”
were taken as the research subjects and were divided into 10 groups, each with 4 to 5
students.

The effectiveness questionnaire designed in this study included the three levels of
“PBL Learning Effectiveness” (five items), and “Maker Practice Effectiveness” (five
items). The factor loadings of each dimension were between .86 and .91, respectively;
the total Cronbach’s α was .89, indicating that the scale has good reliability.

The course design is including the planning of an 18-week course and the design
of diversified industry teaching activities, such as writing business plans and financial
planning, focusing on leading students to stimulate their own potential from implemen-
tation to practicing their own ideas. A brief description of the course implementation is
as follows: 1st week–School Opening Week: The teaching objectives, course require-
ments, implementation methods, and assessment items of the “Maker Spirit–PBL Inno-
vation and Entrepreneurship Course” were explained to the students. 2nd–15th weeks–
Unit Teaching: The innovation and entrepreneurship course contained 14 units in total.
4th, 7th, 11th, and 16th weeks–Diversified Course Teaching: External industry teachers
were employed to jointly teach and participate in the course to provide students with a
more diverse and pragmatic learning experience. 9th and 10th weeks–Mid-term Seminar
Report: The mid-term seminar report was implemented according to students’ progress
in each group. 7th–16th weeks–Project Production Course: The learning outcomes of
each unit were integrated for students to apply their learnings to the project production
competition. 17th–18th weeks–Final Seminar Report: Students in each group published
and exchanged their project results.

4 Research Findings and Analysis

The following section discusses the impacts of “Maker Spirit-PBL Innovation and
Entrepreneurship Course” on students’ learning effectiveness from the two aspects,
namely students’ learning effectiveness, and comprehensive discussion:

4.1 Analysis of the Learning Effectiveness of Maker Spirit-PBL Innovation
and Entrepreneurship Course

This study aimed to explore students’ learning effectiveness in the “Maker Spirit-PBL
Innovation and Entrepreneurship Course” at the university of science and technology.
Hence, a questionnaire survey and statistical analysis were carried out for “PBL learn-
ing effectiveness”, and “maker practice learning effectiveness”, which are described as
follows: The statistical results of basic data after analyzing the 49 questionnaires for
the course are as follows. The majority of students in this course comprised 23 senior
students, accounting for 46.9%. 16 junior students accounted for 32.7%; 6 sophomores
accounted for 12.2%; 4 freshmen accounted for 8.2%.
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1. In terms of “PBL learning effectiveness”, (see Table 1), the average score of each
item was between 4.38 and 4.56, the t-value was between 10.61 and 15.25, and all
of them were significantly different. Item 3, “This course improves my ability to
communicate with peers”, scored the highest with an average of 4.56 (S.D. = .64)
and a t-value of 15.25. The second-highest-scoring item was Item 1, “This course
makes me understand the importance of teamwork”, with an average of 4.46 (S.D.=
.72) and a t-value of 12.68. Further, Item 5, “This course teaches me to embrace and
appreciate diverse opinions”, scored an average of 4.44 (S.D. = .79) and a t-value
of 11.38.

2. In the aspect of “maker practice learning effectiveness” (see Table 1), the average
score of each item was between 4.45 and 4.54, the t-value was between 11.28 and
16.01, and all of them were significantly different. Item 4, “This course can improve
my problem-solving ability”, scored the highest, with an average of 4.54 (S.D.= .60)
and a t-value of 16.01. The second-highest-scoring item was Item 3, “This course
offers me the opportunity to present my creative ideas”, with an average of 4.51
(S.D. = .64) and a t-value of 14.68. Further, Item 2, “I can actively participate in
the project production in this course”, scored an average of 4.49 (S.D. = .82) and a
t-value of 14.28.

Table 1. Summary of statistical analysis of learning effectiveness

Aspect / Item Average S.D. t

PBL This course makes me understand the
importance of teamwork

4.46 .72 12.68***

This course provides the experience of team
members discussing together

4.38 .81 10.61***

This course improves my ability to
communicate with peers

4.56 .64 15.25***

This course provides an opportunity for me to
share my experience with peers

4.38 .78 11.06***

This course teaches me to embrace and
appreciate diverse opinions

4.44 .79 11.38***

Maker practice This course provides me with hands-on
experience in making products

4.48 .64 13.43***

I can actively participate in the project
production in this course

4.49 .82 14.28***

This course offers me the opportunity to
present my creative ideas

4.51 .64 14.68***

This course can improve my problem-solving
ability

4.54 .60 16.01***

This course gives me confidence in myself 4.45 .65 11.28***
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4.2 Comprehensive Discussion

As shown in Fig. 1, the following is the description of the course implementation, focus-
ing on “professional knowledge and ability development” and “innovative application
implementation”.

1. Professional Knowledge and Ability Development–PBL Significantly Strengthened
Students’ Learning Effectiveness of Professional Knowledge and Ability in Innova-
tion and Entrepreneurship. The qualitative and quantitative analysis results showed
that most students believe that their satisfaction in innovation and entrepreneur-
ship learning and PBL is positive after the “Maker Spirit–PBL Innovation and
Entrepreneurship Course”, consistent with the research findings of Sumarni, War-
dani, Sudarmin & Gupitasari [10]. Further, the student-centered PBL strategy was
adopted for the “Innovation and Entrepreneurship Course” to plan physical teaching
to provide students with teaching by diversified teachers, corporate visits, case dis-
cussions, and other practical learning stimulation [11]. Therefore, the intervention
of online-assisted learning (virtual classroom) of the LINE group was needed to pro-
vide students with a learning channel without time and space constraints, including
pre-class preview, group discussion, course feedback, and online consultation for
the exchange of learning experience, which can improve students’ learning interest
and proactiveness [12].

2. InnovativeApplication Implementation—Maker&PBLSignificantly ImprovedStu-
dents’ Application Ability of Innovation and Entrepreneurship Implementation. The
qualitative and quantitative analysis results showed that most students believe that
their satisfaction with the maker practice experience and PBL is positive after the
course, consistent with the research results of Terjesen and Elam [13]. A variety
of learning activities were planned for this study’s “Maker Spirit-PBL Innovation
andEntrepreneurshipCourse”, and government-related innovation and entrepreneur-
ship competitions were integrated into the special topics so that students can look
at problems with empathy, share ideas, and analyze problems and solutions through

Fig. 1. Teaching design of maker spirit-PBL innovation and entrepreneurship course
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online and offline team discussions [14]. Furthermore, students were encouraged to
try innovative methods to solve problems and complete thematic tasks [15]. In this
way, students’ teamwork, beneficial communication, problem ideation, inquiry, and
problem-solving skills can be enhanced.

5 Conclusion and Suggestions

In the era of fast and constantly changing technologies, cultivating talentswith innovation
and entrepreneurship knowledge and problem-solving ability has become a worldwide
trend. In particular, improving the effectiveness of innovation and entrepreneurship edu-
cation is an important topic that educational institutions in various countries eagerly dis-
cuss. Therefore, this study suggested that innovation and entrepreneurship course plan-
ning should not be confined to classroom teaching and on paper. Instead, more diverse
and specific teaching stimuli should be planned for students, such as real case discussions,
industry-teacher collaborative teaching, corporate visits, and maker project productions,
to stimulate students’ creativity. Students should also be encouraged to make products
from their creative ideas and realize innovative attempts, problem-solving, teamwork,
and entrepreneurial thinking from the practice of innovation, maker, and entrepreneur-
ship. Thus, in enabling students to fully learn and participate in activities, it is suggested
that teachers rely on and make good use of the convenience and versatility brought by
technology in teaching.
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Abstract. Critical reading and Reading literacy It is important and necessary to
read in today’s technology far and wide. If the reader has a critical reading and
reading literacy will make the reader read more efficiently. This research applied
the principles of critical reading and reading literacy to create a networked learn-
ing environment to promote critical reading and reading literacy. Therefore, this
research aims to synthesize the theoretical framework of a networked learning
environment that promotes critical thinking and reading literacy. Model Research
[9]: The design and development process was used in the study in Phase I. The
statistical method was document analysis and survey. The steps are as follows:
1) Synthesize a theoretical framework that consists of 5 components: context
base, psychology base, technology base, critical reading base, and reading knowl-
edge base. And learning environment a model of basic teaching, knowledge; 2)
a synthesis of the constructivist theory framework; critical reading and reading
literacy.

Keywords: Constructivist theories · Critical reading · Reading literacy

1 Introduction

Thai society is a rapidly changing society with new problems. Happens all the time
Therefore, the development of quality people is the most important thing. In order to
prepare people to be ready to accept the changes and step into the new era firmly and
keep up with the world The basic mechanism of human development that is important
is education. by education must develop quality people Actual and rational thinking [7],
as can be seen from the 12th National Economic and Social Development Plan. 2017–
2021, referring to the vision of Thailand’s development as “It is to develop people as a
whole to be complete people of all ages who are able to manage changes that are living
environments well. Especially the development of human capital through upgrading
the quality of education, learning, and skill development. And upgrading the quality of
public health services in all areas as well as to promote the role of social institutions in
fostering good people, discipline, good values and social responsibility [4].
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Today’s world is technology and information. Human beings can communicate all
over the world. Knowledge and information can be obtained through various media,
such as books, newspapers, magazines and electronic media. These treatments require
basic reading skills and reading skills, which are very necessary in today’s era [9].

Critical Reading and Reading Literacy are very necessary today, because it is a
tool for intellectual development. Promote students’ Reading Literacy ability, analyze
and think about appropriate social benefits. In addition [5], the researchers asked Thai
language teachers in junior high school and other Thai language teachers. The results
show that most students’ reading is still a challenge, and teachers should consider the
guidelines and learning process. The purpose of this course is to develop students’
reading and reading ability. Therefore, the concept of learning management must be
changed to find appropriate methods. Improve reading and reading intelligence based
on the design of learning environment The concept of a large amount of information and
information in the creation of knowledge must be highly consistent with the philosophy
of materialism. What are the constructive answers to these questions? It is important to
find the truth of knowledge. [1] put forward the basis of the philosophy of knowledge
creation. Knowledge is conscious communication through experience or environment.

According to the Ministry of Education [6], Reading Literacy is a skill that is essen-
tial for learning. And life development to success fluent reading and understanding
the meaning will bring knowledge and encourage analytical thinking, critical thinking,
separation and application of useful information for life. as well as being able to commu-
nicate knowledge and ideas to others to know and understand This is an important skill
in the 21st century. or lack of ability to read will result in learning unable to progress
and will suffer hardships in life Therefore, it is the duty of the departments involved
in educational management to develop reading ability. Promote analytical thinking and
communication to people from a young age to be able to learn at a more complex level
as they grow up and lead to being a lifelong learner Therefore, during the period of
9 years of providing compulsory education and 12 years of providing basic education
for children and youth It is therefore an important time to lay the foundation for students
who are capable of solid learning. Which literacy or literacy read fluently write fluently
and able to communicate It is the first andmost important foundation of the development
of learners’ abilities The development of reading ability In addition to the teacher must
have knowledge, understanding, skills and processes to develop students’ reading abil-
ity. Both regular students and students who need special attention must also understand
the difference between students. Both intellectual differences and differences in family
background are important factors to consider in the development of learners’ reading
ability [1].

For the above reasons, Therefore, researchers realize the importance of develop-
ing web-base learning environment and improve reading literacy through constructivist
methods. The conceptual framework of learners’ abilities according to Programmed for
International Student Assessment (PISA) [5], guidelines based on theoretical frame-
work including studying various research. To develop a student-centered teaching and
learning process, to develop a web-based learning environment model that promotes
reading literacy, which is an important and one of the goals of Thai language learning
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management at all levels. Especially at the secondary level which the findings will lead
to the development of learners along with learning in today’s world.

2 Methodology

The purpose of this study was to synthesize a theoretical framework of constructivism
to promote critical reading and reading literacy. Research methodology is a method of
analyzing research design documents for the study of constructivist theories. Critical
reading and reading literacy.

3 Theoretical Framework

We aim at the framework design. This theoretical framework is synthesized from the
study and analysis of the principles, theories and literature related to design. Cognitive
theory constructivist theory A constructivist learning environment model to promote
critical reading and reading literacy. Theoretical framework shows five key theoretical
bases. Theoretical framework illustrates five key theoretical foundations: 1) Psychology
base 2) Teaching base 3) Media and technology base 4) Critical Reading and Reading
Literacy base 5) Context of junior high school students.

4 Method and Result

4.1 Data Collection

In this study, Researchers have created tools to study and collect data. Document research
tools are detailed as follows: 1) Documents, audits and analysis to create a theoretical
framework, use the theoretical framework to record, analyze, and analyze theoretical
documents and conduct research related to critical reading andwriting, 2) student surveys
on learning contexts, 3) teacher surveys on learning management contexts.

Detailed data analysis 1) The theoretical framework uses analytical methods by
description and analytical conclusions. Interpretation of the principles, related theories,
research papers and from the analysis of documents from the data 2) the teaching context
of the learner. Use data analysis methods as “Fig. 1”.

Fig. 1. Show how to collect data, how to conduct research.
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4.2 Research Results

This research is synthesized from literature (literary) reviews, research papers from the-
oretical studies. About constructivism that promotes critical reading and reading literacy
The theory framework provides a theoretical foundation relevant to constructivism to
promote critical reading and reading literacy. The theoretical framework outlines five
major theoretical foundations: 1) Psychology, 2) Teaching, 3) Media and Technology, 4)
Critical Reading and Reading Intelligence, and 5) Student Context. Junior high school
as in Fig 2.

Fig. 2. A theoretical framework of constructivism that promotes critical reading and reading
literacy.

Psychological Base: The Development of Constructivist web-base learning environ-
ment model to enhance that promotes critical reading and reading literacy. It is studied
using two principles: Piaget ‘s cognitive constructivist theories and Vygotsky’s social
constructivist theories have been applied [10].

Pedagogies Base: Principles of learning environment design. The Hannafin OLEs [3]
focus on the development of critical reading and reading literacy, This allows students



178 P. Thongkhotr and S. Chaijaroen

to create many alternatives to different elements and principles. Design principles of
learning environment The focus of the learning environment of theComtism is to develop
critical reading and reading literacy combined with the contextual education of learners
and teachers to design the learning environment for maximum efficiency [8].

Media and Technologies Base: The basis of media and technology is media symbol
system principles that describe the impact of a web-based learning environment. Each
type of media has a symbolic system. The symbol system is the basis of design. Features
of each media design [9].

Critical Reading and Reading Literacy Base: The foundation of critical reading and
reading literacy correspond to literacy and critical literacy. [5] It is the ability of a person
to consider the message or messages received and synthesize, analyze and evaluate it
appropriately [8].

Context of Student in Junior Education Base: Designing a course that corresponds
to Criteria. Standard framework for lower secondary education curriculum and with
the scope of learning Thai language Grade 9 in reading and literary literature It is a
framework that Demonstrates the country’s lower secondary education system [6].

5 Conclusion

Thepurpose of this study is to synthesize the theoretical framework of critical reading and
reading comprehension. Comprehensive theoretical framework of research and analysis
principles, theory and related literature design, theoretical knowledge and understand-
ing. Web based learning environment model, symbol system Research tools and data
collection developed by researchers. In the literature and survey of learningmanagement,
data analysis adopts the theoretical framework. Teaching and context analysis of teach-
ing and learning Research based on theoretical studies on constructivism to promoting
critical thinking and reading literacy in reading in the junior middle school level. The
theoretical framework includes psychological basis, teaching media basis and technical
basis. On the basis of critical reading, reading comprehension and junior middle school
students’ context This study will be developed and applied to the junior middle school
level.
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Abstract. Objective of researchwas to develop learning of constructivist environ-
ment model to enhance solvingmathematic problems and to examine the learners’
solving mathematic problems. There were three phases model research is model
development, model validation and model use. The target group consisted of 18
high school grade 11 school registered in the mathematics course on statistics in
the academic year 2021, 10 teachers of mathematics on statistics in the academic
year 2021. Model research was designed for each domain following the subject
matters media and teaching design by the expert and outsourcing technical sup-
port including; 1 researcher, 1 designer, 1 developer, and 3 experts. Qualitative and
quantitative data were gathered. Protocol analysis used summarization elucidation
and assay description was applied to analyze the qualitative data and analyzed by
descriptive statistics consisted of means, standard deviation, and percentages. The
result pointed out that development learning of constructivist environment model
to enhance solving mathematic problems comprised of 8 components; 1) problem
bases, 2) resources, 3) related cases, 4) tool learning center, 5) communication
learning center, 6) solving mathematic problems center, 7) scaffolding, and 8)
facilitating. The troubleshooting of student learning with constructivist learning
environment to enhance solving mathematic problems from evaluation of solving
mathematic problems achieved a mean score of 47.28 (S.D. = 3.06). There were
94.56% of all students passed the criteria of 80%, and there were 94.44% of all
students passed the specified scores of 80%. Problem solving of student learn-
ing with learning of constructivist environment to enhance solving mathematic
problems resulted from the asking in the protocol analysis consisted of 5 pro-
cesses; 1) understanding the problem, 2) problem representations and searching
for solutions, 3) planning, 4) carrying out the plan and 5) following up.

Keywords: Model research · Learning environment · Constructivist theory ·
Solving mathematic problems ·Web-based learning
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1 Introduction

Technology is rapidly changing and impacting lives in many aspects, especially, in
education. The furtherance of technology is affected globalization. Learning and prob-
lem solving skills are imperative for a human being in learning [1, 2]. However, most
instructional pedagogy focused on communicating and memorizing information. There
is lacking problem solving skills quest development for the learners [3]. Hence, the
teaching design must be improved to arrange problem solving and acquiring knowledge
instead of latently getting the knowledge. Instructional design theory [4] is the learning
strategy counting on innovation that is applied to be consistent with the child centered.
Continuation and lifelong learning can emulate and participate creatively affecting the
modern learners in the world more than teaching students to remember [5]. Cognitive
constructivism and social constructivism are the important theories, utilized as a founda-
tion of the constructivist theories. Cognitive theories are an approach to learning focused
on; schema theory, information processing, metacognition theory, cognitive load theory,
and mental model theory [6]. This whole theory delivered learners to acquire knowledge
and solving mathematic problems [7] and support knowledge construction [8]. Math-
ematics problem solving utilized their knowledge, mathematics experience, and other
science to analyze, synthesize, and decide. The mathematicians need to explore the stu-
dent’s abilities related to the theories. It has got to educate problem solving techniques
among students more than finding the answer to the problem. In addition, it should ener-
gize the learners to discover the patterns of problem solving, or manually done. There
should be a focus on the students’ thinking skills [9]. Researchers realized the impor-
tance of studying the process of development of learning of constructivist environment
model to enhance solving mathematic problems. This study aimed at studying process
of the problem solving of student learning with learning of constructivist environment
to enhance solving mathematic problems by evaluating solving mathematic problems
scores of students and from asking students’ problem solving and by protocol analysis.

2 Research Methodology

Research was model research [10] comprised 3 phases: 1) Model development 2) Model
validation and 3) Model use. Model development was studying the process developing
of constructivist web-based learning environment model to enhance solving mathematic
problems.Therewere 6processes; 1)Literature review, 2)Exploring the learning context,
4) Synthesize theoretical framework, 5) Synthesize designing framework, and 6) Model
development. Model validation is the studying quality of the model evaluated by experts
3 person domains; subject matter, media, and teaching design. Model use launched to
test the effective utilization of solving mathematic problems measure.

2.1 Research Objectives

Research aimed at studying process of development learning of constructivist environ-
ment model to enhance solvingmathematic problems and pre-experimental design using
a one-shot case studydepending on the evaluation of solvingmathematic problems scores
of student and information from interviewing student’s problem solving and by protocol
analysis.
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2.2 Target Group

There are consisted of 18 high school grade 11 school registered in the mathematics
course on statistics in the academic year 2021. Therewere the subjectmatters,media, and
instructional design collaborated in this study; 10 teachers of mathematics on statistics
in the academic year 2021, 1 researcher, 1 designer, 1 developer, and 3 experts for each
domain.

2.3 Research Tools

The instruments comprised of 9 instruments as follows;

• Record form which applicable for record assay of documents and related research,
• Survey form which applicable for learning context,
• Survey formwhich applicable for attribute to students, teachers, researcher, designers,
and developers,

• Record form which applicable for synthesizing theoretical framework,
• Record form which applicable for synthesizing designing framework,
• The experts’ assessment forms applicable for each domain are as follows; subject
matters, media, teaching design,

• Learning of constructivist web-based environment model to enhance solving mathe-
matic problems,

• Measurement form which is applicable for solving mathematic problems,
• Interview form which is applicable for an in-depth interview.

2.4 Data Collection and Analysis

Quantitative data was analyzed by protocol analysis. Conclusion and explication and
analytical description were employed analysis qualitative data. Descriptive statistics
were used to assay quantitative data.

3 Research Results

3.1 Model Development

The result yielded that development learning of constructivist environment model to
enhance solving mathematic problems consisted of 8 elements: 1) problem bases, 2)
resources, 3) related cases, 4) tool learning center, 5) communication learning center,
6) solving mathematic problems center, 7) scaffolding and 8) facilitating, as shown in
Figs. 1, 2, 3, and 4.
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Fig. 1. Problem bases and resource.

Fig. 2. Related cases and tool learning center.

Fig. 3. Communication learning center and solving mathematic problems center.

Fig. 4. Scaffolding and facilitating.
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Table 1. Quality of the constructivist learning environment model.

No. Assessment item Expert

No. 1 No. 2 No. 3

1 Subject matter

1) Suitable of subject matter +1 +1 +1

2 Media

1) Suitable navigation icon +1 +1 +1

2) Suitable constituent art +1 +1 +1

3) Suitable animations +1 +1 +1

4) Stability +1 +1 +1

3 Teaching design

1) Problem bases +1 +1 +1

2) Resource +1 +1 +1

3) Related cases +1 +1 +1

4) Tool learning center +1 +1 +1

5) Communication learning center +1 +1 +1

6) Solving mathematic problems center +1 +1 +1

7) Scaffolding +1 +1 +1

8) Facilitating +1 +1 +1

3.2 Model Validation

The quality of learning of constructivist environment model to enhance solving mathe-
matic problems evaluated by experts 3 person in 3 domains as follows; subject matter,
media, and teaching design. Results were shown in Table 1.

Table 1, Learning subject matter feature, experts 3 persons agreed that subject matter
is suitable for learners. Media aspect, experts agreed that the navigation icon, constituent
art, and animations are stable and capable. The last aspect, instructional design, experts
agreed that all components are suitable and functional.

3.3 Model Use

The problem solving of student learning with learning of constructivist environment to
enhance solving mathematic problems from interviewing student problem solving and
protocol analysis consisted of 5 processes; 1) Understanding the problem, 2) Problem
representations and searching for solutions, 3) Planning, 4) Carrying out the plan and
5) Following up. Evaluation of solving mathematic problems scores, the results were
shown in Table 2.

According to Table 2, Problem solving of student learning with constructivist learn-
ing environment to enhance solving mathematic problems from evaluation of solving
mathematic problems mean scores of students was 47.28 (S.D. = 3.06).
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Table 2. Evaluation solving mathematic problems scores.

Number of
students

Means (X ) Standard
deviation
(S.D.)

Percentage
(%)

Number of students passed
specified

Number of
students

Percentage
(%)

18 47.28 3.06 94.56 17 94.44

There was 94.56% passed the criteria of 80%. There were 94.44% of all students
passed the specified scores at 80%.

4 Conclusion and Discussion

Development learning of constructivist environment model to enhance solving mathe-
matic problems consisted of 8 components; 1) Problem bases, 2) Resources, 3) Related
cases, 4) Tool learning center, 5) Communication learning center, 6) Solvingmathematic
problems center, 7) Scaffolding, and 8) Facilitating. The validation of the quality of the
model evaluated by the expert 3 person agreed that the subject matter is suitable for
learners 3 domains; the learning subject matter aspect. The media aspect, the navigation
icon, constituent art, and animations were appropriate and stable to use in this study.
Teaching design, experts concurred that all constituent were suitable and functional.
Problem solving student learning with constructivist learning environment to enhance
solvingmathematic problems fromevaluation solvingmathematic problemsmean scores
was 47.28 (S.D. = 3.06). There was 94.56% passed the criterion of 80%. There were
94.44% of all students passed the specified scores of 80%. Problem solving of student
learning with constructivist learning environment to enhance solving mathematic prob-
lems resulted from interviewing in the protocol analysis consisted of 5 processes; 1)
understanding the problem, 2) problem representations and searching for solutions, 3)
planning, 4) carrying out the plan and 5) following up. This study was stable with prior
research related to developing the learning of constructivist environment model using
the theory of problem solving [11]. The theoretical validity of constructivist web-based
learning environment model designed was reviewed by experts 3 person. The discovery
could be supported the solving mathematic problems [10]. The designing of a construc-
tivist web-based learning environment consisted 5 processes that may assist the learner
to acquire the knowledge and enhance the higher-order thinking skills. Problem solving
occurred among learners of 7 processes from well-structured problem solving [1].

Acknowledgements. This study supported by educational technology, Faculty education,
Research group for innovation and cognitive technology, Khon Kaen University, research and
technology transferring affairs section, Khon Kaen University, and graduate school, Khon Kaen
University which hereby giving the gratitude to all through this.
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Abstract. Workers graduating from vocational institutions are of great impor-
tance for the development of the domestic industry and to promote the domestic
industry to drive efficiently. Vocational institutions must produce knowledgeable
workers. Analytical ability and able to solve problems with complex structures
and competence in practical skills. Therefore, this research aims to synthesize
the theoretical framework and design of a constructivist theory-based learning
environment to promote poorly structured problem solving and cognitive skills.
This research is used model research (Richey and Klein 2007) that focuses on the
design processes and the development of learning models consisting of 3 steps.
The steps include 1) Document analysis and learning context 2) Analysis of prin-
ciples of learning theory and learning design theory 3) Synthesis and creation of
theoretical framework and design framework. The research results showed that
There are five elements of theory that support research to achieve its objectives:
(1) learning theory (2) teaching style (3) contextual basis (4) poorly structured
problem solving and skill proficiency. (5) Media Theory The design framework
has five main goals: (1) stimulating cognitive structuring (2) promoting cogni-
tive balance (3) promoting problem solving with poor structure (4) to promote
the ability of mental skills; (5) the promotion and helps to create intellectual bal-
ance The framework design consisted of seven elements: (1) Problem situation,
(2) Learning Resources, (3) Promoting ill-structured problem solving Center, (4)
Promoting competence in psychomotor skills Center, (5) Collaboration Center,
(6) Scaffolding Center, (7) Development center learning.

Keywords: Constructivist theories · Ill-structured problem · Psychomotor skills

1 Introduction

Developing personnel to be ready for the transformation of a learning and innovation
society. Must have an educational model that focuses on analysis Discrimination And
rational andmodern integration (Jithitikulchai 2020). This kind of thinking helps thinkers
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to clearly understand and identify the cause of the problem. Especially the middle and
high-level manpower in industrial development It is necessary to have knowledge that
can be accumulated as a specialized skill in each branch. To be consistent with the devel-
opment of the country’s specific industry and therefore it is important for students in
the 21st century, along with organizing vocational education that requires the produc-
tion of middle-class manpower into the labor market. Including courses according to
the competence of the Vocational Education Commission (VEC). Which is a teaching
program that is mainly focused on students and encourages and encourages students to
do activities in real locations Have thinking and problem solving skills to integrate with
work in various professions.

Workers who graduate from vocational institutions. It is extremely important to the
development of the domestic industry. And to promote the domestic industry to drive
efficientlyVocational institutionsmust produceworkerswith knowledge, analytical abil-
ity, and can promote ill-structured problem solving and competence in psychomotor
skills. The research therefore recognizes the importance of creating a learning environ-
ment for industrial department students in vocational institutions. To have the ability
to analyze solutions that are structured, ill-structured problem solving and competence
in psychomotor skills. Therefore, this research aims to study and develop the theo-
retical framework of the learning environment. Enlightenment to promote solutions to
ill-structured problem solving and competence in psychomotor skills.

2 Research Purpose

The objective of this research is on to study the design and development of a model
of the learning environment based on constructivist concepts to promotes ill-structured
problem solving and competence in psychomotor skills. And develop the theoretical
framework and designing framework of constructivist learning environment model to
promotes ill-structured problem solving and competence in psychomotor skills.

3 Research Methodology

This research focuses on the design and development of models. The research is divided
into 3 steps. In this research, Phase 1 is the development of models. With the objective
of designing and developing a network based learning environment model that promotes
based on constructivism that promote ill-structured problem solving and competence in
psychomotor skills.
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3.1 Target Group

The target group in this research consists of Model quality inspection experts 3 Peo-
ple, measurement and evaluation experts 3 People are experts in the design framework
assessment and selection of first-year students at high vocational certificate level, Nakorn
Khon Kaen Technological College by purposive sampling.

3.2 Research Instruments

The tools used in the Phase 1 study were to develop a model. It consists of tools used to
synthesize a theoretical framework, a design conceptual framework. Which the design
of the model elements. The model quality assessment was used as follows: (1) Teach-
ing Context Survey (2) Learner Character Survey (3) Teacher Character Survey (4)
Designer Character Survey (5) Developer Attribute Survey (6) Developer’s Character-
istics Interview Form (7) Theoretical Conceptual Synthesis Record Form (8) Design
Concept Framework Synthesis Record Form (9) Environmental Model Element Design
Record Form Learning that promotes ill-structured problem solving and competence in
psychomotor skills for industrial students (10) Notes on the development of a learning
environment model that promotes ill-structured problem solving and competence in psy-
chomotor skills for industrial students; and (11) A learning environment model quality
assessment that promotes ill-structured problem solving and competence in psychomotor
skills for industrial students for experts.

3.3 Data Collection and Data Analysis

Data collection can be divided into three parts: designing and developing a learning
environment model that promotes ill-structured problem solving and competence in
psychomotor skills for industrial students, the process of designing and developing a
learning environment model that promotes ill-structured problem solving and compe-
tence in psychomotor skills for industrial students, and to monitor the quality of learn-
ing environment models that promotes ill-structured problem solving and competence
in psychomotor skills for industrial students: (1) Design and development of a learn-
ing environment model that promotes ill-structured problem solving and competence in
psychomotor skills for industrial students. Gather information from review of related
articles and research. And analyze the data using summaries, interpretations, and analyt-
ical lectures. (2) The design and development process of a learning environment model
that promotes ill-structured problem solving and competence in psychomotor skills for
industrial students. Data is collected from surveys using the synthesis model of notes.
And analyze the data using summaries, interpretations, and analytical lectures (3)Quality
monitoring of learning environment models that promote promotes ill-structured prob-
lem solving and competence in psychomotor skills for industrial students. By collecting
data from expert evaluations and analyzing data using summaries, interpretations, and
analytical lectures.
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4 Research Results

4.1 Theoretical Framework

The synthesis of theory and research reports found that. The theoretical framework
consists of the fundamentals 5 as follows: 1) Fundamentals of psychological learning
Theory of constructivist And cognitive theory, 2) Fundamentals of Pedagogical Sciences
of Constructivist Learning Environment (CLE), Open Learning Environment (OLE),
Select Organize Integrate (SOI), 3) Fundamentals of ill-structured problem solving and
competence in psychomotor skills is Ill-structured problem solving and Psychomotor
Skills, 4) Fundamentals of Media Theory and Technology is Media Theory and Web
base Technology, and 5) Contextual Fundamentals is teaching and learning context and
learning support Nakorn Khon Kaen Technological College (See Fig. 1).

Fig. 1. Theoretical framework of constructivist learning environment model that promotes Ill-
structured problem solving and competence in psychomotor skills for industrial students

4.2 Designing a Framework

Theoretical framework and design of Constructivist Learning Environment Model that
promotes Ill-structured Problem Solving and Competence in Psychomotor Skills for
Industry Students. (See Fig. 2). Show 4 steps as follows:
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Fig. 2. Designing framework of constructivist learning environment model that promotes Ill-
structured problem solving and competence in psychomotor skills for industrial students
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1. Stimulating cognitive structures and promoting Ill-structured Problem Solv-
ing and Competence in Psychomotor Skills. Designed on the basis of Cognitive
Constructivism by Piaget, this foundation believes that students inspired by problem
situations lead to a state of cognitive conflict, enabling them to strive for intellectual
balance. The process of putting it into a learning context or a complex problem is
another factor that encourages students to build their knowledge. Students still need
to be inspired by structural problem solving. Jonassen (1997) while solving differ-
ent situations with Functionalist theory. It is what stimulates and promotes problem
solving that is poorly structured. All of this is the design of problem situations and
learning mission.

2. Cognitive balance support. This step helps students to balance their cognitive or
knowledge building after they are faced with complex situations. Things that encour-
age students to do include skills, concept of knowledge use of intellectual tools, using
the media symbol system Communicate and exchange knowledge between students.
These are all important components of learning resources. Learning resources.

3. Promoting Ill-structured Problem Solving and Competence in Psychomotor
Skills. The composition is designed according to Jonassen’s problems solving the-
ory which consists of 7 areas: (1) Learners articulate problem space and contextual
Constraints, (2) Identifying the real problem, (3) Generate possible problem solu-
tions, (4) Assess the viability of alternative solutions, (5) Planning and monitor the
problem space, (6) Implement and the solution, (7) Adapt the solution. And the
component is designed according to Harrow’s Psychomotor Skills which consists of
5 areas: (1) Reflex Movement, (2) Basic Fundamental Movement, (3) Precision, (4)
Articulation, and (5) Naturalization. These skills are essential for students to stimu-
late their promotes ill-structured problem solving and competence in psychomotor
skills. All of this creates the Ill-structured Problem Solving promotion center
and Competence in Psychomotor Skills.

4. Expanding the intellectual structure helps to balance the intellectual. Ill-
structured Problem Solving and Competence in Psychomotor Skills. In con-
structivist social theory It is believed that low-skilled or knowledgeable learners
need to be empowered and self-developed. In principle, the Open Learning Environ-
ment (OLE) requires students to be assisted in areas including strategies, concepts,
metacognition, and procedures. Students need advice or assistance from someone
with expertise. All of these are designed as Face-to-Face Collaboration, Social
Media Collaboration, Scaffolding center, development center learning.



Theoretical and Designing Framework of Constructivist Learning Environment 193

5 Summary and Conclusion

The objective of this study is to synthesize the theoretical framework and design of a
constructivist theory-based learning environment to promote poorly structured problem
solving and the ability to use mental skills. This research focuses on the synthesis of
design processes and the development of learning models. The results showed that the
elements of the theoretical framework consisted of 5 components: 1) Fundamentals of
learning Psychology Constructivist Theory and Cognitive Theory, 2) Fundamentals of
Pedagogical Sciences of Constructivist Learning Environment (CLE), Open Learning
Environment (OLE), Select Organize Integrate (SOI), 3) Fundamentals of ill-structured
problem solving and competence in psychomotor skills., 4) Fundamentals of Media
Theory and Technology is Media Theory and Web base Technology, and 5) Contex-
tual Fundamentals that consists of Jonassen’s problems solving theory principles and
the Psychomotor skills principles of Harrow. The design framework had 4 key goals:
1) stimulating cognitive structures and promoting poorly structured problem solving
and mental skill abilities; It was designed on the basis of Intellectual Constructivism by
Piaget, this foundation believes that students inspired by problem situations lead to a state
of cognitive conflict, enabling them to strive for a consistent cognitive balance. The pro-
cess of putting it into a learning context or a complex problem is another factor that helps
students build their knowledge. Students are also encouraged to solve poorly structured
problems (Jonassen 1997) while solving situations with Functionalist theory. It is what
stimulates and promotes ill-structured Problem Solving. 2) Cognitive balance support.
This step helps students to balance their cognitive or knowledge building after they are
faced with complex situations. What students are encouraged to do are skills. concept of
knowledge use of intellectual tools Using the media symbol system Communicate and
exchange knowledge between students. 3) Promotes ill-structured problem solving and
mental skill abilities. The components are designed according to Jonassen’s problem
solving theory, which consists of 7 aspects: (1) Learners articulate problem space and
contextual Constraints, (2) Identifying the real problem, (3) Generate possible problem
solutions, (4) Assess the viability of alternative solutions, (5) Planning and monitor the
problem space, (6) Implement and the solution, (7) Adapt the solution. And the compo-
nent is designed according to Harrow’s Psychomotor Skills which consists of 5 areas:
(1) ReflexMovement, (2) Basic Fundamental Movement, (3) Precision, (4) Articulation,
and (5)Naturalization. These skills are necessary for students to stimulate thempromotes
ill-structured problem solving and competence in psychomotor skills. And 4) Expanding
the intellectual structure helps to balance the intellectual. Ill-structured Problem Solving
and Competence in Psychomotor Skills. In constructivist social theory It is believed
that low-skilled or knowledgeable learners need to be empowered and self-developed.
In principle, the Open Learning Environment (OLE), students are encouraged in areas
including strategy, concepts, metacognition, and procedures. Need advice or help from
a professional. All of these are designed as Face-to-face Collaboration, Social Media
Collaboration, Scaffolding center, Development learning center.
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Abstract. This study focused on the synthesis development of the theoretical and
designing framework of the constructivist learning environment model to change
misconceptions in science for high school students. Research results showed that
theoretical framework design consists of 5 main stages. The first stage is a psycho-
logical base followed: (1) Constructivist theory (cognitive constructivist and social
constructivist). (2) Cognitive theory (schema theory, mental model, metacogni-
tion theory, and information processing). The second stage is Pedagogies based
on were follows: (1) Open learning environments, OLEs model, (2) Constructivist
learning environments, CLEs, (3) Situated learning environments, SLE, and (4)
SOI model). The third stage is misconceptions and concept change theory base.
The next stage is the media theory base: (1) media symbol system, (2) learning
with multimedia and technology base. Furthermore, the last stage is contextual
base followed: (1) The education core curriculum, (2) 21st-century skills (3) the
scope of chemistry for high school students. The designing framework consists of
4 main stages (1) The activation of cognitive structure, (2) Supporting cognitive
equilibrium and enhancing cognitive structure, (3) Supporting cognitive structure
and Concept change (4) Supporting and encouraging knowledge.

Keywords: Constructivist learning environment ·Misconceptions ·
Constructivist

1 Introduction

The study presented from the first stage, developing a theoretical framework design of a
constructivist learning environment model to change misconceptions in science (atomic
structure) for high school students (15–18 years of age), which is fundamental in chem-
istry. The second stage was developing the design framework of the constructivist learn-
ing environment model. This study has operated under the constructivist paradigm. That
focuses on learners seeking knowledge, exploring, investigating through various meth-
ods, and creating knowledge. Relying on prior knowledge makes the learner understand
andmeaningful learning. Creating knowledge of our world is the process of reflection on
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previous experiences. The knowledge created by individual learners is called the mental
model [1].

Science learning focuses on the conceptual model [2]. The learner’s individually
created knowledge, understanding, and ability to apply scientific knowledge to everyday
life [3] and explain phenomena that students can see but learning science is complicated
and can lead to misconceptions. If not correcting the wrong concept will affect the
learning of science. This causes the learners to accept correct concepts in a science
learning higher-level decrease [4].

The approach to solving the problems requires Instructional design. That encour-
ages learners to investigate and create knowledge by themselves which the theoretical
principles that the body of knowledge corresponds to such characteristics are construc-
tivist theory focusing on learners creating knowledge by themselves. And the study of
the effect of teaching support under the constructivist learning environment found that
Teaching in a learning environment supports the student concepts. that can encourage
knowledge creation [5].

For the reasonsmentioned above, the researcher recognizes the importance of design-
ing and developing the theoretical and designing framework of the constructivist learn-
ing environment model to change misconceptions in science for high school students,
designed based on the theory (instructional design).

2 Methodology

Model research is the principal methodology of this research [6]. The first phase is model
development through document analysis. It focuses on the process of designing and
developing a model of constructivist learning environment model to change misconcep-
tions in science. The design process begins with document analysis. Examine learning,
teaching, and context. The next step is to analyze the relevant principles and theories
based on learning theory, constructivist theory, cognitive theory, misconceptions, and
media and technology theory.

Furthermore, the last step is synthesis to obtain a theoretical framework of the con-
structivist learning environment model to change misconceptions in science, which is
designed based on the theory (instructional design). After obtaining a theoretical frame-
work, the next step is to synthesize and design a design framework based on a theoretical
framework, which is designed based on the theory (instructional design) same as the
theoretical framework.

In this research, the target group consists of 3 experts for the evaluation of the
designing and development of the theoretical and designing framework.

3 Results and Discussion

The results of designing and developing a constructivist learning environment model to
change misconceptions in science. Starting from the design of a theoretical framework
consisting of 5 main stages, the first is the base of psychology. It examines the contexts
involved in teaching and learning to serve as the basis for designing a learning environ-
ment model. Allows design to meet workforce requirements. Feature development and
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problem-solving skills are as follows: (1) Constructivist theory (cognitive constructivist
[7] and social constructivist [8]). (2) Cognitive theory (schema theory [9], mental model
[9], metacognition theory [10] and information processing [11]).

The second is the base of pedagogies. A constructivist learning environment model
was as follows: (1) Open learning environments, OLEs model [12], (2) Constructivist
learning environments, CLEs [13], (3) Situated learning environments, SLE [14], and
(4) SOI model [15]). The third is the base of misconceptions and concept change theory
base [16].

The next stage is the media theory base were follows (1) media symbol system [17],
(2) learning with multimedia [18], and technology base.

And the last stage is contextual base followed: (1) The education core curriculum,
(2) 21st-century skills, (3) the scope of chemistry for high school students. (See Fig. 1).

Fig. 1. Theoretical framework for development of constructivist learning environment model to
changing misconceptions in science for high school students.

After obtaining a theoretical framework, The next step is to synthesize and design
a design framework based on a theoretical framework, which is designed based on the
theory (instructional design) same as the theoretical framework. The results of designing
and developing a model of a constructivist learning environment model. Starting from
the design of a design framework consisting of 4 main stages. The first stage is the
activation of cognitive structure, causing cognitive conflicts, which is the source of the
problem base.
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The second stage is supporting cognitive equilibrium and enhancing cognitive struc-
ture. It is to encourage learning by the constructivist learning environment model. Fur-
thermore, the next stage is supporting cognitive structure and concept change. It is an
important stage because the learners will change their concepts at this stage.

The last stage in designing a design framework is supporting and encouraging knowl-
edge with a scaffolding center and coaching center to help the learners learn. (See
Fig. 2).

Fig. 2. The designing framework for development of constructivist learning environment model
to changing misconceptions in science for high school students.

This is shown in the framework of both. This may help the learner to foster correcting
the wrong concept and affect the learning of science. Besides, experts validated the
theoretical validity of the design framework of the constructivist learning environment
model. as mentioned above. The findings could support the design framework of a
constructivist learning environment model to change misconceptions in science.
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The design framework is recognized as an integral part. Because it can support and
help designers to design efficiently and clearly. Without this theoretical framework, the
design may not be as efficient as it could be [19].

4 Conclusions

Theoretical framework design consists of 5 main stages. The first stage is a psycho-
logical base followed: (1) Constructivist theory (cognitive constructivist [7] and social
constructivist [8]). (2) Cognitive theory (schema theory [9], mental model [9], metacog-
nition theory [10] and information processing [11]). The second stage is Pedagogies
based were follows: (1) Open learning environments, OLEs model [12], (2) Construc-
tivist learning environments, CLEs [13], (3) Situated learning environments, SLE [14],
and (4) SOI model [15]). The third stage is misconceptions and concept change theory
base [16]. The next stage is the media theory base were follows (1) media symbol system
[17], (2) learning with multimedia [18], and technology base. Furthermore, the last stage
is contextual base followed: (1) The education core curriculum, (2) 21st-century skills
(3) the scope of chemistry for high school students.

The designing framework consists of 4 main stages (1) The activation of cognitive
structure, (2) Supporting cognitive equilibrium and enhancing cognitive structure, (3)
Supporting cognitive structure and Concept change, and (4) Supporting and encouraging
knowledge.
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Abstract. The objectives of this research were to develop a networked learn-
ing environment that promoted solving problem and to study solving problem of
learners who learned this research in Computational Science for secondary school,
grade 7. The target group of this research was 34 students of grade 7 in semester
2, academic year 2021. This research used the Development Research by using
basic statistical in analysis mean (x) and standard deviation (S.D.).

The research showed that 1. There are 6 components of the result of design
and develop a networked learning environment in Computational Science for sec-
ondary school, grade 7 namely 1) problem situation, 2) resource, 3) collaboration,
4) analytical solving problem room, 5) scaffolding and 6) coaching. 2. The result of
student who learned about this research showed that 34 students who had solving
problem passing the criteria 60%, representing 100% in total number of students.
The average mean (x) was 28.27 and standard deviation (S.D.) was 1.08 which
was higher than specified criteria at 60% .

Keywords: Learning environment · Problem solving ·Web-based learning

1 Introduction

21st Century Education Challenges. Preparing students for life in the 21st century is an
important aspect of the 21st century social transformation trend affecting the way people
live in society. Teachers need to be alert and prepared to manage learning for students
with the skills for living in a 21st century world. The most important skill is Learning
Skill, which has resulted in a change in learning management so that children in the 21st
century have the knowledge, abilities, and essential skills.

It corresponds to problem solving, a thinking skill that is important to learners’
development [1]. The difference in the past was caused by many changes in various
fields. Especially technology that has changed by leaps and bounds. As a result, learning
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as the center of understanding how to create knowledge independently and via problem-
solving. It’s not just thinking and using your brain, or it’s a skill aimed at improving
your intelligence solely. It is also a skill that can develop attitudes, thinking methods,
values, knowledge, and understanding of social situations which the education system
must focus on development and training youths to have more opportunities to practice
problem-solving skills [2].

From the problematic situation, to support consistent problem-solving, the learning
management solution must be adjusted with the learning environment at its core. Task
skills help students develop their own knowledge, capture themost important knowledge
points so that learners can connect important knowledge with other relevant knowledge.
This is the creation of knowledge for learners to learn anywhere and at any time. This
learningmanagement method is consistent with the constraint theory. Knowledge is con-
nected with the surrounding things from past experience to form a cognitive structure.
The learning environment approach helps learners expand their intellectual structure.
Understanding the production process begins with understanding about the environ-
ment. Through students’ thinking, conflict will be resolved in this study. When students
are experiencing issues, it is believed that learners will use these strategies to solve prob-
lems. In the learning process, this supports the thinking process of learners’ knowledge
creation. Themanagement of learning environment is called learning environment based
on Constructivism [3, 4].

This approach is therefore highly consistent with the nature of technology (com-
putational science) on problem solving, grade 1 emphasizes computational thinking
and analytical thinking, think problem-solving in a systematic and step-by-step manner,
analyze, synthesize and apply information to solve real-life problems and work together
creatively due to the aforementioned causes. The development of web-based learning
environments to foster problem solving in computational science for secondary school
is therefore a topic that interests the researcher. in order to use the research results to
continue support effective learningmanagement. As a game based learning environment,
it is an educational strategy that helps promote thinking skills and learning processes for
players. Currently playing games, it is an entertainment that is hidden with substance
and promoting learning is very useful. The researcher sincerely hopes that this research
will enhance students’ problem-solving skills.

2 Research Objectives

1. To development of web-based learning environments to promote problem solving
on problem solving in computational science for secondary school.

2. To study the students’ problem-solving thinking through a web-based learning envi-
ronments to promote problem solving on problem solving in computational science
for secondary school.
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3 Research Scope

This research was Development Research [5] focused to study design and developmodel
including document research, a study context of teaching management, synthesis of
pattern design conceptual frameworks, designing and creating learning environment,
and improving quality. Details of research operations are as follows.

4 Research Method

The design and develop learning environment were in 1st process and 2nd process which
focused on design and develop learning environment. In these processes included doc-
ument research, a study context of teaching management, synthesis of pattern design
conceptual frameworks and create framework for theorizing the creation of a networked
learning environment while enhancing quality. The contributors in development were
various experts such as Theorists, Designers, Developers, Evaluators, Researchers and
Learners.

4.1 Target Group

That use in this research is grade 1, in the amount 34 students who study Wor 21105,
Technology (Computational sciences), 2nd semester in academic year 2021, KhamKaen
Nakorn School, Muang district, Khon Kaen.

4.2 Researching Tools

1. Aweb-based learning environments to promote problem solving on problem solving
in computational science for secondary school.

2. Problem-solving measurement, built on the framework of Polya.

4.3 Collecting Data

1. Perform document analysis (Document analysis) by carrying out studies and ana-
lyzing the theories and principles relating to the design of the learning environment
model, consisting of the following fundamentals: psychological base, pedagogies
base, problem-solving base, media base, technologies base, and contextual base to
be used as the basis for synthesising the theoretical framework for the development
of learning environment on the network [6, 7].
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2. Theoretical framework creates a conceptual framework based on study and anal-
ysis of theoretical principles, research, variables, linking the relationship between
theoretical principles and this research study was based on the principle of relevant
research and theories can be synthesized from the theoretical framework from the
basic theory is as follows. Fundamentals of problem solving Fundamentals of Media
Theory (Media Symbol System), Fundamentals of Technology (Web base technol-
ogy, Interactive), Fundamentals of Pedagogical Sciences, Fundamentals of Learning
Psychology (Cognitive constructivist, Social constructivist, Information processing),
and Fundamentals of Media Theory. Contextual basis, cognitive apprenticeship, and
constructivist learning environment [4, 10]

3. Study the context of teaching and learning in the course Wor21105, Technology
(Computational Science), which consists of content analysis. The subjects used in
the research were on the topic of problem solving and the study of learner contexts,
results of the study, contexts related to teaching and learning in the courseTechnology
(Computational Science).

4. Synthesis of a design framework from the results of a theoretical conceptual frame-
work study and the study of the context, it can be used as a basis for synthesizing
a conceptual framework for designing a learning environment which will be the
elements of the learning environment model. Then used to develop the knowledge
environment on the network and assess the efficiency of the learning environment
by adopting the learning environment model propose to an advisor to check.

5. Bring the learning environment on the network that have been evaluated by experts
to be tested in real context.

4.4 Data Analysis and Statistics Used

1. Checking the quality of the format by experts in content, media, and measurement
and evaluation. Data analysis was performed using interpretive summaries.

2. The student’s problem-solving thinking obtained from the student’s problem-solving
measure. Data were analyzed using statistics such as percentage, mean and standard
deviation.

5 The Result of Research

1. Theoretical framework construct a conceptual framework based on the study and
analysis of theoretical principles, research, and variables to make a link between
the theoretical principles and this research study. Relevant research and theories can
synthesize conceptual frameworks (Fig. 1).
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Basics in learning psychol-
ogy

1.  Cognitive Theory
- Information Processing 
Theory

2.  Constructivist Theory
- Cognitive Constructivism
- Social Constructivism

DEVELOPMENT OF WEB-BASED LEARNING ENVIRONMENT TO PROMOTE 
PROBLEM SOLVING ON PROBLEM SOLVING IN COMPUTATIONAL SCIENCE 

FOR SECONDARY SCHOOL

Fig. 1. A theories framework for designing a web-based learning environment.

2. The design framework for a web-based learning environment to support problem
solving in computational science for secondary school is synthesized from the theo-
retical foundation. [9] as the foundation for developing a conceptual framework for
constructing web-based learning environments that encourage problem solving in
computational science for secondary school. as shown in Fig. 2.
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Fig. 2. A framework of web-based learning environment model.

There is a development of web-based learning environments to promote problem
solving onproblemsolving in computational science for secondary school as follows:

(1) Problem situation and learningmissions to promote problem-solving thinking It
is a situation/task that allows learners to connect their experiences and problem-
solving skills to apply them in real life. Problems are tied to create a learning
task (Learning Task) for students to go down to solve problems by focusing
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on the learners to develop problem-solving skills, emphasizing the importance
of the appropriate learning context (Situated Learning) based on the authen-
tic contexts, in which the problem situations aim to promote problem solving
thinking is like a gateway through which the learner will enter the content to be
learned (enabling context), based on the concept of Cognitive Constructivist’s
belief that learning takes place when the learner is stimulated with a problem
and when students lose their intellectual balance therefore try to adjust the
intellectual structure to enter the state by absorption (Assimilation) Intellectual
structure and modifying the intellectual structure (Accommodation) is a link to
the original intellectual structure or previous knowledge with new information
and learners can adjust the intellectual structure into a state of equilibrium or
be able to create new knowledge, known as learning itself. Based on Hannifin’s
Principles of Open Learning Environments (OLEs).

(2) Resources are sources of information. Content information that learners will use
to solve problems in problem situations and tasks which from the situation that
the problem will cause the learner to lose balance, it is a support for intellectual
balancing by linking the learner’s original cognitive structure with the new
knowledge gained from the learning environment. open learning environment
design principles (OLEs), we design learning resources where learners can
research resources for solving problems by using the SOI model, it can be
linked to the main focus of the cognitive processes in constructivist learning as
well as the use of Information Processing Theory as a theory that describes the
process of information processing occurring in the human brain. It is a process
of sensory register, short-term memory and long-term memory, focusing on
the study of cognitive processes in the hierarchy of information processing and
various knowledge calls from long-term memory to be used effectively.

(3) Collaboration is based on the Social Constructivism [10] which emphasizes
social interaction in learning. It is another element that encourages learners to
share experiences with others to expand their perspectives. Problem Solving
Collaboration encourages learners, tutors, and experts to discuss their opin-
ions with others for designing collaborative problem solving while building
knowledge. Collaborative problem solving is also an important part of modify-
ing and preventing misunderstandings from occurring while learning, including
expanding the concept.

(4) Problem Solving thinking room open learning environment design principles
(OLEs) as cognitive tools to support student problem-solving processes to act
as a medium to support, enhance or expand thinking and to help encourage stu-
dents’ problem solving thinking that consists of dealingwith problems, problem
solving planning, Polya’s troubleshooting and investigation steps.

(5) Scaffolding is based on the theory of social constructivism who believes that
if learners are below the zone of Proximal Development, they cannot learn on
their own. The need for help is called Scaffolding, where the help base supports
learners in problem solving or learning in case of being unable to complete
the mission by yourself which the assistance will consist of concept building
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support baseMethodological assistance base Process support base and strategic
support base.

(6) Coaching is based on the principles of the Cognitive Apprenticeship
Model,based on Situated Learning constructivism that has changed the role
of an instructor who is responsible for transferring knowledge or imparting
knowledge to a “coach” that provides assistance and advice for learners to train
learners by educating learners in an objective manner giving the creation of
wisdom.

3. Developing the knowledge environment on the network from themodel for a learning
environment as seen in the accompanying screen, the researcher turned it into a web-
based learning environment to encourage problem solving in computational science
for secondary school (Table 1).

Table 1. The results of the analysis of the problem solving measure test.

Undestanding
the problem

Devising a plan Carrying out the
plan

Looking back Total

Show total

x 11.53 5.59 6 5.15 28.27

S. D 0.51 0.50 0.00 0.36 1.08

Percentage 96.08 93.17 100 85.83 93.77

Total students (person) 34

Number of students with a passing score of 60 percent (person) 34

Percentage of students with a passing score of 60 percent (18 points) 100

Student grade point average (x) 28.27

Standard Deviation (S.D) 1.08
* means a passing score of 60 percent or more (18 points)

6 Summary and Discussion

6.1 The Result of Developing of Web-Based Learning Environments to Promote
Problem Solving on Problem Solving in Computational Science for Secondary
School

Design and creation of web-based learning environments for secondary school students
that encourage problem solving in computational science in this research study based on
development by applying from has carried out a development research model (Develop-
mental Research) results from research, design and development process, consisting of
document research, a conceptual framework for design study of the teaching and learning
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management context, planning and building a model of the learning environment, and
enhancing the standard. The study’s findings showed that a number of learning theories
and principles, including the constructivist learning environment, cognitive apprentice-
ship, Polya’s problem-solving thinking, cognitive constructivism, social constructivism,
information processing, media symbol systems, and interactive web technology, support
problem-solving thought processes. The conceptual framework and components for the
design of the learning environment were derived from the study’s findings during the
design phase. Importantly, there are (1) problem situations (2) learning resources (3)
collaborations (4) Problem solving thinking room (5) scaffolding (6) coaching [11, 12].

6.2 The Results of Problem Solving in Solving Computer Science Problems
at the Secondary School

A study of the outcomes of learners using a learning environment on a network that pro-
motes problem-solving thinking, a study of the problem-solving thinking of learnerswho
learn through web-based learning environments to promote problem solving on problem
solving in computational science for secondary school. According to Polya’s problem-
solving framework, the components are: (1) understanding the problem (2) Devising a
plan (3) Carrying out the plan (4) Looking back. In summary, the results of the study
of problem-solving thinking of students studying in a web-based learning environment
that promotes problem-solving as a result of the problem-solving questionnaire with a
4-scenario test, found that problem-solving thinking of learners who studied in a web-
based learning environment that promotes problem-solving thinking of 34 students with
a total score of 30 on a 30-point test, 34 students with a score of 18 up which accounted
for 100 percent of the total number of students. The result of student who learned about
this research showed that 34 students who had solving problem passing the criteria 60%,
representing 100% in total number of students. The average mean (x) was 28.27 and
standard deviation (S.D.) was 1.08 which was higher than specified criteria at 60% [3].
The design and development of network-based learning environments that encourage
problem-solving thinking were influenced by the study of the aforementioned studies.
Encourage thinking and problem-solving in your students. Additionally consistent with
constructivist theory’s guiding principles, which emphasize how students construct their
own bodies of knowledge by connecting what they already know with what they acquire
from the environment’s organized learning resources. Learning and the students’ habit
of methodically and sequentially solving problems Let’s begin by thoroughly examin-
ing the issue. Planning for solving problems evaluation, inspection, and troubleshooting
Through the use of a networked learning environment, students share knowledge and
experiences to solve difficulties.

7 Suggestion

1. Should study designing a learning environment on a web-based that promotes prob-
lem solving among learners in other ways by considering that model to be consistent
and appropriate to promote problem-solving thinking of learners.

2. The learning environment should be arranged in accordance with the ability to think
and solve problems in each area.
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Abstract. Educators and researchers design mobile-assisted language learning
(MALL) activities in authentic learning environments so that language learners
are able to practice their skills there. However, some of such environments are
unfamiliar to learners (e.g. zoo) because they visit them seldom.Unfamiliaritywith
learning environments may hinder language learning and not manyMALL studies
focused on this problem. In this study, familiarization strategies were developed
in order to familiarize language learners with unfamiliar learning environments
and to facilitate their mobile-assisted language learning in unfamiliar learning
environments.A focus groupwas carried outwith eight English teachers of seventh
grade to explore their opinions and suggestions regarding developed strategies.
The results showed that familiarization strategies can be useful for familiarization
with unfamiliar learning environments. Based on a focus group some strategies
were modified and some were deleted.

Keywords: English · Environment · Familiarization strategies ·MALL ·
Unfamiliar

1 Introduction

Mobile-assisted language learning (MALL) is type of language learning that is supported
by mobile devices such as cell phones, personal digital assistants, smartphones, pads or
pods [1]. MALL gained its popularity in the last years because of its flexibility, low
cost, small size and user-friendliness [2–4]. Scholars argued that mobile technology
can ensure learning anywhere and anytime [2, 3, 5, 6]. Multimedia tools of mobile
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technology can help learners create and share learning content. Furthermore, language
learning supported by mobile technology can become seamless when learners have
learning experiences across various learning contexts [7]. For example, theymay acquire
new knowledge in classroom first and then apply what they learned to the real world [2,
3, 5].

Educators and researchers create authentic learning environments usingmobile tech-
nology [1]. For example, while learning food related vocabulary, language learners in
Hwang and Chen [8] visited school cafeteria and practiced their language skills using
those situations that occur during lunch. In such learning environment, learners are situ-
ated in real contexts where learning resources, situations and scenarios around them are
authentic. Learning and practicing language skills in such learning environment becomes
relevant and meaningful to learners.

However, some authentic learning environments can be both familiar and unfamil-
iar to learners [1]. According to Shadiev et al. [9], the familiar environment refers to
the environment associated with learners’ background and previous experience. School
cafeteria in the study of Hwang and Chen [8] was definitely familiar to learners. How-
ever, a zoo which language learners visited in [10] to practice animal-related vocabulary
was not familiar to learners and so it was unfamiliar learning environment.

Scholars argued that familiaritywith learning environments is beneficial for learning,
especially if their learning tasks are to describe surroundings and available resources
there such as people, objects, situations and scenarios [9, 11, 12]. On the other hand,
unfamiliar environments can impede learning [13]. The reason is because familiarity
helps cognitive processes such as information processing and managing cognitive load,
e.g. when a learner arrives to a familiar environment to learn, he/she does not need to get
acquainted with available resources in surrounding contexts, and thus, there is no reason
to spend any cognitive effort in processing such information because of his/her familiarity
with contexts. On the contrary, language learners need to spend cognitive resources
to become knowledgeable about unfamiliar environments and available resources for
learning there. Therefore, in this study, we aimed to develop familiarization strategies to
facilitate mobile-assisted language learning of learners who learn in unfamiliar learning
environments.

2 Method

Following general recommendations from related studies, e.g. [14, 15], a set of strategies
was developed (available from this URL: https://disk.yandex.ru/i/5OgbdaaACphRyw).
For example, Strategy 1.2.1 “Use electronic map” could help language learners find an
address and see pictures of an unfamiliar environment or even visit it virtually. Strat-
egy 1.1.1 “Check characteristics of locations” helped language learners learn about the
characteristics and available resources of an unfamiliar context.

To explore the usability of familiarization strategies a focus group was carried out.
According to Krueger and Casey [16], a focus group is called so because there is a
focus. It involves a small number of demographically similar people. Researchers study
their reactions to questions. In this study, a focus group with 8 seventh grade English
teachers was carried out. A moderator, who was a researcher of this study, lead a focus

https://disk.yandex.ru/i/5OgbdaaACphRyw
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group. Based on their perspective and suggestions, this study summarizes the issues
that students of grade seven middle school level should focus on when using famil-
iarization strategies. And, the familiarization strategies were also modified to fit the
characteristics of the seventh-grade students. The following questions were used: Your
self-Introduction. How do you get familiar with the unfamiliar environment in your daily
life? Please describe your first impressions of familiarization strategies. Do you think
the familiarization strategies can improve seventh grade students’ familiarity with the
unfamiliar environment? Why? Which of the familiarization strategies are suitable for
seventh grade students? Which are not? Please suggest other strategies to help seventh
grade students get familiar with the unfamiliar environment. Please present your advice
to make the familiarization strategies more suitable for seventh grade students.

In this study, about 4 h of audiowere recorded. Audio filewas transcribed and content
analysiswas then carried out based on the thematic codingmethod. Two researcherswere
involved in the coding process and followed the inductive coding approach. They agreed
upon the coding protocol and strategy and ensured that the coding schemes were in line
with the related literature. They read transcribed content, coded the data by labeling
the concepts of interest based on the coding schemes, and then grouped the codes into
categories and identified the properties of each category independently. Coding outcomes
were then compared and when a disagreement occurred about the appropriate code or
category, the researchers discussed them until a consensus was reached.

3 Results and Discussion

The results showed that the teachers believed that the familiarization strategies can
improve seventh grade students’ familiarity with unfamiliar environments. For example,
Teacher A said “I think these strategies are very simple and clear. The developers of
familiarization strategies define each strategy in a way that is not ambiguous. And,
each strategy is simple and achievable.” Teacher E said “I think the familiarization
strategies are very comprehensive.” and Teacher G said “the strategy developers have
given examples for each strategy, and when I’m confused about the strategy, I look at
the column of example. The detailed explanation gave me a quick idea of how to do it”.

The results demonstrated that some strategies were not suitable for seventh-grade
students and suggestions how to modify them were proposed. For example, Teacher B
said “The amount of information that students can find on the Internet is very large, and
some students have poor retrieval ability, and it is difficult to find valuable information.
But there is no denying that some students are very good at information retrieval”.
Teacher C said “Since some students have strong retrieval ability and some students
have weak retrieval ability, the students can be divided into heterogeneous groups so
that the students with strong information retrieval ability can help the students with
weak information retrieval ability”.

English teachers gave two suggestions on new strategies. All the teachers’ sugges-
tions emphasized the teachers’ help to the students. For example, teachers can design
surveys or tests of the target environmental to help students consolidate their familiarity
with unfamiliar environments. And the second is that teachers can help students get
familiar with the environment by designing activities when they enter the unfamiliar
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environment. For example, teachers can set rewards at key locations in unfamiliar envi-
ronments. When students come to these locations, they can get a reward after they know
the information about this location.

Based on the results of the focus group, the study adjusted the familiarization strate-
gies to better suit the characteristics of the seventh-grade students. The original famil-
iarization strategies were revised and three strategies were deleted. The changes are
mainly reflected in group cooperation and teacher participation, e.g. Strategy 1.1.1 was
changed to “Before you go, retrieve address, characteristics, available resources of this
place through online resources with the help of group”. The deleted strategies are due
to the safety of minors, e.g. Strategy 1.7.1 “Go to that place alone, enter the real context
and get familiar with it”. Going alone to an unfamiliar environment is too risky and so
this strategy was deleted.

The familiarization strategies developed in these study were developed and then val-
idated by seventh grade English teachers. The strategies can be used when educators and
researchers design mobile-assisted language learning activities in authentic but unfamil-
iar learning environments so that language learners are able to practice their skills there.
Not many MALL studies focused on this research problem.

Some limitations need to be acknowledged. For example, the focus group was con-
ducted with small number of participants and the participants were from a non-diverse
background. These limitations need to be addressed in the future. For example, future
studies may consider recruiting more participants. In the future, researchers may also
consider piloting the familiarization strategies in real situations when seventh grade
students learn in class and then practice in authentic learning environments (some of
which can be unfamiliar to learners). The pilot study can show if the familiarization
strategies are really applicable in real situations to help language learners of seventh
grade to become knowledgeable about unfamiliar learning environments. Furthermore,
the effectiveness of the familiarization strategies in enhancing language learning can be
tested in the experiment in future studies.
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Abstract. Collaborative engagement and collaborative practice are key compo-
nents in Architectural design practice. The design studio motivates collaboration,
but it may have some limitations. The technology and use of digital devices have
encroached on architectural design education and have made many productive
moves. This study aims at understanding how digital devices and technology
could impact collaborative learning utilized in architectural pedagogy. This study
was carried out in a conventional design studio context with the involvement of
40 Interior design undergraduates. Interior design students were selected based
on the convenience sampling methodology and they were clustered into 8 col-
laborative groups. They were assigned a design task and 12 studio hours were
allocated to collect data. Data collection was done by naturalistic observation car-
ried out by the researcher and interviews were conducted to get the reflections
of students. The data was analyzed through six phased Thematic analyses based
on Grounded Theory. The study resulted in the impacts generated by the tech-
nology and digital devices on the design process of interior design students. The
results depict that overexposure to technology and digital devices have made stu-
dents individual-centric while being in a collaborative group. Moreover, it made
students less empathetic towards user requirements. Further being device-centric
made students less empathized with the user and the context and it has impacted
the design process by avoiding some key initial steps which are necessary to get
more functional human-centric solutions.

Keywords: Design process · Conventional design studio · Collaboration ·
Technology and digital devices · Empathizing

1 Introduction

In the educational domain of Architecture, collaborative learning has been placed at a
higher level. Architectural education is based on design studio engagement and design
studio is placed at the heart of architectural education. A conventional design studio is
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a place where design students engage in design studies [4]. Moreover, a Conventional
Design studio context is a dedicated design space which is specially allocated for the
task of designing [13, 17]. The pedagogical approach of a design studio is trying to
replicate the real practice by adopting project-based learning [1]. Students are provided
real projects to engage with, however, those design solutions will not be built on real
grounds. Students are analyzing, observing and assuming all the aspects and challenges
in real-world scenarios when designing. Design tutors are allocated to give reflective
feedback to students. The reflective practice is a core feature embeddedwithin the design
studio process [19]. Students are getting the reflections from their peer learners and from
their design tutors to get their design refinements [21]. The design process is open for
several iterations and refinements. The conventional design studio context has created
a collaborative design set-up to develop design solutions through active involvement
and collaboration [5]. The conventional design studio context which is located within a
university set up consists of the physical infrastructure to collaborate, brainstorm, and
peer learning [3]. The students are assigned design tasks, and they bring those problems
to the CDS context to find solutions by going through the design process which is
commonly applied in architectural studies. The design studio motivates collaborative
learning. Further, the design studio allows students to get multiple reflections from
students and tutors. In architectural learning domain collaboration happens in multiple
ways. Usually, the collaboration happens in-between students and design tutors. The
collaboration gives the opportunity to learn and growmutually [18]. Moreover, it brings,
different points of view in to one platform where the members in collaborative team
could, reflect, agree or argue upon.

1.1 Technologies Applied in Architectural Studies

The rapid development of technology has made drastic changes in architectural design
studio education. The technology got integrated with the design studio education and it
has shown many positive impacts on teaching and learning. The internet has networked
the knowledge domains and students. It has given access to students to explore the archi-
tectural practice happening across the globe. Moreover, the internet has made students
closer to architecturalmasterpieces and it has givenmuch inspiration to students in devel-
oping novel design solutions. Looking for precedents, and exploring special, functional,
and social characteristics of architectural masterpieces done by world reputed archi-
tects, are embedded within the design practice as a part of their design process. Not only
that, updated knowledge on materials, construction technologies and methodologies are
easily accessible on the internet.

Drafting, Prototyping and testing are key essentials in the architectural study domain.
Architectural students are motivated to draft or sketch manually. But manual sketching
and drafting have been replaced by software which transferred the drawing and drafting
digitally on a computer screen. Students have to test their design ideations through
paper prototyping two-three decades ago in architectural studies. Paper modeling was
a very popular methodology applied by architectural students. With the development
of software, students tend to obtain the support of software for drafting, modeling and
prototyping. This technology adaptation has made a significant replacement of skill
levels adopted in the design studio context. There is a certain number of digital tools,



220 U. Hettithanthri et al.

which have been integrated with architectural studies. Thus, students utilise individual
laptops, mobile devices, tabs, and mobile phones as learning tools within the design
studio context.

1.2 Architectural Design Process

The architectural design process is a unique practice which has specific characteristics.
The design process is a set of actionswhich is surroundedby relevant tools and techniques
which are necessary while engaging in the design activity [15]. According to Banu [10],
Architectural Design Process (ADP) is a composition of intermingled actions which
consists of synthesizing and analysing, problem identification and giving and testing
possible solutions. According to R.Rahbarianyazd [16] (Fig. 1), ADP is starting with
a problem analysis. The design process starts with a given specific scope which needs
to be solved through developing novel design solutions. The analysis process supports
identifying the background of the space-related problem. The analysis of the user, user
behaviour and requirements, site (context) and its demands, client, his requirements and
limitations are essential areas which need to be analyzed prior to developing design
ideations.

Fig. 1. Typical design process of architectural practice [12]

Synthesizing is the second phase which allows the designer to develop design
ideations which could help in solving the problems and limitations identified in the
very first phase of analysis. Evaluation comes as the third phase, which supports refining
the design idea and arguing several factors related. Design solution comes after all those
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phases and the solution need to be tested and refined several times until it gives the best
fit solution to the problems identified at the analysis phase.

1.3 Problem Statement

Collaboration is a key practice adopted in Architectural Design studio learning [7]. Even
though the design studio setup has been created to support collaboration, it is important
to observe how collaboration is happening in real practice. The level of collaboration and
motivational incentives to collaborate are important factors which need more attention
and research. It is believed by many, that internet has networked the people around.
But this study has shown how the students have become very individual-centric even by
being in collaborative groups. This study is focused on how the usage of the internet has
impacted the collaborative design process of students in the CDS context.

The design process needs to be supported by the collaboration of students. Not
only that, the reflective practice needs to be strengthened while being in a collaborative
group. However, the role of the design student has been changed from the form of
the master apprentice model. Due to the advanced networks and the internet, students
have become more individual-centric, less empathetic and biased towards what they
see on the internet. The design solutions need to address the real needs of the user and
the collaborative design process should be supportive of refining the design to get a
more user-friendly solution because it gives ample room to reflect. However, the design
solutions which are generated in the CDS context, are having many problems. Most of
the time, students are proposing architecturally pleasing design solutions which look
appealing by their appearance. But the practicality and real-life operational factors are
not addressed in-depth, during the design process, which is risky in the real context. This
fact made us curious to identify what causes students to make solution-centric decisions
even though they were assigned to work in collaborative groups, which could provide
multiple reflections to refine the design well.

1.4 Research Questions

1. How did students collaborate within their assigned groups?
2. How did collaboration impact the design process of students?

2 Methodology

For this study, a qualitative methodology was adopted. 40 students in the Interior Design
degree program, currently reading in the latter part of their second year, were selected
for this study. The reason for selecting second-year undergrads was on the assumption
that they possess one-year design maturity in working with the studio process. For
the selection, a convenience sampling technique was utilized [8, 9]. The convenience
sampling technique is a non-probability sampling technique which allows the researcher
to select the sample according to the research need [11]. This particular class is consisting
of 23 female students and 17 male students. This class is a composition of good, average
and weak performers and it reflects the real skill distribution of a typical architectural
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studio practice which is practiced in a pedagogic design studio. The reason for selecting
one class with a 40 student population by adopting the convenience sampling technique,
reflects the realistic student distribution. In an architectural studio, there are multiple
types of students. Therefore, selecting a real population of a class will give a reflection
of the realistic student distribution.

The students were distributed in random 8 groups with 5 members in one group. Stu-
dents were numbered 1–8 by using their name list and similar numbers were clustered
into one group. Students were assigned a design task. The given task was to design an
outdoor exhibition structure for an artist. For this task, 12 studio hours were allocated.
There were 6 studio hours per day and for this study, two studio days were utilized. Stu-
dent design processes were carefully observed by adopting the Naturalistic observation
methodology [2, 6, 14].

2.1 Data Collection

Naturalistic observation involves in observation of real-life behavior of a particular
situation as a third party without any disturbance made to the natural process of the
participants. This method is often called as “fly on wall” observation method which is
similar to being afly on thewall and observing the actions happening [8]. The observation
was carried out aiming at finding answers to the RQs generated.

The observation was recorded in a field diary [20]. The records were noted in chrono-
logical order. The design process of each group has been recorded in separate sheets
with detailed observational notes made by the researcher. Furthermore, the researcher
has maintained records by taking photographs of each group’s involvement, at hourly
intervals. The field diary was segmented into 8 categories labeled under group names.
The activities they were engaged in, how they brainstorm, the collaborative methods
followed by the group, tools and techniques used by the group, and group outcome were
observed and noted down in the field diary as detailed descriptions in hourly intervals.
Photographs were taken of the activities involved by the students at hourly intervals.

Students were engaged in 12 h of the collaborative learning process. The expecta-
tion of this task is to develop a design solution through collaborative engagement of
students. After 12 h of the collaborative design process, which was conducted over two
days, participants’ reflections were collected through interviews. Open-ended questions
were asked from each group. The interviews were conducted to minimize the subjective
judgements which could be generated through naturalistic observation.

2.2 Data Analysis

The data generated through observation and interviews were analyzed by adopting six
phased Thematic Analysis based on Grounded Theory [12]. Six phased Thematic anal-
ysis consists of (i) familiarizing with data, (ii) creating initial codes, (iii) searching for
suitable themes, (iv) reviewing the themes, (v) defining the themes and (vi) reporting
the themes. The data generated through the observation and Interviews were separately
coded in order to generate themes through the thematic analysis process. Coding was
done separately for the observation records and interview data. Furthermore, the pho-
tographs taken were categorized according to the keycodes generated and they were
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clustered under relevant categories. The row data was mapped in an affinity diagram by
using sticky notes and relevant subcategories, main categories were identified. Finally,
the data was fed into MAXQD 11 software. First, the transcribed interview data and
observational notes were fed into the software and initial coding was done. Initial codes
containing similar values and meanings were grouped into categories. Based on the
information identified and reflected through categories key themes were identified for
the analysis. The codes and categories identified in thematic analysis generate seven
themes and those themes lead the analysis into four major dimensions (See Table 2
Below).

2.3 Results

The observation data has been summarized in Table 1. The observation generated initial
codes such as the use of mobile phones, using the internet to search engine inspiration
and thereby using the internet as the main source of information. Other codes included
active brainstorming, making paper mockups, paper prototyping, testing through paper
prototypes, testing through 3D prototyping, designing through paper prototyping, and
designing through sketching, for instance, one person is sketching while others are
collaboratively supplying ideas (Refer to Table 2).

Table 1. Summary of the observation

Observation summary of collaborative design

Group 1 They spent more than 3 h browsing on their mobile devices/laptops to find
inspiration to start a design
Even though it was a group task, students tend to find design ideations individually
Two students were leading the group and the others follow their instructions
(Collaborative Group Leadership)
Internet was the main source of information for them to get some design ideas
Heavy usage of Pinterest/Instagram/social media
Used paper prototypes for testing

Group 2 The leader proposed to search for inspiration first
They use mobile devices to browse inspirations
Used mobile devices/laptops/google search engines to do the user analysis
Client analysis/client requirements were also gathered through emails and telephone
calls - no direct interaction between client and user
Used paper prototypes for testing

Group 3 The group leader initiated and had a brainstorming discussion with group members
at the beginning
Used mobile phones to browse design ideas/inspirations individually
Group members were very collaborative and active during the brainstorming session
Started designing by making prototypes/testing several prototypes
No user analysis was done

(continued)
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Table 1. (continued)

Observation summary of collaborative design

Group 4 There was one group leader who was able to facilitate and gather group thoughts and
contributions effectively
They used mobile devices to browse for inspiration and precedents
Students were individually active and not much group collaboration was noticed at
the beginning
Recorded their inspiration by using sketches
No user analysis was done
Used 3D modeling to make prototypes

Group 5 Discussed at the beginning (brainstorming)
They assigned individual tasks among group members to browse for relevant
information on the internet
They used inspiration they found on the Internet to develop a design form
No user analysis was done
Directly started designing by sketching ideas on paper
Used paper prototypes for testing

Group 6 Started designing through a brainstorming session
They discussed more the form and the architectural appearance of the space
Used mobile devices/laptops to browse for inspiration and precedents
They assumed how people will use their design – the design proposal is based on the
discussion summary
Used paper prototyping for testing

Group 7 No user analysis was done
Started by searching for inspiration from the internet, using mobile devices and
laptops
Less collaboration and no key personnel were identified as group leaders
Students operated individually within the group
Had several individual design ideations
Used 3D and paper mock-ups for prototyping

Group 8 Highly collaborative, three students were very active in brainstorming
Active discussions and brainstorming were done
Had discussions on the materials and the form of the design
Used mobile phones to browse design ideas
Paper-based
Started the design process by transferring design ideations to rough sketches
They shared their ideas through rough sketches
No user analysis was done
They browsed the internet to obtain technical details and inspiration

The data recorded through observation and interviews were summarized in the
below table. The reflections of students who were in collaborative groups were col-
lected through interviews. Students’ reflective feedback was coded accordingly for the
analysis.
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Table 2. Initial codes, categories and themes generated from interview summary and observa-
tional notes

Dimension Themes Categories Initial codes from
observation

Initial codes from
interview

Device Centric
approach

Being biased
towards the
Internet

Internet – The
key source of
information

Using the internet
to search engine
inspiration

We need to check
available designs
in the real world
at the beginning,
we used a mobile
phone to browse
the internet

Internet as the
main source of
information

Google, safari
and Pinterest has
given us many
design
inspirations

Excessive usage
of mobile phones

Use of mobile
phones

We decide to
spend some time
searching for
possible design
ideas individually

Individualistic
design approach

Individualizing
within
collaborative
groups

Being
individualized
due to excessive
usage of mobile
phones and
personal laptops

Device-centric
individual
approach within
the group

We were
individually
active on the
given task, we
distributed
responsibilities at
the beginning

Fewer group
inputs

Less
interpersonal
discussions

The use of the
mobile phone is
very easy to
reach databases

Non-empathetic
design approach

Non addressed
user concerns

Placement of the
user

No effort was
taken on
analyzing the
user

We assume the
user

Less attention to
the location
analysis (site
analysis)

We could not
make many
discussions on
user

(continued)
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Table 2. (continued)

Dimension Themes Categories Initial codes from
observation

Initial codes from
interview

Assumption
based user
analysis

Gathering
information
through emails

We didn’t think
about a particular
user, we gave a
common solution
for all

Gathering
information
through
telephone calls

The user was not
concerned, we
were worried
about the form of
the design

No direct
interaction with a
client or the user

We did not check
on the user, we
assumed

Solution-oriented
approach

Prototyping and
sketching as
modes of
developing ideas

Collaborative
methods

Active
brainstorming

We did models to
get a form

Recording the
important facts
by using sticky
notes

We develop
several paper
models

Paper
Prototyping as a
mode of idea
development

Making paper
mockups paper
prototyping

We modified the
best design idea
selected by the
groupTesting through

paper prototypes

Start designing
through paper
prototyping

Sketching as a
mode of Idea
development

Started designing
through sketching

We did rough
sketching

Rough sketches
were done by
individuals in the
group

(continued)
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Table 2. (continued)

Dimension Themes Categories Initial codes from
observation

Initial codes from
interview

One person is
sketching while
others are
collaboratively
giving ideas

One of our group
members did
sketching

Individual design
idea development
through rough
sketches and
refined through
group
involvement

We did sketching
to remember the
initial ideas
generated

3D visualization Testing through
3D prototyping

We used sketch
up to develop the
finalized form

3 Discussion

We identified 17 major codes through the data generated from the interviews and 20
major codes from observational notes. Those codes were subdivided into 7 major cate-
gories. Six codes were supportive of generating the category 1: Internet – the key source
of Information. Four codes were leading to category 2: Being individualized due to
excessive usage of mobile phones and personal laptops. Ten codes have generated the
category 3: Placement of the user. Four major codes have generated category 4: Collabo-
rative methods. Another four codes were generated the category 5: Paper Prototyping as
a mode of idea development. Seven major codes were supportive of identifying the cate-
gory 6: Sketching as a mode of Idea development and the 7th category: 3D visualization
was generated through two major codes identified.

3.1 Answering RQ1: How did Students Collaborate Within Their Assigned
Groups?

The codes, categories, themes and dimensions generated through thematic analysis have
showcased a clear overview of the answers to the Research Questions constructed. The
thematic analysis generates 7 key themes and 4 major dimensions. Among those, the
following themes are answering the RQ 1 created. Being biased towards the internet,
excessive usage of mobile phones, individualizing in collaborative groups, fewer group
inputs, prototyping and sketching as a mode of developing ideas are the themes which
provide a direct reflection on the methods they followed in collaborating. The results
depict that students who were clustered in groups were more focused on searching for
design ideations through external sources. They engaged in this task being self-centric,
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rather being group centric. It made them less empathetic. The activities such as searching
for ideas from the internet and using social media platforms to search for ideas made
them individual-centric even within a collaborative group. Further, the mobile devices
and easy access to the internet made students distant from the group members and it
made them more device-centric rather than group-centric. Seven groups out of eight
started browsing ideas individually. Only the eighth group had a strong brainstorming
session at the beginning. They argue on several design types they could generate and
some materials they could utilize at the beginning.

The results indicate that active collaboration was limited at the beginning of the
design process due to overexposure to the internet and mobile devices. The information
they received from the internet, made them biased towards what they could see on the
web without arguing the fact. This has made them less empathetic towards real user
requirements. The information received from the internet was directly transferred into
the design process, by adopting similar forms and similar materials. Pinterest, Instagram
and search engines such as Google, and Safari diverted students away from realistic
conditions and made them less collaborative. It was noticed that idea-sharing and active
involvement between group members were limited due to excessive usage of devices
such as mobile phones and laptops.

3.2 Answering RQ 2. How did Collaboration Impact the Design Process
of Students?

The codes categories and themes generated are showing a lineup of activities students
have followed. 5/8 Groups started the design process by connecting to the internet indi-
vidually, browsing for possible inspirations and precedents after a very short discussion.
They spent nearly the first 2–3 h searching for possible design ideations. The design
process started with searching for suitable ideations. The design images identified from
the internet were taken into the discussion and brainstorming happened based on the
ideations found on the internet. Students tend to save the design ideations in their devices
individually.

According to R. Rahbarianyazd [16] (Fig. 1), the architectural design process starts
with analyzing the problem at hand. This analysis process consists of several intellectual
phases accompanied by redefining the current issue. Articulation and sufficient research
on the problem domain will help the designer or design team to analyze the problem
at hand. In collaborative design activity conducted in the CDS context, students have
started the design process directly synthesizing the ideation. That is a one-step skip,
whichmade the students empathise less with the problem at hand. The analyzing process
offers an overview to start the design, by providing a solid understanding of the problem
at hand. The scope needs to be well understood by the design student and they need
to dig into the real requirement of the user and the context. However, the engagement
process used by the students in the collaborative design process, made them blind to
the user requirements. The themes generated such as “assumption-based user analysis”
and “non-addressed user concerns” display the lack of focus given to the user during the
collaborative design process.

Being device-centric and individualized within the assigned group has made the
design process more complex. The process they followed makes the design process
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solution-centric. Students were focused on identifying the best fit formation and ideation
for the design that they could propose. 6/8 groups did not conduct any discussions on the
user, user behavior and user requirements. Non-discussions made on the user made them
blind to the real requirements. This made the design solutions very hypothetical. Further,
they have taken the risk of assuming the user requirements. In their collaborative process,
7/8 groups assumed the requirements and another group conducted a quick analysis
through telephone calls. Those methods are not reliable user analysis methods to follow
in order to provide user-centric design solutions.Being device-centric,made students less
empathetic, adversely impacting the design process by supplying aesthetically pleasing
but less functional design solutions at the end of the process.

Moreover, being less empathetic could create many problematic situations. The user
is an important stakeholder and the voice of the user is a powerful and valuable input
which could contribute to shaping the design into a more functional manner.

4 Conclusion

This study was conducted to understand how students collaborate within a CDS context,
and to understand the impacts on the design process due to the collaborative mechanisms
followed. We noticed students have become individual centric even within collaborative
groups due to the over exposure to digital devices. This made them device centric,
resulting in less empathetic design solutions because they skipped certain important steps
in the design process. Moreover, they made biased assumptions on the information they
received from the internet and other social media platforms. Such assumptions prevented
them from analysing real life problem scenarios. User concerns were not addressed and
assumed. It is essential for design students to be grounded and sensitive to real life
situations, thus further exploration and collaboration is paramount. Furthermore, being
device centric and biased towards information received through devices, has limits the
creative collaboration which is a significant requirement for architectural studies. This
process will create less empathetic designers and it is a problematic situation which
needs to be addressed.

Technology is indeed supportive for education. We noticed much research was dedi-
cated to investigate the positive impacts of technology. This study, however, has identified
negative impacts which could be generated through advanced technologies and digital
devices. Moreover, there is a void in research, investigating the impacts of technology on
the architectural design process. This study, therefore, caters to that void we identified
in the architectural research domain. We believe, this gap needs to be addressed and
further research is required to investigate the impacts of technology in the architectural
educational domain.
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Abstract. The shift from handwriting to using writing technologies are
widespread in today’s schools. And where handwriting still is the most used
method, it is supported with digital writing technologies. My aim in this article
is to show and discuss some aspects on how digital writing technologies impacts
learning in school. Writing is a frequent activity in all education and the shift from
handwriting till keyboarding brings significant changes. The linear form of text
production that characterizes handwriting is replaced by a flexible and non-linear
form. Keyboarding enables the writer to start any place in the document and edit
constantly without having to start over. For students in school, it is also a benefit
that they can write long texts even before their handwriting skills are developed.
This seems to stimulate motivation for writing and producing texts in school.
The study showed that digital writing technology improved writing skills but not
text skills. Therefore, using digital writing technology prerequisite emphasis on
supervising the writing process to develop good text strategies.

Keywords: Digital writing technology · Digital writing in school · Technology
supported learning · Teaching with technology

1 Introduction

Writing is a main activity in all learning work in school. The ability to write fluent and
legible is essential for students’ learning. Thus, the aim for this article is to present and
discuss the changes that occur when shifting from handwriting to keyboarding in school
based on results from a phd-study that investigate how technology impact different
aspects of learning in school [1].

Using digital writing technology changes the writing process from a linear process
to a process where all parts of the text can be produced and changed along the way. It
allows texts to be saved and shared in ways that have not been possible before. This
leads to questions about if and how the teachers should change their ways of teaching to
adapt these changes. The research question in the study targets these challenge, asking
“how does the use of digital writing technologies impact learning work in school”? This
paper will try to give some answers, based on what my research revealed about writing.
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2 Key Concepts and Theoretical Framework

Writing is defined as a basic skill for learning in the Norwegian curriculum LK-20 [2].
Writing for learning can be viewed as an ongoing dialogue, mostly between student
and teacher but also with peers and others, supporting the dynamic movement between
feedback and feed forward that drives all learning processes [3, 4]. Feed forward is the
expectations of future learning and feedback is the conception of the previous learnt.
From the learning point, the expected future knowledge change, due to changes in prior
knowledge. What you learn changes the way you see what you already know. In this
way, adding something new to the prior knowledge, changes both feed forward and
feedback. Hence, the dynamics between feed forward and feedback is a driving force in
all learning, and writing is an essential activity mediating this movement [3, 4].

However, the student needs basic writing skills to be part of this written learning
dialogue. Hertzberg [5] see writing as dependent of two different types of strategies;
writing strategies and text strategies. Writing strategies are the connected with the tech-
nical part of writing, such as forming letters, writing fluently, spelling and grammar,
while text strategies are connected with the ability to compose a text for a certain pur-
pose. Berninger et al. [6] describes four components in basic writing: text generation,
transcription, working memory and executive functions. Both theories can contribute to
understanding of writing as a phenomenon for learning, pointing both at basic skills and
functions that are related to a more contextual perspective on learning. To study how
technology affects writing as learning work, the gaze must therefore be directed both at
the writing tool itself and the students’ writing strategies, and towards the purpose of
the text and the students’ text strategies.

Vygotsky also describes the writing process as an abstract and complicated skill that
implicates an interaction of various cognitive processes [7]. He explains the challenges of
writing by comparing betweenwhat can be called oral andwritten speech.Written speech
is a separate linguistic function that differs from the spoken language both structurally
and functionally [7]. Children struggle to express themselves in writing, even if they
have well developed vocabulary and master the grammar of speech because they are two
different processes. While oral speech is quoted in a social context where the situation
itself supports what is said and creates meaning for those who participate, the written
speech is detached from its context or situation [7]. A written text must therefore include
all the information necessary for the reader to interpret themeaning of the text as intended
by the writer.

Ricoeur refers to language as an exterior of inner experiences, a way to make them
available to others [4]. Salomon et al. also point that writing forms and refines thoughts
and ideas that enable us to see things in new ways [8]. The activity to write is thus
far more than just using a tool, it must consider its future purpose which is to convey
something to others.

All these theories have been useful to understand both the technical part of writing:
the writing strategies [5] or the text generation and the transcription [6] and the higher
functions that is needed: text strategies [5] and working memory and executive functions
[6], which are all important to understand writing as learning work in school when
changing writing technology, or writing mode, from handwriting to keyboarding.
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3 Method

The paper is based on amulti case study of 25 students from two classes and two schools:
15 students from 4th grade (9–10 years old) from Southam school and 10 students in
10th grade (15–16 years old) from Norwick school. The study took part during one
academic year, using participating observations as main access to the field. In addition,
the study had access to students’ text productions during the year of observation [1].

The choice ofmulti case study as research strategy gave access to collect awide range
of data about the empiric field of study [9, 10]. I could select cases within my network
of teachers and schools which were innovative using technology, and the observations
cover a period of one academic year, represented by five weeks of participation in the
two schools. I observed teaching with and without technology support and aimed to
identify all kinds of changes that occurred in the students’ learning work. Data were
generated through writing, coding with NVivo1, rewriting and refining reflections from
the observations, before presenting them in narratives. As I studied a field I knew well
as former teacher, I needed a hermeneutic approach to the observations to avoid biased
perceptions [11]. Therefore, all data were approved by all participants (parents, teachers,
school leaders) as a reliability check [1]. I also had access to students’ texts on Learning
Management System (LMS) which were analysed to support the impressions of every
student’s written performance. The results will be presented with use of narratives to
illustrate findings.

4 Results

In general, the study showed that writing was a frequent method in all the theoretical
subjects, and that students used both handwriting and keyboarding as writing modes.
Writing was often linked to activities that followed an introduction or a social learning
dialogue in class, with the purpose of processing knowledge, practicing subject-specific
skills, or getting general writing training. There was also some writing related to the
students’ homework All texts could be understood within the frame of functioning as
a dialogue between (mostly) teachers and students, but with more emphasis on social
learning when the text production used digital technology.2

The study showed that students both in 4th and 10th grade weremotivated for writing
using keyboarding. It also showed that the students wrote long texts and that they wrote
more efficient. It also eased the writing for students who were reluctant writers. The
positive effect of keyboarding seemed to be mostly connected to writing strategies or
the technical parts of the writing. However, it seemed that keyboarding did not have the
same positive impact on students’ text strategies.

1 NVivo is a well-known tool for qualitative data analysis: Qualitative Data Analysis Software |
NVivo (qsrinternational.com/).

2 This article will not includemulti media texts, which also were frequent in the observations. But
social learning processes increased when students worked with multi media, a finding which is
supported by other studies [6, 12].

http://qsrinternational.com/
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4.1 Motivation for Writing Increased with Digital Technology

The study showed that the fourth graders seemed very motivated to write. They had
functional and fast typing strategies on the keyboard, and theywrote long texts. They had
usedTrageton’smethod3 of learning to readbydigitalwriting tools [13] andwere familiar
with the digital writing technologies. Research suggests that the use Trageton’s method
develop better writing skills with better content quality, grammar, and orthography [14].
Reports also states that students write faster and more correctly and are more motivated
to write when using writing technology in early literacy training [15]. Feng et.al. also
showed in their meta-analytic review that students’ wrote faster and longer texts using
keyboarding [6]. The same tendency seems to be supported by Williams & Beams’
research review which states that motivation seems to increase and that that reluctant
writers benefit from keybording [12].

The tenth graders started using digital technology when I first met them. Most of
the writing in all subjects were keyboarding and all work was organised in the LMS4

so they had to change a nine-year old handwriting practice. But they rapidly embraced
the new technologies and changed the way they worked. In relatively short time their
motivation to write increased and they wrote efficiently and produced long texts.

The increased motivation can be explained by the fact that the writing itself was
changed. Since writing is complex and demanding [7], writing for learning can bring
negative experience. Since negative motivation is often connected to the situation where
the reluctance arose [16] negative experiences with writing can be crucial for learning.
Negative emotions tend to replenish the functions of consciousness so that there is no
room for the reflection required to learn [17].

Several narratives from the study seem to be about motivation. Fourth class wrote
scary stories and Yunus and Vera had failed to save their text. When the class continued
writing they had to start over from the beginning.While the other students could continue
working on their drafts, Vera and Yunus have no visible results of their first attempts.
One might have expected that Vera and Yunus would have reacted with frustration and
protests. But they started writing new drafts, rather untouched and without being tracked
down. Self-regulated learning theory shows that students can opt out of learning, when
they do not believe that theywill succeed because investing also implies the risk of failure
[18]. The loss of work that has already been done could lead to experiencing failure.
Motivation can be further weakened if the students perceive themself without guilt for
the loss of work. It could easily have happened with these two, at least with Yunus,
who did not work as independently and efficiently as Vera. When they both started over
without a problem it was clear that the motivation for writing seemed to be present and
resilient.

The theory of self-regulated learningwas also important for another situation. Stanley
was keen to compare himself to Vivien while they were working on a science assign-
ment. Boekaerts points out that students’ motivation can be fundamentally mastery- or
performance-oriented. Performance-orientation can lead students to being more con-
cerned with comparing themselves to others than focusing on their own learning [18].

3 Trageton’s method is developed byNorwegian Arne Trageton and involves using digital writing
technology to learn to read.

4 They used Moodle as Learning Management System (LMS).
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This was typical for Stanley. His focus changed from the task itself to the length of the
text when he found the word count function on the computer. He was obviously stressed
by the fact that Vivien, who he often compared with, could have written more words
than he. It is difficult to say for sure how this affected Stanley’s motivation for the task at
hand, but it may be suggested that the focus on performance and comparison with Vivien
would go beyond his academic work there and then. At the same time, an external level
of performance may also trigger the desire to succeed because the competition with the
others become important. Boekaerts say that performance-oriented students can try to
avoid resistance or struggle in their learning work because they dare not take the chance
of failure [18]. However, there is no basis for considering performance motivation as a
critical factor in the current observation of Stanley. Stanley seemed positive and content
in every way in the situation, and his competitive motive may have been a more sta-
ble attribute of his personality. As Boekaerts notes, performance orientation increases
in students with age [18], so this is also a natural part of the students’ development.
However, teaching can inhibit or promote performance orientation through the way the
teacher handles feedback to individual students in classroom publicity. Teachers who
emphasizemastery instead of achievements, which focus on approaches and not the right
answer, and that legitimize making mistakes, can counteract performance orientation in
the learning environment [19, 20].

Although Stanley was derailed by Vivien, it was clear that writing was less available
for comparison when students were using digital writing technology. Stanley could
compare himself to Vivien because she was sitting beside him. However, he did not have
immediate access to the other students and could not keep up with how their work. The
location in front of each computer could mitigate the tendency for comparison between
students, compared to sitting in groups in the classroom with possibilities to overlook
each other’s workbooks. This is also something that teachers have experienced from
other situations using computers in classrooms [15]. Digital writing technology can thus
be positive for students who are easily derailed by comparing themselves to others.

Using digital writing technology seems towork positive in variousways for students’
motivation to write. Even when students are performance oriented, the use of technology
levels out differences in performances in ways that eases the impact they have on each
other because the differences become less visible.

4.2 Digital Technologies Change Writing Strategies

Using digital writing technologies change the course of writing. Students get tools that
able them to write perfect even before they have developed a functional handwriting.
Traditional text has a linear form from the beginning to the end. When using digital
writing technology, the linear form is no longer necessary [8]. The writing can start
wherever wanting and jump forth and back in the text. This is more in line with the way
students’ think when learning [7].

The changes in the writing course were obvious when tenth grade changed from
handwriting to digital writing tools. They stopped drafting before writing when they
experienced the differences. They were able to adjust, rewrite and reorganize the texts
during the writing process and could plan the text along the process, not before start-
ing [8]. The writing process gets more flexible and open for the students’ choices and
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adaptions along the work. Thus, the digital writing technology has impact on both the
writing strategies and the text strategies [5]. The writing went easy, and the text were
looking good when not written by hand. This freed capacity to work with the content, or
for working memory and executive functions [6]. When writing is freed from the linear
form which handwritten texts are bounded to, the students got more freedom to adapt
writing to their own writing- and text strategies. This requires that they have developed
an automatised use of the keyboard [7], which seemed to be the situation for most of the
students in 4th and 10th grade, probably because they used keyboarding in a large scale
outside of school, using SoMe and phone messaging.

Theword processor can also provide direct feedback on spelling and grammar, which
will be of great help to students who are struggling with this part of writing. Spelling and
grammarmight occupy the students’ feed forward feedback processes.When technology
provides automatic corrections, students do not have to reflect on whether they write
correctly as they type. Just as if the students had internalized the spelling so that it
becomes a habit, technology has taken over this task. The spelling is not habituated in
the traditional way, but the result is the same: the functions of consciousness are released
for tasks other than spelling. When students receive direct feedback on spelling from
the computer, and can correct errors themselves, they will not need the teacher’s review
of the orthography. They can concentrate on developing other aspects of the text, such
as storytelling (text strategies). Having access to strategies that enable them to help
themselves makes students more independent and self-driven in their learning work.

One observation of a writing exercise is from an assignment where the 4th grade
students wrote scary stories. The assignment was designed as process-oriented writing
and the students had individual supervisions with the teacher along the work. Content,
grammar, and orthography were discussed, based on what they had decided to focus on.
Since I served as a teacher in the class I also participated actively in this work. I want to
highlight the dialogue I had with Linda and with Carl.

Linda appeared academically clever, independent, and generally self-driven in her
learning work. She was also a little modest and did not show herself much in the class
publicity. Linda wrote quickly and her text was long. The class had not had much focus
on spelling in previous years because the teachers were concerned with developing the
joy of writing. But in 4th grade there was an increasing focus on spelling in the students’
writing assignments. Linda was one of those whowanted to have correct orthography. At
the same time, I saw that she had some challenges with grammar which I also brought up
in the supervision. Linda’s feed forward was linked to developing a correct writing and
shewanted feedback on grammar so that she got a flawless product. In this situation, there
was a correlation between the student’s own experience of potential for improvement
and what the teachers were concerned about. Her feed forward feedback loop [3, 4]
ensured that the learning work drove the learning object [20] in the right direction. Thus,
it seemed that the teaching was well adapted to her proximal zone of development.

Carl had previously told me about challenges that made him find the learning work
demanding. In supervisingCarl, itwas therefore important to focus onpromoting positive
experiences from the learningwork [17, 18]. For studentswhofind the school particularly
demanding, my experience is that the joy of learning quickly becomes damaged. The
dialogue between Carl and me was characterized by closeness and mutual recognition.
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It gave Carl the opportunity to show his mastery and get feedback on his work based
on what he wanted with his text (feed forward). He showed great commitment to his
work, and I saw the dialogue as a support for strengthening Carl’s feed forward feedback
processes related to striving which is an important requisite for learning [3, 4].

Such learning dialogues can be conducted without the writing taking place in digital
devices. In other words, they are not dependent on the use of technology. But there
was more space between the students in the computer room and easier to supervise
without the other students hearing. In addition, the threshold for making changes was
low, because of the digital writing tool. It seems that students’ learning in the form of
feed forward feedback processes could be stimulated and directed towards developing
writing and text strategies when using digital tools.

4.3 Digital Writing Technologies Demands New Text Strategies

Students in tenth grade needed new text strategies when they switched to digital writing
tools. This was evident in a situation where Ann, Camilla and Diana were collaborating
on process-oriented writing. In process-oriented writing, the students will work with the
text in different phases, supported by responses from other students (and teachers). The
collaboration between the students gives them both valuable input to their own texts and
training in identifying good ideas that could be further developed. In addition, they can
suggest ways in which this can be done, while also exercising their critical ability to
assess both their own and others’ texts [19]. The teachers were used to using this way
of working, but I quickly realized that Ann, Diana and Camilla were not. They showed
each other what they had written, but the comments confined themselves to positive
affirmations, as “nice.” They also compared the length of their texts, concluding who
had come the furthest in the writing process based on the number of words. They did
not have the prerequisites to ask critical questions about each other’s texts and give
constructive feedback on the choice of topic, disposition, language, and dissemination.
The learning activity did not become the feed forward feedback [3, 4] process they
needed to reflect on how they could improve their own texts. They did not seem to
see the purpose (feed forward) of doing the activity, because they lacked concepts that
could form the basis for such an activity (feedback). Neither Ann, Camilla nor Diana
made changes to their texts while the activity was going on, nor did they give each other
concrete input that might be captured and taken to the completion of the texts that they
were going to do at home. Their text strategies [5] seemed not to be developed for this
purpose.

Process-oriented writing is often associated with digital writing technology because
it is so much easier to make changes along the way in the text when it is produced
digitally. The teaching in tenth grade must therefore be changed in terms of how the
students were prepared for the new ways of working, by teaching them strategies that
make the learning work feel meaningful.

4.4 Writing Long Texts is not the Same as Writing Well

In tenth grade, students were expected to have correct orthography and grammar and to
have developed understanding of writing as dissemination. Access to the student work in
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their LMS provided an opportunity to look at the quality of the texts they wrote. Among
other things, the students wrote film reviews. This assignment worked well for assessing
and comparing students’ texts. The film review was a to part task, where the first part
was to give a summary of the film. Conveying a written summary of a film requires that
the text not only refers what is going on, but also provides sufficient information about
the situation and context. In film, it is often the dialogue that drives the action, at least if
the film does not have a clear narrative role. When the students are to convey the film’s
content in what Vygotsky calls written speech, it is required that the students be able to
distinguish it from the oral speech that the dialogue conveys. The written speech differs
from both what Vygotsky calls inner speech and oral speech and requires a higher level
of abstraction [7]. Written speech must fully explain the situation to be understandable
[7]. Therefore, some textual steps are necessary that can help to explain the situation
fully to be understandable [7]. This requires text strategies [5].

The texts gave the impression of how and to what extent the different students
had made the content of the film available to the reader. The students’ texts varied
considerably in length: Betty had written 2532 words, Diana had written 1558 words,
Ann had written 1359 words, Arnold’s text was 872 words, Elsie had 647 words, Chris
had written 506 words, while Daniel ended up with 149 words. Betty, who had written
the longest text, conveyed the content of the film as a summary of what she saw on
the screen, but provided minimal information about context that could make it possible
to imagine the situation in which the film took place. She was thus unable to make
the dissemination an exterior of her inner experiences, or context independent [4, 7].
Diana, who had 1,000 fewer words, on the other hand, succeeded quite well with the
dissemination. She had made sure to describe the situation as early as the first sentence,
where she explained who the film is about. Ann and Elsie delivered texts like Bettys’,
characterized by a lack of context description, while Chris and Daniel accounted for
the circumstances of the action in the film, like Diana. Arnold’s text was relatively long
and excellent when it came to solving the assignment. The texts showed the variation
among the students. Some of them lacked good text strategies even though they wrote
long texts, and some wrote only short but good texts.

As the observation above shows, there was a mismatch between the qualities of the
texts and their length. While some texts appeared to be good written expressions, some
also looked more like oral speech. In this study, it is not possible to say anything certain
about this. It seems that the easily accessible digital writing tools able students to write
ling texts. Thus, there is nothing here that points to students’ texts getting better when
using technology.

5 Conclusion

Using keyboards change theway studentswrite in severalways. The course of thewriting
is changing froma linear form to a flexible formwhich is able to adapt to students’ various
preferences. Students can start where they want, change what they want under ways, and
they do not have to plan the text before starting. They do not have to start over when the
work goes astray. This seems to ease motivation for writing. It also seems that digital
writing makes it easier for students not to compare with each other because the texts
look more alike when they write, and thus preventing performance motivation in class.
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Using digital writing technologies help students to better writing strategies. They can
write texts without having developed a functional handwriting. Thus, they can produce
more texts, helping thedynamicmovement of feedback and feed forwardbetween teacher
and student to learning.

Better motivation and eased writing strategies free cognitive capacity for other learn-
ing tasks, like developing text strategies. It seems that use of digital writing technology
does not have impact on students’ text strategies, ability to tell a story, to disseminate in
a proper way according to the genre.

With the use of digital writing technologies, methods like process-oriented writing,
work well in class. The flexibility that comes with digital writing, are efficient tools for
making changes in the texts without having to start over. This requires learning necessary
strategies for process-oriented writing, like drafting, presenting ideas, questioning drafts
and ideas, critical reviewing and so on. Thus, motivation for writing can be maintained,
providing more possibilities for learning when students can use keyboarding.
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Abstract. Despite the prominence of technology in contemporary education,
studies on technology-enhanced learning are most focused on barriers affecting
technology’s integration. Overshadowed by this mainly unilateral approach, a pre-
cursory question of why technology should be integrated into the classroom has
often been overlooked. However, without knowledge of this sort, we cannot under-
pin the need for classroom digital technology integration (CDTI). This study aims
to gain exploratory insight into teachers’ perceptions of CDTI that allow advocat-
ing for CDTI. We conducted a qualitative study with inductive content analysis
with data collected from semi-structured interviewswith 18 teachers to understand
better the deemed effects of CDTI and what it might depend on. Generally, the
main reasons for the CDTI lay in its affordance to improve engagement and prac-
ticality in teaching-learning processes. CDTI’s main detriment was its hindering
effect on health and fine motor development. These results imply CDTI’s benef-
icence, and hence it should be supported. To minimise CDTI’s hindering effects,
we recommend reconsidering how technology is integrated into the process.

Keywords: Classroom digital technology integration · Technology-enhanced
learning · Primary school · Secondary school

1 Introduction

Classroom digital technology integration (CDTI) is a prominent aspect of contemporary
education, rendering CDTI an increasingly common practice among educators [1], also
supported by educational policies [2, 3]. The commonality of CDTI implicitly indicates
that it somehow benefits the learning process [1, 4], advocating hence for technology-
enhanced learning. Previous studies suggest that the successful CDTI is foremost defined
by enhancing student learning outcomes [5], and research on the evaluation of CDTI is
mainly focused on its effect on learning [6].

Technology-mediated learning theory proposed by Brower in 2019 posits that tech-
nology serves only as a mediator of users’ intents [7]. The latter indicates the importance
of studying stakeholders’ underlying aims when using technology to enhance learning.
Previous studies suggest that teachers are the key stakeholders in determining CDTI,
e.g., [8, 9] and that there is an alignment between teachers’ pedagogical reasoning and
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practices, e.g., [10–12]. Therefore, researchers in the field are increasingly focusing
on teachers’ pedagogical reasoning, e.g., [11, 13–16], which could be regarded as the
key commencement for facilitating purposeful CDTI’s practices to support technology-
enhanced learning. For example, previous research has found that teachers value CDTI’s
affordance to facilitate content presentation, support knowledge acquisition, and moti-
vate students [5, 15–17]. Equivalent aspects of optimisation and qualitative and quan-
titative improvement of the teaching and learning processes have been identified as
characteristics of technology-enhanced learning [18], indicating a shared perspective of
CDTI’s affordances for teaching and learning processes.

Nevertheless, previous research posits that contextual and personal factors cause
teachers to have different views on CDTI [14, 19, 20]. The same technology may be
perceived and used differently by teachers due to their personal characteristics such as
knowledge, experience, and dispositions, e.g., beliefs and attitudes [8–11, 17], as well
as context-specific characteristics, such as grade, subject, and school [12, 14, 19–21].
Cultural context can further be seen as a relevant context-specific characteristic worth
considering when seeking insight into teachers’ perceptions of the CDTI [10, 21, 22].
Commonly researched factors affecting CDTI have been noted at the student, teacher,
and institutional levels, indicating, for example, aspects related to resource availability
and digital competence [16].

Research suggests also looking into why teachers do not practice CDTI to under-
stand better different teachers’ perceptions for a more holistic understanding of the field
[16]. Understanding better the underpinnings of CDTI and how to better support this
process serves as valuable information for stakeholders when considering and evaluat-
ing CDTI for technology-enhanced learning. Teachers’ reasonings for CDTI contribute
to supporting and changing teachers’ practices of CDTI and considering technology’s
different affordances to support students’ learning [11, 15, 16, 21].

This study aims to contribute to the growing research on factors affecting CDTI by
offering an exploratory insight into Estonian teachers’ perceptions of CDTI. In Estonia,
using digital technology in teaching and learning is a part of teachers’ professional
standards framework [23]. Digital readiness is high amongst Estonian teachers [22], and
CDTI is a relatively common practice [24]. Estonia’s education system is among the
best-performing, according to PISA 2018 results [25]. For these reasons, it is considered
interesting to investigate the perceptions of CDTI in Estonia as it may shed light on
the relationship between CDTI practices and achievement. More specifically, this study,
adopting an exploratory qualitative study design, seeks to find answers to the following
research question: what are Estonian primary and secondary school teachers’ perceived
benefits, detriments, and challenges of CDTI?

2 Method

2.1 Context and Sample of the Study

This study seeks to gain exploratory insight into the perceived benefits and detriments
of CDTI. An exploratory qualitative research design with inductive content analysis was
adopted to this end. This study is part of piloting studies of a larger research project,
namely Digiefekt. The Digiefekt project has adopted purposive sampling to ensure a
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diverse study sample. The recruited schools were from different regions across the coun-
try. Amongst these schools, there were both high- and low-performing schools in terms
of students’ results in academic tests, school results in the school’s satisfaction survey
and self-assessment of digital competence conducted among teachers, students, and par-
ents. From each school, the end grades teachers at each school level, primary and lower
secondary school, i.e., the third (9–10 y/o), sixth (12–13 y/o) and ninth (15–16 y/o)
grade, were recruited. Within these grades, we further selected teachers in the subjects
of Estonian, mathematics, and natural sciences.

For this study, a smaller sample of volunteering schools and teachers to participate
in pilot studies of their interest were recruited from the research project’s sample. This
study includes a convenience sample of teachers from five Estonian primary and lower
secondary schools with different levels of digital competence. The end sample consists
of 17 in-service teachers with varying times of service. In-service teachers have been
found to hold more varied perceptions of CDTI due to more experience in the field
[16]. To that end, their insights may be considered a richer data source than pre-service
teachers’ perceptions.

2.2 Data Collection and Analysis

Data were collected through semi-structured interviews by the first author, whose
research expertise lies in purposeful CDTI to support subject-specific learning outcomes.
The first author is also an in-service teacher in Estonia, which was also made known to
the participants to diminish perceptions of power differences and thus increase openness
[26]. Further, as the first author has five years of experience in CDTI, this contributes to
her competence to interpret the answers given, acknowledging and embracing thus the
subjectivity often critiqued in qualitative studies [26].

One interview lasted for an average of 15min. The participants were asked questions
about their perceived benefits, detriments and challenges regarding CDTI. When neces-
sary for better comprehension, the interviewer asked further specifying questions. For
trustworthiness, as suggested by Thomas in 2006 [27], member checks were done during
the interviews where the interviewer summarised the interpretations of the collected data
to allow respondents to specify their answers.

Following the coding process in the inductive analysis presented by Thomas in 2006
[27], meaningful utterances, i.e., utterances related to the research questions, were iden-
tified and transcribed for coding. In total, 160 utterances were noted. Around one-third
of these utterances (50 in total), directly translated from English to Estonian by the
first author, underwent an independent parallel coding to create inductive categories by
the first two authors of this study. Inductive content analysis was adapted as it allows
unrestricted insight into a topic [27]. The authors, however, acknowledge that the qual-
itative data analysis might have been, and likely was, influenced by the findings in the
previous research. However, as similar results have been noted on multiple occasions,
the authors do not consider the possible influences as limitations as these contribute to
a more convergent understanding of the topic.
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The preliminary codes were then discussed, evaluated and overlaps, com-
monly named. Moreover, utterances with similar content were grouped into relevant
(sub)categories. In total, 29 different codes were identified; these codes were follow-
ingly grouped under eight subcategories that made up three larger categories: beneficial
effects of CDTI, detrimental effects of CDTI and challenges related to CDTI.

3 Results

Our data collected via semi-structured interviews with 17 Estonian primary and sec-
ondary school teachers consisted of 160 transcribed utterances. Teachers’ demographics
and their input to the data can be seen in Table 1 below.

Table 1. Teachers’ demographics and utterances percentage.

Teacher ID School ID Grade Subject Utterances %

1 1 3 Estonian, Natural sciences, Mathematics 2

2 1 6 Natural sciences 5

3 1 6 Mathematics 2

4 1 6 Mathematics 3

5 1 6 Estonian 5

6 2 3 Estonian, Natural sciences, Mathematics 6

7 2 3 Estonian, Natural sciences, Mathematics 5

8 2 6 Estonian 3

9 3 3 Estonian, Natural sciences, Mathematics 8

10 3 9 Mathematics 8

11 3 9 Estonian 4

12 4 3 Estonian, Natural sciences, Mathematics 12

13 4 6 Mathematics 8

14 4 9 Natural sciences 9

15 4 3 Estonian, Natural sciences, Mathematics 12

16 4 6 Estonian 5

17 5 9 Natural sciences 4

Teachers noted several benefits and detriments of CDTI on teaching-learning pro-
cesses (see Table 2). The results are further discussed in the categories below. It is also
relevant to note that some utterances belonged simultaneously to various groups as they
touched upon diverse aspects of CDTI.
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Table 2. The benefits, detriments, and challenges of CDTI.

Category Subcategory Codes

Benefits Improved practicality (in teaching &
learning)

Time-saving, flexible, convenient

Improved engagement Facilitating different activities,
motivational, change in routine

Improved learning opportunities Deeper understanding, digital
competence, personalisation,
collaborative learning, discovery-based
learning

Detriments Negative effects on health Mental health, physical health

Hinders development Cognitive development, fine-motor
development, social development

Hinders classroom management

Challenges Digital competence (teachers’ &
students’)

Attitudes, know-what, know-how

Resources (digital content & devices) Resource availability, resource quality

Amongst benefits, teachers mentioned improved practicality, engagement and learn-
ing opportunities. Regarding detriments, teachers commented on adverse health, devel-
opment, and classroom management consequences. As challenges, teachers pointed out
insufficient digital competence, both teachers’ and students’, as well as low quality and
availability of suitable digital content and devices.

3.1 Benefits of CDTI

By the teachers, the most mentioned benefit of CDTI was improved engagement (45.2%
of all the teachers’ utterances fell under this category). Teachers noted that CDTI captures
students’ attention by facilitating different activities, like hands-on and practical tasks
and gamification. Moreover, CDTI offers a change in routine and is motivating for
students. One teacher noted that “… seeking information by themselves in digital devices
raises their interest in the topic”.

The second most mentioned benefit of CDTI was its improved practicality (35.5% of
the utterances). Under this category fell utterances referring to operational improvements
for both teaching-learning processes. The CDTI was mostly viewed as time-saving,
flexible and convenient.

For teaching, time-saving aspects principally commented were in relation to auto-
mated control. Teacher 14 specifies that “Checking students’ answers isway easier, faster
and more convenient with digital devices”. Also, premade materials were commented
as time-saving, as specified, for example, by Teacher 17 “When I can’t bring in “the real
thing”, I can easily look up and showcase some videos or photos to illustrate whatever”.
Flexibility and convenience were illustrated by the teachers’ habits in their teaching
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practice, e.g., Teacher 1 commented, “I integrate digital technology in the classroom
because it is really comfortable and habitual for me as I am used to it”.

For learning, the time-saving was primarily seen in faster and smoother task com-
pletion, information availability (e.g., Teacher 16: “It’s an instant source of a lot of
information that students can find fast.”) and instant feedback. Teacher 3 noted the lat-
ter’s importance: “They can see instantly if they answered incorrectly. It’s better this
way because if some time passes, then they don’t remember or sometimes even don’t
care about the feedback really”. Regarding flexibility and convenience, Teacher 9 com-
mented thatwith the support of digital devices, “Students can work independently without
needing the teacher”.

The least frequently mentioned was CDTI’s affordance to support learning oppor-
tunities (19.3% of the utterances). Under this category, teachers said CDTI endorses
the development of digital literacy, personalisation, and collaborative and discovery-
based learning and facilitates more profound understanding. One teacher commented
as follows: “With videos, photos, etc. I can show the students the organisms in their
environment. This is vital for making them understand how ecosystems work”.

3.2 Detriments of CDTI

The most commonly (50% of the utterances) mentioned detriment was related to health.
Here, effects on physical and mental health were commented on. Regarding the former,
adverse impact on the eyesight, posture and handmuscles were mentioned. E.g., Teacher
14 noted that posture is affected by “being seated in one forced position when using a
digital device”, and Teacher 16 commented that “Students’ hand muscles have gotten
weak as they use them in a rather limited way”.

Concerning mental health, teachers noted that digital devices could scare and intim-
idate some students, mainly ones who are not that accustomed to using them. Teacher 9
pointed out that “… tools cause stress to the students, who are by their nature a bit more
anxious”. Teachers also mentioned cyberbullying and some emotional consequences
of gamification, e.g., Teacher 10 commented, “Gaming platforms like 99math do not
support the weak ones. It is a competition of strong ones and losing affects students
emotionally”.

In addition to concerns related to health, teachers (on 37.5%of the utterances) pointed
out that digital technology can impede development, namely fine motor, cognitive and
social development. Concerning fine-motor development, teachers brought out suffering
handwriting. Teacher 17made a connection between finemotor skills and cognitive abil-
ities: “Activities requiring fine motor skills are directly related to brain development….
When using digital devices, we use our hands in a very limited manner, just one or two
fingers, tapping or scrolling movements”.

Furthermore, teachers noted that digital devices hinder cognitive development.
Mostly, teachers referred to developing different skills, like reading and writing, but
also hampering acquisition, in general, was mentioned. Teacher 10 explained, “learning
on a computer does not cause a permanent change in the brain, which requires effort”.

In addition, aspects related to social development were mentioned, mainly regarding
the form of communication shifting from the real world to the virtual, which hampers
students’ skills to interact. Teacher 11 commented on the issue as follows: “They don’t
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know how to communicate with each other anymore, they are always on their phones,….
And not only to each other, they are not able to make proper sentences or explain their
ideas orally. So, I want to use the classroom time to give them at least some opportunities
to speak, especially to each other”.

Moreover, teachers stated that CDTI affects classroom management (12.5% of the
utterances) as it embodies a distraction. Teacher 17 commented, “Students don’t really
focus on the task at hand. They often use social media or do other things they are not
supposed to”. Teacher 9 pointed out a different nuance: “Students get restless with digital
devices. And students who have limited use of digital use at home want only to play, they
don’t perceive used study environments as a play, so they want to open games they have
used or heard of, and then it’s really hard to get them to do the task at hand”.

3.3 Challenges of CDTI

In the interviews, teachers pointed out CDTI’s challenges related to resources and dig-
ital competence. The most common challenge noted was the availability and quality of
resources. Under availability, teachers mainly mentioned that bringing the device to the
classroom is not easy. Often, schools have only one set of tablets that need to be pre-
booked and thus “needs and extra effort”, as noted by Teacher 3, or only one computer
classroom. Further, computer classrooms do not sometimes have space for every student
in the classroom, resulting in mixing and matching computers and laptops, which, as
Teacher 17 points out, “creates inequity”. Furthermore, “… going to the computer class-
room takes away a lot of time from the actual lesson”, as commented by Teacher 12.
Moreover, not all students have their own digital devices with an unlimited volume of
mobile data, challenge pointed out by example by Teacher 13 “… not every student has
their own device that they could use so when adopting this strategy instead of “fighting”
for a computer class, some students are still left out”.

Furthermore, it is hard to find suitable premade materials amid all the available
content; thus, including digital content in the lesson is often very time-consuming as
teachers need to surf for a long time or create it themselves. Teacher 19 comments that
her CDTI practices are challenged by a lack of “… available suitable resource list to use
to facilitate easy access for teachers to the learning materials”. Moreover, appropriate
digital content usually costs and is thus out of reach for the teachers.

Both digital devices and digital content’s qualities were noted concerning the qual-
ity of resources. Teachers pointed out that available digital devices are often old and
slow, and thus their use is frustrating. Furthermore, teachers noted limitations in digi-
tal content’s affordances, e.g., teacher 2 noted that “Automated control is very helpful
for teachers, but there is no automated control for high-level thinking exercises which
actually show me something about how the student is doing”. Moreover, the limited
affordances of digital devices for mathematical languages were mentioned on multiple
occasions, noting that drafting mathematical tasks on a piece of paper is more efficient
than on a digital device. The latter may also be seen as an attitude toward the CDTI.

Attitudes related to digital devices are regarded as one of the dimensions of digital
competence, besides know-what and know-how. Teachers also expressed other negative
attitudes to CDTI regarding energy and time costs. For example, teacher 12 noted that
“… it takes too much energy and time to get into what and how to use. There are just too
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many platforms to handle, it gets confusing”. Teacher 10 commented that she does not
believe that CDTI “helps with anything”. Teachers further pointed out that often they
lack or do not feel comfortable about their skills and knowledge for CDTI. Teacher 2
precises “… I really feel like I don’t know the possibilities for CDTI. I have too limited
experience using it”.

As one of the challenges for CDTI, teachers also remarked on students’ lack of know-
how inworkingwith a digital device, e.g., how to look at and critically assess information
and generally how to use tools, programs, and platforms. Teachers noted that students
have very different skill sets, but in-class time barely leaves room for teaching these.
Teacher 12 commented: “Students need guidance on how to use programs and platforms.
I can teach them as much as I know, but it takes away the time from the content, and not
all the students need the extra guidance”.

4 Discussion and Conclusion

This study aimed to gain exploratory insight into teachers’ perceptions of CDTI to
contribute to knowledge for underpinning the need for classroom technology integration
for technology-enhanced learning and how to support this process better. For that aim,
exploratory qualitative research with inductive content analysis was conducted. From
semi-structured interviews with 17 teachers of different grades and subjects (Estonian,
mathematics, and natural sciences; 3rd, 6th, and 9th grades), benefits, detriments and
challenges related to CDTI were found.

In the interviews, teachers pointed out the several benefits, detriments, and chal-
lenges of CDTI. As benefits, teachers perceived improved practicality, both teach-
ing and learning-related, and improved engagement and learning opportunities. Under
enhanced practicality, teachers noted aspects regarding efficiency demonstrated in time-
saving, flexibility and convenience. As improved engagement, teachers mentioned dig-
ital technologies affordances to facilitate different activities, provide a change in rou-
tine and motivate. Comments related to learning approaches, such as personalisation,
discovery-based and collaborative learning, and notions on facilitating deeper under-
standing and supporting digital competence development were categorised as improved
learning opportunities. These results advocate for CDTI, indicating an argument for the
affordances of digital technologies to enhance teaching and learning processes.

Regarding detriments, adverse effects on health (physical and mental) and develop-
ment (fine motor, cognitive and social) were mentioned. Furthermore, teachers noted
CDTI’s hindering effect on classroommanagement. These results may indicate the need
to rethink the use of CDTI to minimise the adverse effects of its implementation. Con-
sidering challenges, limitations related to resource availability and quality and teachers’
and students’ digital competence were noted, indicating issues still needed to be tackled
to support CDTI.

Obtained results provide insight into understanding the underpinnings of CDTI in
Estonia, one of the top-performing countries in K-12 settings [25], where CDTI is a
relatively common practice [24]. Therefore, these insights are of value to support CDTI
as they serve as information for stakeholders when considering and evaluating CDTI
for technology-enhanced learning. Insights to teachers’ CDTI reasonings support other
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teachers’ CDTI practices by helping them consider digital technology’s additional affor-
dances in teaching-learning, contributing to changes in their practices [11, 15, 16, 21].
Moreover, based on our results, we can still posit the need to (i) provide accessible and
good-quality resources (both devices and content) and (ii) support the development of
both teachers’ and students’ digital competence.

The emerged categories on the benefits, detriments, and challenges of CDTI were
similar in their content to the results presented by previous related studies, e.g., [5, 15–
18], which indicates a validation of these results across different subjects and grades
as were included in the scope of this study. Furthermore, these results contribute to a
convergent understanding of the state-of-art grasp of perception of CDTI.

We acknowledge that our study has certain limitations. First, regarding the limited
sample size, as perceptions of CDTI may differ from teacher to teacher, it would be
more insightful to get opinions from more teachers on the matter. Furthermore, the
teachers did not evenly represent different contexts (school, grade, subject), nor were
their input even when considering the percentage of total utterances, which may have led
to somewhat biased results. Even if results cannot be thus generalised, these limitations
may contribute to evaluating the transferability of this study’s results to different settings
by providing light on the study’s population and context [26].

Second, owing to the inductive qualitative design of this study, this study might
have limitations regarding the researchers’ subjectivity. Although the subjectivity was
noted and embraced throughout the study by drawing upon the authors’ experience and
expertise in the field, we nevertheless acknowledge the likely, somewhat biased data
collection and interpretation. To tackle this, we adopted member checking and included
two coders with acceptable inter-rater reliability in the analysis process.

Suggestions for future research are threefold. As previous research posits that teach-
ersmayhave different context-specific perceptions of theCDTI [10, 13] that are related to
their practices [14], we recommend researching (i) the associations between the percep-
tions and the implementation of CDTI, (ii) distinguishing profiles of teachers regarding
their perceptions and practices of CDTI, and to (iii) measure the possible effects of the
CDTI to make the connection between the perceptions, the implementation (regarding
the use and its purpose), and the actual effect on the learning outcomes, which ultimately
contributes to understanding how to better support meaningful and purposeful CDTI.
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Abstract. Different institutions have shown interest in standardizing the learn-
ing result. It may be used in the same way to assess students’ learning status.
The teacher must quantify the learning outcomes for evaluation purposes. It often
requires a great deal of time and effort to do paper tasks. Additionally, this activity
prevents instructors from concentrating on the learning process. Teachers are con-
tinuously burdened with administrative responsibilities that should be alleviated
using technology that adheres to the current framework. The Bloom Taxonomy, a
widely used framework for defining learning outcomes, allows for the assessment
of learning outcomes at several levels. The purpose of this research is to provide a
framework that will assist the instructor in completing the evaluationmore quickly
and accurately. This study provided an algorithm for adapting ontology and text
classification technologies to detect correlations between words and keywords to
aid in evaluation. It is anticipated that the categorization findings will assist in
shortening the time required to complete the evaluation.

Keywords: Learning outcome · Assessment · Ontology

1 Introduction

In recent years, the educational system has transformed because of new norms or prin-
ciples [1]. One of the educational system’s objectives is to perform learning outcome
assessments. Assessment of learning outcomes is a critical component of every learning
environment [2, 3]. The word “assessment” refers to the overall quality of all evaluation
procedures, not just the quality of a particular assessment [4]. This term seems to be
included into a growing number of higher education programs [5]. The outcomes aid
students in discovering the course’s intended objectives. Additionally, it helps instruc-
tors keep on track and ensures that students understand what they will accomplish at the
end of the semester. Additionally, learning outcomes assist instructors and students in
determining the optimal course of action [6].

The learning outcomes should describe the fundamental and significant components
of the course or program. By defining learning outcomes, we may reflect on the major
factors that contribute to learners acquiring these knowledge and abilities. Consideration
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of (1) the course’s key terms, (2) the intended forms of learning, and (3) the environment
in which the course’s knowledge and skills will be employed, including projected appli-
cations, establishes the foundation for establishing learning outcomes [12]. According
to a widely used framework, Bloom Taxonomy, a framework should relate to three dis-
tinct learning domains: cognitive, psychomotor, and emotional. Each domain comprises
levels that are used to construct courses [7]. Formulate the learning outcomes to deter-
mine the breadth and depth of a course. A course with learning outcomes enables the
technical quality of the outputs to be assessed [5]. Precision and effort may be used to
the generation of learning outcomes by incorporating input from important stakeholders
in a prescribed manner [8].

To guarantee good learning results, a guide is essential. The Bloom Taxonomy is
a regularly used reference. The Bloom’s Taxonomy of educational goals is particularly
effective since it associates certain verbs with various stages of learning. While Bloom’s
Taxonomy is hierarchical, each level of aimmaymake a major contribution to a course’s
performance [12]. It is intended to explain the learning process and has therefore shown
to be an effective tool for assisting in the development of learning outcomes [9]. Within
each area of the bloom taxonomy, there are several tiers. This level describes the method
through which students’ skills are developed during the educational process.

According to Bloom Taxonomy, the following are some strategies for implement-
ing learning outcome evaluations. To begin, we may evaluate learning outcomes by
examining students’ evaluation grades [2]. On the other hand, students’ replies to tests,
assignments, and examinations are evaluated. Additional evaluation may be based on
instructor comments concerning students’ emotional well-being. The current problem
is that the technique for evaluating results is complicated. This issue arises because
the lecturer is accountable for determining the specific results reached by each student.
This consequence may influence students’ test replies or the notes they take during the
classroom learning process. Not infrequently, instructors make mistakes in assessing
student achievement, jeopardizing the validity of the outcome evaluation. Another area
of research involves evaluating student replies without regard for Bloom’s taxonomy
levels. However, no research has classified lecturer notes on student behavior in class
into the emotional realms of Bloom’s taxonomy. The challenge in tackling this problem
is choosing the suitable algorithm to assure accurate classification results. Additionally,
the algorithmmust encompass the process of classification in the cognitive and affective
dimensions that are the subject of this research.

While several techniques may be employed to categorize text, the phrases used in
evaluation reportsmay vary. To resolve these issues, aword correction standard known as
ontology is used. Ontology is a strategy for resolving this issue. Ontologies are clear and
formal representations of prevalent conceptualizations of concepts and their connections
[22]. The paper’s objective is to demonstrate how to develop an ontology using Bloom’s
Taxonomy levels and keywords. Ontology may simplify the classification process for
student responses and lecturer notes by detecting the relationship between words and
keywords. Additionally, the ontologymay regard levels and concepts in the cognitive and
affective domains as children. This project will provide a framework for constructing
an ontology capable of classifying student replies and lecturer comments according
to Bloom’s Taxonomy levels. This classification may aid in the process of assessing
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educational results. The ontology will be generated from the course learning outcomes
that have Bloom’s Taxonomy structure. From the data, we can collect the keywords of
Bloom’s Taxonomy level and generate into the ontology structure.

2 Literature Review

2.1 Learning Outcome Assessment

Nowadays, many stakeholders in academic institutions put a priority on learning out-
comes. Curriculum designers must understand the actual meaning and significance of
the statements of Program Educational Objectives (PEOs), Program Outcomes (POs),
and Course Outcomes (COs) while building the curriculum [8]. Course outcomes will
be determined along with the definition of program goals. COs are acronyms for the
criteria that a student must satisfy to pass the course [15]. Consequently, developing
standards for learning outcomes becomes a popular issue [10]. Learning outcomes are
a critical discussion topic, especially considering the expected skills of university grad-
uates or new employees who will eventually support society [11]. Learning outcomes
place a consideration on the context and potential applications of students’ knowledge
and skills, aid students in linking learning across settings, and facilitate assessment and
evaluation [12]. The word “learning outcomes” refers to the characteristics, knowledge,
and skill set acquired by a student following successful completion of a course [13].
The learning outcomes are more concerned with the growth of the learner than with the
content of the course. Additionally, it supports instructors, teachers, and facilitators in
establishing and planning beneficial student-centered learning activities [10]. Learning
outcomes, in general, are statements that explain what each learner should know or be
able to do after a learning experience [14].

The educational process is dependent on evaluation. Teachers and school admin-
istrations who embrace an assessment culture use data on students to generate new
understandings about what works and why, share their discoveries with colleagues, and
increase their ability to fulfill the diverse learning needs of their students [16]. Assess-
ment is a systematic and ongoing process of collecting, assessing, and acting on data
about the goals and outcomes established to support the institution’s mission and pur-
pose. The evaluation process begins with the establishment of objectives. Measurable
results need the expression of the assessment cycle’s first three components: outcome,
assessment method, and success criteria [17]. Most evaluation tools analyze student
achievements on a course-by-course basis. They must also be consistent with program
learning objectives (PLOs) to give an overall assessment of students’ achievement of
these objectives [18]. Assessment supports the incorporation of learning objectives into
the course design and delivery. Multiple choice or short answer questions may be used
to evaluate an outcome that requires students to recollect crucial events leading up to a
historical event. In comparison, an outcome that requires students to evaluate many pol-
icy models may be evaluated by a debate or written essay [12]. The similarities between
grading with percentages and grading by learning goals in an assessment is that both
methods offer an overall mark indicating proficiency [21].
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2.2 Bloom Taxonomy Standard

Returning to Bloom’s Taxonomy of educational goals is one strategy to align results with
suitablemeans of evaluation. Bloom’s Taxonomywas developed in 1956 andmodified in
2001 by Bloom’s associates Lorin Anderson and David Krathwohl. The educational pro-
cess and often used framework for producing learning outcomes are shown by Bloom’s
Taxonomy. The framework categorizes learning objectives as cognitive, emotional, or
sensorimotor/psychomotor. The authors of the new taxonomy underline this dynamic
by using verbs to denote the taxonomy’s divisions and subcategories. The cognitive
domain is concerned with identifying facts, skills, and concepts to help pupils develop
their knowledge and abilities. The affective area is where excitement and feeling occur.
Thepsychomotor domain is involvedwith the physical development of the body [19]. The
cognitive results of students were compared to the amount of knowledge and intellectual
talents gained and mastered. External assessment tools such as user data, questionnaires,
interviews, and observations were employed to analyze different aspects of participant
learning [20].

2.3 Ontology Construction

Ontologies provide an ideal setting for the functioning of intelligent services. Ontolo-
gies, for instance,may enhance intelligent online search, information filtering, intelligent
information integration, and knowledge management. Ontology alignment is crucial for
developing information-based systems [23, 24]. The ontology has a lot of semantic infor-
mation that may be used to effectively reduce conceptual ambiguity and help in the exe-
cution of a variety of text processing activities [25]. The ontology development approach
is meant to assist developers in developing ontologies that follow to required specifi-
cations and essential procedures that have a direct impact on the ontology’s knowledge
representation and logical reasoning. When selecting ontology generation strategies, we
should either pick themethod that ismost relevant for the current situation or combine the
advantages of many ways to improve and optimize the existing methods [26]. Collabora-
tive ontology is becoming more popular as a way for developing ontologies. The process
of constructing ontologies from a variety of current data sources has emerged as a key
topic of research and is crucial for ontology development [27]. Within this framework,
programmers and domain specialists must collaborate with mutual understanding. By
evaluating the validity of envisioned knowledge embeddings, domain experts contribute
significantly throughout the ontology creation cycle [28].

Currently, ontology is widely used in a variety of text processing activities, includ-
ing information retrieval, information extraction, information integration, data manage-
ment, information recommendation, text classification and clustering, and question and
answer systems [25]. Some study in education makes use of ontology to address prob-
lems. In teaching and learning processes, ontology is employed to construct a cognitive
conversational agent. Numerous studies in education use the ontology as question-and-
answer generators [9, 29–31]. The research serves as the foundation for a question-
answering system for measuring students’ domain understanding, providing natural-
language explanations for students’ errors, and designing adaptive quizzes [29]. Other
study indicates that ontology may provide a variety of various sorts of feedback in
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response to an inquiry [32]. Not only can ontology be used to produce questions and
answers, but it may also be utilized to assist in the development of a curriculum [33].

The ontology’s story is described by the fact that it establishes the relationship
between reusable competences categorized according to Bloom’s taxonomy and Knowl-
edge Topics in the field of Computer Sciences [34]. According to the other studies,
ontology represents notions that aid pupils’ thinking processes. It offers a mechanism
for resolving often reported issues that learners have while using a web-based learning
system [35]. In 2021, the study included the learning result into a relevant course by
quantitative assessment and cluster analysis [21].

The growth of ontology research has resulted in the presentation of numerous semi-
automatic and automated construction strategies, some of which have been utilized to
produce ontologies from textual data [22, 36]. To begin, ontology learning takes con-
cepts from a variety of textual sources and establishes taxonomic and non-taxonomic
relationships between them [22]. Now, automatic ontology building from plain text cap-
tures most hierarchical relationships. After harmonizing the concepts from these diverse
ontological frameworks, these phrase ontologies are integrated to create an ontology for
the whole text [37].

3 Proposed Framework

This sectionwill discuss how to create an ontology schema and how to categorize student
responses according to Bloom’s taxonomy levels. The procedure is shown in Fig. 1.

Fig. 1. Proposed framework for learning assessment ontology generator

3.1 Data Collection

The first step determines the scope of the research. The data for this research will be
gathered from a sample of chosen courses. Additionally, we analyze the learning out-
comes of cognitive and affective domains. Following that, we will collect data through
a series of procedures. We gather questions and answers from various courses for the
cognitive domain. We use lecturer notes to describe each student’s emotive recall. These
data will provide a corpus from which the ontology will be constructed.
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3.2 Ontology Construction

The ontology is separated into parent and child classes. Bloom’s taxonomy level is
defined by its parent classes. Keywords linked with each bloom taxonomy category are
included in the child classes. At this step, we will create the ontology using Lexical
Semantic Analysis (LSA). We may use LSA to find phrases that are synonyms with
bloom taxonomy keywords. As is the case with a bachelor’s degree, this research con-
centrates only on four taxonomy flowering levels in the cognitive domain: remember,
understand, apply, and analyze. On the other hand, this research will include all Bloom
taxonomy levels for the emotional domain: attention, response, value, organization,
and generalization. On Fig. 2, we can see the example of Bloom Taxonomy cognitive
ontology scheme.

Fig. 2. Example of bloom taxonomy cognitive ontology scheme

3.3 Data Preprocessing

The next stage is to gather answers in accordance with the cognitive and emotional
domains as part of the data collection process. We collect course-specific questions and
answers, as well as lecturer notes for the emotional domain. Following then, the system
is made up of several steps for pre-processing the questions and replies. This phase
generates a dataset of questions and responses that has been classified in the succeeding
stage. Three executable processes are included in this Sect. (1) Tokenization is a process
that divides a corpus of text into smaller units called tokens. In this scenario, tokens may
bewords, characters, or subwords. Thus, tokenizationmay be classified in broad terms as
follows: word tokenization, character tokenization, and subword tokenization (n-gram
characters). (2) A stop word is a series of words that are often used in a language. Stop
words in English include “a”, “the”, “is”, and “are.” Stop words are often used in Text
Mining and Natural Language Processing (NLP) to remove keywords that are overused
and contain little useful information. (3) Stemming is the process of reducing a word to
its word stem, which is connected to suffixes and prefixes or to the root of words known
as a lemma. Natural language understanding (NLU) and natural language processing
rely heavily on stemming (NLP).
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3.4 Classification

This classification process takes use of the ontology we developed to facilitate catego-
rization and deep learningmodel.We compare the pre-processed data set to the ontology.
For this research, we use word2vec embedding approach with neural network to do the
classification tasks. The classification process, we can use Recurrent Neural Network
(RNN) model. RNNs have been effectively used in machine translation and natural
language processing applications. They are divided into three layers: an input layer, a
hidden layer, and an output layer. The input and output layers perform the same function
[38]. A RNN is a sort of architecture in which individual neurons have recurrent connec-
tions. Like feedback loops in biology, such designs facilitate memory storage to a certain
degree. For sequence classification, the most often employed recurrent architectures are
Long-Short TermMemory (LSTM) cells (see Fig. 3) and Gated Recurrent Units (GRUs)
[39]. A single LSTM cell is composed of three primary gates: input, output, and forget.
Individual LSTM cell activations are defined as sigmoid functions:

σ(x) = 1

1+ e−x
(1)

Together, the three gates form a feedback loop that preserves gradients throughout train-
ing. The primary advantage of LSTMs for sequence learning is that they partially address
the vanishing gradient issue, whichmeans that long term signals persist inmemory,while
a basic feedforward architecture is prone to disappearing gradients [39].

Fig. 3. The LSTM cell [39]

Additionally, this work seeks to connect a term in the ontology with a word in the
dataset. Following that, we get Taxonomy Bloom-categorized data for the questions and
replies. Following publication, the result must be independently verified by specialists.
Education professionals will check the classification to ensure it is correct. After the
verification operation is complete, the percentage of classification is shown. Based on
this percentage, we may adapt the ontology scheme to get a high rate. The analysis of
course results is predicated on previously gathered data. Wemay determine the subject’s
success in learning based on the result. Is the learning result of the courses we’ve created
adequate, or are the prerequisites set too high?
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4 Conclusions

The educational institutions could benefit from standardizing learning outcomes. They
may use learning outcomes to determine a student’s degree of accomplishment through-
out the learning process. This process takes a lot of time. A helpful tool could save lots of
time for lecturers. This paper proposed text mining techniques with ontology to shorten
the assessment process. Utilizing Bloom’s taxonomy simplifies the process of evaluat-
ing learning results. This study should facilitate educational institutions to measure the
extent of defined learning outcomes. By using the proposed framework, the learning
outcomes should alter the students’ skills to produce high-quality graduates.
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Abstract. Due to the influence of the global pandemic, online and distance learn-
ing has replaced traditional classroom and face-to-face interaction so students
can continue learning. Internet mediated self-directed learning also climbed to
a new height and foreign language learning from YouTube video is a very pop-
ular learning method for many. Furthermore, YouTube videos can supplement
cross-cultural knowledge for foreign language (FL) learners, which is a critical
yet hard to develop ability for FL teachers. However, unlike for FL textbooks, the
cross-cultural elements have not been examined thoroughly for YouTube videos.
Therefore, this study analyzed themost subscribed andwatched JapaneseChinese-
as-FL YouTuber, “Lee Sisters ch”, which is also the official representative of HSK
(Hanyu Shuiping Kaoshi) test. We selected 30 most watched videos and analyzed
their contents according to Chastain’s Big ‘C’ small ‘c’ culture framework. The
result showed 86.67% of the most popular 30 videos covered topics about culture:
23.33% of the videos were related to big ‘C’ culture and 63.33%were about small
‘c’ culture. Similar to earlier researches on FL textbooks, “Literature” was the
main theme of big ‘C’. On the other hand, “Everyday living” was the most fre-
quent small ‘c’ topic, which is a unique phenomenon for YouTube FL channels.
Furthermore, not only did the portion of big ‘C’ and small ‘c’ cultures match the
suggestions of FL scholars, the language used in all videos were also mainly in
Japanese that fit the needs of Japanese CFL learners. It is concluded YouTube
video may be suitable to learn cross-cultural knowledge for FL learner, especially
for Japanese students.

Keywords: YouTuber · Chinese-as-Foreign-Language (CFL) · Japanese
learner · Cross-cultural competence · Content analysis

1 Introduction

With the growing adoption of information technology, our world is permeated with elec-
tronic media. The advancement of social technology further pushed the interaction from
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top-down only as Web 1.0 to bottom-up and beyond. Accordingly, multiple platforms
emerged by utilizing the participation, interaction, and sharing functions between con-
tent providers and consumers. YouTube is one of the most successful example among
all. Not only has YouTube become one of the most popular website among all categories,
but it has also given birth to many internet celebrities that havemore than several tens-of-
thousand followers while making millions of dollars from their fame and popular videos
[1]. These internet celebrities are sometimes called YouTubers because they obtained
their celebrity status fromYouTube. AmongYouTubers, those sharedmainly knowledge
contents are often called knowledge YouTuber.

Some scholars analyzed the educational use of YouTube and found there were a cou-
ple of ways to utilize the platform: One obvious way is using video clips from YouTube
in classroom to demonstrate supplement materials. Another way is some teachers may
ask students to make their own video clips and upload to YouTube for views and com-
ments. Furthermore, due to the influence of global pandemic and enforced quarantine,
many people adopted YouTube as learning resource for self-learning [2, 3]. The latest
type of YouTube learning has gained lots of research interests among social learning and
marketing professionals.

In the field of foreign language (FL) learning, language knowledge and cross cultural
awareness/appreciation are both important factors for teachers to transfer to students.
However, the requirements for teachers qualifying for such standard might be too dif-
ficult to reach. Therefore, supplement materials like information box in textbooks or
teacher-picked materials become critical in enhancing students’ cross-cultural ability.
Additionally, self-directed learning with YouTube video could ease the nerve of East-
ern culture students by allowing learners to search and select preferred, proficient, and
proper videos to learn from.

Although learning from YouTuber has gained recognition from FL practitioners, the
academic study about it is still rare. Additionally, most FL literatures were about English
as FL, less about Chinese as FL (CFL). Furthermore, most YouTubers’ studies focus on
themaking of specific YouTuber or their influence on viewers, less on the composition of
popular video clips [3]. Last but not least, although cultural elements in FL textbook has
been a hot research topic [4, 5], the analysis in FL videos did not get sufficient attention
yet. Therefore, this study accordingly analyzed the most popular YouTube contents for
Chinese as FL learners under Chastain’s big ‘C’ small ‘c’ framework [6].

We chose “Lee Sisters ch” because it was one of the most subscribed and watched
Japanese CFL channel. Japanese people have huge demand in CFL learning because
of Japan’s geographical location and its close relationship with Taiwan. However,
Japanese’s collectivism paradigm as well as conflict and mistake avoidance make
Japanese students highly anxious in speaking and heavily rely onmother tongue to learn,
causing difficulties in teaching and learning Chinese. Furthermore, the differences and
similarities between Chinese and Japanese culture make the mutual understanding more
difficult. Japanese CFL learners’ avoidance character made the preparation of cross-
cultural knowledge critical in learning. Therefore, this research aimed to examine the
cross-cultural elements in highly viewed Japanese targeted CFL YouTube videos. We
further analyzed the composition of cultures using big ‘C’ small ‘c’ framework [6].
The following of the article will cover the literatures about FL learning on YouTube,
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Japanese learner’s learning characteristics, and the big ‘C’ small ‘c’ framework. We will
then explain the content analysis method for information extraction, followed by results
and discussion.

2 Literatures

2.1 Foreign Language Learning on YouTube

YouTube’s website was officially launched by three former PayPal employees in 2005
with the original goal to remove the technical barriers non-experts faced when sharing
videos on the web [1]. It gradually became the biggest video and music consumption
and sharing platform in the world and created the participatory culture around it [1]. As
one of the most popular social media, YouTube gave birth to a new breed of influential
figures, YouTuber. Influential YouTubers are frequently described as microcelebrities.
Since YouTube is widely conceived as a bottom-up social media video platform, micro-
celebrities do not appear to be involved with the established and commercial system of
celebrity culture but rather appear self-governed and independent; which in turn, leads
to YouTubers being seen as more relatable and authentic than traditional celebrities. The
direct interaction between YouTubers and viewers also facilitates the trust in them [7,
8].

YouTubers can be categorized by their major contents. Some YouTubers upload
record of personal life and some upload mostly open-box videos. The YouTubers upload
educational and informational video clips are labeled as knowledge YouTubers. Cou-
ple researches suggested learning from YouTuber had advantages over traditional ways.
Shen, Yang, Mao, et al. [9] found YouTube videos could explain fitness knowledge
clearly and professionally, which in turns generated students’ learning interests and
achievements. Wang and Chen [3] studied the use of YouTuber’s video for Taiwanese
student’s self-regulated English learning and found learning from YouTube was more
flexible,more interesting, andmore interactive than formal learning in classroom.Kelsen
[10] used YouTube video as supplementary material with EFL students and found favor-
able results because it is interesting, relevant, and beneficial. Watkins and Wilkins [11]
believed YouTube remains a valid resource for EFL teachers seeking to enhance their
lessons with lively and topical content. Therefore, YouTuber’s video may be used to
enhance student’s FL learning in an interesting and informative way.

2.2 Japanese Learner’s Learning Characteristics

Per Benedict’s [12] observation, Japanese culture can be labeled as “shame culture”
because they feel shameful when being teased at in public or even when perceived
of such teasing. This characteristic plays an important role in Japanese FL classroom
behavior because they are very cautious about other’s reaction andperception toward self,
which makes them extremely conservative about practicing orally or speaking publicly
[13]. As a result, speaking anxiety is a severe problem in FL learning, especially for
Japanese learners [14]. The collectivism culture pattern further prohibits individuals to
demonstrate personal specialties and makes Japanese highly rely on mother tongue in
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communication. To not interfere the classroom’ progress, Japanese students may fake
even if they do not understand what their teacher or peer say. Furthermore, they tend
to act more as observatory and passive roles in classroom and not to speak out their
needs directly. Therefore, it is not easy for FL teacher to catch the needs of Japanese
FL learner and provide suitable help. As a result, self-directed FL learning for Japanese
is important because it allows learner to learn by one self without other’s interference.
Additionally, the contents of the most popular YouTuber channel may also provide the
information that are benefit for Japanese FL learner.

2.3 Big ‘C’ Small ‘c’ Culture Framework

Scholars agreed learning about target culture and target language cannot realistically be
separated [6]. Matic [6] argued learning about target cultures is integrated with com-
municative competence (CC), which includes grammatical, sociolinguistic, discourse
and strategic competences. With the understanding of target culture, FL learner can
then communicate with social effectiveness and appropriateness. Therefore, it has been
recognized as essential part of FL learning. For instance, National Standards for For-
eign Language Education of the United States clearly included cultural elements in its
standard.

One popular way to teach cultural elements in FL learning materials is to divide
culture into “Culture with a big C” (big ‘C’) and “culture with a small c” (small ‘c’). Big
Cconsists of things peoplewithin a culturemake anduse, and serve as artifacts. Examples
include literature, songs, food, holidays, and art; small c consists of the routine aspects of
life, such as the things people know, believe, and do within a culture, and includes styles
of communication, conceptions of time, and notions of beauty, goodness, and rightness
[6, 15].

There are several studies that have examined and evaluated cultural content in FL
materials and textbooks around the world using big ‘C’, small ‘c’ framework. For
instance, Xiao and Laohawiriyanon [5] found small ‘c’ culture in the textbook can
facilitate learners’ intercultural communicative competence by analyzing English-as-
Foreign-Language (EFL) text books in China. Matić [6] studied EFL material in Serbia
and found small ‘c’ cultural topics occurred more than big ‘C’ topics; the most common
big ‘C’ theme was “Literature” and the most prominent small ‘c’ topic was “Values,
beliefs and attitudes”. Likewise, Chen and Lee [16] analyzed ten CFL textbooks for
business Chinese purpose and concluded small ‘c’ topics were also more frequent than
big “C’ topics. They also found “Social-economic circumstance”was themost appearing
theme of big ‘C’ while “Communication style” dominated small ‘c’ topics. As shown
here, although big “C’ small ‘c’ is a widely accepted framework to analyzed cultural
elements of FL materials, most studies were done for EFL purpose and the subjects
were mainly about textbooks and not the new media or technologies, which are gaining
the central stage in today’s educational methods. Therefore, we would like to study the
below three research questions:
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1. Are there cross-cultural elements in CFL YouTube channel?
2. What is the portion between big ‘C’ and small ‘c’ culture in CFL YouTube channel?
3. What is the most frequent topic of big ‘C’ and small ‘c’ culture in CFL YouTube

channel?

3 Method

3.1 Subject

The research studied YouTuber “Lee Sisters”, who gained popularity with videos tar-
geting Japanese CFL learners [17]. Lee is the real name of the sisters who are five years
old different. The older sister was born in China and lived in Japan and New Zealand
and the younger sister was born in Japan and lived in China. Both sisters grew up in
environments across different languages and had personal experience as second or third
language learner. In November 2018, their YouTube channel “Lee Sisters ch” opened.
The trigger of the opening was that the younger sister, Shi-chan, quit the company she
was working for at the time and planned a working holiday. When she was watching a
learning video on YouTube to study English, she noticed the YouTube channel “Bilin-
gual Girl English Conversation” operated by Chika Yoshida. Shi-chan started posting
videos related to China, thinking that there are few YouTube videos that are useful for
learning Chinese and that she could make them herself. In the early stages of the activity,
the number of views of the video was often less than 100 times, but postings were made
steadily. Later, the number of subscribers became 100,000 in the first year of opening
and more than 250,000 in February 2021.

In October 2019, the sisters participated in a seminar hosted by the Chinese
government-approved language test “HSK (Hanyu Shuiping Kaoshi)” as a lecturer. They
became the official image character of HSK in 2020, and was an ambassador for HSK-
sponsored online study abroad in January 2021 [17]. Therefore, the reason why the
YouTuber “Lee Sisters ch” can achieve such a famous and well-respected status is worth
understanding.

3.2 Content Analysis

Content analysis, per Berelson [18] defined, as “a research technique for the objective,
systematic, and quantitative description of the manifest content of communication”.
Krippendorff [19] referred it as “a research technique for making replicable and valid
inferences from text (or other meaningful matter) to the context of their use”. Neuendorf
[20] considered content analysis as “a summarizing, quantitative analysis of messages
that follows the standards of the scientific method (including attention to objectivity-
intersubjectivity, a priori design, reliability, validity, generalizability, replicability, and
hypotheses testing based on theory) and is not limited as to the types of variables that
may bemeasured or the context in which themessages are created or presented”. Among
the above definitions, we can conclude that content analysis is used for the meaningful
interpretation of the content studied. This content may include all forms of media such
as text, image, sound, or even video.
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Hsieh and Shannon [21] categorized content analysis approaches into three groups:
conventional, directed, or summative. All three approaches are used to interpret mean-
ing from the content of text data and adhere to the naturalistic paradigm. The major
differences among these approaches are coding schemes: coding schemes, and threats to
trustworthiness. In conventional content analysis, coding categories are derived directly
from the text data. With a directed approach, analysis starts with a theory or relevant
research findings as guidance for initial codes. A summative content analysis involves
counting and comparisons, usually of keywords or content, followed by the interpreta-
tion of the underlying context. Because big ‘C’ small ‘c’ culture framework is a widely
accepted categorization method, we adopted it as our coding scheme according to Matić
[6]:

The list of big ‘C’ cultural topics included: Art (paintings, sculpture, architecture),
Economy (economic system), Education (schools, universities, curriculum), Geography
(national geography = ‘geographical facts seen as being significant by members’, His-
tory (national history= ‘historical and contemporary events seen as markers of national
identity’, Institutions (government, politics, state institutions), and Literature (novels,
plays, poems, proverbs).

On the other hand, the list of small ‘c’ cultural topics were: Everyday living (food and
drink, meal times, table manners; public holidays, working hours and practices, leisure
activities), Living conditions (living standards, housing conditions, welfare arrange-
ments), Interpersonal relations (including relations of power and solidarity), Values,
beliefs, attitudes (in relation to such factors as: social class, wealth, regional cultures,
Body language (nonverbal communication), Social conventions (e.g. with regard to
giving and receiving hospitality), and Ritual behavior.

3.3 Procedure

We firstly chose the 30 most viewed videos from YouTuber “Lee Sisters ch” (on the date
of 2022 Jan 21st) then coded their content according to big ‘C’ small ‘c’ framework by
two reviewers. If the two reviewer disagreed on certain categorization, a discussion will
be conducted and an agreement will be reached.

4 Result

4.1 Cultural Content in Selected Videos

Thirty most viewed videos, as on the date of 2022, January 21st, from YouTuber “Lee
Sisters ch” were selected. The most viewed video was viewed for over one million times
and even the 30th most viewed video was viewed over 300,000 times. The 30 videos’
contents according to big ‘C’ culture, small ‘c’ culture, and non-culture were analyzed
by two reviewers and the interrater agreement is 83.33%. Out of the 30 videos, 26 videos
(86.67%) covered topics about culture. Table 1 shows partly examples of the result of
the 10 most watched videos:
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Table 1. The analytical example of the 10 most viewed videos on YouTuber “Lee Sisters ch”’s
channel

Video title (in Japanese) Cultural/non-cultural Big C/Small c Topic

1 ([Chinese see] Is Reiji
Nakagawa’s Chinese
impersonator similar? ?

Cultural Small c Values, beliefs, attitudes

2 It’s amazing how Chinese
come to Japan! I was surprised
at that unexpected [chat]

Cultural Small c Everyday living

3 Chinese starting from the
basics [Lesson 1] A super
important single vowel in
Pinyin!

non-Cultural n/a n/a

4 No longer an urban legend
level! 8 surprising things that
show the good security of
Japan that Chinese people
think!

Cultural Small c Social convention

5 Do Chinese people understand
kanji? How is the Chinese
language learned in Japan
different from modern
Chinese? [Explanation]

Cultural Big C Literature

6 If there is a Chinese toilet,
how to capture it! [Trivia
useful for travel]

Cultural Small c Living conditions

7 Listen to it! Chinese starting
from the basics [Lesson 1] 30
common kanji!

non-Cultural n/a n/a

8 [Recommended] Japanese
singer MISIA appears on a
popular Chinese song
program! What is the reaction
in China? !! You can watch it
for free!

Cultural Small c Everyday living

9 [Learn 3 languages] A
turbulent upbringing!

Cultural Small c Everyday living

10 [Wasei-kango] Is 70% of
modern Chinese true? How
much do you actually use?
[Explanation by Chinese]

Cultural Big C Literature

4.2 Big ‘C’ and Small ‘c’ Culture Composition

By further analyzing the combination of cultural topics, we found seven videos (23.33%)
were related to big ‘C’ and 19 videos (63.33%) were about small ‘c’. This result echoed
previous researches that FL materials that small ‘c’ culture should be emphasized and it
is beneficial for FL leaners.
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4.3 Most Frequent Topics of Big ‘C’ and Small ‘c’ Culture Related Videos

Last but not least, we calculate the appearance of each cultural topics and summarized
the most frequent topics under big ‘C’ (Fig. 1) and small ‘c’ culture (Fig. 2). As shown
here, “Literature” was the most frequent topic within big ‘C’ culture and “Everyday
living” was the most popular topic within small ‘c’ culture. Echoing earlier researches,
“Literature” is a frequent big ‘C’ topic in FLmaterials. On the other hand, the popularity
of “Everyday living” video reflected the special nature of consumption of YouTube
video, which has not been observed when analyzing FL textbooks.

Fig. 1. Distribution of big ‘C’ cultural topics in the CFL YouTube channel

Fig. 2. Distribution of small ‘c’ cultural topics in the CFL YouTube channel

5 Discussion and Conclusion

We studied the most popular and representable YouTuber channel for Japanese CFL
learner, Lee Sisters ch, in this research. By analyzing the 30 most viewed videos using
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big ‘C’ small ‘c’ culture framework, we examined the types of popular cultural contents
that interest Japanese CFL learners most. This research found cultural information were
introduced in the majority of the most popular YouTube videos. Under the framework
of big ‘C’ small ‘c’ culture, 23.33% of the videos were related to big ‘C’ culture and
63.33% of the videos were about small ‘c’ culture. This result echoed earlier research
about culture topics inFL textbooks that small ‘c’weremore frequent andmore beneficial
to FL learners. As in earlier researches, “Literature” was the main theme of big ‘C’ in FL
materials. On the other hand, “everyday living” was the most frequent small ‘c’ topic,
which also echoed earlier research about YouTube or YouTuber.

This research revealed the popularity of cultural relating videos for CFL learners,
which shows Japanese CFL learners are specifically interested in the subjects about
cross-cultural communication. The result aligned with the Japanese culture aspects of
not causing inconvenience of others and afraid of losing face if not behaving properly.
Furthermore, the language used in the channel is mainly Japanese, which allowed all
level CFL learners to understand the content.

The research’s theoretical implications are followed: Firstly, this research expanded
the application of big ‘C’ small ‘c’ culture framework to YouTube FL videos. It also
echoed the importance of cross-cultural elements in FL learning materials. Additionally,
this study revealed the unique aspect of YouTube video as FL learning material under
big ‘C’ small ‘c’ framework.

This research’s practical implication includes: Suitable YouTube videos can be used
for learning to enhance leaner’s cross-cultural competence. It is also beneficial if teachers
are familiar with both kind of cultures to meet FL learners’ needs.

There were several limitations in this research: Firstly, we focused on the aspect
of YouTuber and their content only. However, whether these features are also the key
influencers students perceived was not examined. Secondly, due to the resource limit,
we did not ensure the information maturation and analyzed only limited numbers of
videos. More videos and even more YouTubers could be included for further validation
assurance.
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Abstract. During the COVID-19 pandemic period, as school systems around the
world all started to follow suit and go online, factors that hinders online learning
adoption became an important issue. Inexperienced online learners, suddenly find-
ing themselves off campus, approached remote learning class with expectations
that are complex, subtle, and often contradictory. Accordingly, we attempt to mea-
sure emotional responses from novice online learners, pushed to distance learning
during the COVID-19 pandemic period, drawing from a fully online class. Results
of a sentiment analysis show students accept the flexibility, challenge, and newness
of online learning. Nevertheless, the same learners seek to avoid aspects of the
online class they feel are slow, difficult, and lacking in opportunities to make new
friends. Results of this study provide valuable guidance to both course design-
ers and administrators in easing learner worries and enhancing online learning
benefits.

Keywords: Emotional response · Online learning · Approach-avoidance ·
Adoption · E-teaching

1 Introduction

The pace and volatility of change in the education environment increases throughout
the twenty-first century, culminating in the major dislocations of 2020. Miller et al.
(2018) assert volatility, uncertainty, complexity, and ambiguity (VUCA) are increasingly
common phenomena organizations cope with. Drawing on literatures in organizational
behavior and strategic planning within both the business and military domains gives
meaning to the volatile, VUCAenvironment [1, 2]. Educators are increasingly concerned
and challenged by the need to prepare students and to function within a VUCAworld [3,
4]. The disruption in education caused by the COVID-19 pandemic of 2020 is an extreme
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example of VUCA. Such events reinforce the importance of supporting educators to
prepare learners for rapid change while assuring transitions that maximize learning and
protect learner wellbeing [3].

Although the Technology Acceptance Model (TAM) predicts adoption of a specific
technology, it offers little guidance for improving the key dimensions of usefulness
or ease of use among target users. For example, TAM’s survey questions measuring
perceptions of usefulness often draw on the work of Davis [5] that ask respondents to
rate the usefulness of a technology along the dimensions of task completion, perfor-
mance, productivity, and effectiveness. Similarly, ease of use rates on the dimensions
of task completion, interaction, and understandability. Within a VUCA environment,
where effective adoption depends on rapid feedback loops for improvement, TAM data
collection can at best compare test/control designs, i.e., A/B testing [6]. As a sequence,
curriculum designers need more information on the specific emotions linked to peda-
gogical components. In other words, more real-time visibility into usefulness and ease of
use constructs is needed in terms of specific emotions relating to technological elements
and class integration.

2 Literatures

The spread of COVID-19 has had a devastating impact on society globally [7]. Shut-
downs of physical locations forced people to work or learn from home [7–9]. Many
countries also rushed transitions to online learning while schools were closed [10, 11].
Nevertheless, the rapid shift to online learning revealed a lack of readiness in infrastruc-
ture, teacher, and students [12–15] to the detriment of students’ learning opportunities
[14]. Taiwan’s strong infrastructure, convenient urban environments and high Internet
penetration was well-prepared for the move. The readiness, however, of Taiwanese stu-
dents was questionable as the rate of online class experience, prior to COVID-19, was
low at 18.4%,meaningmost learners had little experiencewith online classes [16, p.149].

Feelings and emotions play an important role in learning goals [17, 18]. As Kirk-
patirck and Kirkpatirck [19] proposed, feelings like satisfaction are the foundation of
four levels of training evaluation. Positive emotion in learning can boost learner engage-
ment and willingness to complete a course [20, 21]. The interaction between cognition
and emotion also influences learner task performance [17].

Accordingly, this study investigates the approach-avoidance conflict emotions of
inexperienced online learners when beginning a fully online class. Quantifying such
emotions demonstrates the complexity of learner emotions while offering actionable
input to better facilitate design and easing student concerns.
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3 Method

3.1 Subject

This study adopts the recent Approach-Avoidance Theory of Motivated Behavior model
[22] since it is a robust synthesis of the three most popular psychological research
approach-avoidance theories: Gray’s RST, Higgins’ Regulatory Focus Theory (RFT),
and Elliot’s Achievement Goal Theory (AGT). A fully online class was designed in
Taiwan for undergraduate students and promoted across colleges. The class topic of
negotiation skill was designed for non-business and business majors and co-opened
across colleges for credit. Four weeks into the class (less than one-quarter into the
18-week semester), the questionnaire survey was executed, with students having been
exposed to all the aspects of the online class at least once.

We started by asking learners to write three reasons, on a paper form, for their being
attracted to participate in this online course. Allowing for short answers, respondents
were next asked to individually consider the first reason and explain why it is important.
Learners were then asked to think of the reason they had just given and explain the
significance of the second column explanation. This cycle was repeated for each of the
three original reasons. Learners were then asked to think of three reasons why they were
pushed away from participating in the online course in order to carry out both an entity
level and a sentence level analysis [23, 24]. We then repeated the above procedure to
elaborate the rationale for each response.

4 Result

4.1 Cultural Content in Selected Videos

A total of 94 students, 54%male, 23% international (remainingTaiwan learners), average
age of 21.2 years, participated in this study. The majority of respondents (79%) had no
experience with any online class; a minority (3%) reported experiencing a fully online
class, while the remaining (18%) had experiencewith partially online, blended or flipped,
course delivery. The resulting approach tables totaled 1,318 (14 per respondent), while
avoid tables totaled 1,090 (11.6 per respondent). Approach and avoid statements were
analyzed separately, based on the Bing lexicon, focusing on the top ten occurring tokens.
Table 1 shows themost valued aspects of the online class include time, schedule, flexible,
study, convenient—all related to the learner’s ability to create his/her own timetable. The
next five approach tokens (skills, credits, practice, increase, career) are more related to
extrinsic end states. In contrast, the avoid tokens reveal concerns about difficulty in
learning, coordinating, and generally managing the time and tasks.
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Table 1. Ten highest frequency tokens from approach and avoid texts

Rank Approach Avoid

Token Frequency Token Frequency

1 Time 244 Hard 71

2 Schedule 135 Learning 64

3 Flexible 111 Difficult 55

4 Study 104 Coordination 52

5 Convenient 64 Interaction 52

6 Skills 59 Slow 51

7 Credits 57 Solving 51

8 Practice 54 Time 50

9 Increase 53 Lack 45

10 Career 51 Low 41

We next tested the approach and avoid strings, with the NRC lexicon, which cate-
gorizes both overall positive/negative and a range of sentiments. The approach strings
exhibits 89% positivity, while the avoid strings exhibited 85% negativity, while all eight
sentiments are statistically significantly different, between approach and avoidance,
based on chi-square tests, supporting reliability of the approach (Table 2).

Table 2. Eight lexicon sentiment frequencies

NRC Angern Anticipation Disgustn Fearn Joy Sadnessn Surprise Trust

Approach 23 429 21 47 80 25 26 209

Avoid 145 153 131 256 49 175 49 127

Note: n = negative sentiment

The results show students appreciate the adoption of online learning, so they can
learn from home. Students also enjoyed the time flexibility since they can pace their
own learning progress. Such results echo research published before COVID-19 that
online courses can provide time and location flexibility [10, 15]. Furthermore, students
considered online courses helpful in preparing for their future careers. On the other hand,
we found students consider online learning challenges them in some specific areas:
interaction and coordination, problem solving, and technical issues. These emotions
frame informants as demotivated by their inability to learn efficiently and effectively.

5 Discussion and Conclusion

Online learning has undergone diffusion for more than two decades [25], low adoption
is still an issue. However, assumptions that learners are digital natives [26], and thus



276 C. A. Warden et al.

comfortable moving online, may not be well-founded [27]. Conflicts between approach
and avoidance require attention. Teachers/administrators can prepare a clear and easy-
to-understand roadmap of the online class so that students can follow more easily and
reduce the negative emotion.
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6. Granić, A., Marangunić, N.: Technology acceptance model in educational context: a
systematic literature review. Br. J. Edu. Technol. 50(5), 2572–2593 (2019)

7. Jurcik, T., et al.: Adapting mental health services to the COVID-19 pandemic: reflections
from professionals in four countries. Couns. Psychol. Q. 34(3–4), 649–675 (2020). https://
doi.org/10.1080/09515070.2020.1785846

8. Dwidienawati, D., Abdinagoro, S.B., Tjahjana, D., Gandasari, D., Munawaroh: Forced shift-
ing to e-learning during the covid-19 outbreak: information quality, system quality, service
quality, and goal orientation influence to e-learning satisfaction and perceived performance.
Int. J. Adv. Trends Comput. Sci. Eng. 9(2), 1518–1525 (2020). https://doi.org/10.30534/ija
tcse/2020/93922020

9. Espino-Díaz, L., Fernandez-Caminero, G., Hernandez-Lloret, C.-M., Gonzalez-Gonzalez,
H., Alvarez-Castillo, J.-L.: Analyzing the impact of COVID-19 on education professionals.
Toward a paradigm shift: ICT and neuroeducation as a binomial of action. Sustainability
(Switzerland) 12(14), 5646 (2020). https://doi.org/10.3390/su12145646

10. Kamal, A.A., Shaipullah, N.M., Truna, L., Sabri, M., Junaini, S.N.: Transitioning to online
learning during COVID-19 Pandemic: case study of a Pre-University Centre in Malaysia. Int.
J. Adv. Comput. Sci. Appl. 11(6), 217–223 (2020). https://doi.org/10.14569/IJACSA.2020.
0110628

11. Peterson, L., Scharber, C., Thuesen, A., Baskin, K.: A rapid response to COVID-19: one
district’s pivot from technology integration to distance learning. Inf. Learn. Sci. 121(5–6),
451–459 (2020). https://doi.org/10.1108/ILS-04-2020-0131

12. Almaiah, M.A., Al-Khasawneh, A., Althunibat, A.: Exploring the critical challenges and fac-
tors influencing the E-learning system usage during COVID-19 pandemic. Educ. Inf. Technol.
25(6), 5261–5280 (2020). https://doi.org/10.1007/s10639-020-10219-y

https://doi.org/10.1016/j.bushor.2014.01.001
https://apps.dtic.mil/sti/citations/ADA345812
https://doi.org/10.1080/02619768.2020.1807513
https://doi.org/10.31234/osf.io/g5qwc
https://doi.org/10.1080/09515070.2020.1785846
https://doi.org/10.30534/ijatcse/2020/93922020
https://doi.org/10.3390/su12145646
https://doi.org/10.14569/IJACSA.2020.0110628
https://doi.org/10.1108/ILS-04-2020-0131
https://doi.org/10.1007/s10639-020-10219-y


Emotional Responses of Novice Online Learners 277

13. Johnson, N., Veletsianos, G., Seaman, J.: U.S. faculty and administrators’ experiences and
approaches in the early weeks of the COVID-19 pandemic. Online Learn. J. 24(2), 6–21
(2020). https://doi.org/10.24059/olj.v24i2.2285

14. Kapasia, N., et al.: Impact of lockdown on learning status of undergraduate and postgraduate
students during COVID-19 pandemic in West Bengal India. Child. Youth Serv. Rev. 116,
105194 (2020). https://doi.org/10.1016/j.childyouth.2020.105194

15. Smoyer, A.B., O’Brien, K., Rodriguez-Keyes, E.: Lessons learned from COVID-19: being
known in online social work classrooms. Int. Soc. Work. 63(5), 651–654 (2020). https://doi.
org/10.1177/0020872820940021

16. National Development Council: 2019 Individual Family Digital Opportunity Research
Report (2019). https://ws.ndc.gov.tw/Download.ashx?u=LzAwMS9hZG1pbmlzdHJhdG9y
LzEwL2NrZmlsZS85MzczMTljNi05NzAxLTRjZDUtOTZlOC0yNmE3OTIyNGRmMzE
ucGRm&n=MTA45bm05YCL5Lq65a625oi25pW45L2N5qmf5pyD6Kq%2f5p%2bl5aC
x5ZGKKOWFrOWRiueJiDAzMTIpLnBkZg%3d%3d&icon=.pdf

17. Kormos, J., Préfontaine, Y.: Affective factors influencing fluent performance: French learners’
appraisals of second language speech tasks. Lang. Teach. Res. 21(6), 699–716 (2017). https://
doi.org/10.1177/1362168816683562

18. Leutner, D.: Motivation and emotion as mediators in multimedia learning. Learn. Instr. 29,
174–175 (2014). https://doi.org/10.1016/j.learninstruc.2013.05.004

19. Kirkpatrick, J.D., Kirkpatrick, W.K.: Kirkpatrick’s Four Levels of Training Evaluation, 1st
edn. Association for Talent Development, Alexandria (2016)

20. Heidig, S., Müller, J., Reichelt, M.: Emotional design in multimedia learning: differentiation
on relevant design features and their effects on emotions and learning. Comput. Hum. Behav.
44, 81–95 (2015). https://doi.org/10.1016/j.chb.2014.11.009

21. Loderer, K., Pekrun, R., Lester, J.C.: Beyond cold technology: a systematic review and meta-
analysis on emotions in technology-based learning environments. Learn. Instr. 70, 101162
(2020). https://doi.org/10.1016/j.learninstruc.2018.08.002

22. Monni, A., Oliver, E., Marin, A.J.S., Olivetti Belardineli, M., Mulvhill, K., Scalas, L.F.:
Approach and avoidance in Gray’s, Higgins’, and Elliot’s perspectives: a theoretical compar-
ison and integration of approach-avoidance in motivated behavior. Pers. Individ. Differ. 166,
110163 (2020). https://doi.org/10.1016/j.paid.2020.110163

23. Bagozzi, R.P., Bergami, M., Leone, L.: Hierarchical representation of motives in goal setting.
J. Appl. Psychol. 88(5), 915–943 (2003)

24. Bagozzi, R.P., Sekerka, L.E., Hill, V.: Hierarchical motive structures and their role in moral
choices. J. Bus. Ethics 90(4), 461–486 (2009)

25. Zhao, Y., Wang, N., Li, Y., Zhou, R., Li, S.: Do cultural differences affect users’ e-learning
adoption? Ameta-analysis. Br. J. Edu. Technol. 52(1), 20–41 (2021). https://doi.org/10.1111/
bjet.13002

26. Prensky, M.: Digital natives, digital immigrants part 1. On Horiz. 9(5), 1–6 (2001). https://
doi.org/10.1108/10748120110424816

27. Warden, C.A., Yi-Shun, W., Stanworth, J.O., Chen, J.F.: Millennials’ technology readiness
and self-efficacy in online classes. Innov. Educ. Teach. Int. 59(2), 1–11 (2020)

https://doi.org/10.24059/olj.v24i2.2285
https://doi.org/10.1016/j.childyouth.2020.105194
https://doi.org/10.1177/0020872820940021
https://ws.ndc.gov.tw/Download.ashx?u=LzAwMS9hZG1pbmlzdHJhdG9yLzEwL2NrZmlsZS85MzczMTljNi05NzAxLTRjZDUtOTZlOC0yNmE3OTIyNGRmMzEucGRm&amp;n=MTA45bm05YCL5Lq65a625oi25pW45L2N5qmf5pyD6Kq%2f5p%2bl5aCx5ZGKKOWFrOWRiueJiDAzMTIpLnBkZg%3d%3d&amp;icon=.pdf
https://doi.org/10.1177/1362168816683562
https://doi.org/10.1016/j.learninstruc.2013.05.004
https://doi.org/10.1016/j.chb.2014.11.009
https://doi.org/10.1016/j.learninstruc.2018.08.002
https://doi.org/10.1016/j.paid.2020.110163
https://doi.org/10.1111/bjet.13002
https://doi.org/10.1108/10748120110424816


Diffusion of Innovative Digital Work Practices

Synnøve Thomassen Andersen(B)

UiT, The Arctic University of Norway, Follumsvei 31, 9510 Alta, Norway
Synnove.T.Andersen@uit.no

Abstract. The aim of this paper is to highlight use of different digital solutions
and systems in two public welfare offices in Norway, and the impact this has
on recently graduated students work practices in the public welfare services. This
requires newknowledge, theories,methods and ethics related to professionalwork.
In this paper, innovation theory is used to promote the understanding of work
practices using technology in public welfare services. When using a qualitative
method, the advantages and disadvantages of using current digital practices among
newly graduated workers in public sector are analyzed. The results are linked to
activities that can contribute to realizing potentials for further innovation in public
welfare services through the use of technology. There is a need for educational
institutions to facilitate educations for more knowledge and competence in public
welfare services regarding digital competence, technology, and innovation to be
able to help develop the service in the future.

Keywords: Innovation diffusion theory · Public benefit organization decision
making · Digital work practices · Use of technology

1 Introduction

1.1 A Subsection Sample

This paper is based on perspectives from new work practices by educated social workers
in public welfare services and use of technology [1, 2, 27], and analyzes of these work
practices related to Everett Rogers’ theory of diffusion of innovation [18–20]. This
research is based on a study by Zhu and Andersen [27] at two public welfare service
offices in Norway. The following issue is examined: How do newly graduated workers
experience that technology affects their work practices, and how can new work practices
promote innovation in the welfare service?

Developing new knowledge, new skills and general competence that is incorporated
in all education, is the basis for a goal of lifelong learning for a society in constant
change. This requires new perspectives that promote innovation in new forms of inter-
disciplinary education. In this regard is innovation a very important factor, that should
contribute to value creation and/or societal benefit. In the newNorwegian national guide-
lines for health and social sciences educations [28], innovation is included as part of the
learning outcome descriptions. The student organization [29], claim that innovation in
the education should involve continuous professional development and new thinking
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about solutions. Furthermore, they claim that the educations must promote the students’
own development of innovation competence, which is characterized by the ability to
apply theory, skills and competence, to develop and improve conditions around them.

2 Theory

2.1 Diffusion of Innovation

The term innovation covers all activity that creates something new, “new combinations
of knowledge and resources that lead to a desired effect” [2, p. 66], or new idea, new
goods, new services, new work practices, new processes and new forms of organization
[4, 20, 22, 25]. Dissemination of innovations is called diffusion [9, 13, 16], and is defined
by Rogers [19] as «Diffusion is the process by which an innovation is communicated
through certain channels over time among the members of a social system. It is a special
type of communication, in that the messages are concerned with new ideas»(p. 259).
Rogers [19] describes four specific elements that affect the spread of innovation in the
public sector:

• innovation and its characteristics,
• communication,
• time,
• the social system.

2.2 Characteristic of Innovation

According to Rogers [20], an innovation has specific characteristics:

1. Relative advantage indicates how favorable the new idea or innovation is to key
actors assessed on the basis of their interests and objectives [18]. If someone claims
that new solutions and technologies do not fit their goals, this may be a sign of inertia
and resistance to change.

2. Observability indicates the extent to which the result of an innovation is visible to
oneself and to others [18]. Visible innovations will spread faster than innovations
that are difficult to observe.

3. Compatibility is about how a new measure fits into the existing structure and cul-
ture [18]. An innovation is likely to spread faster than if the innovation is difficult
to reconcile with previous experiences and existing attitudes. It also becomes more
uncertain whether users will end up using the innovation at all. In public organiza-
tions, there is often a hierarchical organization, and it can be difficult to make room
for new solutions.

4. Complexity addresses how difficult it is to understand and apply innovation [18].
Innovations that are perceived as difficult to understand and difficult to use will
spread more slowly than innovations that are simple and user-friendly.
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5. Testability is about the extent to which an innovation can be tested on a small scale
or to a limited extent [18]. Testing an innovation gives people a better understanding
of an innovation and the opportunity to find out how it works under their conditions.
The possibility of a large degree of testability will lead to the innovation being
implemented more quickly and reduce the risk of adoption.

3 Methodology

The study follows the hermeneutic and qualitative tradition in pedagogical and social
work research [15, 26]. Qualitative method is well suited when one is interested in
each individual’s experience and interpretation of a phenomenon. Qualitative method
uses various forms of systematic collection, processing and analysis of material from
participatory observations, focus group interviews and semi-structured interviews [8,
23, 24].

This survey covers two public welfare offices in Norway in the period 2017–2019. 35
newly graduatedworkers at these offices participated in the survey, 20women and15men
between the ages of 27 and 65.All informantswere bachelor educated professional social
workers. They had all digital competence so they could relate to and use digital tools and
media in a safe, critical and creative way. Digital competence is about knowledge, skills
and attitudes. It is about being able to perform practical tasks, communicate, obtain or
process information [30]. However, they all had to learn to use new systems and solutions
at their workplace, and learn about communicate in new ways.

The interview questions dealt with the informants’ perception, understanding and
practical experiences of the various digital solutions. The individual interviews ranged
from 20 to 60 min, with questions about the newly graduated worker’s work practices
and use of technology. All interviews were recorded and transcribed. All informants are
newly graduatedworker’s and also described as employees in the rest of the article. In the
treatment of the empirical data, different work practices and different technologies were
considered and identified what all the informants said about precisely these topics. This
approach made it possible to compare what all the informants said on the same topic,
and made it possible to analyze how similarities and differences between the feedback
could be understood. Qualitative method is well suited when one is interested in each
individual’s experience and interpretation of a phenomenon. It was important that the
informants contributed to the survey to the best of their ability and in that way could
provide relevant empirical data.

4 Analysis

The findings are analyzed in relation to Rogers’ [18] five characteristics for innovation:
relative advantages, observability, compatibility, complexity and testability. All infor-
mants say that user participation is a fundamental goal in public services. Furthermore,
all the informants state that extensive use of laptops and smartphones with access to
various systems means that the employees can be more accessible and flexible. The
introduction of new technology solutions has made it possible for more frequent com-
munication between employees and users of welare serices. An informant said: «… I
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can write a short message to the user, and we can discuss it at the next personal meeting.
In this way, he can become more involved in his own process.»

The empiri shows that the challenge is to organize this so that both users and employ-
ees experience this as good solutions. This is similar to Rogers’ [18] description of
relative advantage, in that the new way of working is perceived as something new and
innovative for employees, since the new work practices also ensure their interests and
objectives. Observability is when employees describe various newways of communicat-
ing, and towhat extent the result of such innovation is visible to the employee him/herself
and to the users. An informant said:

«You need to communicatewith young people and understand how they use various
social media, snaps and text messages with a mix of symbols, characters andGIFs.
I have used Snapchat and Instagram to communicate with a group of young people
who are job seekers. I often post new vacancies along with photos or snaps of the
workplaces to give them a more visual and visible understanding of what it looks
like if they work there.»

According to Rogers [19], compatibility means fitting in with something. Here it
means to what extent the innovation is perceived to be in accordance with existing
values, previous experiences and the needs of potential users. Furthermore, an innovation
is likely to spread more quickly if the innovation can easily be reconciled with previous
experiences and existing attitudes. An informant said: «I think some people miss seeing a
face when communicating. When using a screen, I can not predict the user’s reaction. He
can read the message long after it was sent, and I can not help in relation to his feeling
or reaction.» The analysis shows that standardization allows for quality assurance of
information. An informant said:

«I am against standardization. Because it may seem that we who work here are
concerned with satisfying a system all the time. I enter a lot of data instead of
going out to meet the users. We have the requirements for how much we should do
in a week or month. In this way, we work continuously to satisfy the system.»

Public welfare organizations are often hierarchical. The introduction of new tech-
nologies and system solutions in large welfare organizations must be adapted to the
organizations at all levels. The use of technologies that may be difficult to use effec-
tivelymay end up not being used as intended. Rogers [18] describes this as compatibility,
as it is about how a new tool fits into the existing structure and culture.

Innovations that are perceived as difficult to understand and difficult to usewill spread
more slowly than innovations that are simple and user-friendly. One informant said: «I
need to log in to the IT system consistently within a day to check if I have overlooked
something important coming from my clients.» The quote can be understood so that
the informant describes regular logins in IT systems every day. The analysis shows that
several task requests in different information systems in public welfare services overlap
due to errors in the integration and synchronization of systems.

The introduction of innovation as a new process, new work practices, new systems
and solutions that are difficult to understand and apply, is perceived as complex and not
very user-friendly [18]. This can lead to innovation being perceived as inappropriate.
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Testability and observability means the extent to which an innovation can be tested on a
small scale or to a limited extent. The possibility of a large degree of testability will lead
to the innovation being implemented more quickly and reduce the risk of adoption. All
the informants in this survey describe the technology that has been used (adopted) as a
top-down process, since the decision has been made by the public welfare organization
entrally.

5 Discussion

The informants in the survey describe that they experience the new technological solu-
tions as good tools in their work practices. Use of technology requires digital competence
[12, 14, 17]. There is a need for knowledge related to the advantages and disadvantages
of digital welfare services as well as identifying necessary knowledge and resources in
the work of supporting digital inclusion [11, 17].

Challenges with complex technologies and system solutions can prevent the accep-
tance and spread of innovations [20]. Interaction can not be described independently
of an offline dimension [4, 6]. The study shows that the technology solutions in public
welfare services have led to a standardization of work practices in that case processing
takes place by following predefined systematic steps in the information systems [3, 14,
21]. Several informants state that they experience that digital case processing contributes
to quality control. Many informants are concerned about all the welfare services that are
being standardized. Some of the informants state that they want to give the individual
job-seeker individual follow-up and guidance, but that this is sometimes difficult because
the system solutions are standardized and do not allow for what is different. Complexity
problems are a reason for spending a lot of time on demanding system tasks that take
away the attention you want to have on users. The majority of informants stated that
they spend more than half of their working time on digital documentation, registration
of new information, filling in forms and reporting of meetings.

Almost all the informants want a combination of the various computer systems in
public welfare services into a common user-friendly system for data information search
and registration. This will simplify employees’ digital work practices related to docu-
mentation and help to avoid endless duplication of information. A study of similar work
practices shows that the result can also provide high-quality information and better ser-
vice [7, 10]. Findings suggest the need for more training in the use of technology and
discussion of new ethical assessments of digital work practices. The majority of the
informants stated that they thought previous technology training during education was
not interactive and useful enough to help them understand the functionalities and pos-
sibilities of the various solutions. Studies in welfare work, point out that new education
must focus both on ways of tackling specific system tasks, data registration, and also
address challenges and opportunities when using technology [5, 12]. Increased aware-
ness when using digital solutions leads to a need for increased awareness related to the
collection, sharing and administration of users’ personal information, must take place in
an ethically sound manner [7, 11]. More use of digital solutions in the welfare services
leads to a need for increased awareness related to the collection, sharing and adminis-
tration of users’ personal information. Other studies indicate that this must be done in
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an ethically sound manner [10, 12]. The findings show that employees can help users
understand how their data can be used, and what is included in privacy statements, terms
and conditions. The informants expect that the various digital solutions will be improved
and updated so that they can be used with different user groups, among other things so
that this is offered as more personal conversations through text-based messages.

6 Concluding Remarks

The survey shows that employees in public welfare services experience those new tech-
nological solutions help to simplify the way they now work, the new work practices
and that this provides a better overview of the procedure. Further, the survey shows that
there is a need for more knowledge and competence in public welfare services regarding
digital competence, technology, and innovation. And innovation but also need for further
evaluation of change processes related to the introduction of digital solutions.

There is a need formore knowledge and competence to promote the understanding of
new work practices through the use of technology. The technology solutions provide the
opportunity for active participation for users of the welfare services who have relevant
resources and expertise in the use of technology, but that there are also challenges related
to communication with the users that must be improved. The survey represents only a
small number of employees, and there is therefore a need for further studies with a larger
number of respondents to get a more accurate overall picture. In addition to assessing
the characteristics of innovation, it will be interesting to study other influencing factors
such as communication channels, organizational context and user-centered processes.
Educational institutionsmust facilitate the education of socialworkers for today’s society
by implementing and develop new pedagogy and new learning tools so that innovation
is better integrated in professional study courses in order to be able to help develop the
service in the future.
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Abstract. The number of people living with one or other forms of disability
across the globe stands at over one billion. Consequently, the population of stu-
dents with disability in higher education institutions (HEIs) is also increasing.
One of the sustainable development goals of the United Nations is the provision
of an inclusive learning environment for all, including people with disabilities.
The provision of accessible learning content on Learning Management Systems
(LMSs) is one of the ways that differently-abled students can be accommodated
by HEIs. This paper presents the perspectives of two academics on the strengths
and limitations of Blackboard Ally, an accessibility tool that is integrated into the
Blackboard LMS. Based on our experience of use, we analyzed two aspects of the
Blackboard Ally accessibility tool, namely (i) the provision of alternative acces-
sible versions of course content to students, and (ii) the provision of guidance
to instructors on how to improve the accessibility of course content. We found
that the main strength of Blackboard Ally lies in the wide range of alternative
formats of course content that the tool supports. We found apparent discrepancies
in the accessibility scores that Blackboard Ally assigns to different formats of the
same course content. In addition, Blackboard Ally has limitations in its ability
to detect missing document headings in course content. Despite the limitations
that we found, Blackboard Ally contributes immensely to the goal of inclusive
education in the contemporary digital world.

Keywords: Accessible educational content · Alternative content formats ·
Blackboard Ally · Inclusive higher education

1 Introduction and Background

According to the World Health Organisation (WHO), more than one billion people are
living with one or other form of disability across the globe. The body predicts that almost
every living person is likely to experience some form of disability, either temporary
or permanent, at some point in their life [1]. There are different forms of disability,
including inability to move body parts or manipulate objects (physical impairments);
partial or complete loss of sight and inability to perceive colour (visual impairments);
partial or complete loss of hearing (hearing impairments) [2], as well as cognitive and
learning disabilities [3]. People with disabilities face different types of barriers, ranging
from inability to access information, education, and healthcare [4].
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Advances in Information and Communication Technologies (ICTs) in general, and
web 2.0 technologies in particular, have the potential to remove many of the challenges
that are faced by people livingwith disabilities [5]. However, the predominant reliance on
visual perception creates accessibility barriers that can impede people with disabilities
from taking full advantage of these opportunities.

Accessibility can be described as the extent to which any product or service can
be used by people with one or other form of disability [6]. Accessibility used to be
of concern for practitioners in the built environment field, where legislation required
cuts into street curbs and the building of ramps in public buildings to facilitate easy
access to people in wheelchairs. This narrow view of accessibility has given way to a
more comprehensive view due to the exponential growth in the use of internet and web
technologies. Nowadays, accessibility involves ensuring equal access to digital content
like educational materials by everyone, including people with disabilities [7]. Although
the primary goal of accessibility is to ensure that digital content is usable by people
with disabilities, accessibility is also beneficial to those without disabilities who may be
confronted with situational limitations, i.e., situations where the context of use imposes
limitations on how people use digital content [8]. For example, text-based feedback will
be more appropriate for a student (with no auditory disability) who is completing a
formative quiz on a mobile device in a library where noise is prohibited, rather than an
audio feedback.

Although many higher education institutions (HEIs), especially those from devel-
oped countries, have adopted the use of ICTs for educational purposes [9], the global
disruptions wrought at the height of the Covid-19 pandemic saw many more embracing
digital technologies to ensure the continuity of teaching and learning [10]. For example,
many HEIs have adopted Learning Management Systems (LMSs) like Blackboard [10].
Blackboard enables HEIs to create and deploy digital learning content over the internet.
The software also supports course administration, communications between educators
and students, synchronous online teaching via Blackboard Collaborate, as well as online
assessments [11].

A consequence of the high number of people living with disabilities globally is the
growth in the number of students with disabilities in HEIs [12]. As a result, decision-
makers in HEIs are under immense pressure to ensure inclusive access to educational
content by everyone, including students with disabilities [9]. A narrow view of inclusive
education relates to the special education system for students with disabilities, whereas
a broader definition encompasses all students, including those with disabilities and stu-
dents frommarginalized groups (i.e. different backgrounds, cultures, and ethnicity) [13].
Given the increasing number of studentswith disabilities inHEIs, the design of e-learning
applications and LMSs must incorporate accessible design principles to ensure access
by students with special needs. In its quest to support the accessibility of content on its
platform, Blackboard, which owned 20% of LMS market share in American and Cana-
dian HEIs [14], launched Blackboard Ally in 2017 [15]. Blackboard Ally facilitates the
accessibility of digital course content by [16]:

• Automatically checking course contents for compliance with the Web Content
Accessibility Guideline (WCAG) 2.1 standards,

• Providing alternative accessible versions of course content to students, and
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• Guiding instructors on how to improve the accessibility of course content.

The context of this paper is the University of Pretoria (UP), a HEI in South Africa.
UP implemented the Blackboard LMS, called ClickUP in 2007 [17], and by 2020 the
use of ClickUP has permeated the institution, with more than 40 000 logins per day by
students and academics [18]. In 2021, UP pilotedBlackboardAlly onClickUP and rolled
out the tool fully in 2022. The specific course that we teach is a first-level information
systems analysis and design course. Blackboard Ally was automatically integrated into
the course ClickUP page at the beginning of the first semester in 2022. The purpose of
this paper is to report on our experience of the strengths and limitations of Blackboard
Ally from the perspectives of two of the three stated ways that Blackboard Ally supports
the accessibility of digital course content for students.

The remaining sections of the paper are structured as follows: In Sect. 2, we discuss
the extant literature that is relevant to the current study. This includes an overview of
what accessibility entails and the disabilities that could affect the use of digital content.
The section also discusses the importance of accessibility in educational platforms. The
research method is presented in Sect. 3. Detailed discussions of our perspectives on the
strengths and limitations of BlackboardAlly are presented in Sect. 4. Section 5 concludes
the paper.

2 Literature Review

2.1 What is Accessibility?

Accessibility is concerned with ensuring that digital content is usable by as many people
as possible. Accessibility is primarily associated with creating an enabling environment
for people with disabilities, but the benefits reach a wider group of the population, such
as users of mobile platforms, or those with slow internet connectivity. Accessibility
aims to include as many users as possible by affording them the same opportunity,
irrespective of their ability and situation. As it is wrong to exclude someone based on
their physical impairment, it is equally wrong to exclude physically impaired individuals
from accessing digital content, including digital educational content. Accessible digital
content benefit everyone. Accessibility enables people with disabilities to “perceive,
understand, navigate, and interact with electronic information” [6], thus empowering
them to be active participants in the contemporary digital world.

Technologies used to improve accessibility also improve Search Engine Optimiza-
tion. The inclusion of vulnerable segments of the population demonstrates good ethics
and values, which builds the corporate brand of an organization. Some countries, espe-
cially those fromdeveloped nations, have laws that govern accessibility, thereby ensuring
global companies prioritize accessibility. Digital content designers need to be aware of
the vast array of differently-abled people so that they create an inclusive design. Digital
content designers also need to be aware of assistive technologies, which are special tools
used to access web-based content. The following paragraphs provide brief overviews
of the different impairments that could limit the ability of people with these disabilities
from accessing digital content.
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• Visual impairments: These include blindness, low vision, and colour blindness. The
WHO estimates that nearly 2.2 billion of the world population have visual impair-
ments, with almost half of this population group having visual impairments that could
have been prevented [19]. Screen magnifiers, either through physical magnifiers or
software with zoom capabilities can assist people with low vision. However, those
with complete blindness require special software, called screen readers, which read
digital text aloud to access digital content.

• Auditory impairments: Deaf and hard-of-hearing people have various levels of hearing
loss, ranging from mild to severe. The WHO projects that almost 2.5 billion of the
world population will have one or other form of auditory impairment by 2050 [20].
To accommodate people with auditory impairments, textual alternatives should be
provided for audio-based digital content. Video contents should also have captioning
to enable access by people with auditory impairments.

• Physical (mobility) impairments: This involves inability tomove one or other part(s) of
the body due to loss of limb, paralysis, or neurological disorders, leading to weakness
or loss of control in limbs. Some of the challenges that are experienced by people with
physical impairments include inability to use a mouse with the required precision or
total inability to use the limb with the consequence that a head pointer is the only
means of interacting with computer systems [21].

• Cognitive impairment: This refers to a range of conditions that affect an individual’s
ability to think, remember or recall information. Cognitive impairment could occur
due to birth defects, the consequence of injuries or the effect of ageing. Cognitive
impairments also include mental illnesses like depression and schizophrenia. It also
covers people with learning disabilities, like dyslexia and attention deficit hyperac-
tivity disorder (ADHD). Cognitively-impaired individuals have difficulty in under-
standing content, remembering how to complete tasks, and are easily confused with
inconsistent web page layouts [3].

2.2 The Importance of Accessibility on Educational Digital Platforms

Education features prominently in the 2030 Agenda for Sustainable Development. The
Sustainable Development Goal 4 (SDG4) aims to ensure inclusive and equitable quality
education and promote lifelong learning opportunities for all [22]. One of the measures
of SDG4 is equity, which is the explicit statement to “eliminate gender disparities in
education and ensure equal access to all levels of education and vocational training for
the vulnerable, including persons with disabilities, indigenous people and children in
vulnerable situations” by the year 2030 [22:17].

In an educational environment, accessibility requires all stakeholders to have equi-
table access to the entire learning experience. This means that the content and teaching
process must be attuned to students’ needs and disabilities. Although people with dis-
abilities have the same educational needs as other learners, they face more difficulties
to graduate from educational institutions and therefore find it more challenging to find
employment [23].
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The accessibility of educational content can be achieved through the adoption of
accessibility standards. The Web Accessibility Initiative (WAI) of the World Wide
Web Consortium (W3C) is an internationally-recognized standards development body
that develops guidelines to enable the accessibility of web-based content. One of the
most widely adopted web accessibility guidelines is the Web Content Accessibility
Guideline (WCAG). The current version of the guideline, WCAG 2.1, is based on four
attributes (perceivable, operable, understandable, and robust). These attributes provide
the necessary foundations for the accessibility of digital content [24].

3 Method

This paper presents our perspectives on the strengths and limitations of Blackboard
Ally to support the accessibility of course content by students on our course. The main
research question that we answer in the paper is “What are the strengths and limitations
of Blackboard Ally in facilitating accessible course contents by students?” To answer
the research question, we “analyzed” the alternative accessible versions of course con-
tent that are provided to students through Blackboard Ally and the extent to which the
tool provides actionable guidance to instructors on how to improve the accessibility of
their course contents (see Sect. 1). Analyzing the extent to which Blackboard Ally can
automate the compliance of our course contents with WCAG 2.1 would require the use
of alternative web accessibility testing tool(s) and comparing the results with that of
Blackboard Ally. This is an extensive process and is therefore outside the scope of this
paper. We discuss our perspectives on the strengths and limitations of Blackboard Ally
for the two other stated approaches to the facilitation of accessibility of digital content
in Sect. 4.

4 Perspectives on the Strengths and Limitations of Blackboard Ally

4.1 Provision of Alternative Accessible Versions of Course Contents to Students

Blackboard Ally has a built-in file transformer that converts course content to different
formats, such as HTML or ePub (see Fig. 1(a)), to personalize the learning experience
for students. The alternative formats are available in the same location as the original
file content. A student can access the different alternative formats available for a course
content by selecting the “Alternative formats” icon (see Fig. 1(b)).

The contemporary learning environment requires differently-abled students to com-
plete the same tasks as other students. Supporting alternative formats make it possible
for students to navigate and access course content in their preferred format. For exam-
ple, a student with visual impairment can take advantage of audio and Electronic Braille
alternatives to text-based content. Alternative formats of course content is not only ben-
eficial for students with disabilities. Those with no apparent disability also benefit. The
following paragraphs provide discussions of the different alternative formats that are
supported by Blackboard Ally and the key benefits of each alternative file format.
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Fig. 1. (a) Alternative file formats; (b) alternative file formats icon

• Tagged PDF: The Tagged PDF file format allows Microsoft Word, PowerPoint and
OpenOffice/LibreOffice files to be opened without having the corresponding software
installed on a device. A tag can be described as an invisible label that provides valuable
information about the structure and layout of a document. The main benefit of tagging
PDF documents is that it allows screen readers to identify the different components
of a document (for example, the headings, sections, paragraphs, and tables) and read
the document to a visually impaired user in the correct order [25].

• Audio: This alternative converts the text component of course content into anMP3 file
so that it can be read out to a student [26]. This allows students with visual challenges
to access course content thatmay otherwise not be accessible to them.BlackboardAlly
can detect the language in which the text-based course content is written and converts
the texts to an audio file in a language that matches the original file. Blackboard Ally
currently supports more than 20 languages, including Arabic, Chinese, English, and
French [26].

• HTML: A hypertext markup language (HTML) alternative supports mobile platform-
friendly adaptation for easier reading on a browser. HTML uses tags, paragraphs, and
headings to add meaning to a page. HTML is used in web browsers and can adjust to
suit the device that is being used to view or read the course content. HTML alternative
format is appropriate when the structure of course content is complex. It also makes
it easier for students to change the font size and background colour of course content
[26].

• Electronic Braille: Another alternative file format that is specifically aimed at visually
impaired students is Electronic Braille [26]. This is achieved by creating a Braille
Ready Format (BRF) that a visually impaired student can read on aRefreshable Braille
Display (RBD) or other Braille enabled devices. Electronic Braille is beneficial for
visually impaired students that are familiar with braille, who prefer to read, and who
want to read and listen to the course content at the same time [26].
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• ePub: This alternative enables annotation and easy reading of e-books on tablets and
other mobile book readers. ePub is beneficial in that it allows a student to make notes,
highlight content, and adjust text [26].

• BeeLine Reader: The BeeLine Reader alternative facilitates a quick andmore directed
onscreen reading. This alternative is suitable for students with learning disabilities,
such as dyslexia and ADHD. In addition, students with low vision can also use this
alternative format [26].

• Translated Version: This alternative format provides a machine-translated version of
the primary course content in 50 different languages. It supports PDF, Word, Pow-
erPoint and HTML documents. Translated Version alternative format is suitable for
students where the course content is not in their home language [26].

Despite the various benefits highlighted in the preceding paragraphs, the alternative
formats for course content that are supported by Blackboard Ally also have some limita-
tions. The audio alternative file format is limited in terms of the length of characters from
the original course content that can be converted to an MP3 file. For example, course
content that contains more than 100 000 characters cannot be translated into audio alter-
natives [26]. This limitation may frustrate learners who depend on audio alternatives but
are unable to download this alternative format for large course content.

Although Blackboard Ally supports a large number of languages for the audio and
Translated Version alternatives, the accuracy of the translation is dependent on the type
of language used in the original document and the technicality of the content [26]. For
example, if a large portion of course content uses technical language or has complex
sentence composition, translation can create a disparity between the meaning of the
original content and the translated versions.

4.2 Guiding Instructors to Improve the Accessibility of Course Content

The guidance provided to instructors on how to improve the accessibility of course
content is intricately linked to the accessibility score that Blackboard Ally assigns to a
course content. Blackboard Ally automatically checks the extent to which course content
is compliant with accessibility guidelines. The tool utilizes a visual colour-coded gauge
to represent accessibility compliance. The meaning assigned to a gauge score ranges
from low to perfect, where low scores indicate severe accessibility issues. Figure 2
illustrates the meaning of each colour-coded gauge used in Blackboard Ally.

Low (0-33%): Needs help! There are severe accessibility issues

Medium (34-66%): A little better. The file is somewhat accessible and needs improvement

Perfect (100%): Perfect! Ally didn't identify any accessibility issues but further improvements may 
still be possible

High (67-99%): Almost there. The file is accessible but more improvements are possible

Fig. 2. Interpretation of Blackboard Ally color-coded gauge (adapted from [27])
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As illustrated in Fig. 3(a), Blackboard Ally places the accessibility score gauge on
the left-hand side of course content that are uploaded unto ClickUP. To improve the
accessibility score of course content, the instructor is required to click the accessibil-
ity gauge to open a corresponding page that lists the accessibility issues identified by
Blackboard Ally. Due to page number restrictions, we have limited our discussions on
the strengths and limitations of Blackboard Ally in the provision of guidance on how
to improve the accessibility of course content to only one course content, namely the
“Semester test 1 revisions” course content. It should be noted that our experience as
reported in this paper is the same across all the modules that we teach.

(a)
Accessibility issues identified 
by Blackboard Ally

Button to guidance on how to 
resolve accessibility issues 
identified by Blackboard Ally

Accessibility score assigned 
by Blackboard Ally (pdf format) 

(b)

Fig. 3. (a) Placement of accessibility gauge on LMS; (b) accessibility score and issues identified
for the PDF format of the “Semester test 1 revisions” course content

As illustrated in Fig. 3(b), the accessibility score of the course content, a PDF ver-
sion of the course content, is 53%. The only accessibility issue identified in the course
content was that the document did not have headings. Document headings are important,
especially for the screen readers used by students with visual impairments to navigate
through the course content. Based on the accessibility score and the corresponding tex-
tual narratives of the score for the course content shown in Fig. 3(a) and Fig. 3(b),
students with visual impairments who rely on screen readers will not be able to use the
course content.

As educators who wanted to improve the accessibility of course content for our stu-
dents we attempted to follow the guidelines provided by Blackboard Ally on how to “set
headings” in the original PowerPoint format of the course content. Although Blackboard
Ally provides guidelines that could help us to accomplish our goal, following the lengthy
instructions provided by Blackboard Ally did not resolve the “absent document head-
ings” accessibility issues that was identified. Hence, we decided to upload the original
PowerPoint format of the course content as suggested by Blackboard Ally. The accessi-
bility gauges for the two formats of the course content is shown in Fig. 4(a). As illustrated
in Fig. 4(b), the accessibility score of the PowerPoint format of the course content was
100%. This meant that Blackboard Ally did not detect any “absent document headings”
that were identified in the PDF version of the same course content.



Academics’ Perspectives on the Strengths and Limitations 293

(a)

(b)

Accessibility score assigned 
by Blackboard Ally
(PowerPoint format)

Fig. 4. (a) Accessibility gauges for two formats of the same course content; (b) accessibility score
of the PowerPoint format of the “Semester test 1 revisions” course content

Despite the potential shortcomings of Blackboard Ally in providing actionable guid-
ance to us on how to improve the accessibility of the course content, we found the
accessibility score gauges to be beneficial in that they provide a visually compelling,
call-to-action when a course content receives a low or medium accessibility score, while
motivating and inspiring us when content receives a high or perfect accessibility score.
We also found the guidance on how to add descriptive texts, called alternative text (alt-
text), to the images or figures that often form part of course content useful. Unlike the
guidelines on how to “set headings” for PowerPoint files, the steps required to add alt-text
to images was straightforward, and following the steps yielded the desired result.

5 Conclusion

This paper reports on the authors’ perspectives on two aspects of Blackboard Ally acces-
sibility tool, an important addition to the range of features that have been integrated into
the LMS. Based on our experience in the use of Blackboard Ally in our course, the main
strengths of the accessibility tool are evident in the wide range of alternative formats that
it provides for course content. These alternative formats can improve the quality of the
learning experience for students with different disabilities. Students that do not have any
apparent disability can also benefit from the alternative formats, which could be more
aligned to their preferred way of learning, to access course content. To some extent, we
also found the guidance provided to instructors on how to improve the accessibility of
course contents to be beneficial. For example, guidelines on how to add descriptive texts
to images were straightforward and effective in achieving this specific goal.

Based on our experience of use, there are apparent discrepancies in the accessibility
scores assigned to different formats of the samecourse content.We found thatBlackboard
Ally is somewhat limited in its ability to detect missing document headings in course
content. As discussed in Sect. 4.2, although the PDF format of the course content was
flagged as not having document headings, this was not the case for the original version
of the course content that was created usingMicrosoft PowerPoint. This limitation could
be because Blackboard Ally based its guidance on the 2016 version of Microsoft Office
Suite while the course content was created using the 2019 Microsoft PowerPoint. From
the perspective of the alternative formats that are provided for course content, the limit
on the size of characters that can be converted into audio format is a drawback of the
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accessibility tool. In addition, Blackboard Ally has limitations in its ability to accurately
translate highly technical course content to different languages.

Overall, the integration of Ally into the Blackboard LMS contributes immensely to
the goal of inclusive education in the contemporary digital world. The accessibility tool
also contributes to the provision of a personalized learning environment for students.

This perspective paper has implications for HEIs in general and the designers of
Blackboard Ally, and other developers of LMSs, in particular. Given the high number
of people living with disabilities across the globe, it is inevitable that the population of
students enrolled in HEIs who have special needs will continue to increase. It is therefore
imperative that accessibility tools that are integrated into LMSs empower educators to
create course content that can support the special needs of students.
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Abstract. Advanced business management courses in higher education mostly
aim to develop integrated and high-level competency. Innovative teachingmethods
are developed to reduce the gap between knowledge and practice in recent years.
Project-Based Learning (PBL) can reduce education-job mismatch and more suit-
able for transferring learned knowledge to real world practice. This study adopted
quasi-experiment and introduced PBL in university business courses. Results from
both quantitative and qualitative data indicated: 1) Practical training in PBL pro-
vided an opportunity to develop soft skills needed in the workplace. 2) PBL
can reduce education-job mismatch and improve alignment with the needs of
the workplace. 3) students learned more about their own strengths and developed
self-confidence in PBL coursed. Limitations and suggestions for future researches
are also discussed.

Keywords: Project-Based Learning (PBL) · Quasi experiment · Innovative
teaching methods

1 Introduction

Advanced business management courses mostly aim to develop integrated and high-
level competency. However, the traditional learning method may not be able to ensure
that students acquire knowledge and skills which are directly transferable to workplace
settings [4]. Instead, project-based learning (PBL) is a more appropriate tool to reduce
education-job mismatch. Studies note that while the traditional method may be suit-
able for acquiring structural knowledge, PBL is ideal for gaining procedural knowledge.
PBL develops students’ ability to apply their knowledge and skills holistically via class-
room/field projects. Thomas, Mergendoller and Michaelson (1999) [22] indicated that
PBL encompasses a set of complex tasks that are suitably challenging depending on the
levels of students. Through activities such as investigation and research, process design,
problem-solving, and planning and decision making, students can learn autonomously
while completing the project. Thus, PBL is a method that centers around students,
and requires a combination of theory and practice; this can help address the issue of
transferability of the knowledge taught in advanced business management classes [1].

Currently, under the 2019 Curriculum Guidelines issued by Taiwan’s Ministry of
Education, the focus is on cultivating students’ abilities which are useful to them or are
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core competencies in the workplace (core competency). That is, students are expected
to adapt to life and face the challenges in a dynamic environment. In line with this goal,
while teaching students in a higher education institution, this study aimed to develop stu-
dents’ core competencies required by future workplace settings by re-designing instruc-
tion accordingly. We also considered some of the issues encountered by us in own
previous class experiences, and the nature and objectives of the course. To parse the
effect of PBL over traditional learning methodologies, this study leveraged this teaching
opportunity as a quasi-experiment as we taught a one-semester course to two classes
for two consecutive years. The major difference in the two classes lied only in the final
report: one class had to submit a business proposal as a project instead of the typical
course requirement. Importantly, the course design was adjusted to accommodate the
following objectives.

1. While teaching structured textbook content in the classroom, PBL should be intro-
duced as supplementary activities for enhancing students’ procedural knowledge in
settings where the knowledge can be applied and verified.

2. Through these PBL activities, the project should allow students to consolidate
knowledge from multiple disciplines vertically and align them to future workplace
needs, thereby reducing education-job mismatch and improving the transferability
of knowledge.

3. During the course, students’ performance in acquiring the advanced level of lead-
ership knowledge and skills should be assessed through the triangulation technique
using multiple methods and data sources, including relevant self-assessment and
other assessment scales, observations by teachers, teaching assistants, and outside
experts, and students’ own evaluations and peer evaluations.

2 Literature Review

2.1 Types and Levels of Knowledge

The educational community has mainly adopted Bloom’s proposal that cognitive learn-
ing focuses on reasoning, knowledge, and problem-solving skills. Bloom’s taxonomy
of cognitive learning has six levels: knowledge, comprehension, application, analysis,
synthesis, and evaluation [15]. Importantly, for any given teaching objective, teachers
should ensure that their teaching activities and evaluation methods are aligned with the
objective. That is, different teaching models should correspond to different learning lev-
els of students [13]. In current management education, practical knowledge in a broad
sense includes knowledge, information, solutions, and abilities, where abilities refer
to the capabilities to use knowledge and information creatively, and to learn or create
knowledge and skills from doing [6]. The latter corresponds to the concept referred to
in metacognitive knowledge. However, in a narrow sense, knowledge can be divided
into structural and procedural knowledge. The latter demonstrates itself in the process
of achieving specific goals, encompassing the understanding of required knowledge and
skills for relevant actions to be performed, and the aspects of analysis and diagnosis at
the mental level.
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Knowledge at the traditional academic level is mostly structural. To upgrade it into
procedural knowledge may require deliberate design for the classroom. Seetoo (2015)
[8] indicated that one may learn procedural knowledge through standardized documents
and close observation of experienced people; however, given the complexity of real-
world and workplace conditions, to develop procedural knowledge that can be applied
in practice, one must operate in the field in real-world settings and accumulate it through
trial and error, reflection, and attempts at solving problems from multiple dimensions.
For example, cracking the secrets behind outstanding works of artists or designers may
not be possible through the standardization of knowledge or personal observation. This
is also true for mastering leadership that is equally artistic. Rather, learners need to
conceive how to simulate real situations for accumulating procedural knowledge in the
learning process. For classroom settings, PBL may be an appropriate tool for simulating
these situations.

2.2 Project-Based Learning, PBL

The theoretical backgroundofPBLcanbe justified in termsof JohnDewey’s pragmatism,
cognitive constructivism and situated learning [6]. Dewey highlighted the importance of
“learning by doing”. For school education, this means that what students learn should
be highly relevant to their lives. Otherwise, education may not be as useful. Specifically,
students need to participate in real-world circumstances to gain personal experiences,
thereby enhancing the connectionbetween their learning and life experiences, and assign-
ing personal significance to the learning. In this sense, course materials are tools to help
students solve problems. Teaching in general involves planning and designing environ-
ments and conditions for problems, combined with common experiences of teachers and
students, so that students can obtain solutions and conceive strategies for the problems.

Previous studies note that PBL is a goal-oriented and student-centered learningmodel
that requires teamwork [16, 20]. Under their teachers’ guidance, students can integrate
the professional knowledge and skills they have gained in learning settings that motivate
learning and self-exploration. Therefore, PBL is more suitable for advanced courses.
The PBL instructional design, in principle, needs to address the following six processes,
which need not necessarily follow the same order as presented below. Nevertheless,
they need to be repeated until specific learning objectives are achieved: (1) defining
course objectives and developing related concepts, (2) developing introductory ques-
tions, (3) developing foundational knowledge and skills during the process, (4) devel-
oping research and investigation activities, (5) time management, and (6) developing
appropriate and diverse assessment models [14].

PBL is a learning model built on different learning activities with careful planning
as its core feature [20]. It is dynamic, autonomous, and purposeful. Learners can gain
more expertise outside of the classroom, and teaching is more flexible with diverse
assessment methods [13]. In short, it is an effective learning and teaching strategy.
Studies have shown that PBL is beneficial to students’ learning performance, including
improved skills in motivation, problem-solving, and thinking [18, 19]; teamwork [23],
information gathering [1], and application skills; and social interaction [11, 13].
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3 Method

3.1 Research Design: Action Research

This study was constructed as an action research by linking action and research together
[3]. Specifically, the researchers (here, the authors who serve as teachers) conduct
research for problems raised in the specific and actual research setting (here, class-
room in real teaching settings) [5]. Next, the directions, methods, and strategies for
dealing with the problems are selected and implemented. Then, through evaluation,
assessment, feedback, and correction, actions will be taken again to fix the problems.
Therefore, action research is an ideal tool for capturing complex teaching phenomena
and exploring concepts that can only be vaguely defined at the moment [7, 9].

Here, the research data were collected through secondary data collection, interviews,
participant observation, and the authors’ own research and action. By accumulating data
across different levels, perspectives, and time points, our aim was to achieve theoretical
saturation via repeated validation and cross-checking from multiple perspectives [7].

3.2 Procedure: Quasi-Experiment

The authors taught the same course to two different classes in the same semester in two
academic years (2020 and2021).Hence,wewere able to implement a quasi-experimental
research design simultaneously for two consecutive years to identify the outcomes of
PBL. The only difference was that one class used a traditional learningmethod (selecting
a company on their own, running diagnosis, and finally, proposing management sugges-
tions). The other class used a project relevant to an actual company (a lecture at the
beginning of the semester, then identifying a problem to be solved in the actual com-
pany, seeking instructions from the authors and a company expert during the semester,
and finally, producing a solution report with an actual business proposal at the end of
the semester).

3.3 Data Collection

Both quantitative and qualitative data were collected in this research. The quantitative
data reflected objective evaluations conducted by the university at the end of the semester
on teaching performance to show the effectiveness of PBL (The teaching satisfaction
survey). For the qualitative data, longitudinal data were collected and processed for
process analysis, and different data collection stages and sources were set for the class-
room. The data were compiled and analyzed based on the designed method depending
on classroom circumstances. Then, the focus was revised and reviewed continuously to
inform data collection in the next stage until theoretical saturation was reached.

For example, after interviewing the students randomly, the teaching assistants would
assign a code to each student and compile verbatim records. Then, they discussed the
appropriateness and accuracy of interview questions with the researchers to decide
how the next round of interviews would be carried out. The authors could also obtain
observations as an independent third party by talking with the teaching assistants [9].
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In sum, the qualitative data comprised four textual feedbacks per semester from stu-
dents on the online course (once every four weeks), one-on-one interviews between the
teachers and teaching assistants during and at the end of the semester, and supplemented
by the teachers’ own diary for instruction and feedback from teaching assistants. We
cross-checked the multiple data to obtain more comprehensive evidence. The relevant
interview questions were designed based on the teaching content of the week. For exam-
ple, after a case study, students were required to answer the following questions: “In
your opinion, whether this instructional model is helpful to your learning? How helpful
is it? Can you give a few specific examples?” Or, after a group activity and discussion,
the questions could be: “Do you know what the purposes of today’s activity arranged by
the teachers are? Can you explain exactly how to apply the knowledge?”.

4 Result

4.1 Quantitative Analysis: The Teaching Satisfaction Survey

The quantitative is from the result of the teaching satisfaction survey conducted by the
university at the end of every semester. The objective of quantitative analysis is the same
course offered by the authors in two consecutive academic years, covering the classes,
the number of students who took the course, and the number of respondents, as well
as the final evaluation scores of each course in both years. The scores were obtained
with a Likert Scale, five-point agreement scale offering options from strongly disagree
to strongly agree for each statement. Classes A and C prepared their final reports in the
traditional way, while Classes B and D proceeded with their final reports with the PBL
method. For the 2020 (2021) academic year, the traditional and PBL methods received
4.08 and 4.50 (4.17 and 4.56), respectively.

The mean scores of the two academic years were further analyzed to determine if the
teaching evaluation scores significantly differed. First, for both years, the mean of the
teaching evaluation scores were 4.13 (SD= 064) and 4.53 (SD= 0.03) for the traditional
and PBL methods, respectively, and differed significantly (Table 1).

Table 1. Summary of teaching satisfaction survey

Year 2020 2021

Class A (Traditional) B (PBL) C (Traditional) D (PBL)

Number of all students 60 49 74 48

Number of respondents 52 44 45 34

Ave. score 4.08 4.50 4.17 4.56

Second, Table 2 presents the results for three items that are more relevant to stu-
dents’ learning performance in the teaching satisfaction survey: “The teachers’ teaching
methods are flexible, which helps improve learning performance”; “The teachers give
feedback to students on the results of assignments and papers to help them learn”; and
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“In general, I have gained a lot from the course”. The table also shows the evaluation
scores and standard deviation for each course in each academic year. The overall scores
of the three items for 2020 (traditional, mean= 3.98, SD= 0.05; PBL, mean= 4.51, SD
= 0.07, t = −10.46) significantly differed; specifically, the PBL method’s evaluation
score in these three items was significantly higher than that of the traditional method.
A similar result was observed for 2021 (traditional, mean = 4.25, SD = 0.08; PBL,
mean = 4.61, SD = 0.03). Thus, in both years, the PBL method’s evaluation score was
significantly higher than that for the traditional method.

Table 2. Item score and standard deviation relevant to learning effectiveness and performance

Year 2020 2021

Class A B C D

1. The teachers’ teaching methods are flexible, which helps
improve learning performance

4.02
(0.85)

4.46
(0.70)

4.16
(0.80)

4.65
(0.60)

2. The teachers give feedback to students on the results of
assignments and papers to help them learn

3.92
(0.86)

4.59
(0.58)

4.29
(0.82)

4.59
(0.56)

3. In general, I have gained a lot from the course
(Knowledge, skills, attitudes or value)

4.00
(0.86)

4.48
(0.70)

4.29
(0.73)

4.59
(0.66)

4. Average Score 3.98 4.51 4.25 4.61

4.2 Qualitative Analysis

The qualitative data collected from student feedback, interviews, teaching assistants’
recordings, and teachers’ instruction diary were summarized as followed. Three points
of conclusion from qualitative data were presented in the followings.

First, practical training provided an opportunity to develop soft skills needed
in the workplace. Students’ feedback revealed that although the traditional method was
helpful, PBL course activities had the additional benefit of creating realistic training
settings for students to develop the soft skills needed in the workplace. For example:

At the endof thefinal report, after hearing the comments from the teachers andoutside
expert, Manager Wu, I came to realize that the way of practical operation is completely
different from the way of theoretical operation you learn in school. Although the school
report is also very difficult, but the teachers will give you a direction for you to follow
while doing research. In the company, the practice is completely different. There will not
be a direction and will only have problems, and you need to use all that you have learned
or query data to find ways to solve the problems. Sometimes you even need to find out
the problems yourself, so it is really different! (Student feedback, Student 2020B01).

The team that won the award was not successful because of the number of team
members. Instead, a team’s final performance depends on the whole team’s cohesiveness
and the division of labor. The fact reminds me that a viable company’s survival is not
determined by the number of people but by whether the people fit the atmosphere of the
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company, and whether they have the same goal and relevant abilities, suggesting that the
HR department plays a very important role (Student feedback, Student 2020B22).

Second, PBL can reduce education-job mismatch and improve alignment with
the needs of the workplace. The biggest focus of PBL was on the final report targeting
a real company; hence, students had to learn to contact and obtain relevant information
from their company contact, and produce the content expected by the company at each
design checkpoint.

At the end of the semester, the company expert participated in the classroom, and
gave authentic and direct comments and feedback to the students from the company’s
perspective. Thus, the students actually learned from understanding the company’s dif-
ferent perspectives. Furthermore, as the project aimed to address actual problems faced
by the company, at different checkpoints, students had to figure out how to implement
their ideas. This exercise was very helpful for students to improve their abilities in
applying their knowledge (Student feedback, Student 2020B19).

Through the final report, we heard a lot about the recruitment, selection, and training
of digital talents. It was more like an exchange of ideas in the whole class. We learned at
once how not only LG, Samsung, and HITACHI but also many other companies operate
in talent management. In addition, inviting people from the industry to participate in our
proposal was also a great help to us. We could find that people from the industry value
the cost, benefit, and feasibility of the proposal, and the rest of the BMA is secondary to
the industry. In addition, a proposal cannot contain too much advice. Otherwise, it will
lead to the proposal being out of focus. It is necessary to strengthen a few and explain
them in detail (Student feedback, Student 2020B22).

What I gained most from the final report was that it was the first time I received such
professional advice and judgment in a classroom report. The teachers and Manager Wu
were very attentive and careful in guiding each group. This allowed us to learn a lot.
From a proposal, we could really appreciate what the industry executives’ needs are.
The experience is an outpost before I enter into the workplace in the future so that I will
not do the same mistakes in the future (Student feedback, Student 2021D22).

I learned a lot more beyond just textbook knowledge in the class, and it was also
my favorite class this semester. Defying a standard lecture style, the teachers always
used a mixture of discussion and lecture to carry out the class. I can still remember the
content of the teacher’s lecture even now. In addition, sometimes we also had lectures
delivered by outside experts, so that the class was not only a class but could be more
diversified and livelier, among which I was most impressed by Manager Fan’s speech.
Manager Fan gave a lot of examples of himself, making me aware of the consequences
of makingmistakes. Through one correction after another, I could still perform very well
in the end. The lectures of outside experts made me aware of the hard work required
by every industry. There are actually many efforts and sorrows behind the seemingly
glamorous appearance. We also had the opportunity to work together with students
from different departments. Although there was some friction in the process of creating
the report, fortunately, everyone finished it successfully in the end (Student feedback,
Student 2021D38).

Third, students learned more about their own strengths and developed self-
confidence. From the students’ feedback and interviews, we found that they understood
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their own abilities and weaknesses better, discovered their own position, and developed
self-confidence from the course. These benefits were derived from the fact that PBL
activities were designed by teachers for random groups of students, who were required
to act, discuss, and present together. Students could gradually find their own strengths
through interaction with others.Meanwhile, feedback from outside experts, although not
all positive, provided substantial affirmation and recognition of students’ performance,
which boosted their self-confidence.

If I had not come to this class, I would not have known that I am good at analysis
but unable to propose concrete solutions. I may be suited as a consultant for people, but
askingmyself to plan a training course and actually suggest practical advice is something
that I would try hard but in vain. It is challenging for me (Student interview, Student
2020B03).

I went from being a person who did not know SWOT, competitors, five forces
analysis, etc., to learning various analyses from group members and other people’s
reports and then understanding how to write a business report and what the company
wants from the comments of the teachers and Manager Wu. I felt that this group report
made me grow fast (Student interview, Student 2021D16).

After a semester of HR course, I learned the most besides the classes in my own
department from the many homework assignments that needed to be discussed to the
reports that were done, and I recognized many new proper nouns. Perhaps it was because
each college had a very different way of conducting classes. I thought HR management
was the most difficult class I have ever taken. I was scared to discuss with the group
members I did not know well and to do things with the younger students, but I was
happy to help each other during the discussion of the report, to give my opinions, and
to communicate without people who insisted on their own opinions (Student interview,
Student 2021D29).

5 Conclusion and Discussion

This research shows that the application of the PBL approach to curriculum design
can indeed enhance students’ soft skills required in the workplace, reduce education-
job mismatch, and enable students to better understand their strengths and bolster their
self-confidence. Quantitative data from learning satisfaction survey reveals significant
differences in the mean scores for an academic year and in the performance on different
items between students who learned under the PBL versus traditional teaching methods.
Therefore, this study provides valuable insights to instructors for designing their courses.
Note that for the course offered to the two classes simultaneously, we controlled for the
teaching materials, schedule, and design elements to ensure that they were identical as
much as possible. Only the design of the final report varied. Therefore, the results of this
study should be applicable to future studies, and helpful for teaching institutions and
instructors in planning and designing their courses.

However, although the data obtained here can verify the effectiveness of PBL in
teaching and learning, by design, it aimed to compare the two classes that adopted
different final reports with specific teaching elements. While the number of students is
comparable and the teachers are the same, themotivation and subjective assessmentsmay
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differ because the students are different as this research is limited to quasi-experiment.
Therefore, the follow-up studies in the future may consider comparing different teaching
methods adopted separately at the beginning and end of a semester, or comparing the
teaching methods applied to the same students in different semesters. The study design
may provide better evidence.
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Abstract. The concept of Higher-Order Thinking Skills (HOTS) is one of the
highlighted aspects in producing human capital of high quality. However, how to
enhance students’ HOTS is a challenge. Meanwhile, abilities in data analyzing
have become an advantage qualification to employers. Therefore, the main focus
in this study is to investigate the potential role of using problem-based learning in a
regression analysis course to increase students’ level ofHOTS.Data collected from
this study is through an assessment giving to students before (pre) and after (post)
them taking the regression analysis course. Results from this study conclude that
students’ HOTS including looking for data from open sources, using a statistical
software, analyzing data, and offering solutions could be enhanced from using
problem-based learning. Moreover, there is a statistically difference between pre
andpost in students’ data analysis level, confidence in applying statistics in practice
and the meaningfulness of statistics in life.

Keywords: Higher order thinking skill · Problem-based learning · Regression
analysis

1 Introduction

Abilities in analyzing, critical thinking and problems-solving have become important and
must-have skills for students. In education, those above abilities are referred as higher
order thinking skills (HOTS). Meanwhile, in the world where data are integrated with
almost everything, frommarketing (for example: consumer shopping behavior), financial
forecasting to weather forecasting, etc., the ability to understand and interpreting data
or data analyzing literacy is essential to youngsters not only in getting advantage in
their career but also in making better life decision [1, 2]. In addition, if youngsters are
able to interpret data from crucial issues such as pollution or climate change, there is a
higher chance that they would try to involve more in the process of how to solve those
issues, and eventually to make the world a more sustainable and better place for all [3].
Hence, it is important for educators to continuously looking for a way to improve their
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education strategies in improve students’ HOTS with data analyzing skills in order to
prepare the students to become more rounded and competitive employees as well as to
produce more human capital of high quality to the society.

1.1 Higher Order Thinking Skills

Higher order thinking skills (HOTS) is referred to the ability to think in higher level
including analyzing and evaluating problems as well as offering critically and logically
[4, 5].

1.2 Project-Based Learning

Project based learning (PBL) is a type of inquiry-based learning in which questions and
problems from the real world are brought up to students [6]. As PBL provides students
opportunities to get engaged with learning through real world challenges, students can
take an active role as a problem solver from making judgements and interpretations
information. Thus, students will gain deeper knowledge and develop adaptive skills
through PBL [7].

2 Research Objective

The objective of this study is evaluating the effect of PBL on students’ HOTS in a
regression analysis course. The regression analysis course used for analyzing in this
study was from Department of Marketing at National Chung Hsing University, and the
course was taught in 2021. There were a total 15 undergraduate students taking the
course and given the pre and post short assessment survey. After the process of data
management, 13 valid samples were used in data analyzing.

3 Research Methodology

This coursewas designed to introduce students the concepts and techniques of regression
analysis, and basic statistical theory, as well as to train students to use basic regression
analysis programs to interpret the meaning of the analysis results. Before each class,
studentswere providedwith actual cases in the school’s online system (called i-Learning)
for pre-class reading. Students were also required to conduct self-study in small groups
during lectures and report their learning results during class. During the reporting and
discussion process, different groups had the opportunity to learn from each other.
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This coursewas divided into three stages to develop students’ ability to run regression
analysis programs and interpret the implied meaning of the analysis results. The first
stage (week 1 to week 8) was teaching of basic statistical theory and analysis operations.
In this stage, thewas taught basic statistical theory of regression analysis in the classroom,
and basic analysis skills. The second stage (week 9 to week 15) was practical learning
of analytical skills and how to use SAS analysis software to increase students’ ability
in reading and interpreting analytic results. The third stage (weeks 16 to 18) provided
students real problems from the society, then asked students to search for open data on
the Internet and to use SAS, Excel, etc. to perform regression analysis and learns how
to identify and solve problems by analyzing data. Among 13 students, 10 were female
and 3 were male. Data from the surveys was analyzed by pair sample t-test.

Table 1 explains the topics and software students were introduced and trained in the
course and Table 2 covers the criteria that were used assess students’ evaluation.

Table 1. Topics and software students have learned in the regression analysis course

Topics covered in class Software used in class

Case Study SPSS
SAS
Excel
Python

Introduction to Regression Analysis

Simple Linear Regression

Multiple Regression Models

Principles of Model Building

Case Study

Variable Screening Methods

Some Regression Pitfalls

Residual Analysis

Special Topics in Regression

Introduction to Time Series Modeling and Forecasting

Case study (EMI session)
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Table 2. Students’ self-assessment criteria before and after taking the regression analysis course.

Area Criteria

Statistical analyzing literacy Current data analysis level

Confidence in solving statistical problems

Confidence in understanding statistical
problems

Confidence in applying statistics in practice

Importance of statistical analytic skills in career
developments

Analytical skills in the workplace

Product development capability

Importance of statistical analytic skills in
personal developments

Make life more meaningful

4 Results

Results from students’ evaluation survey from before and taking the course indicates
that after taking the regression analysis course using PBL, students felt more confident
in their data analytical skills including using data from open source, running the soft-
ware, analyzing data and explaining results. In addition, students show an increasing
in believing that the course has polished their qualifications in terms of career devel-
opments as well as personal development. Table 3 illustrates details of comparison in
mean of students’ assessment before (pre) and after (post) taking the regression analy-
sis course which was integrated with PBL in teaching method. From pair sample t-test
(Table 3), there was a statistically significant different in students’ data analysis level (p
value = 0.046), confidence in applying statistics in practice (p value = 0.039) and the
meaningfulness of statistics in life (p value = 0.026) between pre and post taking the
regression analysis course. Figure 1, 2 and 3 illustrates student’s online individual and
group report after being introduced the topic and case study.

These results suggest that using PBL in a regression course not only can improve
students’ analytical skills but also soft skills such as problem solving, creativity, and the
ability to look for open-source data. In another word, students’ HOTS can be enhanced
by using PBL in a statistical course.
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Table 3. Results from t-test of students’ self-assessment criteria before and after taking the
regression analysis

Pre (Mean) Post (Mean) t Stat p_value

Statistical analyzing
literacy

Current data analysis
level

5.83 7.00 2.24 0.046*

Confidence in solving
statistical problems

7.33 7.58 0.64 0.536

Confidence in
understanding statistical
problems

7.50 7.67 0.39 0.701

Confidence in applying
statistics in practice

6.50 7.50 2.35 0.039*

Importance of
statistical analytic skills
in career developments

Analytical skills in the
workplace

9.08 9.17 0.36 0.723

Communication skills 7.75 8.08 1.48 0.166

Product development
capability

5.58 6.00 1.45 0.175

Usefulness of statistical
analytic skills in
personal developments

Make life more
meaningful

7.5 8.00 2.57 0.026*

Note: * indicates significance at 5% significant level

Fig. 1. Screenshot of the online oral report of students at the end of the regression analysis.
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Fig. 2. Screenshot of students presenting group assignment using heterogeneity analysis.

Fig. 3. Screenshot of student presenting analysis of soil and rock flow prediction model. Using
logistic regression model

5 Conclusions

Abilities to evaluate and analyze problems critically aswell as provide solutions logically
and creatively are important to university students. As those skills are included in higher
order thinking skills (HOTS), it is important for educators. Results from this study has
implied that problem-based learning (PBL) is an effective to enhance students’ HOTS.
Data literacy courses could consider applying PBL in order to increase students’ HOTS
including climate change literacy or climate change mitigation. In this study, data was
used from regression analysis course. Future research can consider applying PBL into
other courses such as languages, mathematics, etc. to evaluate the effectiveness of PBL
in education.

Funding Information. This study is supported by Ministry of Education in Taiwan
(#PBM1101163).
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Abstract. The unauthorized copying and distribution of digital media content
via the internet is known as digital piracy, one of the computer ethical issues. The
main objective of this study is to answer this research question: “According to
the literature, what factors influence the internet users’ attitude towards digital
piracy?”. To address the research question, the researchers used a systematic liter-
ature review methodology to investigate several studies published between 2010
and 2020 on digital piracy. Following the PRISMA approach, the researchers
found and reviewed 31 papers related to digital piracy topics out of 123 articles.
The initial findings were five (5) factor groupings identified as the primary moti-
vation behind digital piracy. The factor groups were further categorized into three
(3) super factor groups, namely, 1) accessibility, 2) awareness and education about
digital piracy, and 3) social and cultural factors. According to this paper, these are
the core factors influencing internet users toward digital piracy. This study adds to
the growing literature on digital media piracy by better equipping those affected
by digital piracy (educational, government, business organizations, digital media
houses, etc.) with strategies and tools to effectively address digital piracy.

Keywords: Digital piracy · Factors · Factor groups · Super factor groups

1 Introduction

The world is now on the verge of the fourth industrial revolution (4IR). Technological
innovations related to the 4th IR provide new capabilities and significantly alter how
people work, obtain, and exchange digital content [10]. Unfortunately, several estab-
lished ICT transformation paths have been jeopardized due to internet users abusing
how they manage digital content via the internet. This is referred to as digital piracy,
which is defined as the unauthorized copying and transmission of digital media, be it
movies, games, eBooks, music, or software files, over the internet using various methods
[6]. Governments have joined forces with law enforcers, intellectual property (IP), and
multimedia content owners to combat the widespread practice with minimal success
rates [2].
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According to [16], a factor is “one of the elements contributing to a particular result or
situation. In this research, factors are defined as motives that drive internet users to com-
mit digital piracy. Therefore, this paper’s key objective is to address its research question
by evaluating the literature on the factors influencing internet consumers’ behavior and
attitude toward digital piracy. It is anticipated that the findings will help those affected
by piracy address the phenomenon more effectively.

The layout of this paper is set out as follows: Sect. 2 provides a brief literature
review covering the digital piracy topic, and Sect. 3 presents the methodology used in
this study. Section 4 covers the results and findings of the study. Lastly, Sect. 5 provides
a conclusion to the study.

2 The Systematic Literature Review (SLR)

This article investigates the various factors contributing to digital piracy globally by
examining and reviewing literature in the existing body of knowledge. Expectantly, the
phenomenon of digital piracy can be understood through the lens of multiple factors
or motives driving individuals’ pirating behaviors. If digital piracy is uncontrolled, its
victims will be left incapable financially, negatively impacting the global economies
as a result [6]. This article aims to discover what lies at the heart of the digital piracy
problem, thereby identifying potential solutions.

3 Methodology

A systematic literature review identifies, evaluates, and interprets available research
relevant to research questions, area of study, or rising phenomenon of interest. According
to [22], this approach can provide statistical support for studies of the exact nature.
Therefore, this study adopted the systematic literature review methodology to examine
past research articles from 2010 to 2020. The period choice was to ensure the currency
in the selected papers.

3.1 Scoping Keywords

The database search strategy included the keywords displayed in Table 1.
Based on the results per search, in some instances, keywords were refined. Results

were filtered by article title, filtered by reading the abstract, looking at keywords, and
by reading the entire article to find relevance in the content.

3.2 Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA)

To ensure the accuracy reporting of the paper, the researchers carried out the anal-
ysis following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement approach [17]. The articles were searched from the
UNISA research database repository, in Google Scholar, Emerald Insight, ScienceDi-
rect, Springer, and ResearchGate. As reflected in Fig. 1, the PRISMA shows the number
of records found, how many were included and excluded.
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Table 1. Search keywords

Keywords

Modes of sharing: (File sharing OR DRM OR Digital rights manag* OR digital medi* OR
File download* OR peer-to-peer OR usenet OR freenet OR File transfer protocol OR shared
directory OR Piracy OR pirat* OR online piracy OR copywrit* OR intellectual property)
AND: Relevant media
(software OR video game OR game OR electronic games OR digital game* OR Music OR
iTunes OR Album OR sound record* OR record sales OR DVD sales OR music purchas*)
AND: Behavioral terms
(attitude* OR intention OR habit OR Digital Piracy factors OR digital piracy behavior
outcomes)
NOT: Noise inducing keywords
(Medical OR medicine OR medieval OR Navy or naval or maritime)

Fig. 1. PRISMA 2020 flow diagram – the flow of information in the systematic review

3.3 Article Categorization

The selected articles were downloaded from the cumulative 31 journals across various
disciplines. The researchers analyzed articles to define the dynamics behind the digital
piracy problem (Table 2). Furthermore, the authors of the articles reviewed researched
digital content, software, movies (videos), and online music piracy. In analysis, the
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researchers grouped studies on similar topics and, where possible, attempted to highlight
commonalities or differences between the study findings.

3.4 Inclusion and Exclusion Criteria

Inclusion Criteria: the publication is in English, and it includes hypothesis testing for
the relationship between digital piracy factors or the behaviour itself.

Exclusion Criteria: media files are acquired via a legitimate acquisition channel,
and themedia files contain illegal material for example, child pornography. Additionally,
no novel data is presented, for instance, reviews, opinion pieces, and dual publications.

Table 2. Literature matrix of factors influencing digital piracy

Article Authors Factors

1 Meireles and Campos, 2016 Moral obligation, moral factors, and
public awareness

2 Cronan and Al-Rafee, 2003 Moral obligation, risk of penalty, and
regulation recognition

3 Yoon, 2011(b) Attitude, morals, justice, relativism,
utilitarianism, and deontology

4 Hoang and Ha, 2014 Perceived risk, subjective norms, and
technology development

5 Ahmed, 2020 Less moral obligation, ethics, and law
respect,

6 Eisend, 2019 Morality and education

7 Karakaya, 2011 Social and cultural factors, high
software prices, and the author’s
remoteness

8 Lowry et al., 2017 Moral disengagement and social
learning

9 Yoon, 2011(a) Justice, utilitarianism, and ethical
judgment

10 Wang and McClung, 2012 Norms

11 Cox and Collins, 2014 Awareness of legality and the threat of
punishment

12 Sahni and Gupta, 2019 Legal, criminological, psychosocial,
cultural, economic, and sociological
factors

13 Petrescu, Gironda and Korgaonkar, 2017 Protection of intellectual property
rights and the strictness of legal
systems

(continued)
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Table 2. (continued)

Article Authors Factors

14 Liao et al., 2010 Perceived prosecution risk

15 Vida, Kukar-kinney and Koklič, 2015 Cultural variables

16 Byl and Belle, 2008 Individual attributes and situational
Attributes

17 Pham, Dang and Nguyen, 2020 Social and contextual factors

18 Yoon, 2011 Subjective norms, social and cultural
factors

19 Morris and Higgins (2010) Social learning factors

20 Jacobs et al. (2012) Social environment

21 Park, 2020 Hedonic pleasure, price value

22 Dilmperi et al., 2011 Music preference, music experience,
and internet bandwidth

23 Scaria, 2013 Pro-industry and education

24 Wulandari, 2014 Pro-industry and technology and work

25 Bethelhem, 2013 High software prices and affordability

26 Peace, Galletta and Thong, 2003 High cost of software, punishment
possibility, and punishment level

27 Yubero, Larrañaga and Villora, 2017 Saving money, negative peer or social
influence, and financial costs

28 Nii, Barnor, Afful-dadzie and Patterson.,
2020

Economic conditions of the country

29 Stoddart and Sandiford, 2017 Genuine products are too expensive,
ability to pay

30 Belle, Macdonald and Wilson, 2007 Access to enabling technology, and
awareness of consequences

31 Moon et al., 2010 Opportunity

Table 2 is a Literature Matrix that provides a synopsis of 31 authors covering numer-
ous factors influencing internet users to commit digital piracy. The Literature Matrix
aims to bring all the sources into one coherent argument. The researchers’ organization
in mapping out the literature matrix allows identifying more patterns in the research
to make insightful conclusions and communicate the research findings in a polished
manner.
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4 Findings

4.1 Factors Influencing Digital Piracy

In any problem-solving process, identifying the factors or motives of a problem is the
first crucial step towards a working solution. Therefore, the following subsection covers
the factors that influence internet users toward digital piracy as identified in Table 2 and
categorized into individual factors.

4.2 Basic-Level Categorization or Grouping of Digital Piracy Factors

According to [24], “the basic-level categorization is frequently utilized when labeling
objects (e.g., dog, ship)”. Categorizing a list of factors based on their qualities and
features, as depicted in Table 3, provides the study with a clear and concise hierarchical
category structure of the factors influencing digital piracy [25].

Table 3. Grouping of factors that influence digital piracy

Factor groups No. Factors

1. Ethics, norms, and morality 1.1 Moral factors

1.2 Moral obligation, justice, relativism,
utilitarianism, deontology

1.3 Respect for ethics and law

1.4 Ethics on attitude to commit digital
piracy

1.5 Moral intensity

1.6 Moral disengagement

2. Lack of Public Awareness and or Education 2.1 Knowledge of intellectual property
regulations

2.2 Digital piracy education or awareness

2.3 Awareness of consequences

3. Lack of Law Enforcement and Perceived
Punishment

3.1 Respect for ethics and law

3.2 Level of intellectual property rights
protection

3.3 The strictness of legal systems

3.4 Punishment possibility and level

3.5 Regulation recognition

3.6 Legal or law enforcement

(continued)
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Table 3. (continued)

Factor groups No. Factors

3.7 Criminological factors

3.8 Risk of penalty

3.9 Punishment certainty, celerity, and
severity

4. Economic 4.1 Affordability

4.2 State of the Economy

4.3 Expensive or Costly Digital Piracy
Products

5. Ease of Access or Opportunity 5.1 Access to enabling technology

5.2 Frequency of computer use

5.3 Product not available at local retailers
or author’s

5.4 Remoteness and time delay

5.5 Author’s remoteness

The following section will discuss the five (5) factor groups that the researchers
identified in Table 3.

Factor Group 1: Ethics, Norms, and Morality
Friends, co-workers, and family are relationships that affect how others’ views will be
towards any behavior [20]. Some internet users do not consider piracy illegal since it does
not require physical products to be lifted from a shop. Consequently, the lack of ethical
knowledge, low morale levels, norms, social and cultural association, and inefficiency
of existing laws are the commonly identified factors that bolster the act of digital piracy
[7].

Factor Group 2: Lack of Public Awareness and Education
The lack of knowledge about copyright laws, policies, standards, rules, and penalties
if transgressed [8], has led some internet users to commit digital unknowingly [11].
Therefore, public awareness initiatives need to be investigated to inculcate knowledge
in internet users about the risks of digital piracy [4].

Factor Group 3: Lack of Law Enforcement and Perceived Punishment
Users will continue using unlicensed products when there are low to no chances of being
apprehended and penalized [15]. Therefore, more stringent laws alongside the certainty
of punishment are likely to create a deterrent effect globally for online users [3, 14].

Factor Group 4: Economic Factors
The dominance of digital piracy in developing countries is because such impoverished
countries cannot afford expensive digital media products; therefore, piracy is a reachable
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alternative [18]. This may sound like a “validated” reason for piracy; however, the results
are a sad threat to legitimate digital media businesses and the loss of hundreds of jobs
[21].

Factor Group 5: Ease of Access
Access to high-speed internet connections through personal computers, cellphones,
tablets, and other devices has made internet users’ lives easy [13]. Sadly, as considerable
amount internet users obtain digital media content via the internet channels illegally [1].
The accessibility of digitally pirated products through the interweb is among the main
factors contributing to the worldwide escalating piracy rates [9].

4.3 Superordinate-Level Categorization or Grouping of Digital Piracy Group
Factors

The researchers applied a more specific breakdown of the factor groups within a basic-
level category through the superordinate-level approach [13] as observed in Table 4.

Table 4. Digital piracy super factor groups

Super factor groups No. Factors

1. Accessibility 1.1 Affordability

1.2 State of the Economy

1.3 Expensive or Costly Digital Media Products

1.4 Access to enabling technology

1.5 Frequency of computer use

1.6 Product not available at local retailers

1.7 Remoteness and time delay

2. Awareness and education about digital
piracy

2.1 Knowledge of intellectual property
regulations

2.2 Digital piracy education or awareness

2.3 Knowledge about penalty certainty, celerity,
and severity

2.4 Awareness of consequences

3. Social and Cultural Factors 3.1 Social interactions, culture, politics, norms,
industrial factors, and organizational culture

3.2 Sociological factors

3.3 Moral disengagement

3.4 Moral obligation, justice, relativism,
utilitarianism, deontology

(continued)
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Table 4. (continued)

Super factor groups No. Factors

3.5 Social learning

3.6 Collectivistic or individualistic factors

3.7 Psychosocial factors

In Table 4, the factor groups were categorized following their characteristics and
features to afford the study with a simple hierarchical category structure and readability
and enable readers to quickly identify how the part of the factor groups are similar.
Additionally, the categorization of factor groups aided the researchers in collectively
defining the related factor groups and their related factors. The super factor groups are,
therefore, summarized as follows:

Super Factor Group 1: Accessibility
The accessibility super factor group has various factors associated with it, such as
the availability of free illegal internet sites and underprivileged online users justifying
their digital piracy behaviors [23]. Additionally, delay in publicizing the digital content
already available at some locations will tempt online users who cannot wait to obtain
such content illegally [5]. Technology advancement and a sense of anonymity for inter-
net users have made it fast and easy for computer users to access pirated digital media
without fear of being caught [9].

Super Factor Group 2: Awareness and Education about Digital Piracy
Individuals in technology and education deprived regions may not have enough aware-
ness about copyright laws, digital content infringement, and consequences thereto. As
such, they proceed to pirate, unknowing of the repercussions and financial damages they
are causing to the digital media copyright owners [19].

Super Factor Group 3: Social and Cultural Factors
Social factors play a role in the decision to pirate digital media. If the members of a
culture feel a social distance from authority figures, they may be more likely to engage
in digital piracy behavior [12].

5 Conclusion

This systematic literature review article’s fundamental goal was to identify the factors
that contribute to the internet users to commit digital piracy. Accordingly, this paper’s
results confirmed the three (3) super-factor groups as the core digital piracy factors,
namely, 1) accessibility, 2) awareness and knowledge about digital piracy, and 3) social
and cultural factors. The study will help fill the identified gaps in the existing literature
base. Its findings will offer better awareness of the prevalence of this epidemic, help
develop new strategies, and ultimately reduce piracy. Furthermore, the study will help
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those affected by digital privacy such as the policymakers, government sectors such
as the Department of Education, law enforcement, education institutions, educators,
broadcasters (TV and radio), and general communities address the digital piracy problem
more effectively based on its known core factors.
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Abstract. Pedagogy issues regarding the LEGO Spike kit remains unknown.
The study aimed to investigate students’ engineering design thinking in robot
projects. A quasi-experimental posttest with control group was used to answer
the research purpose. Participants were two groups of students who participated
in the Maker Program at different semesters (experimental: 2021 Fall; control:
2021 Spring). Students were 30 s graders from a public elementary school in
Taiwan. The same teacher delivered 8-week program instruction for those students.
In the experimental group, some well-performing students were encouraged to
orally demonstrate their robot projects whereas students in the control group only
focused on creating their projects without a need for a peer demonstration. Upon
completion of the experiment, all students received programming and electrical
engineering tests. Students’ weekly engineering design behaviors were cumulated
to define engineering design performances. The findings indicated that all students
achieved a medium-high level on the content knowledge of programming and
electrical engineering. In addition, students immersing in peer oral presentation
increased engineering design thinking behaviors morn than their counterparts in
class.

Keywords: Educational robotics · Engineering design thinking · Programming ·
LEGO kits · Electrical engineering · Sustainable development education

1 Introduction

LEGO Robot kits have been incorporated in various types of instructional activities to
support students in learning content knowledge or developing specific thinking skills.
At an entry level of educational training, the LEGO WeDo kit is regarded as a useful
tool to introduce basic programming knowledge for young kids. For example, Mayerove
and Veselovska [1] developed eight LEGOWeDo learning units, and suggested that ele-
mentary school students might obtain an understanding of introductory programming
through those robotic projects. Polishuk and Verner [2] integrated the LEGO WeDo to
a museum workshop and evaluated participants’ (elementary students) learning perfor-
mance. They found that learning by doing through robot education greatly improved
students’ progress in the systems thinking skills. Veselovska and Mayerova [3] devel-
oped several LEGO WeDo learning rubrics, and suggested the instructor might adopt
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the assessments to observe students’ learning behaviors. However, of those past studies,
none have analyzed students’ engineering design thinking.

Compared to the LEGO WeDo kit, because of advanced electronic sensors, the
LEGO Mindstorm kit is widely used for a medium-high level of robotic training for
students. For instance,Williams et al. [4] investigated the effect of the LEGOMindstorm
robot on middle-school students’ learning performances and scientific inquiry skills.
The findings indicated a significant growth on students’ content knowledge but not on
scientific inquiry skills. Barker and Ansorge [5] evaluated how the LEGO Mindstorm
robot influenced students’ learning outcomes at the after-school program, and identified
that students’ achievement test scores were significantly increased. In Hussain et al.’ [6]
study, students with good math skills might excel in LEGO robot activities. However,
past research tended to focus on middle school students.

The LEGO Spike kit is a new robotic tool, which combines the basic programming
platform in the LEGO WeDo with technological features in the LEGO Mindstorm. In
other words, young kids might use simplified block-based programming language to
control advanced electronic sensors. Because of being as a new learning tool in the
education market, the LEGO Spike kit is only adopted for robot construction projects
[7]. Pedagogy issues regarding the LEGO Spike kit remains unknown.

Based on the background information abovementioned, the purpose of the study
was to investigate students’ engineering design thinking in robot projects. Participants
were two groups of second-grade students at an after-school maker program, where the
LEGOSpike kit was amajor learning tool for building varied types of educational robots.
Specifically, research questions were threefold:

1. What were students’ engineering design thinking patterns in robot projects?
2. Did different types of learning strategies influence students’ engineering design

thinking?
3. What was a relationship between students’ engineering design thinking and learning

performances?

2 Engineering Design Thinking Models

Our previous study developed two engineering design thinking models for different ages
of elementary students. The first model [8] is a three-stage instructional framework, con-
sisting of pre-design, in-design, and post-design stages. This model fits in the cognitive
development of upper elementary students. In the pre-design stage, students experiment
the learning material created by the instructor. In the in-design stage, students begin to
engage in engineering design process from their own ideas. In the final stage, students
evaluate their works by sharing ideas.

Another model [9] is also a three-stage instructional framework but with simplified
learning elements: copy, tinker, and create stages. This model is cognitively suitable for
lower elementary students. In the copy stage, young childrendirectly copy the instructor’s
ideas. In the tinker stage, students begin to modify examples in the learning material; In
the create stage, students attempt to create a whole new project. Table 1 summarizes the
differences between two engineering design models.
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Table 1. Differences between two engineering design models.

Types Model 1 Model 2

Framework Pre-design, In-design, and
Post-design

Copy, Tinker, and Create

Instructional elements 1. Pre-design: copy ideas and try
out
2. In-design: imagine, re-design,
and build, and test
3. Post-design: review and
self-reflect

1. Copy: directly copy ideas
2. Tinker: modify ideas
3. Create: develop a whole new
idea

Suitable for learners Upper elementary students Lower elementary students

3 Research Method

3.1 Research Design

A quasi-experimental posttest with control group was used to answer the research ques-
tions. Two groups of students participated in the Maker Program at different semesters
(experimental: 2021 Fall; control: 2021 Spring). The same teacher delivered 8-week pro-
gram instruction for those students. A major difference for two groups was the student
presentation in class. In the experimental group, some well-performing students took
turn to demonstrate their robot projects. Table 2 shows the research design of the study.
Prior to the program, all students had no experiences of doing programming and build-
ing robots. Upon completion of the experiment, all students received programming and
electrical engineering tests. In addition, students’ weekly engineering design behaviors
were cumulated to define engineering design performances.

Table 2. The research design of the study.

Group Intervention Post-test

Experimental
(2021 Fall)

X O1,O3

Control
(2021 Spring)

O2,O4

O1, O2: Total Engineering Design Performances
O3, O4: Content Knowledge on Programming and Electrical Engineering

3.2 Research Participant

30 s graders from a public elementary school in Taiwan voluntarily participated in the
study. Two experimental groups had the equal number of students. The male to female
ratio is almost 1. Table 3 provides a profile of research participants.
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Table 3. Research participant.

Group n Male Female

Experimental
(2021 Fall)

15 8 7

Control
(2021 Spring)

15 7 8

3.3 Technology Tool

Student participants in the study learned to code by using LEGO Spike App in the
tablet computer. The App offers a simplified block-based programming platform (See
Fig. 1). The robot kit contains several sensors (e.g., a color sensor) and motors, which
allow students to engage in engineering design projects. Once young children completed
assignments, Bluetooth connection between the LEGO Spike and the tablet computer
enabled students to verify coding results. Figure 2 presents one student building his robot
project.

Fig. 1. Programming platform in LEGO Spike App.
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Fig. 2. One student building the LEGO robot.

3.4 Assessment Tool

The study adopted a simplified engineering design model [9] to measure students’ engi-
neering design thinking. A successful completion of each stage obtains specific points.
Scoring 6 points represents a completion of full cycle of engineering design for one robot
project (see Table 4). By following this scoring metric, the instructor observed students’
performances, and then assigned points for them.

Table 4. Engineering design model.

Score point Definition

0 Failing to do anything

1 Completing the first stage (copy)

2 Completing the second stage (tinker)

3 Completing the third stage (create)

Chou [10] suggested a video demonstration test might be suitable for assessing
young children’s programming knowledge. Thus, the study developed 20 multi-choice
questions regarding basic programming. Each question item is accompanied by one
short video clip. Students needed to choose one answer on a sheet of test paper after
observing the test item in the video clip. Two computer teachers were invited to examine
the test items to ensure the validity. In addition, KR-21 test was performed to analyze
the reliability of the test, yielding a Cronbach alpha coefficient of 0.8.
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In addition, an achievement test was developed to measure students’ electrical engi-
neering knowledge. The test contained 10 matching items. Several electrical gadgets
appeared in the paper. Students needed to choose an appropriate description for the gad-
get. To ensure the content validity, the test was examined by two elementary science
teachers.

3.5 Instructional Strategy

Student oral presentation was used as an instructional intervention in the study.

1. Control group (no presentation): During class instruction, students fully engaged in
robot projects. Student oral presentation was not required in the control group.

2. Experimental group (oral presentation): At class, when the instructor identified
some students who performed well on project building, the students were invited
to demonstrate their works and share their design thinking. (See Fig. 3).

Fig. 3. One well-performing student demonstrating his robot project

3.6 Instructional Content

Educational experiment in the study lasted for 8 weeks. Various themes were presented
in weekly 3-h learning session at one science classroom. All instructional contents were
identical at two experimental groups. A curriculum design was summarized in Table 5.
Figure 4 shows one student testing his sixth-week project (robot bicycle).
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Table 5. Curriculum design of the maker program.

Week Learning unit

1 Introduction to Lego Spike/Programming training

2 Programming training

3 Engineering Project1: Dancing Robot

4 Engineering Project2: Bionic Robot

5 Engineering Project3: Robot Car

6 Engineering Project4: Robot Bicycle

7 Engineering Project5: Robot Hand

8 Engineering Project6: Walking Robot

During project development, the instructional procedure based on copy-tinker-create
principle. Initially, students were asked to use the template provided by the instructor to
practice what they learned. Subsequently, the instructor encouraged students to modify
the template. Finally, students need to create a whole new project.

Fig. 4. One student testing his robot bicycle

4 Findings

Table 6 reports the results of descriptive statistics on programming, electrical engineer-
ing, and engineering design performances. The findings showed that students in the
experimental group outperformed their counterparts on programming and engineering
design.
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Table 6. Results of descriptive statistics for three posttests.

Item Control group (M/SD) Experimental group (M/SD)

Programming 12.47 (2.62) 13.20 (3.23)

Electrical Engineering 7.67 (0.90) 7.00 (1.19)

Engineering Design 22.20 (5.41) 29.60 (3.18)

Note: Programming (0–20), Electrical Engineering (0–10), Engineering Design (0–36)

Frequency of engineering design thinking is summarized in Table 7. The information
indicated that all students fulfilled requirements in the copy and tinker stages. However,
a major difference between two experimental groups appeared in the create stage.

Table 7. Frequency of engineering design thinking.

Group Copy Tinker Create

Experimental 90 90 21

Control 90 90 58

Note: Copy, Tinker, and Create (0–90)

Tables 8, 9 and 10 summarize the results of one-way ANOVA for three posttests. The
findings indicated that no significant difference was found in the programming test (F=
6.47,p>0.05) and the electrical engineering test (F=2.98,p>0.05) between the control
and experimental groups. However, a significant difference (F= 20.83, p< 0.01) existed
in the engineering design performance between the control and experimental groups.

Table 8. Results of one-way ANOVA for the programming test.

Type Sum of square df Mean square F p

Between groups 4.03 1 4.03 6.47 0.5

Within groups 242.13 28 8.65

Total 246.17 29
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Table 9. Results of one-way ANOVA for the electrical engineering test.

Type Sum of square df Mean square F p

Between groups 3.33 1 3.33 2.98

Within groups 31.33 28 1.12 0.10

Total 34.67 29

Table 10. Results of one-way ANOVA for the engineering design performance.

Type Sum of square df Mean square F p

Between groups 410.7 1 410.7 20.83

Within groups 552.0 28 10.71 0.00**

Total 962.7 29

** p < 0.01

Table 11 presents the results of Pearson correlation among three posttests. It was
found that no significant relationship was identified between engineering design and
programming performances (r = 0.13, p > 0.05) and between engineering design and
electrical engineering performances (r = −3.01, p > 0.05).

Table 11. Results of Pearson correlation.

Engineering design Programming Engineering

r 0.13 −3.01

sig. 0.49 0.11

n 30 30

5 Conclusion

Through 8-week robotic training, all students achieved a medium-high level on the
content knowledge of programming and electrical engineering. In addition, students
immersing in peer oral presentation increased engineering design thinking behaviors
more than their counterparts did in class. In other words, the project demonstration by
well-performing students might stimulate other students’ willingness to create a whole
new robot project. However, students’ engineering design performances did not relate to
their achievements on programming and electrical engineering knowledge. Because of
the limited sample size, the findingsmay not be generalized into other learning scenarios.
Our ongoing project is to qualitatively examine the effect of the project demonstration
on students’ engineering design performances.
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Abstract. Project-based capstone modules are challenging in a face-to-face envi-
ronment and even more so when trying to move them online. In an information
systems development (ISD) capstone module at a South African university, stu-
dents are required to work in teams and engage with their real-life clients whilst
consulting with their lecturers and completing several deliverables throughout the
year. This paper reports on a case where the teaching of this project-based module
was moved online due to the COVID-19 worldwide pandemic. The contribution
lies in the lessons learnt and insights derived during this time. Students were
still able to continue to deliver high quality work that enabled them to meet the
learning outcomes of themodule.With the IT industry in the post COVID eramov-
ing online, working remotely or in a hybrid fashion, the online PBL experience
prepared students for the ‘new’ work life which makes them ‘industry ready’.
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1 Introduction

Acapstonemodule forms a very important part of a university degree’s curriculum. It pro-
vides students with a unique opportunity to build an innovative solution for a real-world
problem. The scope and scale of the module is usually very challenging and compels
students to practically apply their complete undergraduate skill set, which include inter
alia creative, critical, and strategic thinking, effective communication, teamwork, and
problem solving skills [1].

Project-based learning (PBL) is rooted in inquiry pedagogy and is grounded in three
constructivist principles: student learning is context-specific; learners actively take part
in the process of learning; and learners accomplish their learning goals through a process
of social interaction and knowledge sharing and understanding [2]. For proper PBL to
take place, students are expected to solve real-world problems by asking questions,
conducting investigations, gathering and analyzing data, interpreting the data, designing
solutions, drawing conclusions and reporting on their findings [3].

The PBL approach is therefore suitable to teach an information systems development
(ISD) capstonemodule,where students are required to design and develop an information
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system for a real-life client, while working in teams. Each real-life client has a unique
business problem usually related to the inefficiency and ineffectiveness of the current
business processes, which for small businesses are mostly hand driven. Students are
required to complete all activities associated with a typical Systems Development Life
Cycle [4], from requirements gathering to implementation, as part of their project.

Capstone modules are challenging in a face-to-face environment and even more
so when trying to move them online. This paper reports on a case where the teaching
of a project-based capstone ISD module was moved online in 2020 and 2021 due to
the COVID-19 worldwide pandemic. Although a number of scholars reported on the
implications of education during the COVID-19 pandemic, for example [5], the authors
have not noticed any reports on the delivery of Capstone modules during the COVID-
19 pandemic. Therefore, the contribution lies in the lessons learnt and insights derived
during this time. Students were still able to continue to deliver high quality work that
enabled them to meet the learning outcomes of the module. With the IT industry in the
post COVID era moving online, working remotely or in a hybrid fashion, we argue that
the online PBL experience prepared our students for the ‘new’ work life which makes
them ‘industry ready’.

The paper is structured as follows. Section 2 details the methodology applied in this
study. Section 3 provides a description of the case study, both in the pre-COVID setting
and how it was adapted during the COVID period. Section 4 discusses the reflection and
observations of both the lecturers and the survey results of the students. Section 5 offers
the lessons learnt from the case described. The paper concludes in Sect. 6.

2 Methodology

The studyutilizes a case study research approach. This approach is appropriatewhen con-
sidering phenomena in its natural setting to get and in depth understanding of an instance
[6]. In [7] it distinguishes between different types of case studies: exploratory case studies
are used to define questions or hypotheses; descriptive case studies provide rich descrip-
tions and in-depth analysis of cases; and explanatory case studies extend descriptive case
studies by providing further understanding and explanations by comparing the results to
literature.

This studymakes use of a descriptive case study and reports on the lessons learnt and
insights gained after moving an ISD capstone project online. Feedback from students
on the online course was gathered through a voluntary mainly open-ended Google Form
survey which was distributed online. 29 students responded to the survey. However, as
studentsworked in Teams, it was not expected that all the students respond, but rather one
response per Team. The responses also indicated that saturation was reached. Section 4
reports on the feedback gained from both the students and the lecturing team.

A descriptive case approach in PBL has been used before in the instruction of middle
school chemistry [8] and ninth grade intertidal biodiversity instruction [9].

3 Case Description

Final year ISD students must complete a fully-fledged information system for a real-life
client. Cohort numbers range from 150 to 180 students. Students need to complete the
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project in teams of five members. Each team completes 11 deliverables throughout the
year. These include inter alia a project proposal, functional and technical specifications,
a prototype and a final coded information system with a user and a training manual.
They learn to work with a real-life client who must sign-off on each deliverable.

The following two sections provide the context in which the PBL took place.
Section 3.1 describes the initial setting of the PBL (face-to-face), while the online
learning environment (after COVID) is described in Sect. 3.2.

3.1 Face to Face Environment

In completing the 11 deliverables, student teams seek advice from the two lecturers
assigned to themodule, bybooking face-to-face consultation sessions (consultativemeet-
ings to discuss areas where the students struggle with design or development elements)
via Google Calendar.

Two assistant lecturers (ALs) (postgraduate students who completed the module the
previous year) act as student mentors. A collaboration lab is available on campus where
teams can book cubicles to work together, but they are allowed to work in any space
they find convenient. Two lecturers mark the completed deliverables during face-to-face
team presentation sessions. Students are required to hand in a printed copy of their work
on the morning of the deliverable due date and are then allocated an hour-long session
to present it. Some deliverable hand-ins are grouped together and there are five face-to-
face presentation sessions throughout the year. For each session, the students must dress
formally, and present and argue their work. During these sessions, both lecturers mark
their printed document by discussing their work and providing hand-written feedback
on the respective models in the printed document.

3.2 Adapted Online Learning Environment

This section explains how the capstone module’s work environment was adjusted to
cater for online teaching and learning during the COVID-19 pandemic.

Online Working and Consultation. Students were allowed to make their own deci-
sions on how they would continue to communicate with each other. They also had to
find their own solutions to share their work online. Furthermore, they needed to con-
sult with their clients to find a way to communicate which would be acceptable to both
parties.

Lecturers continued tomake consultation times available throughGoogle Calendar’s
appointment slot functionality, but students were now also invited to an online Google
Meet session for the scheduled consultation times. Students had to email the documents
containing their questions in advance, but were also able to share these documents online
during a meeting.

Online Submissions. To replace the printed documents that were submitted previously,
each team was assigned a folder on Google Drive. Only the lecturers and the students
of the specific team were given ‘content manager rights’ to their team’s folder. Students
were instructed via an announcement on the University’s Blackboard learning system
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to split the large document they prepared for hand in, into smaller pdf files (one for
each section of the document e.g., use cases and narratives, data flow diagrams (DFDs),
entity-relationship diagram (ERD), hardware and software specifications, etc.). This
was done to ease up the marking process, as the two lecturers had to mark different
models/sections of the document instantaneously and the functional and technical spec-
ification documents were voluminous. Once the hand-in time expired, the ALs changed
the teams’ folder rights to prevent them from editing anything in their folder and to
ensure equal completion time allowed for all groups.

Online Evaluation and Marking Sessions. Online marking sessions were scheduled
using Google Calendar. An hour-long session was scheduled per team using Google
Meet, and the team, lecturers and ALs were invited to join this session. To make the
assigning of timeslots fair, an online randomizer was used. During the marking sessions,
both lecturers marked the students’ deliverables but focused on different parts of it. They
downloaded the submitted files into team folders on their tablet devices and were able
to use their digital pens to ‘write’ their feedback on the pdf documents and to ‘show’
students where their modelling or narratives went wrong, through sharing their tablet
screens during theGoogleMeet session.Allmeeting participantswere asked to switch off
their videos to streamline the sessions.Markswere captured in aGoogle SheetWorkbook
shared between the lecturers and ALs in a dedicated folder on Google Drive. After each
marking session, the lecturers and ALs joined their own Zoommeeting to discuss issues
relating to the marking session and to consolidate the team’s marks. The ALs created a
‘Feedback’ folder within each team’s Google Drive folder, into which they posted the
final mark sheets of the team. Marking sessions were also recorded using Google Meet’s
recording functionality and all students invited to the Google Meet session received an
automatic email with a link to the recording directly after their session. The lecturers
also uploaded the pdf documents with their feedback into every team’s Google Drive
‘Feedback’ folder.

4 Discussion

After transforming from a face-to-face environment to an online learning environment,
the lecturing team reflected on the implementation of the changes. Students were also
prompted for their feedback on the online consultations and marking sessions, through
a voluntary Google Form which was distributed online. The following feedback, with
regards to the different aspects of the course, came from the lecturers’ and students’
perspectives.

4.1 Feedback on Online Working and Consultations

From the Lecturers’ Perspective. Lecturers found the online consultations to work
quite well as students were able to join the meetings and successfully carry on with
their projects. Connectivity issues in some cases led to long sessions as lecturers had
to frequently repeat what they said due to sound problems and a lagging Internet con-
nection. Lecturers also found it difficult to explain systems modelling without having
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a way in which they could physically draw the model and indicate the notation while
explaining the concepts. There was also a need to write on the documents submitted for
the consultation to point out the errors or the required changes. This was solved when
they found the Notability App (both lecturers used iPads, however similar annotating
applications are available for Android) that allowed them to do this using an electronic
pen on a tablet.

Students were more eager to make online appointments and while they found it ben-
eficial, this resulted in much longer working hours for the lecturers as students would
‘expect’ them to be more ‘instantly’ available and lecturers correspondingly wanted to
compensate for the fact that students might feel lost and more helpless during the lock-
down. Students would for instance email their lecturers at odd times during a weekend
to request an online consultation should the lecturer’s timetable show no more avail-
able slots for the week. Students also booked slots weeks in advance, as they wanted
to ensure that they had a spot should they need it. This resulted in some unneeded slots
being cancelled at the last minute, while other teams struggled to find an available time
to consult. Lecturers consequently had to open more slots.

From the Students’ Perspective. Students had to collaborate online within their team
members, their lecturers, and their clients.

Online Collaboration with Team Members. Students indicated that they used various
technologies to support their online teamwork. They used Google Drive and Microsoft
OneDrive to backup and share their documents. They also reported that not all group
members always had enough data to upload and download these documents. The Uni-
versity’s zero-rated data portal (students could access the learning management system
and predefined websites using no data) seemed to be very slow at times. Asana (a project
work management platform) was used to manage their workload and it assisted them to
assign project tasks and to control and plan their projects. One group indicated that they
used WhatsApp to remind group members about “important dates” in their project plan,
as: “Asana wasn’t as easy to have discussions on since nobody noticed when a message
was sent.” Asana was also used to measure the individual progress of tasks assigned to
team members. Interestingly, the main intra-team communication application seemed
to be Discord. Students indicated that it was easier to use than Zoom as they did not
have to ‘schedule’ a meeting, and there was no time limit to their meetings. The ability
to share multiple screens at the same time was also useful. WhatsApp was additionally
used for team and client communication. The main advantage of WhatsApp for intra-
team communication is that it is less data intensive - students could send the Google
Meet videos over WhatsApp to save data, and it allowed teammembers to communicate
instantly about an issue. Interestingly, one group reported that they experienced the use
of WhatsApp as negative as they “had a lot of arguments over WhatsApp because sin-
cere sentences easily sounded sarcastic, causing anger”. Students used GitHub (a code
hosting platform for version control and collaboration) to share their code and to manage
the version control of their code. Microsoft Office Online was found to be a better option
than Google Docs for sharing analysis and design documents, as it has more formatting
possibilities.
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Online Consultation with Lecturers. Students found the online consultations with their
lecturers convenient as they spent less time on travelling to the University. One student
reported that s/he had never consulted in person (before COVID) but was brave enough
to consult online (during COVID) as it was less intimidating. Most students reported
that they enjoyed the ability to listen to recorded consultation sessions in preparation
for their subsequent deliverables. However, some students had connection issues due
to limited data or the lack of electricity. They overcame this by sharing the session
recordings with their team members over WhatsApp. The main challenge they had with
the online consultations was that they struggled to ‘explain’ their problems. They now
had to verbalize more, and they felt that this wasted valuable time and made them more
anxious. Students complained that there were not enough consultation slots (although
both lecturers exceeded their required consultation hours) and that the 30-min-long
online consultation slots were not long enough.

Online Consultation with their Clients. Students consulted with their clients through
GoogleMeet, email, Microsoft Teams, Skype, phone calls andWhatsApp. It was evident
that students who had a more personal relationship with their client, used phone calls or
WhatsApp more often. One group used WhatsApp voice notes to “explain” the detail
of the document that needed to be signed off by the client that assisted the client to
understand what they were signing. Other clients engaged in online meetings to review
documents and perform sign offs. Students learnt that sending the documents beforehand
reduced their meeting time.

4.2 Feedback on Online Submissions

From the Lecturers’ Perspective. The online submissions were done without any dif-
ficulties. Some groups did though not adhere to the format of the submitted files. Lectur-
ers used Notability to ‘mark’ these files with a digital pen, and files in the wrong format
had to be converted into pdfs before they could be imported into the folders on their
tablets, as importing a MSWord file would for instance blank out the file when viewed
in Notability.

From the Students’ Perspective. Students experienced the online submission very
positively. They did not need to print their documents which not only saved them a
lot of time, but also money (especially when printing in color). Furthermore, they were
not required to queue very early to hand in their printed work and to choose a suitable
presentation slot. Their only concern was that they could possibly lack a quality Internet
connectivity when they were required to hand in. However, the online submission pro-
cess was seen as the most popular aspect to keep when returning to ‘normal’ after the
lockdown.

4.3 Feedback on Online Evaluation and Marking Sessions

From the Lecturers’ Perspective. Lecturers felt that the online marking sessions
worked well. Out of the 31 scheduled sessions, only one group experienced connectivity
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issues. Students were mindful of their marking session times and mostly connected on
time. Compared to the normal face-to-face sessions, the online marking sessions took
30 min longer, as the marks needed to be captured in the electronic mark sheets, and
the mark sheets and the pdf feedback documents had to be uploaded onto the groups’
Google Drive folders. One disadvantage of marking online was that students were not
required to share their videos throughout the meeting to save on data costs. Lecturers
were therefore not able to know whether all students were continuously paying their
undivided attention to the session.

From the Students’ Perspective. Some students experienced the marking sessions as
“more relaxed”, with “less pressure”. The recordings also provided them with “direct
feedback which we might have been missing out on, due to stress and nervousness”.
However, some students indicated that the lack of being able to see the lecturers’ facial
expressions and body language made them stress more. Students were also not always
completely sure which aspects of their submitted documents lecturers referred to and
queried during the sessions. They felt that theywould be able to find the sections lecturers
asked formore easily in a ‘face-to-face’meetingwhen they couldphysically page through
their document. Some described the online session as “feeling distant” and felt that there
sometimes was some miscommunication.

5 Lesson(s) Learnt, and Insights Gained from the Adapted Online
Experience

The lessons learnt from the different aspects of the online capstonemodule is summarized
below:

5.1 Online Working and Consultation Lessons Learnt

1. Students are very innovative when it comes to making plans to communicate and
share documents online. They use technologies which they find most applicable,
easy to use and which saves them effort and money. An example of this is the use
of Discord (originally designed for gaming communities to communicate) for intra-
team communication. This is in line with the PBL approach where students are
actively involved in solving the real-life problem in order to reach their set study
goals [2].

2. The ‘Appointment’ functionality of Google Calendar works well to set up online
Google Meet consultation slots, which students can book. This aspect was retained
in the face to face setting. Students are now also offered to indicate whether they
would like to have the appointment online or face to face which gives them the flex-
ibility. This supports previous research regarding online learning during the COVID
pandemic, such as [5] who reported that students’ ability to better manage their time,
and the flexibility of the online option as positives.

3. When allowing student teams to book an online consultation slot, you need to restrict
the number of slots a single team can book. Leaving this unrestricted will cause some
teams to book almost all available slots for just in case they might need it. This leads
to wasted time due to last minute cancellations.
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4. Working online is much more exhausting and leads to many more hours of teaching
and advising as the lecturer is ‘technically available’ at all hours and students seem to
have expectations of being helped immediately. To minimize stress, lecturers should
set up some rules on how quickly students can expect to receive feedback on their
online requests.

5. Request students to preparewell for their onlinemeetings, i.e., to send the documents
they want to discuss before the meeting and to decide in advance who would run the
meeting and share their screen.

6. Requesting students to switch off their videos during an online consultation session
can save them some data costs, but it at the same time decreases the richness of the
communication as facial expressions and body language will be lost. Lecturers are
also not able to see what students do during the meeting and whether they pay their
undivided attention to the online discussion.

7. To assist with explaining concepts during online consultations and online mark-
ing sessions, an App such as ‘Notability’ is very useful as it allows a lecturer to
write or draw with an electronic pen, while explaining content. Android applications
delivering the same annotative abilities are available.

8. Students found Asana to be a very valuable project management tool to plan their
project, to assign work to team members, to keep track of the tasks completed and
of those behind schedule.

5.2 Online Submission Lessons Learnt

1. In a developing country, allowing students to hand in their capstone deliverables
as an electronic document can save them a lot of traveling time and money due to
printing costs. This aspect seems to be one that could also be continued with in the
‘normal’ face-to-face setting.

2. Being able to view documents online also allowed many students to display their
work in color that might for some teams not have been possible if they had to pay
for color printing.

3. Creating dedicated team folders on Google Drive for students to submit their doc-
uments for evaluation purposes and providing them with detailed instructions as to
what to name their documents, where to upload it, and in what format to upload it,
could ease up the online evaluation process significantly.

4. The ability to adjust the editing and viewing settings of the folders on Google Drive
can assist lecturers to manage student activity in their dedicated hand-in folders
(especially after the hand-in time expired).

5. Using an online randomizer to assign student teams their evaluation slots seems to
be acceptable and fair.

5.3 Online Evaluation and Marking Session Lessons

1. Compared to previous years’ results, the marks students obtained were very similar.
This indicates that technology can solve many issues posed by a lockdown, although
the similar results could also be attributed to the fact that students had more time to
consult with their lecturers.
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2. Being able to record what was said during the evaluation session and making the
recording available to students after the session can save lecturers ample time spent
on student queries. Students also find this very valuable as they could watch and
listen to it again.

3. Marking the content of a large document could lead to a lot of frustration. Rather split
the document into a number of smaller documents as these speeds up the scrolling
through and evaluation process.

6 Conclusion

This paper reported on the technologies and initiatives employed by both the lecturing
teamand students (enrolled for the project-based capstone ISDmodule at a SouthAfrican
University) to change the module to an online module. The results indicate that it is
possible to successfully present a project-based capstone module online. Although the
richness of a face-to-face setting was noticeably absent, the overall experience of the
online module was positive. The lecturers were not too prescriptive with how students
needed to conduct intra-team and client communication and students posed to be very
innovative in this regard. It is however important tomanage students’ communication and
consultationwith their lecturerswell and to provide clear guidelines onhowstudents need
to submit their documentation for evaluation. Combining different technologies, such
as annotating a document using the Notability App while explaining a concept during a
Google Meet recording, allowed students to receive proper and thorough feedback.
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Abstract. Mathematics is a tool often used to solve scientific problems. However,
the motion balance of the JIMU (robot building blocks) robot after assembly is
affected due to the proportion of the center of gravity of the assembled shape. This
study provides students with the components of a JIMU robot, in order that they
could assemble, design program codes, control the robot, and experience themath-
ematical and physical relationship between the robot’s balance and action. The
students’ reflections on the key skills of building the robot, learning the concepts
of assembly logic and organizational structure, and understanding the relationship
between mathematics and physics could help to improve their abilities of apply-
ing mathematics in programming language design and using assembly tools to
give the robot balanced movements in the design. Students actually carried out
the design and development of the system, considered the problem-solving steps,
designed the program code, and practiced robot balance during motion. The case
interviews with students were analyzed to understand students’ attitudes towards
such a learning style.

Keywords: Robots · STEAM · Hands-on · Creative assembly ·Mathematics and
physics ·Motion balance

1 Introduction

Building blocks are creative materials with complex changes [6], which cultivate the
hands-on ability, the utility of objects after assembly, and the cognition and training of
spatial geometry. They can foster users’ ability and concepts to build different structures,
help students in their reasoning performance [1], and enhance students’ creativity, thus,
building blocks are a good learning aid. Assembling building blocks into robots can
enhance and inspire the ability of creative ability construction.

2 Motivation

Mathematics is the foundation of physics learning. As mathematics and physics affect
the dynamics and actions of objects, mathematics can meet the needs of solving physics
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problems. Moreover, as the program code controls the behavior of a robot, the learning
of basic design is important [2].

Chen mentioned that mathematics is a thought-provoking subject with a high failure
rate, and this high failure rate affects students’ willingness to learn [7]. However, as
a compulsory basic course, mathematics is needed to prepare for later professional
application. Therefore, this study suggests that if the practical cases of mathematics in
scientific application situations can be improved, and the use of mathematics in science
can be verified and seen visually, the pursuit of this discipline may be increased in the
future.

Chiu re-enhanced what was learned in the general physics class through high school
experimental classes to deepen learning through practice [15]. Students were assigned
software or programs to design animations to gain an in-depth understanding of the
characteristics of waves and become familiar with the concepts of the implementation
process.

There aremany students who feel that their performance inmathematics is inferior to
others and do not take the initiative to learn, or give up learning. For these low-achieving
students, teachingwith emerging technology tools, appropriatemethods, and timings can
stimulate their learning potential and enable them to make flexible use of mathematics,
physics, and programming code in learning. It is expected that multidisciplinary training
in the classroom will build students’ confidence to face difficult learning situations and
solve problems in real-time.

3 Purpose

Learning is a continuous accumulation of knowledge, and one can learn further course
content only with a solid foundation. An article of Turner discussed the evolution of
American science education with the slope balance experiment as an example, and
pointed out that between 1880 and 1920, science teaching in the United States had grad-
ually transformed from lecture and demonstration teaching to a teaching type based
on students’ hands-on experiments due to increased funding [10]. However, this issues
is studied on elementary school in Taiwan [1]. Chiu mentioned that, in most of Tai-
wan’s junior and senior high schools, the teaching mode still focuses on lectures, while
demonstration experiments and group experiments are seldom conducted [14].

Therefore, the aim of this study was a pilot study, used interview and case study to
discuss a teaching style in which students could have hands-on experiences during the
course. Sufficient mathematical and physical background knowledge of basic concepts
are needed to assemble JIMU (building block) robots and write programs, in order to
ensure the balance of the robot’s movements is maintained and the robot will not fall,
through experience and reflection, students can achieve seeing, thinking, and doing in
person.
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4 Literature Review

4.1 Impact of Creative Assembly

Building blocks can be used for toys, teaching aids, mathematics, architectural knowl-
edge concepts and systems, and mathematical knowledge and systems. Building blocks
are also helpful for the development of human hand movements, language skills, cog-
nitive skills, social skills, creativity, and sensory support [4]. Fang pointed out that
participation in hands-on science learning can enhance kindergarten teachers’ knowl-
edge and production skills of science toys, which will make teachers more confident in
science teaching, and their lessons will be more vivid, lively, and interesting [3]. Then,
science toys can be applied in their teaching of children’s science games. The study of
Hsieh and Chang found that the integration of creative problem solving into the teaching
of science toy making can improve the creativity and precision of the creative projects
of students in the gifted education programs of the upper grades of elementary schools
[5]. This integration also improved their capacity to discover scientific and creative
problem-solving items, and most students had a positive attitude towards the integration
of creative problem solving into the teaching of scientific toy making and believed that
it helped enhance their creativity.

After teaching, Ye found that the production of technology toys and the theme of
technology implementation can effectively enhance learning interest, the importance of
practice should be shownduring teaching activities, and group competitions can be added
after the work is completed, and finally, it was suggested that STEAM education should
be promoted in stages starting fromelementary schools [12]. TheMinistry of Science and
Technology inTaiwan also includes the “ScientificToyDesign andProduction” project in
the “Promotion Plan of Science Education Practice Research Planning”, and encourages
engagement in scientific toy-related research, which shows that Taiwan attaches great
importance to the development of scientific toy-related teaching and research [8].

This study suggests that the introduction of mathematics and physics in the design
thinking of programming code is needed for the influence of balance and power, and the
application of manipulating building block robots will arouse students’ curiosity.

4.2 Importance of Mathematics and Physics for Motion Balance

Mathematics and physics are important for the motion balance of object dynamics, as
mathematics affects the physical motion of an object’s sense of balance and ability to
sustain motion.
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As life is the source of people’s development and learning of mathematical concepts,
when students encounter real and specific problems regarding numbers, quantities, and
shapes in their lives, knowledge of mathematics will allow students to understand and
solve them [11]. Mathematical ability is a very important basic ability in human intel-
ligence and is related to various quantitative relationships in life, thus, people naturally
want to learn or challenge how to use the concept of quantitative relationships to solve
the problems they face [9]. Therefore, the concepts of mathematics and physics should
be brought into teaching program coding by connecting them with life in many ways,
which will enhance students’ interest in mathematics learning, and they can learn easily
and naturally in an interesting and pleasant environment.Moreover, such knowledgewill
allow them to truly utilize their cross-domain knowledge and skills, solve problems, and
prevent learning difficulties to achieve the best education effect.

5 Teaching Practice and Action Verification

Hu pointed out that it is imperative to cultivate program design in the age of technology.
Teaching should consider both process and results, and should pay greater attention
to “process”; it is expected that teachers in the future will implement literacy-oriented
teaching, and provide students with sufficient time for practicing exercises, applying
outputs, and exploring reflections in the process [13]. This study suggests that results are
used by teachers to examine the differences and appropriateness of individual students’
learning strategies and abilities in the teaching process, in order to understand how to
improve the effectiveness of their teaching strategies. The “process” refers to learning
methods that can guide students to create and reflect, provide students with increased
participation in interaction and practice, help students take responsibility for their own
learning, and cooperate with their peers in a scientific context.

This study was designed with AI robots as the course theme. Through the process
of developing AI robots, students can actually learn physical knowledge and develop
knowledge. This course provided development examples and physics-related data for
students’ reference, and students were guided to import mathematics into their program-
ming code to control the action and balance posture of the assembled robot, and thus,
achieve the practical application of physical knowledge.

Description: First, turn on the robot’s switch and the smartphone’s Bluetooth con-
nection to complete the connection. After confirming that detection is obtained, as our
theme is dynamic balance, the angle parameters of the balance must be adjusted, each
part must be selected to adjust separately, and check the operation after the adjustment
is completed. After all parts are adjusted separately, a robot that meets the goal of the
theme can be constructed (Fig. 1).
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Fig. 1. Process steps.

Each group of three students was provided with a building block set, and after the
teacher demonstrated the assembly, the students explored their assembly skills. However,
as the studentswere not very familiarwith this new type of assembled robot, they required
time to explore the components; for example, students lacking the basic knowledge
or ability background in information management spent a lot of time to establish the
Bluetooth connection. When the initial movements could not make the robot move in a
balanced manner, the students quickly discovered the imbalance of the center of gravity,
and immediately reassembled the robot and retested it. After many attempts to replace
building blocks, several groups of students still could notmake the robotmove in balance,
thus, the teacher guided them to import the dynamic relationship between mathematics
and objects into the program code, or directly use balance as the benchmark to try to
change it. Finally, students realized that mathematics and physics had a great influence
on the robot’s action and motion balance.
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5.1 Mathematical Thinking in the Design of Program Code

The JIMUAPP integrates themanufacturing, control, and programming of an assembled
JIMU robot, thus, users can follow the 3D animation in the smartphone APP to build a
JIMU robot and make it move. The mathematical angle is the key to balanced action,
thus, through the graphical programming interface, users can learn to program robots,
and even see how these graphical interfaces translate to Swift codes.

The angles of the hand servo of the JIMU robot action are shown in Table 1, while
Fig. 2 and Fig. 3 show the front and side angles, respectively, when the building block
robot action is performed.

Fig. 2. Front view of JIMU robot program
during execution

Fig. 3. Side view of JIMU robot program
during execution

Table 1. Angle of the hand servo of JIMU robot.

The angle of the hand servo

The angles of the hand servos are 33, 43, 33, and 43°, respectively, and the duration is 400 ms

The angles of the hand servos are −33, −45, −31, and −45°, respectively, and the duration is
400 ms

The angles of the hand servos are −104, 71, −80, and 96°, respectively, and the duration is 400
ms

The angles of the hand servos are −28, −50, −90, and −10°, respectively, and the duration is
400 ms

5.2 Case Interviews

This study interviewed three third-year female students of business andmanagementwith
experience in learning C language programming during one semester of their freshman
year. The students’ attitudes towards learning physics knowledge by developing robots
are provided, as follows:
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Female Student A:
“I have learned how to work as a team, so that the whole process can be smoothly

promoted, and complicated things can be simplified so that the students in the team
can easily understand them. When designing programs, we’ve learned the ability to
cultivate mathematical logic, so that the assembled robot can continue to operate in a
mathematically balanced state”.

“There were actually many situations in the process, such as the JIMU program.
At first, we thought that some of its actions were limited. We originally thought that
there were not many things that could be worked out, but with the efforts of the team
members, we designed a lot of novel actions. I think that in addition to learning the
theory of knowledge, the other part of this class is practical operation. It has allowed
us to operate some machines in practice, know how to think, cooperate, grow, and be
familiar with the knowledge and skills that can’t be brought to us by books. Then, it will
enable us to teach others and turn the knowledge into our own”.

Female Student B:
“Sometimes, we had different opinions, so we had to communicate with each other,

unify the best idea, show the program code to compare with the building block robot,
and learn how to communicate with the teammembers. I also learned to keep trying hard
to assemble components, and constantly trying to change the program code. Don’t give
up, because in the process of production, we must try to modify various angles so that
the robot can reach a balance, and there must be many failures in the process, such as the
robot’s being unable to stand. But after a few more attempts, we successfully completed
our program code”.

“By making a JIMU robot, I have entered the world of robots, because I have never
had the opportunity to contact robots before, and it was impossible for me to get involved
in the program code myself to make the robot perform actions. Only then did I realize
that robots already help human beings do so many things, such as being a counter staff in
a restaurant or accompanying the elderly. In this course, when I saw that the robot really
moved and performed the movements that we designed, I had a sense of achievement,
and I felt that I had successfully made the robot move”.

Female Student C:
“During this robot-making process, I learned that many robots are not like the previ-

ous ones that only have a single function. Our modern robots, especially the more pro-
fessional robots, can all be connected to a smartphone to become robots with different
functions or themes. This is what I think the most special this time”.

“Robots are in a field that I am rarely exposed to in my daily life, so I can say
that I don’t know anything about this part. If I hadn’t relied on teamwork, I’m afraid
I would not have been able to participate in this work. I feel that this work experience
is quite special. It’s not just a job on the computer. I think it symbolizes the coming
of a new era, because technology is advancing day by day, and robots already occupy
a certain part of our lives. Therefore, human beings cannot regress, and they can only
progress. Otherwise, human beings may be easily replaced in the future. This is what I
have realized this time”.
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5.3 Discussion

During the practical test, when a group of students tried to connect their robot, there was
a problem, and the Bluetooth failed to connect, thus, they asked the researcher (teacher)
for help, but the researcher found no problem with the Bluetooth connection. After a
few more tries, the connection became successful.

In the process of designing the program code, there were also cases where the
designed robot was not able to balance during the movement, or it immediately fell when
moving forward. Therefore, some groups of students had repeatedly tried to improve
the program code from various angles to adjust and improve the design until there was
a way for the robot to achieve balance and execute the program code. Some groups of
students observed the balance pattern of the robot and discussed how to adjust the math-
ematical angle with mathematical thinking, in order that the robot could be balanced
during operation.

The implementation process allowed users (students) to understand that the mod-
ular robot could make different actions according to different angles, such as running
movements could be made with servo ID-1:−28°, servo ID-2:−50°, servo ID-3:−90°,
and servo ID-4: −10°. Students also found that changing the program code to design
different angles might also cause the robot to fail for being unbalanced when moving
quickly, thus, no game tasks were designed for users.

Students felt that the creative part of the designed robot was that it can challenge its
own limits when balanced by mathematics and physics, such as manipulating the robot’s
hands and feet to maintain balance and complete more difficult movements without
falling down. Such balance manipulations not only helped the robot to move, they also
pushed it to the limit of trying some difficult moves under mathematical balance.

Some student groups initially designed simple movements, but after observing the
designed movements of other groups, they searched the internet and found that building
block robots can complete difficult movements. By discussing and experimenting with
their teammates, the students adjusted the mathematical angle of the hand servo to
change its movement, which enabled the students to challenge themselves to apply
mathematical angles to complete other difficult movements in a rhythmic manner. Under
such designed mathematical balance, the students changed the original simple program
design to achieve their intended movement.

In fact, there aremanyproblems and challenges inSTEAMeducation, such as the lack
of qualified STEAM teachers, as well as the lack and uneven distribution of resources.
How should we deal with such issues? In this course, some students felt that, as college
students, they should actively study, instead of waiting passively for someone else to
teach them. Independent thinking and self-directed learning are useful in the process of
learning by oneself.

Regarding programming languages, students believe that more and more people
are learning programming languages in recent years, and it is also included in school
curriculums. However, it has been observed that when taking a course that involves
hands-on learning, some students will encounter frustrations, which often leads to no
further in-depth study, whereas others want to overcome these frustrations. If students
are studying by themselves, they are advised to use simple introductory courses through
apps to make it easier to start improving their abilities.
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Regarding everyday life and technology literacy, in contemporary times, technology
is combined with life, and the two cannot be separated. When students feel that they
can bring their knowledge to life, the subject matter becomes relatable to daily life,
thus, applying solutions to life through technology can help users to grow and learn new
things.

6 Conclusion and Suggestions

6.1 Conclusion

During the practical operation experiment of this study, students were encouraged to
think independently, then, solve problems together in the learning process, and establish
personal connections. The multi-dimensional participation and inquiry-based learning
style of this course allowed the students to demonstrate mathematics learning and build-
ing processes. In terms of learning results, students’ inquiry-based learning allowed
them to form robots by assembling building blocks, and then, control the robot’s bal-
anced movements via mathematics and physics combined with program coding, and
thus, achieve a multi-dimensional understanding of the course content explanations,
interpret and apply the knowledge, and develop empathy by considering the viewpoints
of others through teamwork.

However, programming is a difficult subject for some students. The difficulty for
beginners to learn programming is that they can neither understand the process of pro-
gram execution nor the description methods allowed by the computer. If the presentation
of the concepts can be changed via actual visualization when teaching programming, it
will help students learn programming. The programming platform of the JIMU robot is a
set of technologically innovative building blocks that can apply graphical programming
in teaching. After students’ exposure is increased, theywill have a general understanding
of how the program operates the robot, and feel that the JIMU robot is more interesting
than simply using computer simulation to learn programming. And at the same time,
such exposure will reduce the obstacles and fears of beginners in learning programming.

6.2 Conclusion

This study only conducted one class of experimental teaching at the university. It was
determined that the robot programming course in the shape of ninja turtles could arouse
the interest of university students to learn programming and improve their attitude
towards learning. Therefore, it is suggested that gender should be taken as a dependent
variable to study the impact of robotic programming courses on high school students’
willingness to learn programming. The students gained a lot of practical experience
and reflection in the process of this study. It is recommended that future research can
use an experimental group and control group to conduct action experimental teaching,
and increase the implementation time of the course, in order to analyze and verify the
effect of the creative design of building block robots with smartphone remote control on
programming teaching.
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Abstract. This study looked at how interdisciplinary learning concepts were
established and whether Problem-Based Learning for STEM teaching materials
improved students’ learning effectiveness in a novel implementation of newbaking
performances. All students from Taiwan’s University of Technology participated
in this study. Through STEM instrument development, five experts contributed to
the content, surface, construct validity, and reliability of 35 learning effectiveness
test items. The quantitative evaluations of the pretest and posttest revealed that
most students improved their STEM cognitive skills of PBL and demonstrated
their logical reasoning and activation capacity in the classroom. They might mix
theory and practice in systematic thinking with hands-on, machine implemen-
tation, and processing of key ingredients to open interactive conversations. Stu-
dents displayed favorable thinking traits for integrating interdisciplinary PBL and
STEM into inventive knowledge, according to the descriptive statistical study
of STEM learning efficiency. These findings had ramifications for STEM cogni-
tions in a PBL educational environment in order to improve their baking class
vocational competency. Their learning passion and interest in the environment,
according to pedagogical proposals, demands long-term development in order to
create substantial new vision and value in the future.

Keywords: Cognitive skills · Learning effectiveness · Problem-based learning ·
STEM

1 Introduction

In the United States, interdisciplinary STEM education emerged by combining Science,
Technology, Engineering, and Mathematics (STEM) into a unified learning paradigm
in multi-curriculum learning. Students could experience creating links between digi-
tal learning and the real world as a result of the STEM challenge. The importance of
problem-based learning (PBL) in STEM to develop innovative thinking abilities in stu-
dents’ domain knowledge has already been emphasized by researchers [1, 2]. PBL was

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
Y.-M. Huang et al. (Eds.): ICITL 2022, LNCS 13449, pp. 355–363, 2022.
https://doi.org/10.1007/978-3-031-15273-3_39

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-15273-3_39&domain=pdf
https://doi.org/10.1007/978-3-031-15273-3_39


356 K.-D. Su and H.-Y. Chen

identified as a student-centered teaching style by scholars [3, 4]. They have more control
over what they learn when they use PBL and STEM (PBL-STEM) [5, 6].

Through engineering-based thinking, PBL-STEMeducation could enhance students’
communicative expression, teamwork spirit, skill practice, and independent thinking
abilities [7]. It would improve their critical reasoning skills, learning interests, and
effectiveness [8]. As a result, they needed to participate in a hands-on PBL-STEM
discussion in order to create actual opportunities by thinking and acting like engineers
and scientists [9]. By relying on domain knowledge from other disciplines, PBL-STEM
education could help students find answers to complicated and real-world challenges
[10]. Researchers discovered that meta-analyses of PBL-STEM education have verified
the impact on their conceptual knowledge and higher-order abilities [11].

As a result, this research uses a complete integration of the PBL-STEM to examine
students’ learning efficiency in inter-disciplinary baking learning. They hoped that by
using this integrated method, they would be able to improve their thinking specifically
for the PBL-STEM inter-discipline process through teamwork. In this study, it’s possible
that creating a PBL-STEMmodule with a learning objective can aid students in gaining
innovative domain knowledge and higher-order thinking skills about scientific solutions.

2 Research Purposes and Questions

This study looked at whether inter-disciplinary PBL-STEM teaching materials benefited
students’ learning effectiveness in an innovative baking performance implementation.
This study intends to answer the following four questions in particular:

1. What is the context of the interdisciplinary PBL-STEM baked creative implementa-
tion teaching material?

2. What is the validity and reliability of the evidence of PBL-STEM learning
effectiveness assessment tools?

3. How do their learning differences affect the implementation of an interdisciplinary
PBL-STEM baking project?

4. How does their one-way ANOVA reveal regard the effectiveness of PBL-STEM
learning in relation to students’ gender, age, and disposition toward the PBL-STEM
pastry bakery course?

3 Literature Review

3.1 STEM Characteristics

The history of current educational research reveals that directing students to STEM
achievement has gotten extraordinary local and international attention [12]. Seven essen-
tial qualities of STEM education, according to scholars [8, 13], provided different prolif-
erated educational benefits in an interdisciplinary curriculum. Interdisciplinary, interest-
ing, experiential, situational, cooperation, design, evidence, and technological advance-
ment were among the fundamental features. STEM qualities will motivate students to
execute some tasks including integrated knowledge, experiences, and problem-solving in
a real-world setting. As a result, the core qualities will promote their subject knowledge
engagement, cooperation, and motivation [14].
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3.2 PBL-STEM Education

PBLwas a student-centered instructionalmethod that focused on increasing participants’
curriculum comprehension and problem-solving abilities. Students, on the other hand,
did not have a single accurate solution in real-world and ill-structured situations [15].
As a result, PBL-STEM integration refers to a wide range of science, technology, engi-
neering, and mathematics (STEM) education that is used as a teaching strategy in PBL
[16]. Students benefited from the student-centered approaches in terms of meaningful
collaboration and offering a comprehensive during the STEM scaffolding experience
task [17]. The purpose was to offer pupils fundamental humanistic literacy as well as
information about the subject.

PBL-STEM education blends teamwork, learning, and engagement in the classroom
with an environment that encourages innovative advanced thinking [18]. In addition,
students handle real-world challenges and complicated social contexts via hands-on,
brainstorming thinking, discussion of practical participation, and experience [10]. In
this study, the interdisciplinary PBL-STEM education used a combination of machine
implementation and processed pertinent elements to determine their learning efficacy.

4 Method

4.1 Participants

A PBL-STEM learning platform was implemented for 115 students and five experts
at a university of science and technology in northern Taiwan as part of this study. In
terms of students, the pilot test guided 44 first-year students who had prior knowledge
to participate in the PBL-STEM learning efficacy developments. The research sample
consisted of 71 students with higher-order thinking skills who participated in the PBL-
STEMstrategy.All ethical considerationswere taken into accountwhen the experimental
techniques in this study were approved. The students had all done PBL before, but
none of them had any STEM experience. One scientist, two scientific and technological
academics, one educator, and one media designer were among the five specialists who
participated in this study. They logically edited and examined the intelligibility of the
PBL-STEM learning questionnaire draft.

4.2 Research Design and Development of Instrument

This study designed a learning effective questionnaire to assess students’ curiosity, com-
prehension capacity, problem-solving ability, self-efficacy, and teamwork in STEM. The
questionnaire had two parts: a basic background information section and a structured
learning effective questionnaire with alternatives such as strongly agree, agree, neutral,
disagree, and strongly disagree on a five-point Likert scale [19]. We obtained quantita-
tive and qualitative data and examined their learning efficacy in PBL-STEM education
through the construction of questionnaires and data collection.
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In this study, their background information, such as gender, age, and temperament,
served as independent factors. In addition, five aspects of the STEM questionnaire were
used as dependent variables because of their composition. Patrick [20] and Su’s [21]
questionnaires were used to create the first draft test items. All five experts contributed
to the questionnaire’s content and face validity by reviewing, revising, and removing
test items. 44 first-year students who studied the pastry bakery course and performed
following the mid-term assessment between November and December 2021 participated
in a pilot test.

TheCronbach’sα average reliability valuewas greater than .900 in the reliability test,
and it received a positive and formal questionnaire [22]. Q1, learning interest towards
STEMsituational problem-based learning (PBL-STEM) course; Q2, understanding abil-
ity towards PBL-STEM course; Q3, problem-solving skill towards PBL-STEM course;
Q4, self-efficacy towards PBL-STEM course; and Q5, teamwork towards PBL-STEM
course were all included in the STEM learning effectiveness questionnaire. In this study,
the final questionnaire, PBL-STEMQ, comprised 35 test items, which were summarized
as follows: STEM content (item 1) is precisely the type of learning that I enjoy.

4.3 Data Acquisition

Pre-test and post-test questions were used to assess students’ STEM learning efficacy.
The PBL-STEMQ has five elements, and the regulations were scored on a five-point
Likert-type scale with a range of one to five. At the end of the research, students’ learn-
ing effectiveness was assessed once more. The acquired data would be analyzed using
computer code and Arabic numerals during the pretest and posttest management of
PBL-STEM teaching. Cronbach’s α internal consistency of the PBL-STEMQ, descrip-
tive statistical analysis, and one-way ANOVA were among the statistical procedures
used. All statistical methods for the analysis of their PBL-STEM learning efficacy were
done utilizing the SPSS for MSWindows 25.0 application. Data collection and analysis
were done with the students’ permission. This research was conducted with the help of
all students who volunteered and actively engaged. Students agreed to participate in this
study.

5 Results and Discussion

5.1 The PBL-STEM Baked Creative Implementation Teaching Material

This research successfully designed an experience PBL-STEM context of the scientific
content in the life technology of pastry bakery, as shown in Fig. 1. Based onMiller’s [23]
learning objectives framework of knowledge and action fifth-level and Ausubel’s [24]
constructive learning theory, this research successfully designed an experience PBL-
STEM context of the scientific content in the life technology of pastry bakery, as seen
in Fig. 1. Figure 2 illustrates a PBL-STEM multivariate learning environment and con-
versation to develop students’ broader basic knowledge and cross-disciplinary to guide
PBL-STEM multivariate learning environment and discussion. In science, the finished
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product is baked in an acceptable shape after fermentation, using flour as the major raw
material, adding water, yeast, salt, and auxiliary raw materials oil, sugar, eggs, milk, or
other raw materials, and adding legal improvers or additives. In the hands-on of pastry,
what is the fermentation process? Fermentation is a biological reaction that involves the
usage of organisms such as bacteria, plant cells, and yeast to breakdown organic waste.
Winemaking and bean fermented foods both employ the same fermentation method.
Fermentation reaction:

C6H12O6 → 2C2H5OH + 2CO2 �H = 118 kJ/mol
To summarize, fermentation can be defined in a broad sense as the change of organic

matter caused by enzymes. In the field of technology, a mixer is used to: (1) Select the
proper mixer for the product, and the maximum mixing volume should not exceed 2/3
of the mixing tank. (2) When first starting off, keep your hands and utensils out of the
mixing tank. (3) When you open the door, check to see if the transmission remains in the
correct speed position.When altering the stirring speed, switch themachine off first, then
change the speed from low to medium to high. Always switch off the electricity before
adjusting the speed. (4) When stirring granular ingredients, start slowly and gradually
increase the speed, as this will cause the powder to fly. However, as technology has
advanced, the oven has progressed from a kiln constructed of bricks or stones in the
early days to a bunker-style oven, and finally to an oven heated by electricity or gas. It
can be classified as an electric oven, a gas oven, a steam oven, a diesel oven (which is
less common), and so on, depending on the source of energy.

Choosing a good and suitable work surface in engineering processes will make the
snack maker more convenient in the operation process, as well as achieve the effect of
hygiene and safety. According to ergonomics, the work surface should be exactly the
same height as the operator’s waist (typically around 90 to 120 cm), so that the operator
does not become weary or sore in the back after a long period of activity. The most
widely used worktops are stainless steel counters. Marble countertops are often made
of granite or man-made stone. Finally, weighing, stirring raise temperature calculation,
applicable to water temperature calculation, and calculation of specific gravity of batter,
among other things, are all covered in mathematics.

STEM education, according to Vasquez et al. [25], encouraged pupils to know learn-
ing goals of knowledge and action using multidisciplinary approaches. Scholars [26–28]
have found that the PBL-STEM baked innovative implementation teaching materials
activities have a favorable impact on students’ achievement in life technology.

5.2 The Validity and Reliability of the Assessment Tools

The five experts’ agreement score in the validity and reliability of the PBL-STEM learn-
ing effectiveness evaluation tools is .95, which is a respectable average agreement rate.
According to Polit et al. [29], the Content Verification Index value should be at least .78.
The average Cronbach’s value, mean value, and standard deviation for the PBL-STEM
learning effectiveness evaluation instruments are .967, 3.9, and .7, respectively, accord-
ing to a descriptive statistical study. Researchers [22, 30] considered the values for their
dynamic statistic discoveries arrived at a positive satisfactory level.
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Fig. 1. Students’ experience PBL-STEM teaching materials in the life technology of pastry
bakery.

Fig. 2. Students’ hands-on experience PBL-STEM group learning in the pastry bakery course.

5.3 Students’ Learning Differences

T-tests were used to see how the learning differences between the pretest and posttest
affected the implementation of an interdisciplinary PBL-STEM baking project. The
results demonstrated that the efficiency of PBL-STEM learning among subscales was
significant (p < .05) and superior to pretest for Q1, Q3, Q4, and Q5. For professional
learning interest, problem-solving skill, self-efficacy, and teamwork skills, the statistical
findings revealed that four dependent variables were significant. The learning differences
between the pretest and posttest were not significant in comprehending abilities toward
PBL-STEM course. Learning interest, problem-solving, self-efficacy, and collaborative
abilities were found to be major elements determining learning differences in PBL-
STEM courses by researchers [20, 31-33].
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5.4 One-Way ANOVA

How does their one-way ANOVA reveal regard the effectiveness of PBL-STEM learning
in relation to students’ gender, age, and disposition toward the PBL-STEM pastry bak-
ery course? ANOVA statistical tests were used to scrutinize their learning differences in
gender, age, and disposition about the PBL-STEM pastry bakery course. The outcomes
revealed that gender differences in learning throughout five subscales were not signif-
icant, and their effect sizes were below medium [34]. That really is, there were hardly
any learning differences between male and female students in the course.

Learning differences of the PBL-STEM pastry bakery course among five subscales
were significantly different and had large impact sizes (f > .4), Q1(F = 12.13, p< .001,
f = .74), Q2(F = 6.90, p < .001, f = .56), Q3(F = 5.21, p = .003, f = .49), Q4(F =
6.99, p< .001, f = .56), Q5(F = 3.88, p = .013, f = .42) as students age. Additionally,
Scheffé’s post-hoc analysis revealed significant differences within all subscales fromQ1
to Q5. There were two probable justifications for the variations. Freshmen, on the one
hand, are more curious and interested than seniors, and on the other hand, freshmen are
more engaged in group discussions than seniors.

All five dependent variables in the STEM pastry bakery course are significantly dif-
ferent, and the effect sizes (f > .4) are all larger than substantial [34]. Then, through
Scheffé’s post-hoc comparison, they may see that their independent variables have sig-
nificant differences. In this study, “extremely positive” was preferred over “positive” and
“neutral” by all five dependents. That is, in PBL-STEMeducation, students’ dispositions
will play vital roles in learning effectiveness.

The quantitative findings showed that including STEM education into PBL teaching
improved students’ learning effectiveness, helped them understand the goal of problem-
solving and allowed them to interact more meaningfully in these settings [35, 36]. The
PBL technique was also shown to have a lot of potential in helping real-world problem
solving in the STEM pastry baking course [37]. As previously stated, the PBL group
cooperative learning demonstrated a collaborative environment that was favorable to
right thinking guidance and training [19, 38].

6 Conclusions

Considering the aforementioned findings and perspectives, cross-disciplinary PBL-
STEM education produced numerous favorable interactive learning environments
through innovative implementation of students’ performances. However, most students
benefited from the hands-on practice contact and direction in the pastry bakery, which
helped them expand their cognition knowledge, problem-solving abilities, and learning
levels.

All of the cross-disciplinary results emphasized students’ logical reasoning and criti-
cal thinking abilities,whichmight give themconfidence overall problem-solving abilities
in STEM education by implementing innovative pastry bakery performances.
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Abstract. The number of students exhibiting long-term emotional or behavioral
problems has increased. Such students face difficulty in adjusting to school life
and might be unhappy, angry, or frustrated. In this study, we developed an appli-
cation (app) for digital affective learning to improve the emotion regulation of
children facing emotional difficulties. A total of 26 children were recruited in this
study to participate in an experiment; half of the participants exhibited typical
emotional development and the other half had emotional problems. The recruited
children were aware of their emotional state and used numerical clicks to select
their current emotionswhen using the developed app.Cognitive behavioral therapy
was used to modify the children’s attribution and cognitive patterns. The children
were also encouraged to develop positive problem-solving strategies. The devel-
oped app records information regarding the time, the weather, and a person who
gets along with the child. The experimental results indicated that the use of the
developed affective learning app resulted in improvements in the emotional state
of the typically developing children and the children with emotional problems.
The developed app enhanced the positive emotion of the two groups, and no sig-
nificant difference was noted in the enhancement in positive emotion between the
two groups.

Keywords: Digital affective learning · Emotion regulation · Children with
emotional handicap · Positive emotion

1 Introduction

Long-term emotional or behavioral difficulties considerably affect the adjustment of
children to school life. Emotional problems include extroverted behaviors, such as
aggression and disobedience, and introverted behaviors, such as anxiety and depres-
sion [1]. The inappropriate behaviors and emotions of children with emotional problems
affect their interpersonal relationships with teachers and peers, and such children tend to
exhibit unhappy, frustrated, and angry emotions in school. Eisenhower et al. indicated
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that teachers feel considerable pressure when handling disruptive behavior from chil-
dren with emotional problems [2]. Such children can improve their social adjustment by
learning emotion regulation.

2 Literature Review

2.1 Emotion Regulation

Emotions involve loosely coupled changes in the domains of subjective experience,
behavior, and peripheral physiology [3]. Emotion-related behaviors include changes in
facial expression; posture; and situation-specific instrumental behaviors, such as with-
drawing or striking. Individuals can apply emotion regulation by, for example, focusing
on their breathing, reading a book, or thinking about a situation differently. According
to the process model of emotion regulation (Fig. 1), different emotion regulation strate-
gies have distinct consequences for how a person feels, thinks, and acts immediately
and over a long-term period [3]. Situation selection refers to taking actions that make
it more (or less) likely that one would elicit desirable (or undesirable) emotions. Situ-
ation modification refers to taking actions that directly modify the situation to alter its
emotional impact. Attentional deployment involves directing one’s attention to influence
one’s emotional responses. Cognitive change refers to modifying one’s assessment of a
situation to alter its emotional impact. Response modulation refers to the modification of
experiential, behavioral, or physiological components that directly influence emotional
responses following emotional development [3].

Situation 
selection

Situation
modification

Attentional 
deployment

Cognitive 
change

Response 
Modulation

Situation Attention Appraisal Response

Fig. 1. Process model of emotion regulation.

Emotion regulation is similar to coping, but it refers specifically to attempts to influ-
ence the emotions that one experiences, when one experiences these emotions, and how
one experiences or expresses these emotions [4]. People use many methods to control
or regulate their emotions.

2.2 Emotion Regulation in Children with Emotional Problems

Children with autism or attention deficit hyperactivity disorder face difficulty in emo-
tional regulation and exhibit introverted behavior. Difficulties in emotional regulation
and introverted behavior can prompt disruptive and extroverted behaviors [5]. The
inappropriate behaviors and emotions of children with emotional problems affect their
relationships with teachers and peers.
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Children with emotional problems exhibit deficits in their emotion regulation. Emo-
tion regulation is crucial for controlling negative emotions and negative behaviors. It
includes the abilities to listen, follow directions, and work independently; inhibitory
control; and cognitive regulation skills [6]. Emotion regulation can help a person effec-
tively improve their problematic behaviors and improve their relationships with others
[7].

2.3 Digital Affective Learning

Digital affective learning has the advantages of convenience and timeflexibility. Children
can engage in digital learning as per their own schedules. Hsu et al. designed a digital
self-discovery game for regulating teenagers’ emotions [8]. Their results indicated that
adolescents exhibit significant improvements in self-identity, courage, empathy, values,
and emotion regulation after playing digital self-exploration games. On the basis of cog-
nitive behavioral theory, Yang et al. developed a digital emotion regulation application
(app), which was found to help children with emotional problems regulate their emo-
tions in a pilot study [9]. The results of the study of Yang et al. indicated that the content
of their app can effectively improve children’s positive emotions. Thus, digital emotion
learning had potential for improving children’s positive emotions.

In the present study, we designed a digital affective learning app for emotion regula-
tion that can be easily used by children. This app helps children with emotional handicap
to become aware of their emotions and change their attribution of cognitive patterns. In
digital affective learning, children might learn to generate positive behaviors for solving
problems, improve their positive emotions, and enhance their social adaptation. In the
current research, we explored the following questions:

1. What is the positive emotional outcome when children with emotional problems use
an app for digital affective learning?

2. Is there difference in improvement in positive emotion between typically developing
children and children with emotional problems after the use of an app for digital
affective learning?

3 Method

3.1 Participants

A total of 26 elementary school children were recruited in this research, with 13 of them
being typically developing children without emotional problems and the remaining 13
being children with emotional problems. A parent or teacher filled out an emotional dis-
turbance assessment scale for each child [10]. The participants with emotional handicap
of this study were students from nonconcentrated special education classes, and these
students were assessed by special education teachers as having autism, emotional prob-
lems, or attention deficit hyperactivity disorder that result in interpersonal interaction
challenges. The parents of the participating children provided consent for their partic-
ipation in the experiment, and all relevant protocols were reviewed by an institutional
review board.
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3.2 Procedures

We designed an app for digital affective learning. All the participants used this app
eight times over 4 weeks, and the changes in their positive emotions after using the app
were explored. The developed affective learning app comprises an emotion thermometer,
feeling journals, a gaming zone, and a personal area. The emotion thermometer is used
with cognitive behavior therapy to help children change their attribution and cognitive
patterns. The participants of this study were aware of their emotional state and used
numerical clicks to represent their current emotional state. The developed app allows
children to examine their physical reactions and thoughts. It encourages children to use
relaxation exercises, diversion techniques, and positive cognitive reassessment to calm
their emotions. The app also encourages children to consider feasible positive problem-
solving methods and helps them detect differences in their emotional state. In feeling
journals, children can record information on the time, the weather, and a person who
gets along with them. The introductory sentences in these journals teach children how
to think about their inner emotions and use words to address their emotions. The game
zone contains puzzles and emotion recognition games to help children feel that they
have the ability and control through the puzzles, and understand emotional words. After
children finish the game, they receive feedback immediately. In the personal area, a chart
or table is provided to indicate the emotion progress of a child. Children can review their
emotional state in the previous month and maintain an emotion diary (Figs. 2, 3 and 4).

Fig. 2. Emotional state of a child.



368 F.-R. Yang et al.

Fig. 3. Relaxation training provided to a child.

Fig. 4. Relaxation training provided to a child

The children participating in this study used the developed app to record their emo-
tional states before and after app use. We explored the difference in emotional state
between typically developing children and children with emotional problems after app
use.
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3.3 Data Analysis

We used SPSS 22 for analyzing the descriptive statistics and conducted a paired t test to
examine whether the emotion regulation of typically developing children and those with
emotional problems improved after affective learning. Furthermore, we conducted an
analysis of covariance (ANCOVA) to examine the difference in improvement in emotion
regulation between the two groups after app usage.

4 Results

4.1 Descriptive Analysis

Table 1 lists themeans and standard deviations of the emotional disturbance scores of the
two groups. As presented in Table 1, the typically developing children exhibited a higher
emotional disturbance score (M= 4.54, SD= .16) than did the children with emotional
problems (M= 3.65, SD= .43). The children with emotional problems exhibited more
emotional and behavioral problems than did the typically developing children (Table 2).

Table 1. Mean and standard deviation of the emotional disturbance scores of the typically
developing children and children with emotional problems

N Mean SD

Typically developing children 13 4.54 .16

Children with emotional problems 13 3.65 .43

SD: standard deviation

Table 2. Mean and standard deviation of the emotional state of the typically developing children
and children with emotional problems

Typically developing children (N =
13)

Children with emotional problems
(N = 13)

Mean SD Mean SD

Pretest 4.38 .51 4.69 1.25

Posttest 5.92 1.32 6.38 1.04

SD: standard deviation

4.2 Comparison of the Pretest and Posttest Results Obtained for the Two Groups

The results of the paired t test are presented in Table 3. Significant differences were
observed in the pretest and posttest emotional states of the typically developing children
(t =−4.92, p= .000) and children with emotional problems (t =−5.16, p= .000). The
positive emotions of both groups significantly improved after using the developed app.
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Table 3. Results of the paired t test

Post–pre mean diff S.D. t p

Typically developing children −1.54 1.13 −4.92*** .000

Children with emotional problems −1.69 1.18 −5.16*** .000
*p < .05, **p < .01, ***p < .001; SD: standard deviation

4.3 Difference Between the Emotional States of the Normal Children
and Children with Emotional Handicap After App Usage

The results of the ANCOVA are presented in Table 4. When the pretest emotional state
was controlled for, the posttest scores for the emotional state did not differ between the
two groups.

Table 4. ANCOVA results

SS df MS F p

Pretest 6.51 1 6.51 5.44 .029

Children .55 1 .55 .46 .506

Error 27.49 23 1.20
*p < .05, **p < .01

5 Discussion and Conclusion

In this study, we invited 13 children with emotional problems and 13 typically devel-
oping children to use an app developed for digital affective learning. These children
exhibited significant improvement in their positive emotion expressions after using the
developed emotion regulation app. Furthermore, no significant difference was noted
in the improvement in positive emotion between the two groups. This result suggests
that typically developing children and children with emotional problems might employ
similar emotion regulation strategies.

The developed app includes strategies for emotional awareness, observing others,
physiological relaxation, attention shifting, and cognitive restructuring, which are used
to teach children with emotion problems to regulate emotions in a positive and effective
manner. Children can operate the developed app by themselves. They can record their
emotional state in the personal area of the app, which can help teachers understand the
students’ status. Teachers can also observe the influences of weather and temperature
changes on the emotion of children with emotional problems from the app and help
these children regulate their emotions. The developed app can help mitigate the distress
caused by inappropriate emotional expression or extroversion problems among children
with emotional problems.
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6 Limitations and Directions for Future Research

This study has certain limitations. First, the research samplemight be biased because only
children whose parents provided consent were able to participate in this study. Parents
who provided this consent may be more likely to prioritize their children’s emotional
education. In the future, we will verify the results of this study by recruiting additional
children. Second, in this study, we only explored the change in children’s emotion after
digital affective learning. Future studies should investigate the effects of digital affective
learning on children’s changes in social adjustment in school.
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Abstract. This preliminary research aimed to examine students’ perceptions of
the effectiveness of the RT-CL strategy in enhancing students’ reading compre-
hension skills at Kupang State Polytechnic, East Nusa Tenggara-Indonesia. A
pre-experimental design with an experimental class took one group of pre-test
and post-test survey questionnaires to identify how the RT-CL strategy was per-
ceived to promote students’ activeness and stimulate students’ motivation. The
paired sample t-test analysis indicated that the most significant change was moti-
vation, which was 0.859 (2,925 to 3,784), and activeness which was 0.667 (3,255
to 3,922). This study revealed that the RT-CL strategy supports one another to help
students enhance reading comprehension skills in less time. The strategy empha-
sized students participating in text discussion and active work with the subject
material, mainly improving reading comprehension skills. In addition, most stu-
dents felt motivated to read and could engage actively to accomplish English text
quickly and accurately, reducing stress and eliminating boredom.

Keywords: Reading comprehension · RT-CL strategy · Students’ perception

1 Introduction

Developing students’ reading comprehension has always been an objective of many
English teachers [1]. Though many students can read fluently, it does not guarantee they
understand what they read well. They should interact with what they read to understand
the content accurately and quickly [2, 3].

Reading comprehension is one essential skill for students’ progress in academic
learning and future career development [3]. Therefore, teachersmust provide an excellent
strategy to assist students with reading comprehension skills [4]. Underscoring this point
is crucial to applying effective and efficient techniques, encouraging students to be more
engaged and motivated to participate in the classroom actively.
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Furthermore, integrating learning components can assist students in learning best
and enrich learning outcomes [5]. Therefore, it encourages the researcher to incorporate
instructional strategies to develop students’ proficiencies and skills in reading compre-
hension. Consequently, the researcher equips reciprocal teaching (RT)with collaborative
learning (CL) as a model breakthrough instructional strategy that creates a vivid class-
room atmosphere for reading comprehension at Kupang State Polytechnic (henceforth
PNK), East Nusa Tenggara-Indonesia [6].

This preliminary research purposed to determine students’ perceptions of the RT-CL
strategy’s effectiveness in enhancing students’ reading comprehension skills at PNK.
However, due to the COVID-19 pandemic, Indonesia’s 2020 school year has been dom-
inated by online education. Thus, considering that situation, this study was conducted
through online learning with a small student sample to minimize connection disruptions
and the availability of supporting facilities.

In addition, this preliminary research implicitly introduces how to implement the
RT-CL strategy whereby the involved students could later assist others in applying its
strategy to the actual research. To this end, the study administered a survey questionnaire
as ameasurement tool. It focuses on students’ perceptions of the effectiveness of using the
RT-CL strategy by formulating two goals guided: a) the RT-CL strategy was believed
to promote students’ activeness; b) the RT-CL strategy was perceived as stimulating
students’ motivation.

2 Literature Review

2.1 Reading Comprehension and Reciprocal Teaching

One common instructional strategy to assist students in comprehending the text better is
reciprocal teaching (RT) [7]. It is designed based on the four techniques for students who
experience difficult comprehension. These four techniques are used as a guide where
reading comprehension skills are needed [8]. It includes predicting what will happen
next in the text, clarifying the confusing words or text sections, generating questions,
and summarizing essential information in the students’ own words. RT in reading com-
prehension has positively affected students’ reading comprehension. For instance, it was
carried out by [9] to examine the effectiveness of RT in promoting adolescents’ reading
comprehension and guided practice activities on adolescent academic skills [10].

2.2 Reading Comprehension and Collaborative Learning

Reading comprehension focuses on the students’ competence to understand and use the
information they read, so students must interact with the text to construct a meaning
successfully. Hence, one good solution to this reading gap is peer interaction [11]. In the
CL activity, peer interaction enables students to share ideas and pool their knowledge and
experience among the group members to reach a goal [12]. Further, in groups, students
engage actively and effectively in their learning. They quickly handle the taskswith peers
in the teaching and learning process [13]. Numerous research has noted the advantages
of peer collaboration for literacy instruction [14]. For example, through peer interaction
in the CL group, students help each other, and the weak student is supported and assisted
in practice with brighter students [15].
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3 Methodology

3.1 Research Design and Participants

The study used a pre-experimental design with an experimental class that took one
group pre-test and post-test survey questionnaires. Since it was conducted through online
learning, the participants were limited to avoiding frequent connection problems and
other technical issues. Ten students from the Business Administration Department were
selected randomly.

3.2 Procedures

Some procedures were used in this study. This design started with a pre-test to examine
the students’ basic abilities before providing treatment. Next, students were treated with
the RT-CL strategy with a pre-test article to gain deep knowledge. After the learning
activities were completed, a post-test on additional articles was conducted.

In the treatment, the teacher initially demonstrated each function of the four RT
techniques in comprehending the text collaboratively. Then, as students became familiar
with the RT-CL strategy, they were divided into two experimental groups of five for
easy control. Afterward, they had a chance to participate in text discussion through
group interaction with peers to comprehend the text by collaboratively accomplishing
the worksheet task on the four target techniques.

Since this study integrates RT with CL as effective practice to enhance students’
reading comprehension, some interventions were used in group interaction to optimize
CL in its strategy. First, it involved the preface and glossary to attract students’ curiosity
about the text and related to time efficiency.At the same time, the handout of the RT-CL in
groups activitywas employed to keep students active in group discussion and focused on
practicing four target techniques in comprehending the text. Besides, the worksheet task
was provided to determine students’ progress in constructing their comprehension of the
text. Afterward, the help sheet of group leaders assists leaders in leading text discussions
collaboratively and directing members’ reading activities. Each group member takes
turns as the leader. Consequently, text discussion was carried out per paragraph so that
each member engaged actively in group interaction by implementing the four target
strategies to comprehend the text. Figure 1 below shows the RT-CL intervention.
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Fig. 1. The RT-CL strategy intervention

3.3 Instrument

A survey questionnaire with 15 items was used. The questionnaire was adapted from
[16, 17], and [18] and modified to meet the research goals. Then, the questionnaire was
divided into two indicators. SectionA involved nine items related to students’ activeness,
and section B consisted of six statements associatedwith students’ motivation. The items
were answered on a 5-point Likert scale of strongly agree = 5, agree = 4, neutral = 3,
disagree = 2, and strongly disagree = 1.

3.4 Data Collection and Data Analysis

The preliminary research was carried out on March 2021 in the calendar academic of
2020/2021 years. The questionnaire was created on Google form for this quantitative
study. In addition, a paired sample t-test was used to examine the students’ perceptions
of the effectiveness of the RT-CL strategy in reading comprehension skills and to test
whether the change in students’ perception between pre-and post-test reading activeness
and motivation was significant.



376 O. de H. Basoeki and T.-T. Wu

4 Result and Discussion

All of the 10 participants completed pre-test and post-test questionnaires. The ques-
tionnaire was distributed to view students’ perception of the effectiveness of the RT-CL
strategy in enhancing students’ reading comprehension skills. The variable involved
students’ activeness and motivation in reading comprehension.

Firstly, a normality test was conducted to assess the data distribution. In Table 1. The
result showed that the activeness and motivation variables were normally distributed
(sig. > 0.05). Therefore, this variable was ready for paired sample t-test (Parametric
test).

Table 1. Normality test

Kolmogorov-Smirnova Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

Pre-activeness .193 10 .200* .935 10 .504

Pre-motivation .121 10 .200* .944 10 .595

In addition, to confirm whether there was an effect of implementing the RT-CL
strategy on the two variables studied, it was necessary to carry out a pre-and post-test
questionnaire. For statistical measurement for both pre-test and post-test of the paired
sample, the t-test was presented in Table 2. Below.

Table 2. Paired samples different tests on pre-and post-test

Mean N Std.
deviation

Std.
error
mean

t df Sig.
(2-tailed)

Pair 1 Pre-activeness 3.2550 10 .28745 .09090 −5.311 9 .000

Post-activeness 3.9220 10 .38614 .12211

Pair 2 Pre-motivation 2.9250 10 .46229 .14619 −5.851 9 .000

Post-motivation 3.7840 10 .45814 .14488

The result above showed significant differences in the students’ perception of active-
ness and motivation in the experimental group pre-and post-treatment (sig. > .05).
Moreover, the pre-and post-questionnaire distribution results indicated that the most
significant change was shown by motivation, which was 0.859 (2,925 to 3,784), and
then activeness which was 0.667 (3,255 to 3,922).

This change points out that students positively perceive implementing the RT-CL
strategy. In addition, it revealed that CL promotes students’ engagement in explor-
ing certain learning materials. It agrees with [19] that CL improves students’ reading
comprehension, enhances learningmotivation and interest, and fosters a positive attitude.
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Moreover, students also experienced a shift in the level of activeness. Therefore, the
RT-CL strategy was believed to increase students’ classroom participation. At the same
time, [20] indicates that CL effectively enhances peer interaction to promote students’
reading comprehension, and motivation, build confidence, and be an active agent in their
own and group learning.

4.1 The RT-CL Strategy was Believed to Promote Students’ Activeness

Nine items examined the students’ perceptions of the RT-CL strategy in promoting
students’ activeness. Data were presented in Table 3, which focused on the frequency,
percentage, mean, and standard deviation post-questionnaire.

Table 3. The RT-CL strategy promote students’ activeness

No Items D N A SA Mean SD

1 I prefer working with a group rather than
myself on English reading text

10% 20% 30% 40% 4.00 1.054

2 The strategy has encouraged me to exchange
knowledge, information, and experience

10% 70% 20% 4.10 0.568

3 The strategy entails greater responsibility for
myself and the group

10% 50% 40% 4.30 0.675

4 The strategy enables students to help the
weaker students in the group with English
reading text

50% 50% 4.50 0.527

5 The strategy encourages me to actively
participate in reading comprehension activities
(assignments, discussion, tests)

50% 30% 20% 3.70 0.823

6 The strategy helps stimulate me to become
more active through practice activities

20% 50% 30% 4.10 0.738

7 In the strategy activity, I received valuable peer
feedback

10% 60% 30% 4.20 0.632

8 The strategy helps group members participate
in doing the tasks actively

10% 20% 60% 10% 2.70 0.823

9 After applying the strategy, I can discuss what
I have learned from the reading text with other
peers

40% 50% 10% 3.70 0.675

Overall mean 3.92 0.386

According to the survey questionnaire result in Table 3. 100% of students (M =
4.50) strongly agreed and accepted that the strategy enables students to help weaker
students when they work together. It agrees with research findings [15, 21], emphasizing
that everyone was expected to learn from one another in the CL environment. Brighter
students could help other group members by sharing their experiences or knowledge.
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90% of students (M= 4.00) decided that the strategy encourages them to be responsible
for completing the assignments for themselves or the group. At the same time, [12] stated
that during the exchange of knowledge and contributing ideas in CL, students become
more responsible for one another’s learning and their own to understand the academic
subject.

In addition, 90% of students (M= 4.20) agreed that peer feedback could be acquired
when working together. To this end, [22, 23] mentioned that feedback created students’
learning environment that attracted their motivation, engagement, and achievement. Stu-
dents could give-take building knowledge and assess what their friends have learned.
While 80% of students agreed that the strategies help stimulate their activeness through
practice activity (M= 4.10). Interaction in a group discussion saves time. [4, 21] studies
indicated that students optimize time by reading text collaboratively. However, 50% of
students (M = 3.70) agreed that the strategies stimulate actively participating in the
activities (assignments, discussion, tests). The strategy was relatively new for the PNK
students. Since it was carried out online, this condition affected their performance in
discussion to complete the tasks, mainly unreliable internet network access.

90%of students (M= 4.10) agreed that the strategy promoted exchanging knowledge
and experience. It agrees with [21] findings that students with various abilities and
competencies depend on each other and trust each other as a value of teamwork to
achieve a common goal to succeed. Besides, 70% of students (M = 2.70) admitted that
the strategy drive group members to participate in tasks actively. At the same time,
[24] believed that the positive concerns indicated by CL were centered on students’
participation in discussion and active work with the subject material. In group learning,
each student has a chance to contribute to completing the assignments successfully.

70% of students (M = 4.00) strongly agreed to work with a group more efficiently
than individually. It agrees with [4, 20] findings that learning in a group leads students to
deep information processing, self-confidence, engagement in learning activities, devel-
opment of communication skills, completing tasks quickly, and having a chance to share
or even listen to others. On the contrary, 60% of students (M= 3.70) felt more satisfied
because they could discuss what they had learned. To this end, CL provided a safe atmo-
sphere for students to be brave to share their ideas or thoughts about the learningmaterial.
Each student took part in the task’s completion, whereby no one felt underestimated [4,
21].

4.2 The RT-CL Strategy was Perceived as Stimulating Students’ Motivation

As illustrated in Table 4, the result of the RT-CL strategy stimulated students’ motiva-
tion in line with the second goal. Six items view students’ perception of the RT-CL in
frequency, percentage, mean and standard deviation.

In Table 4. Students agreed that the RT-CL strategy was significantly perceived to
stimulate their motivation. Mostly 90% of the students (M = 4.50) strongly agreed that
they were motivated to read an English text using the strategy. It agrees with [19, 20]
that motivation significantly influences learning outcomes. Students engaging in group
work enhances their motivation to participate in group learning and benefits their learn-
ing experience. Moreover, peer group interaction in CL positively enhances students’
motivation in the learning environment [25].
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Table 4. The RT-CL strategy stimulates students’ motivation

No Items D N A SA Mean SD

1 The strategy is convenient for learning and
comprehending English reading text

20% 50% 30% 4.10 0.738

2 The strategy is heavy to learn and use in
comprehending English reading text

20% 20% 60% 2.40 0.843

3 The strategy encourages me to focus on
collective effort than an individual effort on
English reading assignments

40% 20% 40% 4.00 0.943

4 I would likely use the strategy to comprehend
English reading text. It provides me with a more
relaxed atmosphere

50% 10% 30% 3.60 1.075

5 I feel motivated to have a global understanding
of the English reading text through the strategy

10% 30% 60% 4.50 0.707

6 The strategy reduces stress and eliminates
boredom in learning English reading text

20% 20% 50% 4.10 1.101

Overall mean 3.78 0.458

Additionally, 80% of students agreed that the RT-CL strategy was convenient in
comprehending the text well (M = 4.10). To this end, CL was an effective instructional
and utilized peer interaction in the text discussion. Students give and receive help, share
knowledge, and build on each other’s ideas to create a complete solution [4, 26]. 60% of
students (M= 2.40) thought the strategy was relatively new to them and was conducted
online. They were not accustomed to it yet; however, this study positively promoted
students’ experience regarding the online learning atmosphere.

According to the result, 70% of students who chose strongly agreed that the RT-CL
strategy reduces stress and eliminates boredom in reading comprehension class (M =
4.10). Furthermore, it confirmswith [21, 27] that in CL activities, tasks are shared among
group members, and students have the chance to discuss its accomplishment with their
friends. In fact, in group interaction, students positively experiencedmeaningful learning
[28]. While 40% of students selected neutral, the strategies provided a relaxed atmo-
sphere. However, because it was conducted online, sometimes the internet connection
being unstable or unreliable makes students feel uncomfortable in their text discussion
(M = 3.60).

Further, 60% of students (M= 4.00) believed the strategy benefited and encouraged
them to work in a group to complete the assignments. In discussion, they meet the
tasks through collective efforts than individual efforts, and CL emphasized these issues.
According to [29], CL allows students to recognize the necessity of working together
and among participants instead of being entirely individualistic. Here, students are more
responsible and willing to share information with peers and collaborate on learning
activities.
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5 Conclusion

This study revealed that the RT-CL strategy supported one another to enhance students’
reading comprehension skills in less time. In perceived more active, the RT-CL approach
stimulated students’ activeness through practice activities by engaging them in learning.
Emphasized students’ participation in-text discussion and active in group work with the
subject material. At the same time, most students felt motivated to read an English text.
The strategy assists them in grasping knowledge and completing assignments quickly in
groups. In addition, in the RT-CL approach, students perceived that its strategy reduces
stress and eliminates boredom by doing beneficial and meaningful activities in a group
to enhance reading comprehension skills.
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Abstract. Vocational high school is a secondary education whose practice por-
tion is larger than its theoretical portion. This allows students to do more hands-on
practice in the laboratory, as skill competency is very important in vocational
education. Through practice, students have the skills to become competent and
skilled technicians in the future. When students practice in a hands-on labora-
tory, errors may occur that can injure students, equipment, and components. In
addition, short circuits can also endanger student safety. Therefore, to improve
practical skills in the laboratory, teachers must find innovative ways to incorpo-
rate these methods into the learning process. One of the things that can be done
to improve students’ practical skills is to use simulation software before doing
direct practice in the laboratory. In-depth interviews were conducted with three
electrical engineering teachers to verify the perspective of the proposed model.
The results suggest that the proposed design is likely to improve problem-solving
skills when an error occurs during the simulation, and it will improve practical
skills when using hands-on laboratories so that students learnmore about hands-on
lab practice in vocational high school.

Keywords: Hands-on laboratory · Simulation software · Practical skills ·
Vocational students

1 Introduction

Vocational high schools offer a formal education that is in great demand because the
learning process provides skill training in various fields of expertise. Vocational high
schools have a very important role in efforts to improve human resources who are able
to have the skills needed in the world of work. In vocational and technical education, an
innovative and creative approach to teaching and learning with an active learning envi-
ronment, dynamic instruction, and science experiments are always being given attention
and prioritized [1]. Through practice, it enables students to carry out direct observation,
prediction, analysis, and conclusion of experimental outcomes [2, 3]. Therefore, students
have the skills to become competent and skillful technicians in the future.
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Laboratory-based learning allows students to take on work roles in the development
of their competencies. The teacher uses this condition through experiments in the labo-
ratory, and the students are involved in them so that learning becomes more enjoyable
for them. Vocational and technical education consists of engineering courses that need
experiments. Engineering courses frequently combine lectures and tutorials with labora-
tory classes in order tomaximize student learning and acquire useful skills for future jobs
[4, 5]. In science laboratorywork, students relate to each other with tools andmaterials in
observing and understanding nature as a learning experience [6]. During an experiment
in a hands-on laboratory, there are chances to make errors and have safety problems.
Therefore, the hands-on laboratory needs to be supported with simulation before it is
done. In the case of simulation, teachers use special simulation software for students [7].
Students also need to have supporting abilities, like the ability to comprehend foreign
languages [8] when using simulation software.

The purpose of this study is to propose a design of an innovative model of teach-
ing with a hands-on laboratory method supported by simulation software in order to
promote an effective learning environment course that is later expected to enhance stu-
dents’ practical skills outcomes. The research question in this study is how teachers
assess the design of hands-on laboratories supported by simulation software in electrical
engineering courses.

2 Literature Review

2.1 Hands-On Laboratory

Hands-on laboratory is one of the significant basics for a vocational high school student,
so providing students in vocational high school with hands-on laboratory practice is
necessary. There is course material delivered in traditional lecture formats that may
not grab the attention of students and motivate them [9]. Therefore, students must be
motivated to improve learning outcomes with practical experience gained during their
studies. There is evidence that hands-on laboratories have a critical role in enhancing
student learning outcomes [10]. This is regardless of the fact that laboratory equipment
for hands-on experiments and laboratorymonitoring of classrooms that requires physical
tools can be expensive [11].

2.2 Simulation Software

Simulation is a reliable and interesting method that gives students hands-on learning
experiences that motivate and boost them to study. The use of simulation software is also
critical for connecting theory to practice, allowing students to build engineering skills
and learn how real-time simulations may be used to record process behavior. Students
must develop an understanding of the magnitude and sensitivity of system parameters,
as well as the relationships between and responses to such parameters, as well as the
value and limitations of numerical methods employed in system solutions [12]. Cost and
time-consuming adjustments can be made if students know the difference between how
things work in real life and how they work in a computer simulation and the simulation
game [13–15].
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For doing laboratory experiments in vocational and technical education, computer-
simulated experiments that use simulation software as a basic operation are becoming
increasingly common. One of the reasons is that, in comparison to the specialized lab-
oratory tools necessary in hands-on laboratories, simulation laboratories can help save
money. There is the benefit of simulation [16], which comprises:

1. The student can change the parameters and see what happens without putting their
lives in danger or saving them.

2. Remove defective components and tools.

As a result, many higher education institutions perform simulation labs in addition
to hands-on labs. [10, 17, 18].

3 Research Design

This researchwas conducted using a qualitative approach. Qualitative research is defined
as the collection and analysis of data in order to better understand ideas, assumptions,
or experiences [19]. One of the most common qualitative methods is interviewing and
observation [20].

3.1 Participants

Three electrical engineering teachers participated in being interviewed; details can be
seen in Table 1.

Table 1. Detail of participants

No Participant Teaching
period

Position Institution

1 P1 11 years Head of Electrical Engineering
Department

Vocational High School 1
Semarang

2 P2 11 years Head of laboratory Electrical
Engineering Department

Vocational High School 1
Semarang

3 P3 3 years Teacher of Electrical
Engineering Department

Vocational High School 1
Semarang

3.2 Data Collection

Three electrical engineering teachers were interviewed as participants. The purpose of
this interview is to gather data or information about the most recent study of research
issues. Giving questions to them and getting their answers as information or data on
certain things is how interviews work [21].
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3.3 Data Analysis

This research uses qualitative data. The researcher uses grounded theory to analyze
the research findings. The grounded theory research design is a series of processes for
putting together a theory to explain the activity of a significant topic [22]. Interviews
and observations can be used to obtain data for a grounded theory [20] (Fig. 1).

4 Propose Design

Fig. 1. Experimental design procedure.

5 Result and Discussion

In-depth interviews were conducted to verify the proposed design from hands-on labora-
tory practice supported by simulation software in the field of electrical engineering. The
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results showed that the three teachers interviewed agreed that the hands-on laboratory
learning process supported by simulation software was a very good approach to apply.
They believe that doing a simulation before doing a hands-on laboratory will support
students’ practical skill competency. In addition, students will be safer doing engineering
and troubleshooting when practicing using simulation software before using a hands-on
laboratory, because with simulation software, student safety and tools are more secure
because they avoid the danger of short circuits and damaged components.

Therefore, they believe that students will be more creative and think critically to do
problem-solving when an error occurs during practice with the support of simulation
software before doing real practice using a hands-on laboratory. They also believe that
this learning designwill also reduce anxiety and increase students’ confidence to practice
using a hands-on laboratory. The head of the department also conveyed related learning
policies for vocational high schools. He suggested applying project-based learning to
students. With the support of existing computer facilities at the school, he also expressed
his hope that this learning design would run smoothly.

6 Conclusions

Overall, the participants supported the design of using simulation software to support the
hands-on laboratory in the practice of the electrical engineering department of this voca-
tional high school. The participants, consisting of the head of the department, the head
of the laboratory, and also a teacher of electrical engineering at Vocational High School
1, Semarang, thought that this design was a breakthrough in practical learning in the
electrical engineering department, and they also thought that this learning design would
be useful. According to the participants, this learning design is projected to improve the
practical learning process and achieve better goals than just using a hands-on labora-
tory. Most of them also gave answers stating that the use of simulation software before
hands-on laboratory helps improve students’ understanding of practical skills in electri-
cal engineering majors. The important advantages conveyed by the participants of this
design include interactive, problem-solving, critical thinking, and creativity. Based on
the results of this study, the researchers can use a teachingmethod or approach combined
with a hands-on laboratory supported by simulation software in future related studies.
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Abstract. It is necessary to embed formative assessment within a broader the-
oretical field to understand it fully as it should be understood in the context of
pedagogy. Business education with incentive systems intrigues the new pedagog-
ical concept of a flipped approach divided into distinct levels drawing on Bloom’s
taxonomy. Bloom’s taxonomy plays a significant role in influencing instructional
delivery, curriculum planning, and assessment. It allows the instructors to set
educational goals and develop evaluation tools based on a more accurate clas-
sification of knowledge levels. Students’ learning and critical thinking are mea-
sured through assessments within the six taxonomy levels, which can challenge
educators. Despite the need for careful planning, developing Bloom’s taxonomy
assessments can be a straightforward process. This research exemplifies how for-
mative assessment can be employed in flipped classroom learning by deliberating
Bloom’s taxonomy into the classroom’s instructional delivery and assessment.
Additionally, it extends theories and practices on how formative assessment has
recently been discussed and explored as a learning tool in business education and
assessment areas.

Keywords: Formative assessment · Flipped classroom learning · Bloom’s
taxonomy · Business education

1 Introduction

Various studies have proposed the third aspect of assessment, which is assessment as
learning, on top of the assessment of learning and assessment for learning. Assess-
ment as learning implies that students should learn something while being assessed. In
assessment as learning, students are taught something while being assessed, and it is an
incredibly promising concept [1]. The inferences drawn from assessment outcomes indi-
cate whether an assessment is formative or summative. Summative refers to the student
or their future potential status. On the contrary, formative implies the kinds of actions
that would best assist students in learning.
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Perrenoud encompassed that it is necessary to embed formative assessment within a
broader theoretical field to understand it fully as it should be understood in the context
of pedagogy [2, 3]. Curriculum design transformation creates a discrepancy concerning
students’ acquisition of competence, skills, relevant knowledge, and other characteris-
tics to be applied to professional work domains [4]. Business education with incentive
systems intrigues the new pedagogical concept known as a flipped classroom approach
to unveil a much higher prevalence of structured training across coursework [5].

A study conducted by Huang and Lin emphasized that knowledge is divided into
distinct levels drawing on Bloom’s taxonomy within the flipped classroom approach [6].
The activities performed prior to the class are classified at the lower level in Bloom’s
taxonomy (remember, understand, and apply). Classroom activities are classified at the
higher levels of Bloom’s taxonomy (analyze, evaluate, and create) [7]. Studies revealed
that Bloom’s Taxonomy enhances students’ critical thinking and mastery of skills and
concepts [8].

Anderson and Krathwohl reevaluated the original taxonomy and revised its termi-
nology and structure to redefine its significant role in influencing curriculum planning,
instructional delivery, and assessment [9]. Students’ learning and critical thinking are
measured through assessments within the six taxonomy levels, which can challenge
educators. Despite the need for careful planning, developing Bloom’s taxonomy assess-
ments can be a straightforward process. This is remarkably accurate when the instructors
use Bloom’s taxonomy in the classroom, as the assessment can flow naturally from what
instructors have done in class [10]. Furthermore, research confirms that the design of
assessment tasks influences students’ learning.

This research exemplifies how formative assessment can be employed in such a
pedagogy, so-called flipped classroom learning, by deliberating Bloom’s taxonomy into
the classroom’s instructional delivery and assessment. Additionally, it extends theories
and practices on how formative assessment has recently been discussed and explored as
a learning tool in business education and assessment areas.

2 Literature Review

2.1 Formative Assessment

Assessment implies appraisals on the students’ performance quality [11]. Either sum-
marizing students’ achievements or awarding them some kind of certification can be
accomplished with assessment, so-called summative assessment, or providing students
with feedback to support their learning, so-called formative assessment [12, 13]. For-
mative assessment is performed during the instructional process to improve teaching
or learning. The concept of improvement is often associated with a qualitative under-
standing of learning achievement depicted by students developing insights and new
knowledge related to their existing knowledge [14]. Improvement conceptualized along
these lines is distinct from the notion of improvement used when students perform better
on examinations after multiple drilling and testing [15].
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Pryor and Crossouard define formative assessment as the process of responding
to student work and providing evidence of learning [16]. Formative assessment is a
powerful tool to motivate students to learn and bring them the awareness of their own
learning. In addition, it is concluded that formative assessment is complex and is related
to powerful learning, which is consistent with the view that formative assessment can
enhance learning with understanding and augment the learning process [17]. The nature
of the assessment and how information is delivered can affect the quality of formative
assessments.

2.2 Flipped Classroom

The flipped classroom is an educational method where teachers aim to reverse the
learning sequence by initiating a self-study phase before class that utilizes multime-
dia resources to facilitate students learning at their own pace before class [18, 19]. As a
result, active learning and higher-level cognitive tasks can be promoted as valuable class
time is freed up [6, 20, 21].

Changing the assignments and class time allows teachers to assist students who
lack understanding and practice the setup skills from the course objectives. Instructors
will have prepared pre-class materials, such as online videos, presentations, digital text-
books, etc. As part of this approach, teachers propose activities that promote higher-order
thinking, social learning, and 21st-century skills [6, 22, 23].

Flipped classroom involves learning at lower levels inBloom’s taxonomy: remember,
understand, and apply taking place outside the classroom at the student’s pace. Unlike
the higher levels of Bloom’s taxonomy, where learning takes place at the school, where
analyze, evaluate, and create are the norm.

2.3 Bloom’s Taxonomy

The original Bloom’s taxonomywas a revolutionarymodel to classify educational objec-
tives and goals systematically. Bloom further classified learning into three domains of
behavior: affective, cognitive, and psychomotor [24]. Educators have used this multi-
tieredmodel extensively to assess coursematerial and test results. The original taxonomy
was reevaluated by Anderson and Krathwohl, who revised terminology and structure to
redefine its significant role in influencing curriculum planning, instructional delivery,
and assessment [9].

Revised Bloom’s taxonomy describes six levels of abstraction in educational con-
texts. As shown in Fig. 1, the graduated six levels are Remember, Understand, Apply,
Analyze, Evaluate, and Create.

Remember, information is retrieved frommemory at this level, so-called rote mem-
ory. At this level, learning facts, acquiring knowledge of major ideas, and memorizing
form the foundation for higher levels of cognitive development.

Understand, that this level includes interpreting, illustrating, classifying, summa-
rizing, and comparing cognitive processes. This level is achieved when new information
is integrated with existing cognitive frameworks.
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Apply, two cognitive processes occur during this level. The first is execution, in
which the learner knows what to do on a particular task. The second is implementation,
in which the learner is unfamiliar with what to do with the given problem.

Fig. 1. Revised Bloom’s taxonomy.

Analyze, learners should deconstruct the material into its components and explain
how they relate to one another and the overall structure. Debating, organizing, and
attribution are also part of this level.

Evaluate, this level requires the student to make judgments based on criteria and
standards, including monitoring, testing, judging, identifying consistency, and utilizing
critical thinking skills.

Create, this final level requires students will combine elements to create a coherent
or functioning product by executing three steps: (1) students comprehend the problem
and generate solutions; (2) students devise a workable plan; (3) students implement the
plan [10].

3 Conceptualizing Bloom’s Taxonomy in Flipped Classroom
Learning

3.1 Bloom’s Taxonomy in Flipped Classroom Learning

According toMorton andColbert-Getz, the results of flipped classroomstudies are driven
by providing low levels of knowledge outside the classroom while focusing on the high
levels of knowledge in the classroom [25]. Despite this, they did not use Bloom’s taxon-
omy to classify or analyze the results, which may account for some of the mixed results
in the studies. A study conducted by Almasseri and AlHojailan pointed out that utilizing
Bloom’s taxonomy within one approach (e.g., flipped classroom) aims to analyze the
results of applying the new approach to learners’ academic achievement [26]. Bloom’s
taxonomy provides a more accurate classification of knowledge levels, enabling teach-
ers to set educational goals and build evaluation tools to achieve educational objectives
(Fig. 2).



392 N. A. R. M. Sari et al.

Fig. 2. Bloom’s taxonomy in flipped classroom learning

Some scholars have extended the flipped classroom approach to a different paradigm
by relating it to Bloom’s taxonomy. They stated that flipped form of learning focuses on
developing skills at higher levels of Bloom’s revised taxonomy. Conceptual understand-
ing is addressed outside of the classroom, and collaboration and application of knowledge
are fostered in the classroom [24]. Prashar stressed that lower-order thinking skills are
enabled by learning activities that occur outside the classroom, including remember,
understand, and apply [7]. Additionally, a series of activities inside the classroom will
facilitate higher-order thinking skills involving analyze, evaluate, and create.

3.2 Developing Assessment by Applying Bloom’s Taxonomy

The framework provided by Eber and Parker outlined ways to create assessments based
on Bloom’s taxonomy [10]. A student must be assessed within the curriculum frame-
work at each of the six levels to determine student achievement accurately. This can be
accomplished while measuring the higher levels, which requires using principles from
the lower levels. For instance, the assessment of create level needs to measure levels of
remember, understand, apply, analyze, and evaluate accordingly.

It is of little benefit to tell students that they are right or wrong on an assessment;
it is more crucial to let them know where they fall on the continuum to be aware of
where they are and where they need to be. Students receive this type of feedback from
assessments aiming to measure proficiency levels. By applying Bloom’s taxonomy, the
instructors should not only introduce higher-order thinking skills but integrate Bloom’s
taxonomy into students’ personal and professional philosophy and perspectives.
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Table 1. Assessment based on Bloom’s taxonomy framework and examples

Level Verbs to use in assessments Potential activities

Remember Choose, define, describe, distinguish,
label, locate, match, recall, recite, record

Definition, fact, fill in the blank,
label, list, true or false, workbook

Understand Classify, compare, contrast, examples,
explain, give extrapolate, identify,
illustrate, locate, outline, summarize,
translate

Differentiate, debate, distinguish,
dramatization, story problems,
recitation, label, summary

Apply Calculate, demonstrate, draw, exhibit,
experiment, illustrate, interpret,
interview, practice, produce, solve,
sequence, teach

Design, simulation, relate, diorama,
illustration, interview, journal,
photograph, poster

Analyze Analyze, appraise, categorize, compare,
debate, differentiate, distinguish,
examine, point out, question, research,
separate

Categorize, conclude, illustrate, list,
outline, report, summary, survey

Evaluate Choose, defend, determine, evaluate,
judge, justify, predict, rank, recommend,
reject, select, support, validate

Debate, investigation, judgment,
opinion, panel, report, survey,
verdict

Create Compose, create, design, develop,
generate, plan, predict, role-play

Invent, plan, project, song, story

Despite the need for careful planning, creating assessments using Bloom’s taxonomy
can be as simple as following a step-by-step process. As a result, assessments can flow
naturally from what the instructors have done in class. This is particularly true when
instructors use Bloom’s taxonomy in the classroom. The authors adopt a framework
developed by Eber and Parker to discuss creating assessments based on Bloom’s tax-
onomy. Table 1. includes a condensed version, along with additional examples, of the
levels in academic assessment. Activities and verbs associated with the level are listed.
By using these language terms, the assessment measures at the associated level.

4 Formative Assessment in Flipped Classroom Learning: The
Notion of Bloom’s Taxonomy

This research is inspired by a study done by Gan and Leung, drawing on both gen-
eral education and L2 assessment fields [15]. The study then illustrated how formative
assessment could be in daily ESL classrooms on task-based language teaching. As part
of the formative assessment application, the authors adopt the conceptualization that
has recently been discussed and investigated as a learning tool in general education
and assessment areas by exploring within the context of a pedagogy so-called flipped
classroom learning applied in the International Marketing course.
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The exemplar demonstrates how a sequence of flipped classroom activities can be
used to teach and learn about prepositions of course topics that involve developing an
international marketing plan for SMEs’ products to be distributed overseas. The authors
use this exemplar to exemplify how formative assessment can be employed in the Interna-
tional Marketing Management course within flipped classroom learning by deliberating
Bloom’s taxonomy into the classroom’s instructional delivery and assessment.

Fig. 3. Illustration of the proposed formative assessment

The setting of flipped classroom learning in the InternationalMarketingManagement
course is administered in six out of eighteen weeks, within a one-semester-long period.
These sixweeks facilitate the class instructor to deliver six different course topics, as each
topic will be delivered to students in every week in sequence, and each week will occupy
three meetings. Within the context of this research, the proposed formative assessment
is designed to monitor and help students’ learning. The course instructor constructs each
potential activity as a formative assessment considering Bloom’s taxonomy levels, as
illustrated in Fig. 3.

Pre-class activities
(LOTS)

1. The class instructor will distribute teaching material to students (e.g.,
online videos, online presentations, digital textbooks, etc.) through the
school learning management system.
2. Students are assigned to manage self-paced learning before class to
review the teaching material any time at home. Each given topic exhibits
the elements needed to develop an international marketing plan.
3. In order to cover the first two levels of Bloom’s taxonomy, Remember
and Understanding, students are required to do simple written
tests—define terms and complete a short summary. These activities
intend to evaluate students’ root memory upon information retrieval and
summarize what they have learned autonomously.
4. Students are presented with examples of analysis on the designated
topic. They are asked to execute and implement their understanding by
applying concepts to their own works based on the given examples.
Therefore, the third level of Bloom’s taxonomy can be accomplished.

(continued)
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(continued)

In-class activities
(HOTS)

5. As students attend school, the learning process is continued with
face-to-face interaction between them and the course instructor.
6. The activities started with a quick review on the topic delivered by the
course instructor and continued with discussion as students may raise
questions. These activities aim to recall students’ memories and
knowledge gained from the pre-class activities. Also, to confirm that the
learning process at home successfully leads to the acquisition of
lower-order thinking skills.
7. Learning processes at school will be followed by activities promoting
higher-order thinking skills. In order to encompass the fourth level in
Bloom’s taxonomy, students are given tasks to write a report outline
deconstructing the given topic as it is operated on their proposed SMEs’
products to be sold abroad.
8. Students are invited to do an oral presentation on their written report
outlines. By doing so, students are expected to perform judging,
identifying consistency, and utilizing critical thinking skills. Thus, the
level of Evaluate can be achieved.
9. The highest level in Bloom’s taxonomy is Create. At this level,
students must create the full version of an international marketing plan
for SMEs’ products to be distributed overseas.

5 Conclusion

Extending theories and practices on how formative assessment has recently been dis-
cussed and explored as a learning tool in business education and assessment areas,
this research exemplifies how formative assessment can be applied in the International
Marketing Management course by deliberating Bloom’s taxonomy. Bloom’s taxonomy
allows the instructors to set educational goals and develop evaluation tools based on
more accurate classification of knowledge levels. The flipped classroom approach has
been extended to a different paradigm by relating it to Bloom’s taxonomy. They stated
that flipped form of learning focuses on developing skills at higher levels of Bloom’s
revised taxonomy. In the context of this research, students engage in flipped classroom
activities—pre-class and in-class. Conceptual understanding is addressed during pre-
class activities, and the in-class activities focus on collaboration and the application of
knowledge [27].

Agree upon the third aspect of assessment, assessment as learning in which stu-
dents are taught something while being assessed [1]. A series of formative assessments
are designed to monitor and facilitate students’ learning processes to master the target
skills associated with the International Marketing Management course by developing an
international marketing plan for SMEs’ products to be distributed overseas as the main
task. Potential activities constructed into formative assessments let students knowwhere
they fall on the continuum to be aware of and where they need to be improved. Also,
the formative assessments promote social, critical thinking, and higher-order thinking
skills and assist students in dealing with both feedback information, either internally or
externally generated.
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The exemplar illustrates how it is necessary to embed formative assessment within
a broader theoretical field such as pedagogy to be fully understood. It is stipulated that
formative assessment can be naturally employed in the flipped International Marketing
Management classroom. There are opportunities offered by developing formative assess-
ment as a learning tool, mainly when it is linked to Bloom’s taxonomy in facilitating
knowledge transfer and target skills acquisition. As business education merely solicits
traditional pedagogy, utilizing formative assessment combined with certain pedagogies
can facilitate the transformation from the traditional approach to a more innovative app-
roach. However, factors associatedwith the pedagogies and the instructorsmay influence
the successful implementation of formative assessment. Thus, to achieve the effective-
ness of formative assessment as a learning tool, those factors need to be synchronized
in harmony.
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Abstract. Most of the traditional multimedia introductory or multimedia integra-
tion courses focus on the communication of theoretical concepts and multimedia
applications and imagery, or are based on unit courses for individual skill devel-
opment with different tools, or use web pages and websites to present integrated
multimedia results, has gradually been unable to meet today’s ever-changing mul-
timedia vehicles, but also makes students lack the motivation to integrate applica-
tions. In order to understand students’ learning differences and cognitive under-
standing, as well as students’ ability to apply reflection, this study come up with
the idea of “Flipped Teaching Method of Integrating Virtual and Reality”, with
virtual online teaching materials for teaching, teachers and teaching assistants are
able to solve problems raised by students in online flipped learning classrooms
in a timely manner, and achieving the goal of differentiated counseling. Through
reflecting and sharing the results of this experiment, we could realize “In-depth
guidance strategy” alongwith “Virtual-reality hybrid integrating flipped teaching”
could improve students’ learning effectiveness.

Keywords: Flipped teaching · Distance teaching ·Mixed teaching · Learning
effectiveness

1 Introduction

Most of the traditional multimedia introductory courses or multimedia integration
courses focus on teaching theoretical concepts and the appliance of multimedia along
with its imagery. The teaching methods of traditional courses, which mainly based on
individual skill training with different tools, were unable to meet the needs of ever-
changing multimedia nowadays, thus, result in the lack the motivation for students to
integrate applications.
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In order to understand students’ learning differences and cognitive understanding,
as well as students’ application ability of reflection. This study proposes a “Flipped
Teaching Method of Integrating Virtual and Real” with narration and hybrid flipped
learning. This study introduceWSQ-guided design and virtual online teaching materials
for teaching. Through the inspection, sharing and evaluation of course works, we can
understand the impact of “in-depth guidance strategy” combined with “Virtual-Real
Integration Hybrid Flipped Teaching” on the learning effect of students.

2 Literature Review

2.1 Flipped Teaching Method of Integrating Virtual and Reality

In-class narration is commonly used as traditional teachingmethods, but these traditional
methods result in lack of opportunities for teacher-student interaction and limited the time
for individual instruction in classrooms. A recent teaching method called “The Flipped
Teaching” [1, 2, 3] solved the problems through utilizing the Internet. Teachers record
part of class lectures as multimedia videos, such as the teaching materials mentioned
previously. Class instructors require students to preview class handouts beforehand, so
that the limited class time could be utilize for in-class activities such as interactive
discussions, in hopes of increasing the knowledge that is learnt by the students in class.
The original leading role of teachers has been changed to provide learning guidance and
assistance in order to enhance learning effectiveness [4, 5]. However, flipped teaching
requires students to prepare before class, which increases their cognitive loads [1, 6].
Some scholars have proposed a “Blended Flipped Instructional Design” for flipped
teaching courses in classrooms [7, 8]. Blended flipped teaching method is committed
to reducing the learning burden of students’ cognitive load and thus, improving the
effectiveness of students’ learning.

Many scholars have proposed that by reflecting on what you have learned, you could
understand the relations between knowledges, and achieve the goal of comprehension.
After reaching comprehension could one conduct learning transfer and internalization [9,
10]. Doctor Dewey (1986) particularly advocated that by learning in an experiential sit-
uation, students could comprehend the relation between things through active reflection
and thinking, and the learning experience will be internalized into self-knowledge.

2.2 WSQ-Guided Design

An American teacher, Crystal Kirch, proposed the “WSQ” teaching strategy to enhance
the operation of flipped teaching in classrooms. “W” stands for watch, which means that
students will try to answer the questions designed by the teacher after watching lesson
videos. “S” stands for summary, students will try to summarize what they have learnt
after each course, and the teacher could evaluate students’ learning situation according to
the summary. “Q” stands for question, after summarizing lesson contents, students will
try to come up with questions pertaining to the lesson video. These questions reflected
how well students understand the course, and also shows students reflective feedbacks.
Crystal Kirch sees the purpose of summarizing as: thinking and organizing at home;



400 W.-Y. Lin et al.

reading, speaking and listening in school. The purpose of raising a “question” is that,
students must have an in-depth understanding of what they have learned to come up with
in-depth questions [11, 12]. Lastly, students will try to raise questions pertaining to the
lesson video, and teachers could understand the degree of deep understanding of each
student by reading through their reflections and feedbacks.

3 Methodology

This study adopts the method of questionnaire collecting. The contents of the question-
naires are the General Self-Efficacy Scale (General Self-Efficacy Scale) adapted from
the Self-efficacy Questionnaire [13]. The reflected table was adapted from Deep Strat-
egy Score Scale [14]. Cognitive loading questionnaire was adapted fromCognitive Load
Measurement and Curriculum Satisfaction Questionnaire [15]. The experimental group
collected data from 21 people, and the control group collected data from 33 people. The
study experiment framework is briefly shown in Fig. 1:

Fig. 1. The experiment framework of “In-depth guidance strategy” combinedwith “virtual-reality
hybrid integrating flipped teaching”

The following points are the methods adopted in this study:
Before the experiment:

Fig. 2. Graphical development tools
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1. Use graphical tools for program development, shown in Fig. 2.
2. Set up online teaching materials and classroom guidance materials on the learning

platform beforehand.
3. Design study sheets of the WQS in-depth guidance strategy with online teaching

materials. Examples of the study sheets are shown in Fig. 3.

Fig. 3. Example of “WSQ Deep Guidance Strategy Study Sheet”.

During the experiment:

1. Teachers should introduce and analyze lesson goals with the help of mind maps at
the beginning of the class.

2. Teachers should use online digital teaching materials in classrooms and conduct
practical demonstrations to solve problems result in the study abilities of different
students.
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3. Teachers and teaching assistants should assist students with difficulties during online
learning lessons immediately, and acknowledge their learning situation. Example
shown in Fig. 4.

4. After online lessons, fill in the “WSQ Study Sheets”.
5. Teachers extending course contents on the basis of previous material.
6. Guide students to design applications based on course lessons, record the results and

upload them to the system, completing the assignments.

Fig. 4. Students’ learning situation recorded and analyzed by the learning platform.

After the experiment:

1. After class, teaching assistants will mark students’ homework, and have teaching
discussions aiming each student’s learning situation with teachers.

2. Teaching assistants and teachers having discussions according to the records on the
online learning platform.

3. Reply to questions raised in the online discussion forum.
4. Teaching assistants will mark the study sheets after class and provide guidance on

the problems.
5. Teachers respond to the learning feedbacks in the next lesson.

4 Result

The study results are as follows:
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Fig. 5. The learning effect of the control group.

It can be seen from Fig. 5 that the control group has no significant improvement
in terms of cooperation, communication and other factors. The control group has no
significant results in learning effects.

Fig. 6. The learning effect of the experimental group.

It can be seen from Fig. 6 that the factors of cooperation and communication in the
experimental group has significantly improved, inferring that the learning effect of the
experimental group has a significant outcome.

5 Conclusion

The study results show that, through the teaching method of “Flipped Teaching Method
of Integrating Virtual and Real”, both the cooperation tendency and the communication
tendency have been significantly improved. Therefore, this study infers the use of the
“Flipped Teaching Method of Integrating Virtual and Real” with narration and hybrid
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flipped learning, and with virtual online teaching materials for teaching, so that teachers
and teaching assistants can solve students’ problems and difficulties in the classroom
in real time, so as to achieve differentiated tutoring. Through the inspection, sharing
and evaluation of course works, it is learned that the combination of “in-depth guid-
ance strategy” and “Virtual-Real Integration Hybrid Flipped Teaching” has significantly
improved the learning effect of students.

Acknowledgements. We would like to thank to the MOE Teaching Practice Research Program
for funding the Teaching Practice Research Program. Thiswork is supported by theMOETeaching
Practice Research Program, Program No. PSK1100704.
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Abstract. Entrepreneurship education has grown tremendously, as has been
extensively documented. Entrepreneurship education has expanded in scope, sig-
nificantly extending across fields in universities and penetrating all levels of edu-
cational systems. Moreover, the notion and measurement of engagement have
become increasingly important to academics and practitioners. Some researchers
have discovered that an approach for increasing engagement in a beneficial way
has been established from games. The study adopts a business simulation game
(BSG) as a serious game in the Entrepreneurship course to develop students’ self-
efficacy, motivation, and engagement. The quasi-experiment was applied to 48
university students. The findings indicate that BSG, based on real challenges in a
business environment, allows students to develop their self-efficacy, motivation,
and engagement. BSG provides significant opportunities and new alternatives for
developing management, leadership, and entrepreneurial skills.

Keywords: Serious game · Simulation · Entrepreneurship education ·
Classroom teaching

1 Introduction

Entrepreneurship is a critical economic activity in the twenty-first century. Entrepreneur-
ship empowers today’s youth to establish their businesses and acquire soft critical skills
that will serve themwell across their professional careers [1]. Universities are commonly
regarded as incubators of entrepreneurial spirit and culture, with the expectation that they
will play a critical role in discovering and developing students’ entrepreneurial talents
and tendencies and enabling them to start their ventures [2]. Numerous researchers and
educators define entrepreneurship education’s objective as increasing and enhancing
students’ knowledge of entrepreneurship as a process and prospective vocation and their
understanding of how multiple management disciplines interact. Moreover, simulation-
based learning, which manipulates learning information frequently and observes the
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manipulation outcomes in order to help students better grasp real-world experience and
practice, is one of the most popular ways of entrepreneurship education today [2–4].

A serious game is characterized as one that has an educational purpose but also
incorporates three essential components: enjoyment, experience, and multimedia [5].
Serious games are created with a definite educational goal, not only for enjoyment.
Serious games are a relatively recent addition to entrepreneurship classrooms.According
to [4] games combine trial-and-error learning, immediacy, complexity, and point-scoring
features.

Several studies have just started investigating the feasibility of employing game-
based learning to boost students’ self-efficacy in various topic areas [6]. Self-efficacy
is a term that relates to an individual’s perceived capacity for gaining knowledge or
completing tasks at a specified level [7]. Furthermore, Self-efficacy is a critical cognitive
factor affecting motivation and engagement [8]. Self-efficacy affects one’s motivation
and the resilience required to complete a challenging work [7, 9].

However, the application BSGs, as serious games to the study of engagement are a
relatively recent area of research [10]. BSG should be designed in such a way that groups
of students collaborate, hence increasing engagement. They asserted that participation
in the game and enjoyment are the two most significant aspects affecting the success
of a BSG [11]. Moreover, [12] stated that students’ motivations affect their level of
engagement throughout games. The nature and design of gaming activities significantly
impact a learner’s motivation, engagement, and problem-solving performance.

[2] stated that studies on the influence of simulation games and game-based learning
in entrepreneurship education are limited; therefore, this study examines how BSG as a
serious game might boost entrepreneurship motivation, self-efficacy, and engagement.
The study’s objectives were to address the following:

1. Does employing a BSG enhance students’ self-efficacy compared to a traditional
classroom?

2. Does employing a BSG enhance students’ motivation compared to a traditional
classroom?

3. Does employing a BSG enhance student engagement compared to a traditional
classroom?

2 Introduction

2.1 Serious Game and Business Simulation Game

Mainly, serious games are created with the primary purpose of attaining a fun expe-
rience and engaging players. Furthermore, a BSG, as a serious game, can be utilized
to boost entrepreneurial motivation and competencies [1]. A simulation game has been
found to improve students’ comprehension of specific courses by simulating real-world
circumstances through frequent manipulations of learning content and examinations of
the outcomes of those manipulations [13, 14]. Fun, play, rules, targets, engagement,
outcomes or feedback, winning states, competition, and problem-solving are all char-
acteristics of simulations [3]. Moreover, business simulations are most frequently used
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in management, commerce, financial, budgeting, marketing, project management, and
entrepreneurship [4, 15].

Serious games provide educators with more realistic and engaging learning expe-
riences. The entrepreneur’s educational method, based on serious games, enables the
integration of amusing elements and detailed information, encouraging the learning
process and assisting students in feeling more prepared for starting a new firm [1].

2.2 Self-efficacy in Entrepreneurship

A greater sense of self-efficacy has benefited learning, performance, self-regulation, and
motivational goals such as activity selection, concentration, resilience, and enthusiasm
[7, 16]. Students who are self-efficacious are enthusiastic and engaged in their studies,
which enhances their capacity as learners [17].

[7] characterized perceived self-efficacy as “beliefs in one’s skills to arrange and
carry out the objectives – to achieve certain goals.” Furthermore, a significant aspect
of this concept is that self-efficacy affects motivation and the level of perseverance
required to complete a challenging activity [9]. This is critical for educators since students
are expected to develop into motivated and persistent managers. Self-efficacy has been
shown to affect behavior significantly and results in various topics, such as human
resources, information management, business, and entrepreneurship.

Entrepreneurial self-efficacy is characterized as an individual’s confidence in their
capacity to fulfill entrepreneurial roles and responsibilities successfully. The study found
a significant correlation between entrepreneurial self-efficacy and students’ desire to
begin their own company [2, 18].

2.3 Motivation

Intrinsic and extrinsic motivation can be classified according to the various reasons
or objectives that motivate action. Intrinsic motivation is defined as motivation that
originates within an individual rather than from external rewards, whereas extrinsic
motivation is defined as motivation produced by tangible rewards or penalties associated
with success or failure in a task [2, 19]. In this study, learning motivation is defined as
students’ intrinsic motivation to learn. Additionally, it refers to students’ motivation to
continually dedicate themselves to acquiring knowledge and competencies [20].

Previous studies examined a range of applications within the context of game-based
learning and the effect of games on learning motivation. For instance, [21] devised a
science-learning experiment to determine whether increasing students’ engagement and
motivation inside an online game-based learning environment may improve their learn-
ing accomplishment. According to Kuo’s studies, game-based learning can effectively
motivate students to engage in science exploration and the learning process [21].

2.4 Engagement

Engagement is characterized as the degree to which students participate in activities,
such as active learning, enhancing learning programs, seeking help from faculty, or
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cooperating with other students [4, 22]. Engagement entails classroom instruction and
can relate to both academic and non-academic areas of university education [23, 24].
Moreover, Engagement indicators are internal components of the idea of engagement,
and the primary indicators of engagement are commonly acknowledged as cognitive,
emotional, and behavioral indicators [10, 11].

In game-based learning research, engagement has been a fundamental concept. How-
ever, there are remarkably few researches that analyze psychological engagement in
game-based learning [25]. In a game-based learning environment, [26] discovered a
correlation between these three engagement characteristics (cognitive, emotional, and
behavioral).

3 Methods

3.1 Data Collection and Participants

The quasi-experimental study was conducted at the agribusiness faculty of one state-
owned university in Indonesia. A total of 48 students from second and third-year stu-
dents were enrolled in two classes of the entrepreneurship course. Both classes were
taught by the same instructor, using identical course materials but with different instruc-
tional strategies. The control group used the conventional learning approach, whereas
the experimental group participated in a serious game. Data were collected through a
self-administrated questionnaire at the end of the experimental activity. The participants’
identities and confidentiality were assured.

3.2 Procedure

This study employed a serious business simulation game developed by United Sates
simulation developer Marketplace Simulation. Figure 1 illustrates the experimental pro-
cedure used in this study. During the first meeting, the students were informed about the
course’s aims and objectives and the game’s operations exclusively to the experimental
group participants. After becoming familiar with the serious game, studentswere divided
into teams of six members. Each team was tasked with managing a company to compete
against companies operated by other students. All students in both groups completed
the pretest questionnaires that assessed their self-efficacy, motivation, and engagement
in the first meeting.

The experimental group of students has hands-on experience in starting a new busi-
ness and competing in a simulatedmarket. The game featured six decision rounds (meet-
ing 2–7) that created interconnected learning. They are challenged to manufacture and
sell carbon fiber bicycles in various market segments. Students were required to formu-
late business strategies, analyze the market data, plan production, and engage in R&D
to gain a competitive edge to serve the customers through interrelated tactical deci-
sions. The control group students learned through the conventional learning approach of
PowerPoint lectures, direct instructions, and discussion to start a business. All students
completed the posttest questionnaires on self-efficacy, motivation, and engagement in
the eight meetings.
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Fig. 1. The experimental procedure

3.3 Procedure

The variable was measured using a well-established questionnaire from prior literature.
Student self-efficacy and motivation were assessed using the Motivated Strategies for
Learning Questionnaire, developed by [27]. The self-efficacy questionnaire has eight
items that assess participants’ confidence in their abilities to execute the task—stu-
dent motivation comprised of 14 items representing various motivational factors. The
students’ engagement was measured by [28] engagement scale, consisting of 17 items
indicating various reasons for engaging in the classroom activity. All items were adapted
for this study and served as the pretest and posttest. The items were assessed on a 5-
point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree)—Cronbach’s
α coefficients for the pretest and post-test of all variables were shown in Table 1.

Table 1. The reliability of the measurement

Variable Items Cronbach’s alpha α

Pretest Posttest

Self-efficacy 8 0.916 0.818

Motivation 14 0.990 0.898

Engagement 17 0.779 0.936

3.4 Data Analysis

The differential analysis between experimental and control groups was conducted using
a one-way analysis of covariances (ANCOVA) to see significant differences in student
self-efficacy, motivation, and engagement between the two groups. The pretest scores
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served as a covariate, whereas the posttest scores served as the dependent variable.
Levene’s test was employed to determine the homogeneity of the participants, and the
findings confirm that both sets of groups were statistically homogenous.

4 Results

4.1 Self-efficacy

The ANCOVA result in Table 3 shows a significant difference in self-efficacy between
control and experimental groups (F = 24.802, p < 0.05, η2 = 0.305). Further analysis
of the average scores of the two groups in the self-efficacy posttest (Table 2) shows that
compared with the control group (M= 3.8854, SD= 0.48471), the experimental group
had stronger self-efficacy (M= 4.4531, SD= 0.4775). This implies that a serious game
can boost students’ self-efficacy more than a conventional learning approach.

Table 2. The descriptive results of student’s self-efficacy, motivation, and engagement

Variable Group Pretest Posttest

Mean SD Mean SD

Self-efficacy Control group 4.0573 0.64688 3.8854 0.48471

Experimental group 3.8073 0.58744 4.4531 0.4775

Motivation Control group 3.3512 0.59647 3.6696 0.4056

Experimental group 3.5417 0.97823 4.3958 0.34287

Engagement Control group 3.5368 0.42642 3.4926 0.4536

Experimental group 3.424 0.4709 4.6054 0.38922

Table 3. The ANCOVA results of student’s self-efficacy, motivation, and engagement

Variable Mean square F p η2

Self-efficacy 4.847 24.802 0.000* 0.305

Motivation 6.220 43.153 0.000* 0.49

Engagement 15.585 96.608 0.000* 0.682
*p < 0.05

4.2 Motivation

According to the results of ANCOVA test, there was a significant difference in students’
motivation between the two groups (F= 43.153, p< 0.05, η2= 0.49), as seen in Table 3.
The comparison of the motivation posttest indicates that the students in the experimental
group feelmoremotivated (M= 4.3958, SD= 0.34287) than control group (M= 3.6696,
SD = 0.4056) (Table 2).
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4.3 Engagement

Table 3 shows that there is a significant difference between control and experimental
groups (F= 96.608, p< 0.05, η2= 0.682). The comparison of the engagement posttest
scores (Table 2) indicates that compared with control group (M= 3.4926, SD= 0.4536),
the experimental group showed more engagement in the learning activity (M= 4.6054,
SD = 0.38922).

5 Discussion

A BSG was used as a serious game in this study to increase students’ self-efficacy,
motivation, and engagement.

5.1 Effects on Students’ Self-efficacy

The findings of this study indicate that using a BSG has a significant and beneficial effect
on students’ self-efficacy in entrepreneurship. Hence, students who actively participate
in the simulation develop a strong belief that they are capable of successfully running
their own business. When students in the experimental group participated in BSG activ-
ities, they demonstrated a considerably more significant improvement in self-efficacy
than students in the control group. Furthermore, students’ capacity to engage in vari-
ous marketing activities in the simulation game may be self-monitored and evaluated to
develop and enhance their sense of entrepreneurial self-efficacy.

5.2 Effects on Students’ Motivation

This study shows that the use of a BSG had a significant and positive impact on the
students’ motivation. The game’s components, including badges, points, levels, and
trophies, promoted student participation. Additionally, the game encouraged student
engagement due to its user-friendly and interactive Web application. Earning bonus
points and badges as an incentive for simulation accomplishments increased student
motivation and satisfaction.

5.3 Effects on Students’ Engagement

The BSG increased student participation in general. The simulation’s interactions
increased student involvement. All simulation game work incorporates debate and
critical thinking about market, sales, production, and finance issues. As a result, the
experimental group’s average level of involvement was higher than that of the control
group.
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6 Conclusion

The BSG activities required students to quickly overcome barriers and tasks, which
enhanced their self-efficacy throughout gameplay. As a result, the results suggested that
higher self-efficacy resulted in a higher student engagement, with students focusing on
future motivation and commitment to completing the BSG’s challenge problems. It is
determined that one of the most crucial aspects of game design is sustaining student
motivation throughout gameplay. Given that students are inquisitive individuals that
enjoy novelty and problem solving, one strategy for addressing the issue of sustainability
is to give students with new and demanding game scenarios as they progress through
their gameplay assignments. It will keep students engaged and motivated.
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Abstract. Writing is themost essential and difficult skill to learn. Lowproficiency
and lack of knowledge trigger the anxious feeling that impairs students’ ability
to acquire language skills. Computational thinking (CT) strategies were proposed
to help students identify patterns and give more guidance on their writing tasks.
Therefore, the objective of this study is to understand the benefits and the effects
of CT strategies on the anxiety level of EFL students. A total of 58 students
enrolled in the English writing course. The experiment group used CT strategies,
and the control group used a traditional teaching approach. The results confirm
the importance of CT strategies in English writing on students’ foreign language
anxiety. The data analysis shows that the experimental group had (1) reduced the
worry of negative evaluation, (2) increased familiarity with English writing, (3)
had less concern about failing the class, and (4) more optimistic approach toward
English writing.

Keywords: Language learning · English writing · Computational thinking ·
Foreign language anxiety

1 Introduction

English is the official language of the world. However, in Taiwan English was recog-
nized as a foreign language. Furthermore, it is difficult for students from non-native
countries to learn and become competent in English skills [1, 2]. The problems associ-
ated with English learning stem from the language’s complexity and a lack of vocabulary
and grammatical knowledge [3]. When the students encounter difficulty mastering the
fundamental of English language skills (reading, listening, speaking, and writing), their
anxiety level and cognitive load increase, resulting in demotivating their efforts and poor
performance [4]. Anxiety is a significant factor that affects students’ ability to master
English; it even has a debilitating influence on students’ performance. [5] defined for-
eign language anxiety as self-perception, attitudes, and beliefs associatedwith classroom
language learning. The feeling of tension, apprehension, nervousness, and worry are all
linked explicitly to the foreign language learning process [6].
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Computational thinking (CT) is firstly defined by [7] as a thought process used to for-
mulate problems and their solutions that draw on the fundamental concepts of computer
science, composed of decomposition, pattern recognition, abstraction, algorithm, and
evaluation. Recent studies show that incorporating CT strategies into classroom learn-
ing activities can create amore positive impact on student performance [8, 9], motivation
[3], and anxiety [10].

Writing iswidely regarded as themost challenging skill tomaster, it included content,
organizing, grammar, vocabulary, andmechanics.When students were assigned an essay
topic, it was discovered that the majority of them were unable to begin writing on their
own due to a lack of knowledge regarding how to begin. Additionally, the constructed
phrases featured several grammatical and lexical problems [11].CTprovides a systematic
method for structuring sentences in English language writing. CT enables students to
build a foundation for problem-solving. CT in language learning can assist students in
identifying patterns and analyzing phrases linguistically to ascertain their structure. It is
suggested that incorporating CT can help students feel less anxious by providing them
with more specific guidance on how to solve problems during their learning activities.

Learning a foreign language is a difficult task, and anxiety is often associated with
foreign language learning. Therefore, this study aimed to investigate the benefits and
effects of CT strategies on the anxiety level of EFL students. Moreover, the following
question was kept in mind while conducting this study, which is: Does integrate CT
strategies improve students’ anxiety levels in English writing?

2 Literature Review

2.1 English Writing

Writing is an essential skill for students to explicate and articulate their thinking. In
comparison to other language fundamental skills such as reading, listening, and speaking,
writing is the most difficult to master since it incorporates all language components,
including writing mechanics, and paragraph organizations [1]. Writing is a process that
needs more thinking to develop the ideas in the paragraph, which enable students to
produce language by themselves [3, 11, 12].

2.2 Foreign Language Anxiety

Foreign language learning anxiety is a well-established concept that hinders the acquisi-
tion of language. It refers to the objective sensations of tension, trepidation, anxiousness,
and worry that occur as a result of the automatic nervous system being stimulated by
foreign language learning. Most studies say that speaking is the most stressful part of
learning a new language [6, 13, 14]. Similarly, anxiety can be found in other aspects
of language learning such as listening [8], reading [15], and writing [1, 10]. In order to
help the students reduce their anxiety level, researchers have been exploring the contrib-
utors to foreign language anxiety including low proficiency, lack of practice and skills,
unpleasant experience, fear of making mistakes, task difficulty, classroom environment,
peer pressure, and little preparation [3, 9, 13, 14]. Therefore, teachers can provide fitting
test items that match student capabilities [16].
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2.3 Computational Thinking

Computational thinking (CT) is a widely recognized model of thinking, not only in
computer science but also in other disciplines [17]. CT is described as a thought process
in formulating a problem and expressing the solutions in a systematic way that can be
effectively carried out [7]. CT is an encompassing approach that introduces students
to computing concepts and principles that are relevant to their academic topics. The
essence of CT involves the process of decomposing complicated problems into more
manageable sub-problems (decomposition), following a sequence of steps (algorithm),
reviewing how the solution applies to similar problems (abstraction), and evaluating the
various applications (evaluation) [7, 18, 19].

The CT strategies were approached to assist students in identifying patterns and
analyzing phrases linguistically to ascertain their structure [10]. CT strategies provide a
logical way for students to structure their writing so they can perform better at language
learning. This study follows the five steps of CT strategies as proposed by [19, 20] to
teach English writing to the students.

3 Methods

3.1 Participants and Data Analysis

An experimental design was carried out to investigate the effect of CT strategies on the
anxiety level of EFL students. A total of 58 first-year students, who took an English
writing course at a public high school in southern Taiwan, participated in this study.
The participants were assigned to control and experimental groups. The control group
students studied English writing using a traditional teaching approach, whereas the
students in the experimental group were taught using CT strategies in English writing.

The datawas collected through pre-and post-test questionnaires.Differential analysis
was conducted using SPSS 25.0. A covariance analysis (ANCOVA)was used tomeasure
whether the students in the experimental group had lower anxiety levels than students in
the control group. The pretest scoreswere used as a covariate to eliminate the pre-existing
differences between the groups.

3.2 Experimental Procedure

The English writing class was held for nine meetings and lasted for 50 min in one
meeting. In the first meeting, the teacher provides the course introduction and hand-over
self-reported instruments for students to fill in. The students in this course were divided
into two groups, the control and the experimental group. Experimental group students
were introduced to the CT strategies, in which they will practice their English writing
while following this method. The implementation of CT strategies in English writing
courses can be seen in Table 1 below. A conventional learning approach was used in the
control group. Both groups have the same pre-writing tasks that they need to finish every
two weeks. The pre-writing task was done three times from Meeting 2–7. Meeting 8th,
all students will have final writing activity, where they can utilize everything they have
learned. Therefore, by the end of this course, all students will have three pre-writing
practices and one final writing. At the last meeting, Meeting 9th, students completed the
post-test questionnaire. The experimental procedure of this study can be seen in Fig. 1.
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Table 1. The implementation of the CT strategies in English writing.

CT strategies Activities

Decomposition - Understand the task and the main problem
- Break down the problem into smaller parts

Pattern recognition - Identify the writing concepts

Abstraction - Use relevant articles, pronouns, and propositions
- Use relevant vocabularies

Algorithm - Write the paragraph in systematic way
- Write coherent sentences in the paragraph

Evaluation - Exchange the draft with peers
- Revise the writing accordingly

Fig. 1. The experimental procedure.

3.3 Measurement

The foreign language classroom anxiety scale (FLCAS) developed by [5] was a self-
report measurement used to investigate the participants’ anxiety levels during language
classes. FLCAS was designed with four factors concerning fear of negative evaluation,
comfort with English learning, fear of failing in the class, and negative attitude toward
learning English [15]. The FLCAS comprises 33-items with a 5-point Likert scale rang-
ing from “strongly disagree” to “strongly agree,” with an option of neutral. The answer
of ‘strongly agree’ indicates a high level of anxiety, and ‘strongly disagree’ means a
low level of anxiety that the students feel [6]. This study used Cronbach’s alpha (α) to
assess the scale reliability and the results show that FLCAS α was between 0.734 to
0.918 (Table 2), which is above the suggested value of 0.7 [21].
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Table 2. The results of the reliability test.

Variable Items Cronbach’s α

Fear of negative evaluation 12 0.918

Comfort with English learning 9 0.799

Fear of failing in the class 6 0.734

Negative attitude toward learning English 6 0.880

4 Result

4.1 Fear of Negative Evaluation

The mean and standard deviations of students’ fear of negative evaluation scores con-
ducted before and after the course treatment for the control and experimental group are
presented in Table 3. The analysis results in Table 3 indicate a significant difference
between the control and experiment groups for students’ fear of negative evaluation (F
= 7.92, p < 0.05). Students that use CT strategies for English writing had less fear of
negative evaluation than those in the control group.

Table 3. The ANCOVA results of students’ fear of negative evaluation.

Group Pretest Posttest ANCOVA

Mean SD Mean SD Adj. M F p

Control group 39.3 10.07 39.6 8.82 293.5 7.92 0.007*

Experimental group 39.9 10.00 35.3 5.33
*p < 0.05

4.2 Comfort with English Learning

According to the mean posttest score in Table 4, experimental group students had higher
comfort with English learning (M= 25.9, SD= 3.43) compared with students in control
group (M = 22.7, SD = 5.33). The ANCOVA test results indicate a significant differ-
ence between both groups’ pre-posttest on English learning comfortability (F = 8.09,
p < 0.05). Hence, the students that used CT strategies had more comfort with English
learning.
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Table 4. The ANCOVA results of students’ comfort with English learning.

Group Pretest Posttest ANCOVA

Mean SD Mean SD Adj. M F p

Control group 21.7 6.64 22.7 5.33 131.0 8.09 0.006*

Experimental group 22.3 6.21 25.9 3.43
*p < 0.05

4.3 Fear of Falling in the Class

The result of the ANCOVA test in Table 5 indicates a significant difference between
groups for fear of failing in the class (F = 8.48, p < 0.05). The mean posttest scores in
the experimental group (M = 18.1, SD = 1.81) is lower than the control group (M =
20.1, SD = 3.57). Thus, the students in the experimental group demonstrated less fear
of failing than the student in the control group.

Table 5. The ANCOVA results of students’ fear of failing in the class.

Group Pretest Posttest ANCOVA

Mean SD Mean SD Adj. M F p

Control group 20.1 3.61 20.1 3.57 55.33 8.48 0.005*

Experimental group 20.1 3.57 18.1 1.81
*p < 0.05

4.4 Negative Attitude toward Learning English

The ANCOVA results (Table 6) indicated a significant difference between groups in
students’ negative attitudes toward learning English (F = 10.40, p < 0.05). According
to the mean posttest score, the experimental group scores (M = 17.4, SD = 3.84) is
lower than control group (M = 20.1, SD = 2.90). Hence, the students that learned the
CT strategies in their writing courses perceived a more positive attitude toward their
English learning.
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Table 6. The ANCOVA results of students’ negative attitudes toward learning English.

Group Pretest Posttest ANCOVA

Mean SD Mean SD Adj. M F p

Control group 18.6 6.09 20.1 2.90 113.9 10.40 0.002*

Experimental group 18.9 5.68 17.4 3.84
*p < 0.05

5 Conclusion

The results confirm the importance of CT strategies in English writing on students’
foreign language anxiety.According to the data analysis, the experimental group students
had shown a significant reduction in foreign language anxiety compared to the students
in the control group that instead show heightened anxiety by the end of the course. It
reveals that students in the experimental group hadmore familiarity and positive attitudes
toward English writing, and also less fear of failing the class.

There are several possible factors that have resulted in the experimental group’s
positive results regarding the language anxiety level, the CT strategies provide problem-
solving support for the writing task. Likewise, the use of CT strategies in the English
writing class gives logical structures and a framework for students. The implementation
of CT strategies in English writing requires students to decompose the writing tasks into
moremanageable components, and figure out the concepts and the information needed to
develop a logical step-by-step framework. Therefore, it was expected that CT strategies
will be more integrated into the English learning classroom.
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Abstract. Writing is a challenging task in the process of foreign language acqui-
sition. Writing strategies are determined ways that students resolve issues that
arise during the writing process. A recent academic study considered developing
a learning activity incorporating the Computational thinking (CT) approach into
English language teaching. This study aims at applying CT to English learning
classrooms to enhance the students’ English writing skills. The writing strategy
of prewriting, peer feedback, and writing introduced computational thinking to
students in an English writing classroom. The quasi-experiment was applied to
58 university students for nine meetings. The computational thinking subscales
(decomposition, abstraction, algorithmic thinking, evaluation, and generalization)
and the writing strategy subscale of “before writing” were analyzed using a non-
parametric test (the Wilcoxon and Mann-Whitney test). The writing strategy sub-
scales of “when writing” and “revising” were analyzed using ANCOVA. The
findings show that students’ writing skills improve significantly after practicing
CT and writing strategies.

Keywords: Computational thinking ·Writing strategy ·Writing skills ·
Innovative teaching

1 Introduction

English learning has become a significant educational approach and policy in many
non-English speaking nations, where the cultivation of skill depends on the balanced
development of listening, speaking, reading, and writing [1, 2]. Writing is a challenging
skill. Students learning English as a foreign language (EFL) will need a wide range of
English writing abilities, from writing simple paragraphs and summaries to producing
essays and academic articles.Writing is considered one of themost challenging activities
requiring grammar and syntactic instruction. Furthermore, teaching writing to students
in a country where English is not their native tongue provides more difficulties than
teaching writing to students in an English native country. Educators have long believed
that writing is hard to measure, examine, analyze, and grade. Even in the twenty-first
century, writing is still viewed as challenging, requiring diverse talents and subskills
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[3]. Usually, in writing classes, students cannot be knowledgeable of all the writing
skills involved. As a result, teachers should carefully prepare writing strategies that
allow students to work on their writings from several viewpoints and provide sufficient
opportunity for students to engage their academic English writing skills [4, 5]. Some
studies have demonstrated that the application of relevant technology and re-sources
could be a possible solution to improve students’ English course achievement [1, 2, 6].

Recent research has revealed that computational thinking (CT) has been used to
enhance English language learning [7, 8]. CT is a problem-solving ability that can
be used to encourage students to study the English language. According to [9] CT
is a viewpoint that shows students how to solve complicated problems through the
use of computer-based solutions. Furthermore, CT skills are not limited to computer
scientists exclusively; however, they are regarded as crucial skills (e.g., writing, reading,
and mathematics) that everyone in the present era should understand [9, 10]. CT is
a mode of thinking that enable learners to break down large problems into smaller,
more manageable parts. Students understand the system through discrete components,
problems, or steps and develop instructions that may be implemented for other similar
difficulties [8]. According to [11], CT has been proposed to enhance English language
proficiency. However, CT-based strategies have not been widely used to improve English
learning. Only limited research papers have been conducted on the use of CT in English
instruction and learning [12].

Hence, this study aims to fill the gap. by applying CT to English learning classrooms
to enhance the students’ English writing skills. The purpose of this study is to provide
an answer to the following question: Does applying CT strategy to English learning
improve students’ English writing skills?

2 Literature Review

2.1 Computational Thinking

The impact of CT has been highlighted by policymakers, teachers, academics, and the
public [9, 13–15]. Furthermore, several scholars analyzed the various definitions of CT
skills. [10] conclude from a review of previous research that students’ CT skills encom-
pass the following skills: creativity, algorithmic thinking, cooperation, critical thinking,
and problem-solving. Decomposition, pattern recognition, abstraction, and algorithm
design are all components of CT, according to [9].Moreover, [16] elaborated on her study
by developing a valid and reliable self-reported assessment, the Computational Think-
ing Scale (CTS), to assess students’ CT characteristics across the exact five domains
of computer literacy education. They are decomposition, abstraction, algorithmic think-
ing, evaluation, and generalization [16]. Decomposition measures an individual’s abil-
ity to break a difficulty down into smaller elements. Abstraction is determining what
information is required to resolve the issue. Algorithmic thinking analyzes individuals’
preferences for problem-solving in a step-by-step approach. Furthermore, evaluation
analyzes individuals’ preferences for reviewing and analyzing alternative solutions to a
problem, while generalization determines an individual’s ability to apply a response to
other identical issue environments [16].
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Moreover, previous studies have indicated that computational thinking can help indi-
viduals enhance their language skills, including their capacity to create sentences [17]
and write [18]. CT offers a scientific approach to using the English sentence structure to
generate narratives in language writing [19]. Moreover, CT enables students to highlight
crucial passages in their English language writing [18].

2.2 Writing Strategies to Improve Writing Skills

Writing strategies are crucial for students to improve their concepts in academic writing
[4]. The researchers sought to create creative strategies to overcome obstacles encoun-
tered during the writing process and enhance students’ writing skills. One of these
theories emphasizes the importance of syntactic and linguistic aspects. As a result, the
accuracy of vocabulary, syntax, andmechanics such as spelling and punctuation are con-
sidered the primary factors of success in the foreign language process of writing [20].
When delivering the writing assignment to students, there are a few points to consider.
Teachers should understand that it is not only an issue of language proficiency but also
of acquiring students’ ability to create a story with coherence in each paragraph [8].

Work strategies are classified as activities or behaviors performed intentionally by
writers to improve the effectiveness of theirwriting [21] Furthermore, thewriting strategy
used in this study was divided into three stages: prewriting, peer feedback, and writing.

3 Methods

3.1 Research Design

This study employed a pre-posttest experimental design, with the experimental group
receiving computational thinking strategies instruction. The procedures involved a
pretest, an intervention, and a posttest. The experiment was carried out over nine
instruction meetings during the Spring semester of 2022.

3.2 Participants

The participants consisted of 58 students of English majors at a university in Indonesia.
All participants were recruited voluntarily, and they were informed that their academic
performance would not be evaluated. The students were randomly assigned to a control
(N = 29) and experimental group (N = 29).
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3.3 Experimental Procedure

Figure 1 shows the experimental process of this study. The instructional approach of
both the experimental and control groups was similar in teaching writing. The par-
ticipants in the experimental group were taught using CT strategies, and the control
group used conventional writing strategies. The experiment consisted of nine meetings
of 120 min. Prior to the experiment, the researcher planned meetings and discussions
with English teachers to ensure they thoroughly understood the research procedure. The
teacher administered the pretest questionnaires at the beginning of the first meeting to
determine the student’s prior position. The teacher also explained the course goals to
the students. In the second meeting, the students in the experimental group that learned
English writing using CT strategies (decomposition, abstraction, algorithm, evaluation,
and generalization) practiced these methods for 60 min and started their first prewriting
activity. The students were assigned to compose writing with the topic given by the
teacher for sixty minutes. After that, in the third meeting, the students did peer feedback
activities in a group of six. Each student exchanged their prewriting draft with other
students within their group. They used the rubric given by the teacher to revise the draft.
The peer feedback activity was taken 60 min, followed by a discussion on the feedback
in a group for another 60 min. After that, the draft was given back to the original writer.
The teacher asked students to revise and rewrite their drafts at home.

Fig. 1. The experimental design

The prewriting activity was repeated three times (first, second and third prewriting),
and the peer feedback activity was also repeated in the third, the fifth, and the seventh
meeting. Students spent the whole meeting (120 min) on the final writing in the eighth
meeting. The topic of the final draft was more challenging than the prewriting. Seven
meetings were spent on perfecting their writing skills. Also, fearing that students might
not complete the writing if the task was given as a handwritten homework or online
assignment, the students were asked to complete the task in class. In the ninth meet-
ing, students were asked to complete the posttest questionnaire to see whether there



Computational Thinking Approach 427

was development in students’ computational thinking and writing strategies after the
treatment or not.

The teacher explained the prewriting activities (the second, fourth and sixthmeeting)
for 60 min each meeting, and the students practiced CT strategies in writing the topic.
Decompositionwas used as part of the CT approach to break down the writing topic into
various main topics; establish the underlying concepts for writing the topics based on
abstraction. After completing the paragraphs, each paragraph was revised by students
(abstraction) thereby creating a whole new paragraph reasonable and coherent. Students
can express their creative ideas at this step by adding additional sentences to the topic
in accordance with their skill and knowledge. Algorithmic thinking involves employing
CT to create an algorithm that enables students to build phrases and paragraphs sequen-
tially to write the complete topic coherently. Furthermore, the generalization dimension
examines students’ ability to transfer their solutions to similar problem-solving situa-
tions. Students studied the process to make broad conclusions about how the writing
process could be improved.

The evaluation process was practiced during the peer feedback activity. Students
discussed and corrected the writing draft of their friend’s draft and made some notes on
the points ofwriting errors (content, organization, vocabulary, language use,mechanics).
Figure 2 shows a rubric prepared by the teacher for doing the evaluation. After that, eval-
uation was practiced by the students when they revised the prewriting draft. Moreover,
students also practiced the CT strategy in the final writing process (the eighth meeting);
students employed the CT approach previously practiced in the prewriting activity in
this section. The final writing was considered the final evaluation since students have
done three times prewriting activities.

Fig. 2. Student’s peer feedback rubric
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3.4 Measurement

Two instruments were used for this research a computational thinking scale (CTS) and
a writing strategy questionnaire (WSQ) that was evaluated using a five-point Likert
rating scale ranging from 1 (never true of me) to 5 (always true of me). A self-reported
instrument of computational thinking scale (CTS) by [16] was used to examine the
participants’ computational thinking abilities. The CTS included 19 items, that were
modified according to the purpose of this study. The reliability of the CTS five subscales:
decomposition (α = 0.778), abstraction (α = 0.654), algorithmic thinking (α = 0.762),
evaluation (α = 0.782), and generalization (α = 0.625) shows a high reliability.

The writing strategies questionnaire (WSQ) developed by [21] was used to inquire
about the participants writing strategies when required to write in English for academic
purposes. The WSQ consists of 38 items covering three subscales, before writing (8
items), when writing (14 items), and revising (16 items). The internal consistency reli-
ability of the scale calculated using Cronbach’s α was high at 0.659, 0.768, and 0.728
respectively.

3.5 Data Collection and Analysis

Data were collected by questionnaire, and normal distribution, missing values, and data
outliers were checked. The data were then analyzed using SPSS 25.0; the initial analysis
of data homogeneity shows that the groups are of the same variance. The normality
test shows that subscales of writing strategies (when writing and revising) are normally
distributed, and the data are processed by a parametric test (ANCOVA). The computa-
tional thinking subscales (decomposition, abstraction, algorithmic thinking, evaluation,
and generalization) and before writing will be processed using a non-parametric test
(Wilcoxon and Mann-Whitney test).

4 Results

4.1 Computational Thinking

The descriptive statistics of mean and standard deviation for computational thinking are
listed in Table 1. When comparing the mean differences between pretest and posttest in
each group using the Wilcoxon test, it was noted that the experimental group students
showed significant changes between the pre-posttest. Meanwhile, there were no statisti-
cally significant changes in control group participants between pre-and post-test (Table
1). The Mann-Whitney test of computational thinking posttest scores show significant
differences in terms of abstraction (z=−6.574, p< 0.05), decomposition (z=−6.585,
p < 0.05), algorithmic thinking (z = −6.417, p < 0.05), evaluation (z = −6.355, p <

0.05), generalization (z = −6.605, p < 0.05) as seen in Table 2.
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Table 1. The descriptive results of student’s computational thinking

Variable Group Pretest Posttest Wilcoxon

Mean SD Mean SD Z p

Abstraction Control group 2.92 0.454 2.91 0.56 −0.577 .564

Experimental group 3.04 0.555 4.72 0.294 −4.748 .000*

Decomposition Control group 3.02 0.526 2.99 0.588 −1.342 .180

Experimental group 3.06 0.624 4.76 0.417 −4.789 .000*

Algorithmic thinking Control group 3.19 0.566 3.16 0.345 −1.732 .083

Experimental group 3.14 0.6 4.72 0.595 −4.737 .000*

Evaluation Control group 3.19 0.629 3.16 0.659 −1.732 .083

Experimental group 3.17 0.587 4.76 0.363 −4.731 .000*

Generalization Control group 3.07 0.552 3.05 0.583 −1.342 .180

Experimental group 3.26 0.545 4.82 0.29 −4.729 .000*
*p < 0.05

Table 2. The Mann-Whitney results of computational thinking posttest

Variable Mann-Whitney Z Asymp. Sig (2-tailed)

Abstraction 1.000 −6.574 .000*

Decomposition 7.500 −6.585 .000*

Algorithmic thinking 12.000 −6.417 .000*

Evaluation 16.500 −6.355 .000*

Generalization 4.000 −6.605 .000*
*p < 0.05

4.2 Writing Strategy

The descriptive result of the writing strategy’s mean and standard deviation was listed
in Table 3. The writing strategy subscale of ‘before writing’ was analyzed using a
non-parametric test of Wilcoxon and Mann-Whitney. The Wilcoxon result significantly
changes the experimental group’s pre-and post-test scores (Table 4). The between-group
difference in Table 5 shows significant differences between the two groups’ posttest
scores (z = −6.523, p < 0.05). The writing strategy subscale of ‘when writing’ and
‘revising’ were analyzed using ANCOVA. The ANCOVA result in Table 6 indicates a
significant difference between the two groups in terms of when writing (F = 237.169,
p < 0.05) and revising (F = 237.169, p < 0.05).
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Table 3. The descriptive results of student’s writing strategies

Variable Group Pretest Posttest

Mean SD Mean SD

Before writing Control group 2.8 0.371 2.75 0.518

Experimental group 2.86 0.41 4.45 0.327

When writing Control group 3.08 0.382 3.01 0.465

Experimental group 3.23 0.422 4.63 0.312

Revising Control group 2.60 0.334 2.61 0.424

Experimental group 2.71 0.300 4.35 0.533

Table 4. The Wilcoxon results of student’s writing strategy (before writing)

Pair Variable Group Z Asymp. Sig (2-tailed)

Pair 1 Post-pre-Before writing Control group −0.579 .563

Experimental group −4.707 .000*
*p < 0.05

Table 5. The Mann-Whitney results of student’s writing strategy (before writing)

Variable Mann-Whitney Z Asymp. Sig (2-tailed)

Before writing 2.000 −6.523 .000*
*p < 0.05

Table 6. The ANCOVA results of student’s writing strategy (when writing and revising)

Variable Mean square F p

When writing 35.154 237.169 0.000*

Revising 37.707 240.407 0.000*
*p < 0.05

5 Discussion and Conclusion

This study describes the computational thinking approach to the writing strategy as a
technique for improving students’ writing skills. Many studies have been conducted on
enhancing students’ problem-solving skills; however, despite theCTmethod’s increasing
adoption in the classroom, neither has focused on the relationship between computational
thinking and language learning. [7, 8, 17, 22].
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The current study’s findings indicate that students used the CT approach to writ-
ing strategies during the prewriting stage, which enabled them to improve their writ-
ing skills in vocabulary, organization, language use, mechanics, and content during the
writing stage. The three prewriting practices of decomposition, abstraction, algorithm,
evaluation, and generalization enabled students to improve their writing skills.

Finally, the experiments show that integrating CT into a writing classroom is an
effective strategy for improving students’ English writing skills. It appears that the
CT approach is substantially more effective in improving students’ writing skills than
traditional learning methods, according to the experimental findings. However, Teachers
must play a significant role in introducing computational thinking processes through
writing activities and coaching students to ensure that the learning process runs smoothly.
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Abstract. Recognition technologies had been prevailing andwidely used for EFL
learning.We investigated the different recognitions used for EFLwriting based on
image-to-text, translated speech-to-text, and location-to-text recognitions – ITR,
TSTR, and LTR. A quasi-experiment was implemented for 12 weeks in a voca-
tional high school with experimental and control groups in two stages. Pre-test,
posttests 1 and 2, questionnaires, and interviews were conducted and analyzed.
Experimental learners, who wrote writing based on ITR and TSTR, outperformed
control learners whowrote that based on TSTR only. Also, the experimental learn-
ers, who wore writing based on ITR, TSTR, and LTR, outperformed the control
learners who wrote that based on ITR and TSTR. Particularly, LTR was benefi-
cial for identifying controlling ideas and addressing the writing topics. ITR was
beneficial for brainstorming and generating more ideas. TSTR was beneficial for
yielding and transferring writing contents into words. The multiple recognitions
were beneficial for most EFL writers, especially for low-ability language writers.
Most writers were interested in describing based on authentic context learning.
However, they complained about the low accuracy of LTR and TSTR and the
difficulty of ITR texts when writing. Accordingly, the LTR database with vari-
ous categories of places, the generation of ITR based on the language abilities
of learners, and the higher accuracy of TSTR should be strictly considered when
applying multiple recognitions for EFL writing.

Keywords: EFL writing · Recognition technology ·Multimedia learning ·
Adaptive technologies

1 Introduction

1.1 Motivation

English as a foreign language (EFL) is the most popular language in the world and
EFL writing is a challenging skill [7, 12]. EFL writing is a difficult skill that should be

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
Y.-M. Huang et al. (Eds.): ICITL 2022, LNCS 13449, pp. 433–443, 2022.
https://doi.org/10.1007/978-3-031-15273-3_48

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-15273-3_48&domain=pdf
http://orcid.org/0000-0001-5684-3590
http://orcid.org/0000-0002-4035-2516
http://orcid.org/0000-0003-4509-6280
https://doi.org/10.1007/978-3-031-15273-3_48


434 W.-Y. Hwang et al.

supported [3, 10, 26].Writing requires transforming thoughts intowords and understand-
ing lexical density, sentence complexity, and grammatical accuracy [26]. Furthermore,
EFL students often encounter difficulties to generate ideas and face problems to struc-
ture paragraphs or essays in their writing [3]. In other words, EFL writing requires the
learner to have higher skills in using various vocabulary terms, correct sentence patterns,
conventional grammar rules, and appropriate writing structure. Therefore, enriching stu-
dents’ vocabulary, understanding various sentence patterns, and being good at writing
organization could improve EFL writing.

1.2 Related Works

Recognition technologies extract information from signals, analyze it, and then convert it
into recognizable outputs [2, 22]. The recognition technologies are based on the diversity
of input representations and applied widely for EFL learning like speech voices [8,
11, 21], images [20, 23], body motion, facial statuses [9], current location [19, 27],
and so on. Accordingly, STR recognizes English speech and then converts those into
English texts [16]. It could enhance EFL vocabulary and reduce the cognitive load when
listening to EFL lectures [6]. TSTR is based on STR and translated texts of the target
language. Accordingly, TSTR generates EFL texts based on the native language which
is beneficial for brainstorming in writing [13]. Image-to-text recognition (ITR) was used
to facilitate EFL vocabulary acquisition [23], and to describe descriptions in authentic
contexts learning [20]. Moreover, location-to-text recognition (LTR) technology helps
learners to enrich vocabularies related to the environments surrounding learners like
plants, flowers, trees, and other ones [4, 27]. Therefore, the integration of TSTR, ITR,
and LTR texts can be helpful for EFL writing.

The prior studies applied authentic context learning (ACL) for EFL writing and
gained some success [7, 12, 14, 20]. Writing in authentic contexts motivated learners to
describe more thoroughly and meaningfully, and attracted them to immerse themselves
in real-life situations without limitation of time and places [7, 12, 20]. They also found
that students could write more vivid words, facilitate them to share more experiences,
and enhance their confidence to use English when learning with the authentic learning
system [20]. Without doubts, authentic learning is beneficial for EFL writing and would
be maintained in this study.

To sum up, the prior studies pointed out that EFL writing is a challenging skill, and
ITR, TSTR, and LTR technologies are beneficial for EFL learning. Also, multimedia
learning representations attract learners and hold them to learn better, and positively
influence English learning. Authentic learning allows EFL learners to immerse them-
selves in real-life situations that help them learn better. Therefore, we integrated all the
features into our learning system, and we expected that it would be useful for EFL writ-
ing learning. In this study, we focused on the affordances of the recognitions for EFL
writing. According to an experiment, two questions would be answered and discussed
deeply in this study:

1. What are the influences of multiple recognitions on EFL writing (RQ1)?
2. What are the perceptions of learners about different recognitions (RQ2)?
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2 Instrument and Implementation

2.1 Instrument

We created an app that integrated three recognition technologies including TSTR, ITR,
andLTR functions, respectively. The appwas based on authentic learning.Accordingly, it
allowed learners to immerse themselves in real-life situations to learnEFLwriting. TSTR
function generates English sentences based on Chinese speech inputs. ITR function
generates English vocabularies, phrases, and sentences based on the image inputs. LTR
function generates English vocabulary and phrases based on the current location of the
user.

The TSTR function (Fig. 1): Learners input their voices or speech in Chinese. Next,
the function converted those into Chinese texts. Finally, the function translated the
Chinese texts into English texts and showed them on the screen.

Fig. 1. Translated STR function

The ITR function (Fig. 2): This function generated nouns, adjectives, and the other
vocabularies which are close to the people, things, and features related to the images.
Moreover, it generated some phrases and sentences that described the main contents of
the images. This function allowed learners to capture many images for each writing;
therefore, the generated texts would be more based on the images. Writers could edit the
texts, too. The yellow vocabularies were presented that they belong to the vocabularies
in their English textbook and should pay more attention to learning. The generated
vocabularies were connected to an online dictionary which allowed learners to listen to
the pronunciations and to know the means and the examples of them.
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Fig. 2. ITR texts generation

LTR function (Fig. 3): LTR texts are names, addresses, and types of places like
schools, libraries, banks, restaurants, stores, and so on which were provided by Google
place API. We also added more nouns, verbs, adjectives, and phrases related to 10 com-
mon categories with the writers and the writing topics including libraries, classrooms,
schools, gyms, restaurants, stations, and hospitals. The added texts had been gathered
from learners’ English textbook.

Fig. 3. LTR texts generation
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2.2 Implementation

We experimented at a vocational high school in Taiwan. One EFL class with 34 eleventh-
grade students (16 or 17 years old) participated in our experiment. Both groups used
the app but different functions in each stage. Two groups were the experimental group
(EG) (N = 17) who learned with both TSTR and ITR in stage 1 and then learned with
TSTR, ITR, and LTR in stage 2, and the control group (CG) (N = 17) who learned
only with TSTR in stage 1 and learned with TSTR and ITR in stage 2. Each stage had
two topics and each topic was learned in two weeks. Four topics were “My classroom”,
“My campus”, “My favorite place”, and “Where I am”. Pre-test, post-tests 1 and 2, and
questionnaires 1&2, and interviewswere conducted. Posttests 1 and 2were conducted at
the end of stages 1 and 2 respectively. There were 12 weeks in this experiment. A rubric
was used to evaluate writing tests based on reasoning, organization, communication,
and conventions [7, 20]. Two language experts scored the tests and the Kappa value was
0.845 > 0.81, p < .001. It implies that the inter-rater reliability was perfect and the test
could be used to analyze in the next steps. Two questionnaires, which were used for each
stage, were conducted with three aspects including ease of use (EOU), usefulness (UF),
and intention to use (ITU) [1].

3 Results and Discussion

3.1 Comparison of the Learning Achievement Between Experimental
and Control Groups

The analysis of the pre-test showed that no significant differences between EG and CG
concerning the total pre-test (t = −.307, p = .761) that consisted of reasoning (t = −
.317, p = .754), organization (t = −.333, p = .741), communication (t = −.375, p =
.710), convention (t = −.134, p = .895). The results implied that both groups were not
different in EFL writing before the experiment.

Homogeneity of the score in post-test 1 (F = 1.291, p= .264> .05) and the related
aspects were not violated (p > .05); therefore, ANCOVA analysis was employed. The
result of ANCOVA (Table 1) showed that there was a significant difference between
the groups concerning the total post-test in stage 1. The experimental students who
learned with both TSTR and ITR outperformed the control students who learned with
only TSTR concerning total score, communication, and convention aspects. The ITR
texts are not only vocabularies like nouns, adjectives, and the other ones related to
the objects, people, and things in the input images but also phrases and sentences are
described themain content of the images. In addition, an online dictionarywas connected
to and supported learners to listen to the pronunciations of most ITR vocabularies. The
pictorial and verbal representations are useful for memory working [17]. Especially,
the pictorial representation helps learners to transfer the learned texts into their long-
term memory which is beneficial for EFL vocabularies acquisition [23]. In addition,
the pictorial representations had played an important role in stimulating the descriptive
contents while the ITR vocabularies and phrases could work as the ingredients to make
various sentences in their writing. The use of ITR text could force writers to recall and
apply their knowledge about EFL writing; therefore, they would make sentences more
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carefully and fluently. Prior research also pointed out that authentic learning facilitates
EFL learners in generating more ideas and organizing their writings more logically [3].
Consequently, the learners described more contents, more ideas, and more appropriate
vocabularieswhich are related to the communication and conventions aspects. This result
is supported by the past researchwhich found that ITR facilitated EFLwriters to describe
more meaningfully and thoroughly [20].

Table 1. The ANCOVA results of post-test 1 & 2

Stage Group Mean SD Adjusted
mean

SE F η2

1 Post-test 1 EG 3.82 1.15 3.87 0.23 6.009* 0.162

CG 3.13 1.32 3.09 0.23

Reasoning EG 3.88 1.27 3.92 0.27 2.522 0.122

CG 3.35 1.41 3.31 0.27

Organization EG 3.88 1.41 3.93 0.29 3.380 0.076

CG 3.24 1.52 3.19 0.29

Communication EG 3.88 1.17 3.93 0.24 7.242* 0.011

CG 3.06 1.30 3.01 0.24

Convention EG 3.65 1.06 3.67 0.21 7.619* 0.010

CG 2.88 1.27 2.86 0.21

2 Post-test 2 EG 4.46 0.48 4.32 0.12 4.366* 0.123

CG 3.84 0.81 3.97 0.12

Reasoning EG 4.71 0.47 4.63 0.12 12.427** 0.001

CG 3.94 0.75 4.02 0.12

Organization EG 4.65 0.49 4.54 0.16 2.070 0.160

CG 4.12 0.99 4.22 0.16

Communication EG 4.47 0.62 4.32 0.17 1.958 0.172

CG 3.82 0.95 3.98 0.17

Convention EG 4.00 0.61 3.82 0.14 0.613 0.440

CG 3.47 0.94 3.65 0.14

Note: *p < 0.05, **p < 0.01.

In terms of homogeneity of post-test in stage 2, we found that homogeneity of post-
test (F = .040, p = .842) and the related aspects were not violated (p > .05); therefore,
ANCOVAwas used to analyze. The ANCOVA analysis (Table 1) showed that significant
differences between EG and CG groups were found concerning total post-test 2 (F =
4.366, p < .05). These findings indicated that the EG outperformed the CG in the total
post-test of stage 2, especially concerning the reasoning aspect. LTR texts are English
vocabularies such as name, address, category, and the other ones of the location. In
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addition, some nouns, verbs, adjectives, and phrases which were based on the learners’
English textbook and were close to the category, were also provided for learners. LTR
mechanism wittingly forces learners to move to different places to learn; therefore,
they immerse themselves into various situated learning contexts. Learners can approach
the objects, plants, people, or atmospheres surrounding them based on sight, hearing,
smell, taste, touch, and feel. Based on the situated learning theory, when learners are
engaged in authentic contexts, their knowledge is constructed or producedbasedon social
interactions that take place in the surrounding contexts [26]. In addition, the scenarios
are mostly related to place descriptions; therefore, those LTR texts can be useful for the
writers to state the main subject and controlling idea in the topic sentence or to name
the related places as the subjects or objects in their supporting sentences. For example,
the writer was at a park, and LTR texts were “new park basketball court leave station
position go out run see …”; consequently, the learner made a description “This is a new
park basketball court. A lot of people will play here. Especially on holidays, there will
be a lot of people. It has outdoor venues and sheltered venues. Every time I pass by here,
I see a lot of people playing there”. Another one, the writer was nearby an elementary
school, and LTR texts were “Hsih Shin elementary school Xinshi park climb up down go
way slide educate teach instruct pull stop …”, Consequently, the student’s description
was “This is the outdoor playground in Hsih Shin elementary school. Sometimes, there
are many people playing basketball outside the classrooms. The gate is very splendid.
The teachers are knowledgeable. The school can make me learn hard.”. Hence, LTR is
beneficial for addressing the topic and directing controlling ideas in descriptions related
to the scenarios.

3.2 Effectiveness of Multiple Recognitions on EFL Writing

Pearson correlation was used to analyze the effect of the multiple recognitions on post-
test 1 and 2. We found that the use of ITR vocabularies significantly influenced on the
improvement of the aspects related to vocabulary acquisition like communication aspect
in post-test 1 (r = .590, p < .05) and the conventions aspect in post-test 2 (r = .494, p
< .05). Moreover, ITR phrases significantly influenced on the various of sentences in
post-test 2 (r= .516, p< .05). The result ties well with the prior finding that ITR is useful
for EFL vocabulary acquisition [23]. TSTR significantly influenced on the number of
sentences in post-test 1 (r = .611, p < .05). Prior research also pointed out that the
translated English text based on writers’ native language was convenient and useful for
them to brainstorm and yield more words and sentences [13]. The use of LTR text did
not influence the aspects in the post-test 2. The result implied that ITR had played an
important role in EFL writing concerning the aspects related to vocabulary use while
TSTR was useful for yielding more sentences. The clear influence of LTR use should
be investigated further thus.
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3.3 Perception Toward Using Multiple Recognitions for EFL Writing
in Authentic Learning

For questionnaire 1, the Cronbach alpha value was 0.965 for 16 items in both groups,
and that was 0.940 for all 20 items of EG in questionnaire 1. For questionnaire 2, the
Cronbach alpha value was 0.958 for 23 items in both groups, and that was 0.961 for all
27 items of EG in questionnaire 2. Table 2 shows that all the aspects in stage 2 are better
and better than those in stage 1 in both groups. It implies that the participants tended to
satisfy when learning with more recognition. For EFL learning, the redundancy issues
had not been found in EFL learning [15]. Therefore, multiple recognitions have a big
potential in EFL writing.

For feedback, the TSTR function has got negative feedback related to the low
accuracy (e.g., “The translation function is very good, but it cannot directly improve
my English ability” (S01-2.25-3.50-4.75: Student ID-pretest-posttest 1- 2); “The sen-
tences from the translation department are sometimes not accurate” (S03-2.00-4.50-
4.50); “TSTR text is sometimes not accurate” (S05-3.00-4.25-4.25); “…the translation
function (TSTR) can be used most of the time, it is impossible to distinguish English
ability” (S33-2.00-4.00-4.25)). It also has positive feedback related to its usefulness
(e.g., “I think the system is doing very well, especially TSTR and ITR, which have very
useful functions…” (S19-0.50-4.00-3.75); “most people use the translation function”
(S30-4.50-4.25-4.5)). The perceptions revealed that TSTR texts could be more useful
for low student abilities, but the accuracy may be its main problem. The ITR function
was also useful for low students (S19), but its phrases and sentences were sometimes
difficult to use with them (S04-0.50-4.75-4.25). Also, another student complained about
the LTR accuracy (e.g., “…But I think LTR sometimes does not detect the location accu-
rately(S19).”) which showed the limitation of the LTR readiness in EFL writing in this
study. The small database of the place categories and a lack of innovative technology
support could be the main cause of LTR limitation in this study.

For learning activities, almost students gave positive feedback about the authentic
context learning (e.g., “very fulfilling” (S01); “allowing us to write outdoor” (S09-2.75-
4.75), “diverse activities and very efficient” (S11-4.5-4.75), “allowing me to learn a
lot of English knowledge”(S16–1.5–2.5); “We have learned a lot of English sentences
and vocabularies and learned from the activities without being bored” (S29-0.0-2.0);
“experiment is very fun, I can learn English and go out in the park”(S35-3.5-3.5)). The
results revealed that authentic context learning attracted EFL learners, especially low
students, and helped them to improve their EFL writing skills.

Generally, for users’ perceptions, both ITR and TSTR texts are useful for EFL
writing; however, many ITR texts are still difficult to apply to their writings. TSTR and
LTR texts are sometimes incorrect and irrelevant to the context contents of the locations,
but TSTR is helpful for low language ability students. Authentic learning should be used
for EFL writing to attract the attention of writers.
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Table 2. TAM questionnaire results in stages 1 & 2

Easy of use Usefulness Intention to use

Mean SD Mean SD Mean SD

Stage 1 EG 3.68 0.31 3.20 0.26 3.25 0.25

CG 3.59 0.71 3.27 0.83 3.07 0.68

Stage 2 EG 3.71 0.33 3.54 0.12 3.33 0.14

CG 3.66 0.63 3.44 0.86 3.26 0.83

4 Conclusion

For RQ1, both ITR and TSTR are beneficial for EFLwriting concerning the communica-
tion and conventions aspects which were related to the use appropriate vocabularies and
makingmoremeaningful sentences while the LTR is beneficial for EFLwriting concern-
ing the addressing writing topic and controlling ideas. The combination between ITR
and TSTR is beneficial for EFL writing because ITR facilitates to transfer of the learned
texts into learners’ long-term memory which is of paramount importance to working
memory [17, 23] while TSTR facilitates to convert the ideas into the target language
more efficiently. LTR facilitates addressing the topics and controlling the ideas in EFL
writing related to the scenario. Without doubts, ITR and TSTR can improve the local
aspects of EFL descriptions while LTR can improve the global aspects of those. For
RQ2, students tend to satisfy when learning with multiple recognitions. They thought
that ITR and TSTR are useful for EFLwriting, but some limitations should be improved.
ITR can be useful for their imagination and generating more ideas while TSTR can be
useful for yielding more words and sentences, especially for the low language ability
writers. However, many ITR texts were difficult and advanced for them to use while
the low accuracy of TSTR and LTR should be improved. In brief, multiple recognitions
open more opportunities for EFL writing and have a big potential in this field.

The small sample, short time experiment, and the problems related to low accuracy of
LTR and TSTR were the limitations of our study. We scoped the description paragraphs
which should widen other topics and contexts used to practice EFL writing. Although
LTR has a big potential in EFL writing, it should be investigated further near future. ITR
texts should be refined to meet the needs of different language ability writers. TSTR
should be improved with higher accuracy.
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Abstract. One of the most significant barriers to English learning for EFL
(English as a Foreign Language) students is a lack of practice environments. Addi-
tionally, in the (EFL) classroom, emotions such as speaking anxiety and language
enjoyment may influence students’ performance. It is well established that stu-
dents’ achievement is harmed by foreign language anxiety. Artificial Intelligence
(AI) advancements present an opportunity to solve this issue. AI chatbots are capa-
ble of deciphering the meanings of users’ comments and responding appropriately
and have been built to engage with users using natural language. Language teach-
ers and researchers have recommended the use of chatbots as tools of learning
that would help to facilitate the implementation of language learning by acting
as a speaking partner or tutor. In this research design, AI chatbot is employed in
Casual Conversation Course as self-regulated learning for facilitating students’
speaking performance and interactions during the learning process in a university
speaking classroom. By a preceding conversation with AI chatbot, it will alleviate
speaking anxiety, boost learning enjoyment, and foster students’ critical thinking.
In-depth interviews were delivered to four interviewees to ascertain the designed
learning model from the teachers’ viewpoint. The result indicates that the pro-
posed model is expected to be able to aid the learning process and so achieve the
course’s objectives more effectively than conventional models.

Keywords: AI Chatbots · Foreign Language Speaking Anxiety · Learning
enjoyment · Critical thinking

1 Introduction

The ability to communicate in English has become nearly universal.
As English has become a worldwide language, speaking English has become a criti-
cal skill and a challenge for people all over the world, particularly students [1]. However,
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certain English-speaking concerns persist, such as students’ confidence, skills, perfor-
mance, and views of low-improvement students’ interaction behaviors, all of which
need students to reflect on their practices during peer and instructor conversations [2].
Numerous English language students encounter tremendous problems when it comes to
learning and using the language, particularly in terms of speaking.

It is unsurprising that speaking English as a foreign language in public might be one
of the most anxiety-inducing circumstances for Indonesian students. Learning anxiety
refers to negative emotions experienced throughout the process of learning, such as fear,
worry, and tension [3]. Learner anxiety typically emerges when students believe that
their speaking or oral performance is inadequate or unintelligible. Foreign Language
Speaking Anxiety (FLSA) is a multifaceted psychological issue that many students
encounter while studying a Foreign Language (FL). This phenomenon has been shown
to have a detrimental effect on foreign language learners’ performance. Therefore, how
to reduce FLSA becomes one strategy for increasing students’ English proficiency in
Indonesia.

Motivating students to study a foreign language is crucial and challenging. The
implementation of technology-based learning activities could bridge the gap between
the classroom and the real world, making English language learning more engaging,
enjoyable, and relaxing while boosting motivation [4]. Therefore, it is required to pro-
vide students with proper technology and scaffolding tools to aid them in organizing
their information in order to improve their speaking skills. According to [5], the need
of incorporating artificial intelligence into education to aid in teaching, learning, and
decision-making. By integrating AI technologies to provide various learning activities
such as tool, tutor, or tutee, students may be encouraged to generate their opinions,
judgements, or predictions. AI chatbots may also be viewed as a tool that is able to
provide students with tailored advice, support, or feedback as they learn a language. The
usage of artificial intelligence-based chatbots as a versatile tool was deemed to have the
potential to increase students’ interactions and performance [6, 7].

Positive emotions are now being investigated in studies examining the affective com-
ponent of language learning shifting from solely conducting investigation of a negative
emotions such as anxiety. A correlation between FL enjoyment and FL classroom anxi-
ety, as well as the fact that positive emotions play a significant role in L2 learning as an
affective factor [8, 9].

Considering (1) the relevance of cognitive and affective domains in the FL class-
room and (2) the potential of AI-chatbots, the purpose of this study is to design a new
pedagogical model for teaching speaking using AI-chatbots in order to investigate the
cognitive effects on speaking learning and the affective effects on FL speaking anxiety
and FL enjoyment that are expected to promote students’ critical thinking.

We address the following research questions, hypothesizing that AI-chatbots-based
practice has beneficial impacts on both cognitive and affective aspects of language
learning:

RQ1. How is the model of AI Chatbot learning to positively impact students’ affect in
EFL learning, as measured by FLSA and FLE?
RQ2. How do the teachers value the model of AI Chatbot learning in English speaking
class?
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2 Literature Review

2.1 FL Classroom Anxiety and FL Enjoyment

ForeignLanguage SpeakingAnxiety (FLSA) has been shown to have a detrimental effect
on foreign language learners’ performance. Among the four language skills, speaking is
the most anxiety-inducing skill. Elevated levels of FLSAmight make it more difficult for
learners to communicate effectively and appropriately in the target language. If teachers
are aware of and sensitive to the presence of anxiety, they may be able to provide a
comfortable and helpful language learning environment. Creating such an environment
will encourage active participation and engagement on the part of all students. Also
creating a stimulating learning environment will facilitate learners’ comprehension of
learning materials and increase their attention and meditation [10]. FL anxiety that is
particular to classroom speaking activities is referred to as FL speaking anxiety, and it
is likely to hinder students’ speaking competency.

In Indonesia, several researches have examined students’ anxiety levels during EFL
speaking classes. According to [11], many students experience anxiety during speaking
activities, which is exacerbated by the speaking tasks’ requirement that they deliver
individually and spontaneously within the allotted time. Additionally, the majority of
learners obsess over how to pronounce eachEnglishword accurately and how to compose
ideal sentences, and even hesitate to speak out of fear of being criticised and laughed at
by others when they make errors [12]. These findings are essential because they reveal
that language learning occurs not only cognitively, but also emotionally. As a result, an
integrated setting is essential for learners to overcome their fear of public speaking and
improve their performance.

Due to the high level of exposure that today’s learners have to the internet and
technology, more attempts have been made to design and implement technology-based
tools that assist learners in reducing their speaking fear. Studies that have been conducted
relating to the use of technologies such as Podcasts [13], TedTalks [14], WhatsApp [15],
Interactive Holographic Learning Support System [16], Automatic Speech Recognition
[17], and AI-Chatbots [18] have found that those technologies are effective in partly
reducing learners’ speaking anxiety. The pedagogical implication, [19] postulated that
FL teachers should “… strive to boost students’ enjoyment of foreign languages rather
than to be overly concerned about their foreign language (classroom) anxieties” (p. 676).
Therefore, it is necessary to ascertainwhether learners like activities in the FL classroom.
This also suggests that teachers are urged to place a higher premium on fostering fun in
language acquisition, and that technology is deemed beneficial.

2.2 AI Chatbot in Language Learning

Researchers have attempted to use artificial intelligence technology to the development
of educational apps due to the rapid advancement of computer technology [20]. Besides,
With the proliferation of mobile devices and smartphones, artificial intelligence-based
systems have been adopted to serve as “Smart Learning Partners,” “Smart Teachers,” and
“Smart Students” in the educational environment [21]. Among the various interactive
computer systems, chatbots can become the most recommended ones due to the fact
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that they use natural language interfaces or even due to the built-in speech recognition
[22]. Moreover, chatbots offer great potential as a tool for language learning and can
considerably boost students’ achievement [23]. Chatbots in the context of language
teaching can be generally identified in three characteristics. Firstly, chatbots is available
anytime in helping students 24/7 [24]. It tremendously aids language acquisition by
allowing the students as users to conduct conversational exercises at any time [25].
Students can train their language skill with chatbots anytime and anywhere they feel like
it, where the human as the communicating partner is not available that easily. Secondly,
it can give the students enriching information on their language learning where their
language partners may have less or even none of it. In reality, most of their EFL/ESL
language partners in communication have a similar level of language mastery, thus the
students may not get extra lesson also when they become the language partners for their
friends [26].Meanwhile, awell-designed chatbot can providemore information such as a
series of phrases, statements, and vocabularies. Third, chatbots can take on the character
of a determined partner. This releases people from answering repeated questions as a
partner, which enables continuous language training. Chatbots as a learning partner are
able to communicate with the students endlessly that offers chances for the students to
keep on practicing using the new language continuously.

2.3 Critical Thinking in Language Learning

Critical thinking has been identified as a critical educational objective and is described
as reasonable reflective thinking directed toward determining what to believe or do [27].
When students rationally and reflectively decide what to do in order to arrive at an
acceptable solution to a challenging issue, they exercise critical thinking by evaluating
the methods and presuppositions utilised to generate scientific hypotheses. Because one
of the main purposes of learning and education is the development of critical thinking
abilities, it is vital in today’s educational disciplines to equip students with critical
thinking abilities using avariety of processes and approaches.Having appropriate content
knowledge is a necessary precondition for critical thinking. If learners lack knowledge
or information about the topic, they will be unable to apply critical thinking to the facts;
in this situation, they will need to execute the topic in order to determine the optimal
solution [28].

In language learning, by allowing learners to learn from the chatbot through their
interactions, a chatbot has been utilized to develop critical thinking and aid the user in
learning a new language [29]. To assist learners in language learning, a combination of
an intelligent tutoring system and learner modelling was used to develop an educational
bot [30].

As discussed earlier, AI chatbot is a proposed model for instructional approaches
that aim to alleviate students’ speaking anxiety and increase their enjoyment, hence
promoting students’ critical thinking in English speaking classes. Students’ ideas will
be organized, and they will be prepared to create complicated arguments, as in-depth
discussions require critical thinking, which increases the quality of interactions and
promotes necessary cognitive growth.
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3 Conceptual Model

3.1 Purpose of the Study

The purpose of the study is to investigate the number of conversations and the effects
of conversing with an AI chatbot on speaking anxiety, enjoyment, and critical thinking
in EFL speaking class. The shift in students’ critical thinking following their discussion
with their friend will be examined to determine the effect of the AI chatbot in their
pre-discussion.

3.2 A Conceptual Model Using AI Chatbot in Speaking Class

The proposed instructional design with AI Chatbot in EFL speaking class (Casual
Conversation Course) will be analyzed through the following conceptual model.

Fig. 1. The proposed AI chatbots learning model and course outcomes correlation

The overall design of the course is intended to support the learning process tomeet the
course’s objectives or outcomes. As illustrated in Fig. 1, there is a correlation between the
proposed learningmodel’s benefits and the goals or outcomes of the Casual Conversation
Course, which contributes to alleviate speaking anxiety, boost learning enjoyment, and
foster students’ critical thinking.

For the instructional design, topics to discuss will be shared to students by the
teacher through the LMS before class. Students are asked to do an online search for
information relevant to the discussion topic in preparation for their conversation with a
friend. In this stage, students will have a self-regulated learning environment. Having
prepared materials to discuss, students are then required to have speaking practice with
AI chatbot. It is expected that by having enjoyment practicewithAI chatbot, studentswill
have self-confidence, less speaking anxiety, and more critical thinking when it comes
speaking face-to-face with their friend in class.

Having students experience speaking face-to-face with a classmate can be utilized to
follow up on their thoughts and discussions as they arrive in class by having pre-materials
discussed with an AI chatbot. In this session, the term “teacher-centered learning” has
been substituted by “student-centered learning,” and teachers’ roles have shifted from
“sage on the stage” to “guide on the side.“ Face-to-face instruction fosters critical think-
ing, social learning, and the cultivation of 21st-century skills. Additionally, by incorpo-
rating learning activities into the classroom, students develop an awareness of group and
individual tasks. Finally, in each class meeting, the AI Chatbot model is intended to be
deployed in a real-world class of speaking.
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4 Course Design with AI Chatbot in Speaking Class

4.1 Proposed Participants

The model of AI Chatbot is designed to be implemented in the actual class of speaking
(Casual Conversation Course). The planned participant will be one to two two-semester
period courses in the English Department at a university, each of which will have a single
teacher and a small number of students. As university sophomores, all of students have
taken Intensive Course Speaking as freshmen, so they are assumed to have the minimum
English-speaking skill required for this study. In these two classes, an AI chatbot will
be used to assist students with speaking exercises while the teacher teaches the Casual
Conversation Course. Before having face-to-face conversation with their friend, students
search online information related to the given topic to discuss and then converse with
AI chatbot for practice.

4.2 Overall Design Procedure

Fig. 2. Overall design procedure

The proposed AI Chatbot learning model in speaking class is illustrated in Fig. 2.
Casual Conversation Course will be taught over a one-semester period, which means
there will be sixteen meetings (including a mid-term and final test) during which the
lecturers will cover a variety of topics. The scenario from the proposed model will be
implemented once every sixteen weeks The topics that are selected will be discussed
with the English teacher.

In the implementation of learning activities, the very first process is self-regulated
learning/self-autonomous learning. Students who have already obtained the topics
through LMS are requested to search online information related to the discussion topic.
After having completed information to discuss, each student is required to discuss the
topic with AI chatbot.

The next phase is in the class in which students will engage in a face-to-face dis-
cussion with their friend about the specified topic. This learning activity will focus on a
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student-centered learning environment. Students will share their opinions and ideas and
perform discussions to make the discussed topic more understandable. The results of
their discussion with AI chatbot added by the discussion in class are expected to foster
students’ critical thinking. In the end of learning activities, the teacher will give feed-
back to students. During the process of face-to-face discussion in class, the teacher gives
evaluation and grade supported by designed assessment tools. In measuring students’
critical thinking, this study will use two instruments: the critical thinking inventory
[31] and critical thinking skill test [32]. Meanwhile questionnaire on Foreign Language
Speaking Anxiety (FLSA) modified from [33] and [34] and Foreign Language Enjoy-
ment (FLE) based on [8] will also be given to students to measure students’ speaking
anxiety and enjoyment while they are using AI chatbot as their partner of discussion in
self-autonomous learning environment.

4.3 Assessment Design

The study’s proposed model focuses on the shift in students’ critical thinking following
a discussion with a friend as a result of the AI chatbot’s pre-discussion. The assessment
will be based on the following factors for critical thinking: (1) awareness of critical
thinking, (2) inquiring mindset, (3) objectivity, and (4) importance of evidence [31].

After students are assigned discussion subjects, they are instructed to write down
their views and ideas and to conduct an internet search for related information. The
students are then demanded to speakwith anAI chatbot in order to develop their opinions
and thoughts, determine what they already know and what they need to learn, and
practice expressing their ideas and thoughts inEnglish. The teacherwill observe students’
speaking practiceswithAI chatbot from the log activity available in the chatbot. After the
pre-discussion activities with AI chatbot, later students will have face-to-face discussion
with their friend in class. The duration of discussion will last 15 min. The students will
be assessed by the teacher for their critical thinking.

5 Result and Discussion

In depth-interview was conducted to validate the suggested model of AI Chatbot in the
speaking class. As shown in Table 1, the interview included four interviewees. Four
lecturers as interviewees teach EFL speaking in their faculties. Prior to the interview,
they were informed about the design model for English-language learning via an AI
chatbot. Then, theywere questioned during a three-part interview. The first session of the
interview was intended to elicit general information from the interviewees. Meanwhile,
the second and third sessions were used to find out the interviewees’ opinions towards
AI chatbot, teaching speaking using AI chatbot, and the proposed learning model.

The interview findings indicate that four interviewees believed that AI chatbots are
both entertaining and effective teaching tools that are ideal for use in speaking classes.
They believe that incorporating anAI chatbot into classroomactivitieswill assist not only
teachers but also students in accomodating the process of speaking learning, promoting
students’ critical thinking, reducing speaking anxiety, and boosting students’ enjoyment.
Moreover, they have the intention to apply AI chatbot to vary their technologies while
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Table 1. Interviewee’s information

No      Participant English Lecturer                 Teaching 
Placement                           Period

Technology Used in
Teaching Speaking

1      Lecturer A Faculty of Languages              4 years LMS, YouTube, 

and Arts Zoom 

2      Lecturer B Faculty of Economics              7 years LMS, Google  

Classroom, YouTube 

Zoom 

3      Lecturer C Faculty of Sport Sciences        8 years LMS, Zoom

4      Lecturer D Faculty of Engineering            9 years Zoom 

they are teaching speaking class. Since AI chatbot is new technology for them, they
need to learn and get accustomed to use it, so it will be effective and improve students’
speaking proficiency.

6 Conclusions

The AI chatbot learning model for English speaking ability is designed to facilitate the
learning process and help students achieve the course’s objectives or outcomes more
effectively than the conventional learning model. For EFL students, situations involving
learning English as a foreign language are prone to arouse anxiety, and ‘speaking’ is
regarded as one of the most anxiety-inducing skills. The development of communica-
tive language teaching techniques in English classroom and the widespread usage of
the English language have raised the demand for effective communication skills, how-
ever anxiety among students may block their progress. As a result, language teachers
must be aware of their students’ anxiety when learning to speak English to aid them in
performing well in the target language. Teachers can use AI chatbots to help students
overcome their speaking anxiety. For students who experience severe speaking anxiety,
practising English speaking with AI chatbots may be more comfortable and stress-free
than speaking in front of a group of individuals.

The purpose of this study is to investigate how learners of English as a foreign
language (EFL) engage in a discussion in a speaking class (Casual Conversation Course)
and how their discussion is influenced by a preceding conversation with an AI chatbot.
Preparation through the use of an AI chatbot may result in an increase in conversation
during discussions. The first step toward improved interactions and critical thinking is to
enhance dialogue. Teachers can assist the uncritical thinkers by introducing AI chatbots
as their tutor, tutee, or tool to stimulate them to form opinions, judgments, or predictions.
Critical thinking enables learners to go deeper than the surface and information provided
by AI chatbots during the pre-discussion.

There is a connection between the proposed AI chatbot learningmodel’s benefits and
the goals or outcomes of speaking skill in Casual Conversation Course that contributes
to alleviate speaking anxiety, to boost learning enjoyment, and to foster critical thinking
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to be mastered by the learners. Nonetheless, the teacher’s and students’ eagerness and
readiness to use AI chatbots as a learning aid would contribute to the proposed model’s
success. The teacher and students are encouraged to undertakeworks and to be concerned
about issues of technology and computer literacy.
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Abstract. In human civilization, religious belief is the accumulation of spirit and
even the attribution of spirit. At the same time, temples are an important cultural
property inherited from ancient Taiwan, with rich beliefs, history, and values.
To improve students’ learning effectiveness and understanding of temple culture,
this study designs a set of augmented reality table games to integrate temple
culture and use table games as the media to enable students to understand temple
culture knowledge in game learning. The participants were 39 students from a
university in Tainan. The results show that the AR board games developed in this
study can improve students’ learning effectiveness. Through the analysis of the
interview results, we know that this board game has a good usability and teaching
significance so that learning is no longer boring.

Keywords: Augmented reality · Board game · Game-based learning · Temple
culture

1 Introduction

In humancivilization, religious belief is the accumulationof spirit and even the attribution
of spirit. At the same time, temples are an important cultural property inherited from
ancient Taiwan, with rich beliefs, history, and values. Nowadays, many countries regard
religious culture as an important tourism asset. Whether it is temple buildings, religious
rituals, religious festivals, etc., they can be used as unique cultural tourism resources.
However, how to convert these resources into tourist attractions and attract tourists to
visit has become an important subject.

In recent years, augmented reality has become more and more popular, and its appli-
cation has becomemore and more extensive.With the popularization of augmented real-
ity technology, many scholars apply augmented reality to education, which has become
the focus of research in recent years [1]. Teachers in the educational field have begun
to explore how to use games to teach and learn, and game-based learning is an effective
learning tool. Many studies have pointed out that game-based learning can help learners
by improving students learning effectiveness and increasing learning motivation [2–4].
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Therefore, this study added game-based learning and augmented reality to the teach-
ing of temple culture to overcome the insufficiency of traditional guided tours or the
attractiveness of traditional education and improve the learning effect of temple culture.
Among them, the combination of board games can enable learners to explore knowledge
in games, and many studies have confirmed that board games have a positive help effect
on learning [5, 6].

Based on the above, this research designs a set of “ARTemple Culture Board Game”,
which focuses on teaching temple culture and takesYingyuanTemple inTainanCity as an
example. Students can learn about temple culture knowledge through game-based learn-
ing during the game. The teaching content is presented on mobile devices through aug-
mented reality, combining present technology and traditional temple culture, allowing
users to absorbdifferent knowledge through thisAR temple culture tabletopgame.There-
fore, this study explores the learning effectiveness of integrating AR board games and
hopes to increase cultural literacy through game-based learning of temple knowledge.
More people can better understand temple culture and achieve inheritance.

Based on the background and motives of this study as well as the abovementioned
discussion, the objectives of this study were as follows:

1. To discuss the effect of incorporating AR temple culture board game on learning
effectiveness.

2. What are the learners’ perceptions of an AR temple culture board game?

2 Literature Review

The researchers of this study developed an AR temple culture board game to facilitate
learning. The literature review thus aims to introduce the following concepts game-based
learning, augmented reality, and incorporating board game into teaching.

2.1 Game-Based Learning

Game-based learning means that learners learn through games, so that learners can solve
problems and complete levels in the game situation. At the same time, they can also learn
knowledge in the game process, integrate the game into the learning subject, and achieve
the effect of teaching in fun.

Wu, Huang, and Society [7] used a mobile game-based English vocabulary prac-
tice system to improve learning interest, attention, learning effectiveness, a sense of
accomplishment and triumph.

Irwansyah& Izzati [8] implementing quizizz as game-based learning and assessment
in the English classroom. The findings show that the students display a positive attitude
toward quizizz and become more motivated to learn English.AM courses, guiding stu-
dents to gradually complete the creative design and production of AR/VR and maker
education and obtain more specific knowledge about AR/VR and maker education.
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2.2 Augmented Reality

Augmented reality is to add virtual objects in the real environment and superimpose
virtual information or virtual objects on the real world of users. Chin, Wang, and Chen
[9] integrates the impact of the augmented reality system on the academic performance
and learning motivation of liberal arts students. This study shows that the combination
of augmented reality technology can effectively improve the learning effectiveness of
liberal arts students and enhance their confidence in acquiring newknowledge to improve
the overall learning performance and learning motivation. Cai et al. [10] integrates the
augmented reality technology into the physics classroom, which can improve students’
physics learning self-efficacy, understanding of concepts, higher-level cognitive skills,
practice and communication, guide students to higher-level physics learning ideas, and
stimulate students’ motivation to learn more deeply.

It can be seen from the above literature that in the field of teaching, augmented
reality can not only increase users’ understanding of learning content, but also improve
learners’ learning effectiveness, but also bring learners learning fun to improve their
learning motivation and enthusiasm.

2.3 Incorporating Board Game into Teaching

Kesuma et al. [11] used theMANSA history board game to explore the impact of history
students’ creativity and learning outcomes. The research results pointed out that using
this board game can improve students’ creativity and learning effectiveness. Júnior et al.
[12] through the innovative teaching method of the stereochemistry board game, help
students learn the concept of stereochemistry, jointly solve stereochemistry problems in
an interesting board game, and provide an effective alternative to the traditional learning
method.

In summary, the effects of board games have been approved to be positive. This
motivated the researchers of this study to employ a board game to achieve teaching
goals and improve learning effectiveness.

3 Research Methods

3.1 Research Process

This study investigates the effect of incorporating an AR board game into temple culture.
The participants are divided into small groups, with a mobile device and AR temple
culture board game allocated for each group. Figure 1 presents the research process in a
flowchart. The experimental flow is about 90 min, and the pre-test is about 10 min before
the experiment. Then introduce the AR temple culture board game instructions for about
10 min. After the explanation, start the game for about 50 min. Then the post-test was
conducted for about 10 min, and the interview was conducted for about 20 min after the
experiment as the experimental analysis. Figure 2 below shows the learners playing the
AR board game for temple culture.
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Fig. 1. Research process flowchart

Fig. 2. Learners playing the AR temple culture board game

3.2 Subjects

In this study, 39 students from a university in southern Taiwan were divided into 10
groups with an average age of 19, the youngest was 18, and the oldest was 20.

3.3 Research Tool

This research uses pre-/post-tests as instruments, as described below:

Pre- and Post-Learning Performance Scale. Based on the information provided by
the temples and the information on the official website, this study produced the guide
content, and the pre- and post-test temple knowledge learning performance scale has
content validity. The questions of the pre- and post-test temple knowledge learning
performance scale are the same. Only the order of questions and the order of options are
changed. A total of 45 test questions are true and false.
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4 Results

4.1 Evaluation of Learning Motivation

This subsection mainly discusses the learning effectiveness of using the AR board game
for temple culture. Comparison on the familiarity with temple culture before and after
board game playing led to analysis on changes in knowledge levels. Table 1 presents
results of paired-samples t-test, which show significant improvement of learners’ temple
culture knowledge after the game board intervention (t (38) = −12.948, p = .000, d
= 2.87). Post-test learning outcomes were significantly better than those of pre-test.
The statistical results reveal the effectiveness of using the AR board game to enhance
learning outcomes about temple culture.

Table 1. Differences in learning motivation of the two groups

Dimension Mean (SD) df t p d

Pre-test Post-test

Score 59.18(9.05) 82.21(6.85) 38 −12.948 .000 2.870

4.2 Interview Analysis

Four students were invited to conduct interviews after the experimental activity to further
discuss the ideas and suggestions after using the AR temple culture board game. The
discussionwill focus on the board game’s usability, advantages, and disadvantages, areas
for improvement, specific explanations and suggestions, etc. According to the analysis
of the interview data, the interview content is divided into two core categories, namely,
the usability of board games and the expected effect. The usability of the board game is
the user’s feeling about using the AR temple culture board game. The desired result is
that if there is an opportunity to use the AR temple culture board game in the future, the
user expresses their expected thoughts.

Based on the analysis and discussion of the above coding results, the following points
can be summarized:

AR Temple Culture Board Game: The game is interesting, and the operation method
is simple and easy to understand. Learning through the board game has teaching sig-
nificance and makes learning no longer boring. It has good usability for this board
game.

Future Suggestions: AR images are mostly 2D graphic information, and 3D temple
cultural relic models can be added in the future to enhance the richness of board games.
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5 Conclusion

To improve students’ learning effectiveness and understanding of temple culture, this
study aims to build a set of AR temple culture board game, explore the benefits of
integrating ar board game in temple culture learning, and evaluate users’ experience
of using the game. The results show that the application of this board game in temple
culture teaching can improve students’ learning effectiveness of temple culture andmake
significant progress in their understanding of temple culture. This result echoes the
previous research on AR board game. Integrating it into teaching can improve learning
effectiveness [13, 14]. According to the interview results, this ar board game has good
usability and teaching significance, so learning is no longer boring.

In the future, in addition to further improving the quality of board game, it is also
planned to provide this research game to temple tourists to play so that more people can
know more about the temple, and it is suggested that the follow-up research can analyze
the learning motivation and further understand the learning status of students. However,
this study adopts the experimental design of a single group, and it can be considered to
join the control group for more in-depth analysis in the future.
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Abstract. Idiom’s teaching has always been an important course in Chinese. But
there are no specifically designed idioms teaching in current elementary school
Chinese courses. Usually, the Idioms teaching is only part of supplementary mate-
rials in vocabularies teaching. Therefore, without full guidance from teachers, stu-
dents can only learn idioms through repetition and memorization, causing their
low interest in learning idioms. Therefore, how to enhance students’ motives and
pique their interests to learn idioms, and how to help themmemorize idioms better,
is a very important topic. The purpose of this study is to understand the learning
effects of students learning idioms through self-regulated learning combined with
game-based learning. First, students are taught the strategy of self-regulated learn-
ing, so they can set their own learning goals, choose teaching materials they like
and the way they’d like to learn, and arrange learning time. In the process teach-
ers will guide students to learn idioms through the game-system or books, record
students’ learning situation and process. Finally, students are allowed to sort out
the learned materials so they can review them whenever they like. The result of
this research shows that through the strategy of self-regulated learning combined
with game-based learning, students’ grades have greatly improved, indicating that
this learning model is better than traditional way, and can provide substantial
enhancement in learning effect.

Keywords: Self-regulated learning · Game-based learning · Idioms teaching

1 Introduction

In the past, the most common way of teaching is using traditional teaching model.
Namely, the teacher is usually the center, the interaction with students is one-way, and
the teaching contents are dull and boring. Due to the lack of interaction students are
much more likely to lose focus, thus fail to see the problems and try to find ways
to fix the problems by themselves. In recent years the educational environment tends
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to adopt the teaching and learning theory that emphasized that learners should be the
center, advise that in teaching process, teachers must pay attention to students’ cognitive
changes and process of learning. A meaningful learning is constructed greatly on the
students’ willingness to participate and interact. These concepts are also very important
in teaching and learning a language, especially in learning basic skills like reading and
writing. It’s an important topic for teachers to let students develop self-learning strategy.
Currently the way to learn idioms in elementary schools is through new vocabularies
and new words in Chinese textbook. Some teachers will write an idiom on blackboard
each day and ask students to memories it or make sentence out of it as homework.
Limited by teaching schedule or other reasons, teachers sometimes are forced to explain
only the basic meaning of the idiom and they don’t have the chance to elaborate or
explore its usage. In an environment where idioms are seen everywhere, the teaching
strategy and teaching materials are apparently not enough. Furthermore, some teachers
will order idioms teaching materials to use as practice for students’ morning study or
homework. This way of teaching is also dependent on students, who can only accept
idioms learning passively. Therefore, if idioms learning can utilize some more energetic
teaching methods, the literature value of idioms can be much more appreciated. Thus,
this study will enhance students’ learning efficacy in idioms learning by employing
different teaching strategies.

2 Literature Review

2.1 Self-regulated Learning

When facing topics that are interested to them, people will find that learning is not a
painful experience anymore. And theywill face the frustration and challenges in learning
fearlessly and bravely. That is,when learners knowwhat to learn,why to learn, and highly
identify with the topic, they will do whatever they can to achieve the learning goal. Zim-
merman (1995) thought by trying to develop a self-discipline learningmode for students,
they can control learning activities themselves [36]. Once the goal is set by themselves,
they can develop strategies tomeet the self-regulated learning requirements, and theywill
continuously find learning motives and drive themselves into learning spontaneously.
Therefore, self-regulated learning is a very important key to students’ inner learning
motives. For learners the most important thing is how to achieve self-regulated learn-
ing status. The strong inner learning motives generated by learners with self-regulated
learning will help him face all the difficulties and challenges. There are several similar
terms for self-regulated learning, such as self-directed learning, self-planned learning,
etc. Skager (1978) Self-regulated learning is that learners can set learning goals and
plans by themselves, carried them out, and then evaluated learning results by them-
selves [23]. Gelpi (1979) Self-regulated learning is that learners can control educational
goals, contents, methods themselves [6]. Mok, Ma, Liu & So (2005) view self-regulated
learning as both the aspect of self-teaching and self-managing to participate the process
of learning [14]. Although due to the differences in scholars’ professional background
there are slightly differences in each scholar’s definition about self-regulated learning,
the common ground is they all describe a scenario where students can participate in
constructing the knowledge actively and willingly and can plan and manage learning
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by using metacognitive skills. What is self-regulated learning? It includes: 1. Students
make learning goal about a learning topic. 2. Adopt proper learning strategy and control
progress. 3. Self-evaluate in the process to self-award or revise learning strategy. 4. The
teacher’s role is to offer help or provide guidance. 5. Develop a positive feedback loop
of self-regulated learning, initiative and deep learning. Other researchers about self-
regulated learning include emphasis on the trigger and source of motives, attention to
enhance students’ self-efficacy, focus on usage and control of students’ learning skills,
and emphasis on how the teacher’s guide students to do self-regulated learning. In school,
students who want to learn voluntarily are often favored by teachers and are also likely
to make more achievement in study. The so-called voluntarily, in correspondence with
what we called self-displace in educational vocabulary, is also the common factor in
self-regulated learning. In order to reach the level of self-discipline, students must first
set goals, device plausible strategy, and do self-monitor constantly when implementing
the strategy to make sure it is carried out accurately, and then evaluate the learning
efficacy as an important reference to make adjustment and improvement. In educational
field students with higher learning results, when compared with students with lower
learning results, are found to set more specific learning goals, concentrate more on the
effectiveness of strategy execution, the result, and how to improve. They also often show
more complete control and confidence of their learning abilities. And this is the learning
type most self-regulated learners adopted (Zimmerman, B. J., Bonner, S., & Kovach,
R., 1996) [37]. Bandura (1986) thought that a person’s self-adjustment, appearance of
behavior, adjustment of environment scenario could possibly change the impact of per-
son, behavior, and environment on the learner [1]. Researchers found that after teaching
cognition or self-adjust strategy, students will show improvement in self-efficacy and
academic performance (Pintrich & De Groot, 1990) [17]. It indicates that through the
teaching of self-adjust strategy, students’ learning behaviors are affected, learning results
enhanced, and students’ inner efficacy changed accordingly. So, self-adjust strategy is
very important to individual learning.

2.2 Game-Based Learning

Wozny (1985) indicated that using game in courses to pique learning interest and reduce
the dullness of course has been popular for many years [29]. It has been proven that in
recent years educational game is amuch better approach than traditional teachingmethod
in reinforce study efficacy and can be a positive influence in high-level thinking abilities
and interaction. Prensky (2001) Game-based learning, when combined with teaching
goal effectively, will enhance students’ learning motive and guide them to learn more
spontaneously [19]. Digital Game-Based learning was proposed by Prensky in 2001.
The impact of Digital Game-Based on learners lies in that it provides learners an envi-
ronment to learn interactively and triggers their inner learning motives. While Prensky
(2004) thought that digital games can have positive impact on learners by heighten their
visual focus [20], Papastergiou’s (2009) research also showed that digital games can be
used as an effective learning tool for information education, and to promote cooperative
learning and problem-solving ability [16]. Game-Based learning is a revelational idea
(Tham & Tham, 2015) [25]. It views game as a cognitive tool and makes the process
of entertainment a measurable learning goal and with educational meaning. Through
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unknown storyline, control, and interesting interaction, it brings out 5 learning merits:
trigger constant challenges, help memory retain, master skills through practice, self-
evaluate through feed-back, integrate what you’ve learned, and improve advanced skills
(Hogle, 1996; Rieber, 1996) [9, 21]. It can also apply to idioms learning. In the devel-
oping technology, the types of game-based learning are getting more and more, and the
educational topics can be covered more extensively. Prensky (2001) pointed out that
there are 6 distinctive characteristics that made digital games attractive: rule, purpose
and goal, output and feedback, conflict and competition, interactivity, and narration [19].
More and more research show that a good educational game can create an immersive
experience, frequent information handling, decision-making, application, and problem
solving, and involve team members’ coordination. It can lower cognitive burden, invoke
self-learning, add interaction, and make courses more interesting (Oblinger, 2006) [15].
With additional techniques like bonus system, condition exchange, potential develop-
ing, cooperative learning of teachers and students, and peer assistances, we can heighten
motives, promote learning results and deep learning, or strengthen the confidence of
middle and low achievers (Hung, Sun, & Liu, 2019) [10], and apply to many fields and
cross-fields. For example, by using mobile game and group discussion, English gram-
mar structure cognition of students with lower achievement is improved (Chu, Wang, &
Wang, 2019) [3]. The fun, interactive, competitive, new English learning feedback sys-
tem can help learners better their inner and outer motives and concentration (Sun &
Hsieh, 2018) [24]. Game-based learning should also adopt proper learning strategy.
Progressive help prompts play an important part in support and guide the mission in
interactive environment (Yang, Chu, & Chiang, 2018) [31]. In addition, Gamification
needs to consider students’ cognitive abilities, provide proper missions (Yang, Chang,
Hwang, & Zou, 2020) [34] and adequate teaching method to evaluate if it meets stu-
dents’ requirement, in order to achieve learning goals (Rigóczki, Andrei, & Kristóf,
2017) [22]. In contrast to traditional digital learning with web-page learning model,
game-based learning can incite stronger learning motives and attract learner’s devotion
(Pivec, 2007) [18]. And, since the rule and purpose of game design is learning through
entertaining, the game can guide people into progressive learning (Mcloughlin, 2002)
[13]. So, gameplay is a high-level learning activity that needs a lot of devotion (Prensky,
2001) [19]. Therefore, game-based learning primarily means a learning model that, by
using a digital game integrated with learning elements and contents, players must face
constant challenge and feedback systematically in the game, thus achieve the learning
result with specific goal (Garris, Ahlers & Driskell, 2002) [4].

2.3 Idioms Teaching

Idiom’s learning is undoubtedly an important part of Chinese language courses. Even
though we use plain Chinese nowadays, idioms are still used frequently because they
have been in existence for a long time. Idioms not only are the accumulated ancient
wisdom but also the pith of Chinese language. Their importance is unquestionable. The
usage of idioms greatly helps the learners to learn Chinese, no matter in reading or
writing. Therefore, the design to help the students comprehend the idioms effectively
is an important topic. Idioms is a combination of several letters to convey a concise
and power meaning. Though the number of letters used are not fixed, but idioms with 4
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letters are most common. Idioms are not only the literal meanings of individual letters.
Most idioms have their sources and their implied meanings. Teaching means the process
for the teachers to pass their knowledge and skills on to students. Combining both the
definitions of idioms and teachings, idioms teaching means teachers use different teach-
ing strategies to teach students one language, the idioms, which are the fixed words with
specific number (4 being themost common) of letters and have been used for a long time.
From Ho Yong-Ching’s mentioning, we can analyze the merits of learning idioms from
3 perspectives: cognitive, affective, and psychomotor. From cognitive perspective, the
more idioms you learn, the higher and superior language level you master. From affec-
tive perspective, students who understand more idioms stories will have sharper minds
and stronger creativity. From psychomotor perspective, the more students remember
vocabularies, the greater their ability to write. It is not advisable for teachers to teach
students strictly by textbook or always teach the same material. Teachers should make
teaching strategy beforehand, know students’ levels, make teaching materials, and edit
schedule. Everything should be prepared previously and thoroughly, so by following the
goal, idioms teaching can save efforts and lead better results. Or else teaching activities
without directions could put students in confusion and thus prevent students from fully
developing their abilities. Teachers can use multiple instructions and try to heighten
students’ learning interests from different aspects.

2.4 Related Works

Many past research shows that the game-based learning not only can promote students’
learning results and cognitive ability performances (Garris, Ahlers, & Driskell, 2002;
Mayer et al., 2014; Wouters et al., 2013) [4, 11, 28], but also show more positive influ-
ences than traditional teaching on psychological aspect such as learning motives, cogni-
tive load, and flow experience (Hsieh, Jang, Hwang, & Chen, 2011; Tortorella & Graf,
2015; Yeh & Wang, 2013) [8, 26, 35]. Game-based learning can successfully main-
tain students’ participations and motives. It has lower wear off effect and can still keep
students’ interests after several activities (Wang, 2015) [27]. Yang and Chang (2013) dis-
covered that by employing game-based learning in computer program learners’ learning
interests are heightened [33]. By applying digital learning to social study related sub-
jects, Chu and Chen (2016) discovered that multiple teaching methods can promote
learners’ learning motives, learning efficacy, and learning attitudes [2]. Game-based
learning environment like this can help students learn related knowledge and apply it
into everyday lives. Both digital game-based learning and mobile learning should take
learning process into consideration and combine with learning strategy to construct a
proper game-based learning activity, in order to achieve ideal learning results (Hsiao &
Chen, 2016) [7]. Hogle (1996) showed some merits of digital game-based learning. 1. It
can trigger learners’ inner motive and heighten their interests. 2. Compared to traditional
teaching, the game has better results in remembering. 3. The game can provide learners
many opportunities to practice and can get feedback effectively. 4. By merging teaching
contents into game, students can sort out what they’ve learned while solving problems
[9]. In learning process students must understand the logic and thread of the teaching
materials, and then after they master the rules, they can decide what learning method to
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adopt and they control the self-regulated learning themselves (Gee, 2005; McFarlane,
Sparrowhawk, & Heald,2002) [5, 12].

3 Methods

The processes of this research include initial research purpose and motive, related doc-
umentation collection, game design, experiment activities, experiment data collection
and analysis, statistical data, and final thesis results.

3.1 Game System Design

Chinese myths are incorporated into storyline through role-playing (see Fig. 1). In the
game there are 3 chapters, each with 15 idioms and 3 little levels (see Fig. 2). There are
explanation and instruction about the game before each level. The test in first level is
of easier learner mode, designed for beginner players. As the players’ learning abilities
increase, players can choose their own level, set the difficulties of each level, to improve
learners’ learning confidence and learning willingness. At the more difficult levels there
will be items to help learners pass. Learners can also see what they have already learned
by the package system in the game. This is the goal of self-regulated learning.

Fig. 1. Game screenshot Fig. 2. Design of game level

3.2 Setting of Self-regulated Learning Strategy

At the beginning of the course students are taught the basic concept and strategy of self-
regulated learning to help them understand the meaning of self-regulated learning, know
how to use the learned strategy to help them learn by themselves, and keep record of the
learned self-regulated learning strategy in learning sheet. After learning self-regulated
learning strategy, studentswill set learning goals for themselves, devise effective learning
methods accordingly, and then fill out the learning sheet.

Self-regulated learning strategy includes:

1. I will use the methods I like or understand, to sort out learned teaching materials.
2. I will use internet to collect data that are relevant to teaching materials.
3. I will make plans for learning time.
4. I will review learned teaching materials any time.
5. I will record my learning situation during study.
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3.3 Experiment Design and Research Tools

The subjects of the experiment are the Seventy-five 5-grade students in some elementary
school from the north in Taiwan. They are divided into control group (A) and experiment
group (B) according to classes. Control group (A) are given teaching materials and
required to fill out learning sheet online. Experiment group (B) are given game system,
teaching materials, and required to fill out learning sheet online. The duration of this
experiment is 3 weeks. Before first week, pretest questionnaires are filled out to check
that there are no big differences between the two experiment groups before experiment.
After the third week, posttest questionnaires are filled out. Shown as Fig. 3.

Fig. 3. Experiment process flowchart

4 Results

4.1 Data Collection and Analysis

There are 75 valid samples in this research, mainly to explore the learning results of
self-regulated learning with and without game-based learning. The pretest and posttest
results are analyzed to compare the changes of learning results of the two self-regulated
learning groups. Table 1 shows the independent sample t is analyzed for the academic
results of the 2 groups before and after the experiment. In pretest, the different of average
academic results of both groups are nonsignificant, t (74) = −1.108, p = 0.373. Score
of experiment group (B): M = 40.44, SD = 19.34. Score of control group (A): M =
40.31, SD = 18.30. After analyzing the 2 group get p = 0.373 > 0.05, indicating the
differences in 2 groups are nonsignificant. The result can conclude that the differences
between the idioms level in the 2 groups are nonsignificant before experiment. In posttest,
the differences in average academic results in both groups are significant, t (74)= 2.413,
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p = 0.036. Score of experiment group (B): M = 66.75, SD = 19.45. Score of control
group (A): M = 50.46, SD = 66.75, p = 0.036 < 0.05, indicating the differences in 2
groups are significant after experiment. This shows that although the learning strategy
is clear for both groups in self-regulated learning process, the result of learning idioms
is much more significant for the group that employs game-based learning.

Table 1. Independent t test of two groups with and without game-based learning

M (SD) df t p

Control group (N = 25) Experimental group (N = 50)

Pre-TEST 40.44 (19.34) 40.31 (18.30) 74 −1.108 .373

Post-TEST 50.46 (26.03) 66.75 (19.45) 74 2.413 .036*
*p < .05

5 Conclusion and Discussion

An idioms learning system is designed for this research. Digital game-based learning,
unlike traditional learning from books, heightened students’ interests in learning idioms
and increase their willingness to learn. The difficult idioms learning has been incorpo-
rated into the game through visual and audio game sceneries, Chinese myth elements,
role-playing, and level design. It actually heightens students’ motives and interests. Digi-
tal Game-based learning has a very good learning effect on idioms learning. In addition,
the integration of self-regulated learning and game-based learning can help students
change their learning pattern. The result shows that students of self-regulated learning,
when encountering difficulties, will encourage himself, and will try to face problems and
find solutions continuously. Students feel that this learning model is different from tradi-
tional classroom, that you can choose learning materials, learning methods, and learning
times. High degree of freedom makes them relax and, in this stress-free learning envi-
ronment they tend to express themselves more, not afraid of making mistakes, and have
more confidence in learning. Self-regulated learning changes students’ learning model,
turning them from passive to active gradually. Students are allowed to learn by the way
they like or want, thus the feelings of exclusion and frustration are greatly reduced. Stu-
dents can help create their own learning space, make plan for learning, hence increase
their courage to take responsibility for learning results. They will try to solve problems
encountered, in order to reach the learning goal. Students will try to use many learning
methods and techniques, such as note-taking, review, self-encouraging, self-recording
and schedule planning, etc., to help themselves study better. Students will form the
habit of set learning goals and self-monitoring learning. This is consistent with the
self-controlled learning goal, content, and method previously mentioned by researchers
[6]. Students can participate their own learning journeys through self-teaching and self-
managing [14]. In the meantime, students’ participation level and learning motives are
successfullymaintained. Self-adjustment, behavior, and scenario-adjustment can change



The Effect on Students’ Learning Efficacy 469

impact on learners by personal, behavior and the environment [1, 17]. Due to the time
limitation of this project, the data collection of students’ self-regulating learning is only
of the first stage. Therefore, the future research should stretch the time period, acquire
deeper and more detailed information, to understand students’ self-regulating learning
behavior.
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Abstract. STEAM education, which is considered one of the important curricu-
lum topics for current education learning, can be used to cultivate critical thinking
ability, thereby greatly enhancing the judgment and thinking abilities for students
in this generation. For STEAM curriculum learning, literature mentioned that
in STEAM curriculum, a method of cooperative learning is used for curriculum
learning. However, from the feedback of curriculum learning, only the effect of
curriculum learning is assessed, and no special attention is paid to whether the cur-
riculum is implemented in the way of cooperative learning. Moreover, for the cur-
riculum learning of building block self-propelled vehicle, there are seldom studies
taking second grade students as subjects for curriculum learning. Therefore, in this
study, based on the STEAM curriculum, in combination with building block self-
propelled vehicle, the cooperative learning and individual learning strategies were
applied to second grade students from elementary school. After the curriculum,
critical thinking was used to verify and assess their critical thinking abilities, and
assessment and analysis were made at the same time. The analysis results showed
that there was no significant difference between the test scores of the two groups.
However, in the critical thinking test, the average score of the experimental group
was higher than that of the control group. The results indicate that for the critical
thinking assessment of the second grade students from elementary school, the
cooperative learning strategy obtained a better effect than the individual learning
strategy in the STEAM curriculum of building block self-propelled vehicle.

Keywords: STEAM · Critical thinking · Building block vehicle · Cooperative
learning

1 Introduction

Under rapid changes and development, 21 century has entered the era of knowledge
economy. In order to improve national competitiveness, talent cultivation is a topic
emphasized by many countries at present. In 2009, Barack Obama, President of the
United States, launched a policy of “ten-year plan of educational innovation” to initiate
training for 100,000 STEAM teachers [1]. STEAM teachers are the key for the United
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States to cultivating technological innovative talents, and the creativity and practical
ability of students are also cultivated during the educational reform [2]. Affected by
the STEAM education of the United States and the pressure from increasingly global
technological competition, countries all over the world begin to actively promote the
STEAM education [3]. The importance of the STEAM curriculum includes: Starting
from the problems or scenarios, combined with the actual life scenarios, the plan and
the critical thinking ability obtained by students can also be used in the same or different
life scenarios [4]. Attention is paid to the learning process. In addition to the knowledge
transmission, practical exercise and innovative thinking, emphasis is attached to the in-
depth participation in the learning process and the improvement of the learning interest
[5].

In this study, second grade students from elementary school were taken as the sub-
jects for the experiment. The effects of cooperative learning and individual learning in
STEAM curriculum for critical thinking of students were explored [6]. An interdisci-
plinary STEAM curriculum was designed and planned in this study, and students were
required to make building block self-propelled vehicles on hand. The learning content
was combined with life to stimulate the curiosity to explore, and the knowledge was
applied to life. In this way, the students could freely make exploration and learning,
and may further connect their life problems [7]. Through a combination between the
STEAM curriculum and the courses of elementary school, the professional knowledge
can be learned, and skills of different fields can also be learned, which may improve the
technical importance in students. Furthermore, the students can learn about teamwork,
take responsibility for their own behavior and cultivate their professional attitude and
behavior for curriculum learning [8].

Therefore, in this study, an interdisciplinary STEAM curriculum learning was taken
for two classes of second grade students from elementary school. Cooperative learning
and individual learning were used for teaching respectively to explore the effect of
STEAM curriculum for critical thinking.

2 Literature Review

2.1 STEAM Curriculum

By integratingfields of Science, Technology, EngineeringMathematics andArt, STEAM
curriculum is a teaching method that emphasizes interdisciplinary cooperation [9]. The
purpose of STEAM education is to design and explore, and to solve problems with sci-
ence and technology and scientific thinking [10]. The curriculum content, activities and
assessment can be designed by connectingwith the current technological development or
the relevant life experience. From the process of practical exercise and critical thinking
cultivation, the students could understand the relationship between disciplines. STEAM
can be defined as the education to improve students’ interest and understanding of sci-
ence and technology, and the education to improve STEAM literacy based on science
and technology and practical problem solving ability [11]. With the emphasis on science
education in the United States, many science education policies and corresponding solu-
tions have been introduced. For STEAM curriculum integration, cooperative learning
and technological teaching are used, and learning curriculum and diverse assessment
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methods are explored, so as to cultivate students to learn teamwork, good communica-
tion skills and critical thinking ability by means of group cooperation [12]. For STEAM
curriculum integration, with student-centered teaching philosophy, connection with real
social scenarios is focused on, and integrated scientific knowledge and skills are learned
through active knowledge course construction, so as to enhance students’ interest in
science and technology [13, 14].

During the STEAM education learning, importance is attached to practical exer-
cise and critical thinking, and plan exploration-oriented teaching can cultivate chil-
dren’s internal and external comprehensive abilities, including exploration ability, crit-
ical thinking ability, creative thinking ability and critical thinking. Therefore, STEAM
education can cultivate children’s patience, willpower and frustration tolerance, and
self-responsibility learning [15].

2.2 Critical Thinking

Inmany countries, such asUnitedKingdom,Australia andNewZealand, critical thinking
is an important basic ability. Many countries all over the world pay attention to critical
thinking teaching, and even list it as national education [16]. However, although its
importance is considered, such issue is neglected in education for a long time, which
is also indisputable. Critical thinking may be advocated as an educational objective
throughout the whole century in a strong manner, but many objectives are not achieved
yet [17].

The beginning of critical thinking includes five processes, namely, suggestion, ratio-
nalization, hypothesis, reasoning, and test and hypothesis. Ruggiero [18] regarded think-
ing as any psychological activities that can help explain or solve problems, and make
decisions to achieve knowledge intention, which focuses on searching for answers and
fulfilling its meanings therefrom. Critical thinking is: “to assess the concepts under-
stood or listened from the experienced activities, test their effectiveness and accuracy,
and improve themwhen necessary.” Ennis [19] proposed that critical thinking is rational
and reflective thinking; in other words, determining what is credible, and what may be
done. According to such definition, critical thinking covers creative activities, including
systematic description of project hypothesis, problems, alternatives and actual activities.
Swartz [20] held that critical thinking is a kind of basic enterprise spirit, that is, we apply
appropriate standards and criteria to our own creations, including the key concepts of
background and operational knowledge based on appropriate standards, psychological
ability of effective exploration and some important psychological habits.

2.3 Cooperative Learning Strategy

Nattiv [21] proposed that cooperative learning is a kind of teaching method, and students
work together in a way of groups and face the common objectives. Each member takes
respective responsibility for their learning, they are “interdependent” whether in terms of
pay, work, materials or roles, and team members are usually heterogeneous in achieve-
ment, gender and race. Cooperative learning is a group teaching design that combines
pedagogy, social psychology and group dynamics: Learning is made mainly through the
division of labor and cooperation among group members as well as mutual support [22].
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Social and psychological atmosphere of group assessment and inter-group competition
is also used to improve the learning effect. The purpose is to make learning activities a
cooperative activity, and its success or failure is related to the honor or disgrace of the
group.

Therefore, cooperative learning has its uniqueness, which is different from other
teaching methods. Cooperative learning is not simply placing students in group learn-
ing, its importance lies in organizing cooperative teams and promoting the cooperative
learning within the teams. Cooperative learning is not just letting students sit around to
do their homework. In actual cooperative learning team, each member is interdependent,
helps each other, shares resources, and promotes each other in learning.

3 First Section

3.1 Research Subjects

In this study, second grade students from an elementary school in Yunlin County were
taken as the subjects. They did not receive any teaching related to STEAM education
curriculum before the experiment of STEAM education teaching, so they were at the
beginning stage of STEAM curriculum learning. In this study, the class was taken as
the unit, second grade students from this school were selected as the subjects. There
were a total of 48 students; 24 students in the experimental group carried out STEAM
curriculum learning in a way of cooperative learning, and 24 students in the control
group carried out STEAM curriculum learning in a way of individual learning. Each
student was equipped with a set of STEAM building block self-propelled vehicles and a
remote controller, which could be used after their building block self-propelled vehicles
are assembled.

3.2 Assessment Tool - Critical Thinking Test

In this study, the questions in A1 and A2 of Think A Minutes A1 introduced by Dr.
Funster’s were mainly used for critical thinking test. The questions in this test were
compiled based on A1 and A2 to assess the performance of the following four sub-
abilities, including deductive construction ability, inductive ability, reasoning ability
and creative thinking ability. Such questions were used in group tests, each test question
included multiple-choice questions and question-and-answer questions, and the answer
rate of each item was taken as the scoring principle. The critical thinking assessment
tool with form, content and scoring method designed based on the previous experience
was used to analyze the difference of learning effects of second grade students from
elementary school in the ways of group learning and individual learning after STEAM
curriculum learning.

3.3 Experimental Process

The experiment in this study was divided into 12 weeks, with 24 classes, each class
lasting 40 min. The students were second grade students from elementary school, with
a total of 48 students, as shown in Fig. 1.
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Fig. 1. The experiment in this study

In the first and secondweeks of the experiment, “STEAMcurriculum - knowbuilding
block assembly” and “grouping by experimental group” were carried out. The purpose
was to make the students understand the method of splicing the parts of the building
block assembly vehicle with the building blocks, including the fields in the STEAM
education curriculum such as science, technology and engineering, with a period of two
weeks. In the third week of the experiment, “STEAM curriculum - design one’s own
vehicle” was carried out. The purpose was to make the students understand the parts of
building block self-propelled vehicle based on their learning of building block assembly,
including the fields in the STEAMeducation curriculum such as science, technology and
engineering, with a period of one week. In the fourth week of the experiment, “STEAM
curriculum - programingwarmup”was carried out. The purposewas tomake the students
understand the use of computer and the software used for programing of building block
self-propelled vehicle, including the fields in the STEAM education curriculum such as
science and technology engineering and mathematics, with a period of one week. In the
fifth week of the experiment, “STEAM curriculum - programing scratch exercise” was
carried out. The purpose was to make the students understand how to arrange and write
programs and be familiar with the user interface and operation of software, including the
fields in the STEAM education curriculum such as science, technology, engineering and
mathematics, with a period of one week. In the sixth, seventh, eighth and ninth weeks
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of the experiment, “STEAM curriculum - programing scratch exercise - let building
block self-propelled vehicle straight forward, turn, figure and wander” was carried out.
The purpose was to make the students understand how to arrange and write programs
and learn to write simple programs to control the self-propelled vehicle, including the
fields in the STEAM education curriculum such as science, technology, engineering,
art and mathematics, with a period of four weeks. In the tenth and eleventh weeks of
the experiment, “STEAM curriculum - programing scratch control competition” was
implemented. In these two weeks, test was carried out to check the results of curriculum
learning during these weeks. Simple competition methods were used to understand what
the students had learned, including the fields in the STEAM education curriculum such
as science, technology, engineering and mathematics, with a period of two weeks. In the
twelfthweek, the last week, a test of “critical thinking”was carried out to verify the effect
of critical thinking after the STEAM curriculum learning. The data was analyzed upon
completion of the curriculum and the research results and conclusions were written.

3.4 Learning Aids

The parts of the building block self-propelled vehicle represented by Kodorobot Enter-
prise were used for building block assembly exercises. The parts of such series are
shown in Fig. 2. DIY variety building block vehicle is a set of teaching tools that can
train children’s creative ability and logical thinking ability on hand. The preliminary
building block assembly may stimulate different imaginations and creativity of the sub-
jects. Besides allowing the subjects to practice building block assembly, hand muscle
application and hand-eye coordination can be trained through parts assembly, and the
habit of concentration may be formed. After the building block vehicle is assembled, the
remote controller may be used to control the building block vehicle. In practicing remote
controller, the matchable remote controller and control mode need to be selected, and
logical thinking ability and mathematical reasoning ability need to be used. After know-
ing the control mode of the remote controller, programming may be started to control
the movement of the building block vehicle, and solutions or new innovative ideas may
be produced, so that problems can be further thought and solved. Through the learning
of the building block vehicle, the learned content can be internalized and applied to life,
so as to face future challenges.

Fig. 2. The parts of such series
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4 Research Results and Discussion

4.1 Post-test Scores After Critical Thinking Test in the Experimental Group

The data shown in Fig. 3 was a line chart of critical thinking test scores of students in
the experimental group and the control group. According to the chart, the scores of most
students in the experimental group were higher than those in the control group, and the
final average score in the experimental group was also higher than that in the control
group.

Fig. 3. A line chart of critical thinking test scores

4.2 Post-test Scores After Critical Thinking Test of the Two Groups

After the STEAM building block self-propelled vehicle curriculumwas applied to coop-
erative learning and individual learning, in order to understand the impact of learners’
participation in the curriculum on critical thinking, independent sample t-test analysis
was made on the scores of learners’ critical thinking test. The analysis results are shown
in Table 1. As p= .398, although there was no significant difference in the performance
of learners’ critical thinking test between the experimental group and the control group,
according to the average score results, the cooperative learning strategy showed certain
results for critical thinking after learners took STEAM building block self-propelled
vehicle curriculum in the ways of cooperative learning and individual learning.

Table 1. The independent sample t-test analysis of the critical thinking test

Item N M SD t df p

Critical thinking score Experimental group (24) 40.47 8.81 .852 46 .398

Control group (24) 38.30

5 Conclusions and Future Directions

After the learning of building block self-propelled vehicle and interdisciplinary STEAM
curriculum, according to the research results, the critical thinking test scores showed
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that the critical thinking of learners in the cooperative learning group was significant.
Therefore, STEAM education strategy could be combined with the science, technol-
ogy, engineering, art and mathematics through relevant curriculum. The combination of
the five fields can bridge the gap between different disciplines, and let students learn
knowledge through multiple channels in different environments and plan activities. In
this study, as advocated by STEAM education, cooperative learning, mutual discussion
and communication in curriculum learning showed certain results in improving critical
thinking. Through interdisciplinary STEAM curriculum learning, practical combination
with hands-on practice, innovative thinking inspiration, deep participation in the learn-
ing process and improvement of learning interest, when a good learning method is used
to interact with the curriculum learning in the learning process, the learners’ learning
and absorption in the learning process can achieve better results for the course learning.

In the future, in-depth exploration and analysis may be made focusing on the cor-
relation from more dimensions. For example, the increase of creative thinking men-
tioned by STEAM curriculum and the test of trail error and critical thinking may be
comprehensively assessed and understood in the study.
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Abstract. In recent years, digital game-based learning (DGBL) has received
more and more attention as a form of digital learning. This study used a portable
eye tracker to explore the learners’ visual attention and cognitive process during
DGBL. The study recruited 38 students in the third year of study in the school of
information and design at a university in southern Taiwan. According to students’
performance in the English courses at the university, participants were divided
into High Competence Group (n = 5), Intermediate Competence Group (n = 8),
and Low Competence Group (n = 25). By collecting the participants’ eye move-
ment data with eye tracker, eye movement indicators were acquired to investigate
the correlation between the participants’ external behavior and cognitive process
among regions of interest (ROIs). The finding results of this study were as follows:
(1) The fixation sequence of ROIs fromparticipants of different groups is different;
(2) During the experiment, ROI3 (English definitions of the vocabulary) was the
first ROI of fixation for participants of Intermediate and LowCompetence Groups,
showing a difference from participants of the High Competence Group in terms of
visual attention during the first fixation; (3) By examining the total fixation dura-
tion and total fixation count of the ROIs from all participants, the same pattern can
be found, indicating that as participants answered the questions in this DGBL con-
text, their visual attention was distributed more towards the English definitions of
the vocabulary, in order to successfully answer the vocabulary-related questions.

Keywords: Eye tracking · Game-based learning · Visual attention · Cognitive
process

1 Introduction

Sanders and McCormick believed that 80% of the information received by humans
comes from the eyes, and that the eyes are not only a main input device, but also an
output device [1]. The foundation of the use of eye tracking in psychology is based on
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the eye-mind hypothesis, first proposed by [2], stating that the fixation of the eye is where
the information is being processed by the mind. Eye movement is a process in which
light reflects off an object at which we are looking, enters the eye, and falls on the central
fovea to enable us to see a clear image. This process involves continuous movement of
the eye, and the detection technology to observe eye movement information is called
eye tracking technology.

In daily life, whether it is recognizing objects, reading, looking at pictures, or looking
for things, eyemovement is required to collect the necessary information in various tasks.
In this sense, eye trackingwas regarded as themost effectivemethod in visual information
processing [3], and also a multi-functional tool of cognitive comprehension. Rayner
pointed out that eye tracking technology provides an important tool for natural and real-
time exploration of cognitive thinking [4]. The information receiving process can reflect
the correlation between eye movement and psychological change(s) of the reader. This
methodwas hence widely used to understand the reading process and other related topics
in various research experiments (e.g. eye movement characteristics, perceptual breadth,
information integration, etc.). Eye movement data were also used to test the cognitive
process during different cognitive tasks [5]. In recent years, with the development of
hardware and the innovation of software technology, the collection and analysis of eye-
movement trajectory data has become easier [6], which allows researchers to record
individual fixation, saccade, and blink events in real time. The first two, i.e. fixation
and saccade, are the two most widely used parameters in the field of image cognition.
In research, “fixation” is usually defined as visual attention in a specific area, a gaze
eye movement which lasts for 200–300 ms or longer; on the other hand, “saccade”
is defined as rapid, ballistic movement of the eyes between different points of fixation,
which is a rapid eye movement that helps the eyes land on a specific visual target. During
such eye movement, although some peripheral information can be obtained, information
processing is constrained [4]. The reading process includes a series of saccades and
fixations, and the sequence is called a scan path [7, 8].

Based on the two basic eye movement behaviors, i.e. fixation and saccade, Lin and
You pointed out in an empirical research on the application of eye tracking technology to
the reading of scientific graphs and texts that commonly-used eye movement indicators
include: total fixation duration, fixation count, number of saccades, sequence of fixation,
ratio of total fixation duration, times of regression in a text zone, and saccade amplitude.
Molina, Navarroa, Ortega, and Lacruz believed that in the process of eye tracking data
analysis, the heat map can be qualitatively interpreted, and regions of interest (ROIs) can
be defined according to research purposes or hypotheses for quantitative analysis, e.g.
the number of fixation points in each ROI, fixation duration, or the sequence of fixation
points among different ROIs [9].

Mayer believed that eye tracking technology provides a unique opportunity to under-
stand learners’ perceptual processing in learning [10], and helped examine the influence
of specific teaching methods on learning, which can serve as a reference for teach-
ing material design [11]. At present, desktop (fixed) eye trackers are adopted in most
research, where 2D materials are presented to subjects on the computer monitor. By
capturing the reflection of the infrared light off of the user’s eyes, an image processing
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algorithm (based on the pupil position and the point of light on the eye) can deter-
mine where on a computer monitor the user is currently looking [5]. With the vigorous
development of information technology, many teachers now use multimedia materials
in their teaching. This trend has received considerable attention, and has helped many
learners by providing an easier access to the content. However, these multimedia mate-
rials are dynamic stimuli, and present limitations in their application for desktop eye
trackers, such as the definition of ROIs and analysis software support issues. To solve
the problems above, portable eye trackers have been used in many studies, which are
more user-friendly as they allow users to watch the actual 3D environment or objects. In
addition, the eye tracking images can also be projected back to the 3D environment with
ideal processing speed and accuracy [12]. In recent years, many researchers have been
devoted to the study of game-based learning, through which learners can acquire knowl-
edge and solve problems at the same time. Since games can easily stimulate learners’
interests, they usually prove to be great incentives. In addition, psychological experi-
ments have also confirmed that the incorporation of multimedia can stimulate learners’
multiple senses (e.g. sight, hearing, taste, touch, etc.) in the process of learning, which
can stimulate the brain and facilitate success in terms of learning purposes. Thus, eye
tracking technology has been frequently used in multimedia learning research lately, as
instructional designers attempt to revise multimedia learning materials by tapping into
research of visual attention via eye tracking technology, in order to improve learners’
cognitive processing and learning effectiveness [13].

Therefore, this study used portable eye tracker and development tools to design
a set of game-based English vocabulary learning materials for the experiment. Based
on the aforementioned research background, this study aimed to answer the following
questions:

1. In the DGBL context, what is the participants’ cognitive processing sequence among
different ROIs?

2. In the DGBL context, what can be inferred from the participants’ eye tracking data
among different ROIs?

2 Methods

2.1 Participants

The present study recruited 38 students in the third year of study in the school of infor-
mation and design at a university in southern Taiwan. Due to the limitations of the eye
tracker used in this study, those with high myopia (≤−10 diopters) or severe astig-
matism (≥2 diopters) are not qualified for the experiment. Regardless of gender, the 38
participants are divided into High Competence Group (n= 5), Intermediate Competence
Group (n = 8), and Low Competence Group (n = 25), according to their performance
in the English courses at the same university.



Employing Portable Eye Tracking Technology in Visual Attention 483

2.2 Materials

The experiment material in this study is an English vocabulary game developed (with
HTML5) anddesigned by the researcher for the purpose ofDigitalGame-BasedLearning
(DGBL). The “English Vocabulary Learning Game” have three types of questions (i.e.
elementary, intermediate, and advanced). Each type consists of four questions, which
are randomly presented on the monitor. The game is three minutes long and its start
page was shown in Fig. 1. As the participant pressed the start button, he or she would
immediately enter the answering mode interface; at the same time, the eye tracker would
record the participant’s eye movement data throughout the game so that the game itself
can help achieve the goals of teaching. The presentation of an example word in the
“English Vocabulary Learning Game” was shown in Fig. 2.

Fig. 1. Start page of the “English Vocabulary
Learning Game”.

Fig. 2. Layout of an example word in the
“English Vocabulary Learning Game”.

2.3 Instruments

This study used a portable eye tracker (EyeNTNU_p) to conduct eye tracking. This eye
tracker has an infrared pupil detection lens which can record wide-angle (up to 120°)
real-life scenes and is very suitable for the angle of view of human eyes. The equipment
can record the points and durations of fixation in the actual view of the participant as he or
she perceives the external 3D environment, thus proving highly adequate for eye tracking
which records dynamic reading behaviors. The hardware and software equipment of the
portable eye tracker in this study was shown in Fig. 3. During the actual experiment, the
5-point calibration process was carried out under the guidance of the researcher or the
assistant. A photo of participant wearing the eye tracker during the actual experiment
was shown in Fig. 4.
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Fig. 3. The portable eye tracker and tablet
device used in the present study.

Fig. 4. A participant wearing the eye tracker.

In this study, the gamewas created and designed based on the game designmethodol-
ogy to ensure that the game content can incentivize the participants’ learning motivation
[14]. Two professional English teachers with competence in game design were commis-
sioned to review the content validity, so as to successfully construct cognitive processing
in the present study.

2.4 Experimental Process

Before the portable eye tracker started to record eye movement data, it would first
undergo a 5-point calibration so that the system could accurately collect eye-movement
data. After the research team had assisted the participant to correctly put on the portable
eye tracker, the participant would receive a series of instruction for calibration, with
participant’s head moving as little as possible. When the calibration was in progress,
both eyes of the participant are making saccadic movements, and will move quickly in
the same direction and amplitude. In order for the eyes to focus on the stimulus, the
fovea will be aligned at the same position. After calibration was completed, the formal
experiment was conducted. A photo of the portable eye tracker-enabled experiment was
shown in Fig. 5.

Portable Eye Tracker

Fig. 5. The portable eye tracker-enabled experiment in progress.

2.5 Data Analysis

In this study, the eye tracking experiments were enabled by the portable eye tracker, and
two auxiliary tools (i.e. Dynamic ROI Tool and Fixation Calculator Tool) were adopted



Employing Portable Eye Tracking Technology in Visual Attention 485

to execute the preliminary compilation of eyemovement data. Then, the participants’ eye
movement data were processed in terms of fixation patterns to analyze the participants’
visual attention distribution when they were exposed to the DGBL content. The system
architecture of the portable eye movement analysis software was shown in Fig. 6.

Fig. 6. System architecture of the portable eye movement analysis software

After participants viewed the DGBL content, the eye tracking system used in this
study automatically exported a video file (.wmv) to help define the dynamic ROIs. After
the dynamic ROIs had been defined for the entire video, the ROI definition tool module
would generate a dynamic ROI file, which would be subsequently imported into the
visualization analysis software for eye movement indicator analysis. In this study, a
digital game-based English vocabulary learning game was designed as the experiment
material, with its layout divided into four ROIs based on the eye tracking data analysis
program. The four ROIs and their respective names were shown in Fig. 7, with the red
boxes signifying the regions which needed to be defined after the experiment. Once
the participant had finished the questions in the game-based learning content, he or she
could raise a hand to inform the researcher or assistant, which marks the completion of
the experiment.

ROI2 (Chinese trans-
lation of the vocabu-

ROI1 (rele-
vant picture) 

ROI3 (English defini-
tion of the vocabu-
lary) 

ROI4  
(answering 
area)

1 
2

3
4

Fig. 7. The four ROIs defined in this study.

The present study collected eye movement and fixation data via portable eye tracker
and analyzed such data with eye movement trajectory visualization analysis software.
The eye movement indicators applied in this study were as follows:
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1. Latency of First Fixation (LFF): The latency from the onset of the stimulus to the
initial fixation on the defined ROI, when the participant is involved in the DGBL
content.

2. Duration of First Fixation (DFF): The duration of fixation when a participant’s first
fixation is formed in an ROI as he or she is involved in the DGBL content.

3. Total Fixation Durations (TFD): The total fixation duration when a participant’s
fixation falls into a certain ROI, as he or she is involved in the DGBL content.

4. Fixation Counts (FC): Fixation counts reflect the importance of the ROI. More fixa-
tion counts indicate that the participant considers the ROI more important or thinks
that it can provide more clues.

3 Results and Discussions

3.1 Differences in the Participants’ Visual Attention Patterns

The latency of first fixation (LFF) indicator illustrated that the 38 participants’ sequence
of first fixation at the four ROIs was ROI3→ROI4→ROI2→ROI1, as shown in Table 1.
In addition, differences in the first fixation sequences can be observed among the
three different groups. The LFF indicator illustrated that the High English Competence
Group’s sequence of first fixation at the four ROIs was ROI4→ROI1→ROI2→ROI3, as
shown in Table 2. The Intermediate English Competence Group’s sequence of first fix-
ation at the four ROIs was ROI3→ROI2→ROI4→ROI1, as shown in Table 3. The
Low English Competence Group’s sequence of first fixation at the four ROIs was
ROI3→ROI4→ROI2→ROI1, as shown in Table 4. Hence, it can be observed that the
fixation sequence of the four ROIs from participants of different groups was different.

As for the duration of first fixation (DFF) indicator, the data collected illustrated that
the ROI which received the longest DFF from the 38 participants was ROI3, as shown in
Table 1. In addition, the DFF indicator showed that the ROI which received the longest
DFF from the High English Competence Group was ROI4, as shown in Table 2. The
ROI which received the longest DFF from the Intermediate English Competence Group
was ROI3, as shown in Table 3. The ROI which received the longest DFF from the
Low English Competence Group was also ROI3, as shown in Table 4. Hence, it can be
seen that during the experiment, for participants of Intermediate and Low Competence
Groups, ROI3 (English definitions of the vocabulary) was the ROI which received the
most visual attention, showing a difference from participants of the High Competence
Group in terms of visual attention during the first fixation.

According to the indicators of total fixation durations (TFD) and fixation counts
(FC) from the 38 participants, the sequence of ROIs with different levels of fixation
was ROI3, ROI4, ROI1 and then ROI2, in terms of both TFD and FC, as shown in
Table 1. This result showed that when participants were answering the questions in
the digital game-based English vocabulary learning material, their visual attention was
more focused on the definitions of the vocabulary in order to successfully complete
the tasks. As for the Chinese translations of the vocabulary, it received the least TFD
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and FC, probably since it is the native (first) language of the participants. In addition,
the TFD and FC indicators also showed different patterns among the groups. For the
Intermediate English Competence Group, the sequence of ROIs in terms of TFD was
ROI3, ROI1, ROI4, and then ROI2. However, in terms of FC, the sequence of ROIs
was ROI3, ROI4, ROI1, and then ROI2, as shown in Table 3. This result showed that
in the digital game-based English vocabulary learning context, the Intermediate English
Competence Group’s visual attention was, as in the overall trend, more focused on the
definitions of the vocabulary. However, they were also paying attention to the visual
cues (i.e. the relevant pictures) so as to successfully complete the tasks assigned. On
the contrary, participants from the High and Low English Competence Groups simply
focused on the definitions of the vocabulary to answer the questions, as shown in Tables 2
and 4.

Table 1. List of LFF, DFF, TFD, and FC in each ROI from all participants

ROI LFF (time unit: ms) DFF (time unit:
ms)

TFD (time unit: ms) FC

Mean SE Mean SE Mean SE Mean SE

R1 5861.26 711.68 205.15 18.03 2752.04 355.27 9.48 1.03

R2 4730.40 303.79 186.40 10.77 1128.93 98.22 4.4 .28

R3 2186.65 189.72 334.35 44.04 3963.05 375.66 16.16 1.35

R4 2771.68 351.58 312.97 37.86 3114.28 295.27 13.15 1.13

Note: SE is the abbreviation for “Standard Error”.

Table 2. List of LFF, DFF, TFD, and FC in each ROI from the High English Competence Group

ROI LFF (time unit: ms) DFF (time unit:
ms)

TFD (time unit: ms) FC

Mean SE Mean SE Mean SE Mean SE

R1 3069.20 321.06 177.60 3.58 2009.20 311.35 6.20 0.72

R2 3200.00 217.40 237.50 14.92 1096.00 60.45 5.50 0.30

R3 3760.25 568.68 184.80 9.87 4145.40 294.89 18.00 1.25

R4 2005.25 196.77 278.80 13.01 2670.80 370.98 10.20 1.17

Note: SE is the abbreviation for “Standard Error”.
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Table 3. List of LFF, DFF, TFD, and FC in each ROI from the Intermediate English Competence
Group

ROI LFF (time unit: ms) DFF (time unit:
ms)

TFD (time unit: ms) FC

Mean SE Mean SE Mean SE Mean SE

R1 5882.80 819.46 160.60 11.34 2542.40 287.95 7.2 0.72

R2 2195.00 229.63 95.00 3.59 618.00 23.35 5.0 0.18

R3 1404.33 124.01 422.86 58.36 3982.00 421.73 15.58 1.46

R4 3335.50 350.69 221.75 19.88 2412.25 207.13 11.75 1.01

Note: SE is the abbreviation for “Standard Error”.

Table 4. List of LFF, DFF, TFD, and FC in each ROI from the Low English Competence Group

ROI LFF (time unit: ms) DFF (time unit:
ms)

TFD (time unit: ms) FC

Mean SE Mean SE Mean SE Mean SE

R1 6676.11 754.40 226.35 21.06 3032.18 389.01 11.11 1.15

R2 5196.75 342.04 185.50 10.98 1177.00 114.48 4.17 .31

R3 2119.96 254.94 339.48 44.40 3921.28 389.84 15.96 1.39

R4 2812.20 382.94 336.26 43.99 3332.78 302.12 14.04 1.15

Note: SE is the abbreviation for “Standard Error”.

3.2 Cognitive Comprehension in the Game-Based Learning Setting

According to the 38 participants’ final results of the game, the percentage of correct
answers was 50%, the percentage of incorrect answers was 25%, and the percentage
of missing answers was 25%. In terms of different levels of English proficiency, the
percentage of correct answers was 83.3% for the High Competence Group, 58.3% for the
Intermediate Competence Group, and 33.3% for the Low Competence Group. However,
it was worth noting that the percentage of missing answers was as high as 25%, and most
missing answers were submitted by participants from the Low Competence Group. This
result was likely due to the fact that this digital vocabulary game consisted of a number
of more advanced English words, which created nuisances in cognitive comprehension
for the said participants. Although each word is accompanied by its definition as well
as a relevant picture, participants from the Low Competence Group could only answer
the simple questions correctly due to the difficulty arising from issues of cognitive
comprehension. As a consequence, they either had an incorrect answer or decided to
simply skip the question when the English word is of intermediate or advanced difficulty.
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4 Conclusions and Suggestions

The present study aimed to explore differences in visual attention of participants with
different levels of English proficiency in theDGBL context based on eyemovement data.
The results of the study can not only pinpoint discrepancies in the participants’ cognitive
comprehension and corresponding visual behaviors, but also serve as reference for the
design of DGBL materials in the future. The conclusions of this study are presented
below in terms of 1) eye movement behaviors and 2) cognitive comprehension in the
game-based learning setting:

1. Eye movement behaviors: In terms of LFF, the learners’ fixation sequence was
ROI3→ROI4→ROI2→ROI1.Nonetheless, for the three groupswith different levels
of English proficiency, different fixation sequences of the four ROIs can be observed.
In terms ofDFF, theROIwhich received the longestDFF from the learnerswasROI3.
Nonetheless, differences can also be identified among the groupswith different levels
of English proficiency. For learners of Intermediate and Low Competence Groups,
ROI3 was the ROI which received the most visual attention, showing a difference
from learners of the High Competence Group in terms of visual attention during
the first fixation. According to the indicators of Total Fixation Durations (TFD) and
Fixation Counts (FC) from the learners, the sequence of ROIs with different levels
of fixation was ROI3, ROI4, ROI1 and then ROI2, in terms of both TFD and FC.
This result showed that when learners were answering the questions in the digital
game-based English vocabulary learning material, their visual attention was more
focused on the definitions of the vocabulary in order to successfully complete the
tasks.

2. Cognitive comprehension: According to the final results of the game, the overall
percentage of correct answers is relatively low and the percentage ofmissing answers
is relatively high. In terms of different levels of English proficiency, learners from
the High Competence Group do have a higher percentage of correct answers as
compared to the learners from the Intermediate and LowCompetence Groups, which
is consistent with the learners’ academic performance in English courses. As for
the relatively high percentage of missing answers, it is very likely contributed by
learners from the Low Competence Group, who encountered difficulties in cognitive
comprehension when the English word in question was of intermediate or advanced
difficulty. As a consequence, they either had an incorrect answer or decided to skip
the challenging questions. Hence, this digital English vocabulary game can reflect
the discrepancies in the cognitive comprehension of the learners with different levels
of English proficiency.
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Abstract. A good algorithm design and problem solving process are required for
programming, which will result in effective programming. This study used the
computational problem solving approach’s principles of applied problem solv-
ing, computational thinking, and programming concept to enhance students’ pro-
gramming ability in order to accurately design internet of things innovations. The
purpose of this research was to design and develop a model of a mobile based
learning environment to enhance computational problem solving in programming
for high school students. The methodologies used in this study’s implementation
of developmental research were as follows: 1) analyze the principles and theories
2) synthesize the design framework 3) design and develop the model of mobile
based learning environment to enhance computational problem solving in pro-
gramming for high school students. According to the findings, 1) the model of
mobile based learning environment to improve computational problem solving in
programming consists of eight components, which are as follows: (1) Problem
base, (2) Resources, (3) Related Case Room (4) Cognitive Tools, (5) Collabora-
tion, (6) Computational problem solving room, (7) Scaffolding, and (8) Coaching
2) The effectiveness of this learning environment is demonstrated in the following
ways: 1) The Experts reviews 2) Learners’ opinions 3) The computational problem
solving abilities of the students in programming.
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1 Introduction

Rapid technological change or digital disruption has changed people’s behavior and com-
pletely transformed various industries today. Technological advancements have resulted
in a more comfortable way of life for people today, which is a step forward in digital
technology. Organizations that fail to adapt to digital technology changes will face the
same fate as the education sector. Mobile Learning and On-demand Learning, MOOC,
Cloud technology, Big Data, Internet of Things (IoT), 3D printing, Deep Learning, and
Artificial Intelligence (AI). All of these things are things that every educator should be
aware of and learn how to use to their advantage in learningmanagement and innovation.

Innovations in learning management are characterized by Disruptive Innovation. It
can attract the attention of students as well. Learners can concentrate on learning activi-
ties, no matter how complex the learning activities are, learners have their own learning
goals and self-direction, self-discipline, and use of a variety of learning processes to
achieve goals. In general, disruptive innovation in learning management will always use
digital technology to support it. Because students spend themajority of their time online.

The World Economic Forum [1] has surveyed and analyzed labor market demand
for essential skills for the twenty-first century. Including technology trends in large
organizations around the world, researchers discovered that children who will survive
in the digital age and be able to adapt to learn how to adjust to different situations at any
time must have both creative thinking, critical thinking, problem solving, information
technology, communication, and teamwork skills, Usage of media and technological
skills, as well as work and life skills, that must be flexible and able to adapt initiative
social skills and cross-cultural learning. To improve work efficiency, computer software
must be developed in collaboration with agencies and organizations. According to the
Thailand Development Research Institute’s (TDRI) report on the results of the software
market survey and software services, this maximizes work efficiency while minimizing
operating costs. Itwas discovered that the previous tenyears had seen exponential growth.
As a result, it is critical to train personnel and youth in computer software development
to support the current growth in the use of information technology.

Programming is the process of developing or creating computer programs by devel-
opers or programmers. A personwho has knowledge and understanding of programming
language can transform problem solving steps to become an algorithm for computers,
design the structure of the program and test the program’s functionality to develop
computer programs that can work correctly as needed and meet the efficiency. Prob-
lem solving and analytical thinking abilities are required for programming. These skills
necessitate a high-level learning style that focuses on comprehension of the material
being studied.One skill that can be used to develop programming ability is computational
problem solving.

Writing code is only one aspect of programming. During programming, students
are exposed to computational problem solving; programming generally requires a vari-
ety of skills, particularly computational problem solving. Thinking skills for creating
knowledge, exploring information from a variety of sources, and correctly analyzing and
making decisions should be emphasized in teaching and learning. Students can solve
problems as a process; however, practicing this computational problem solving skill will
prevent students from linking what students have learnt in class to real-world situations.
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Programming on a mobile device, which we always have with us, provides students with
instant gratification because they can demonstrate their applications to their friends, and
Students can also complete their homework or practice whenever and wherever they
like.

Computational problem solving based on Ricky J. Sethi. (2019) [2] andWing (2008)
[3]. It is a cognitive ability to analyze a problem and its details to define or create a
workflow to develop or solve problems with computers. And then test the system, fixing
all errors. It consists of three processes, as follows: 1) Problem Specification, the process
of determining the details of the problem that analyzes the problem and the details of
the problem; it is divided into three sub-processes: (1) Abstraction, this is the process
of gathering all of the information required to solve a problem. (2) Decomposition, this
is the process of separating the elements of a problem and breaking a large problem or
system into smaller components tomake problem solving easier. (3) PatternRecognition,
this is the process of finding a pattern of similar or repetitive problems to find patterns
or characteristics of things that frequently occur the same to be analyzed for the cause
solution 2) Algorithmic Expression and coding, this process is defining or creating a
sequence of steps to solve problems and write a set of instructions. It is made up of four
sub-processes: (1) Algorithm Design, this process involves creating a flowchart, that
shows series of steps to solve problems. (2) Pseudocode, this is the process of writing
informal code in English. (3) Revision algorithm [4], this is the process that identifies the
target concept, starting from an initial concept. (4) Coding, this is the activity of creating
computer programs. 3) Solution Implementation and Evaluation, this process involves
testing and debugging the system until it is error-free and stable. It is made up of two
sub-processes: (1) Systematic Testing, this process involves testing and modifying the
program while connected to an IoT device. (2) Generalization, involves implementing
a program that is linked to an IoT device.

Mobile learning [5] is a concept based on devices usingwireless technologies such as
smartphones, iPads, tablets and etc. Students can take it with them and use it to manage
their learning through the Internet network. Learning can be managed in ways that
encourage learners to learn on their ownusing the learningmanagementmodel.Allowing
learners to research and seek knowledge from a variety of sources at any time and from
any location based on their availability. In addition, learning how to encourage student
collaboration The foundation is the most important aspect of mobile learning. Prioritize
learning management at all times and in all places, not just in the classroom. Learners
can access information such as still images, audio, and video, as well as information that
is easily accessible. There is immediate interaction between learners and teachers, or
learners with learners, and when mobile communication devices are brought. Teachers
use the Internet network system to organize learning and promote interaction between
students and teachers, as well as between learners, through conversation, knowledge
sharing, and problem solving. As a result, mobile learning is an environment that caters
to today’s learners’ needs.

Based on the importance and issues raised above, the researcher used a theoret-
ical framework to investigate the synthesis of designing a framework for the model
of a mobile based learning environment to enhance computational problem solving in
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programming for high school students, and to design and develop it as a learning envi-
ronment that focuses on how important it is for students to understand the subject. while
also developing learner’s computational problem solving abilities.

2 Methodology

The purpose of this studywas to design and develop themodel of amobile based learning
environment to enhance computational problem solving in programming for high school
students.

2.1 Target Group

1. 12 expertswhich are three content experts, three instructional designers, threemobile
based learning designers, and three measurement and evaluation experts reviewed
the efficiency of a mobile based learning environment to enhance computational
problem solving in programming.

2. 35 high schools students in Surathampitak School, Muang district, Nakhon-
ratchasima province, Thailand.

2.2 Research Instruments

The instruments consisted of experimental instruments: the mobile based learning envi-
ronment to enhance computational problem solving in programming and data collection
instruments.

1. 1) The experiment’s instrument was amobile based learning environment to enhance
computational problem solving in programming. The design and development pro-
cess was as follows: (1) examine the principles and theories, (2) synthesize the
designing framework, (3) design and develop themobile based learning environment,
and (4) evaluate the mobile based learning environment’s efficiency.

2. 2) The data collection instruments include: (1) the document analysis record form,
(2) the expert evaluation form, (3) the learner’s opinionnaire for the mobile based
learning environment to enhance computational problem solving in programming,
and (4) the learner’s computational problem solving in programming tests.

2.3 Data Collecting and Analysis

Based on the theoretical framework and designing framework, the researchers designed
and developed amodel of amobile based learning environment to enhance computational
problem solving in programming for the high school students. The model was tested
during this phase. The quantitative and qualitative data were collected and analyzed as
follows:

2.3.1 The expert reviews cover a variety of topics, including content, media,
and technology, instructional design, computational problem solving in programming,
mobile based learning environments, and measurement and evaluation. The researchers
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collected the data and analyzed it using descriptive statistics, interpretation, and
summarization.

2.3.2 The learners’ perspectives on the model of a mobile-based learning environ-
ment to enhance computational problem solving in programming for the high school
students. The researchers collected the data and analyzed it using descriptive statistics,
interpretation, and summarization.

2.3.3 The test of learner’s computational problem solving ability. The quantitative
data were collected and analyzed using descriptive statistics such as mean, standard
deviation, and percentage. Descriptive statistics, interpretation, and summarization were
used to collect and analyze qualitative data.

3 Result

The design and development of the mobile based learning environment to enhance
computational problem solving in programming for high school students as follows:

3.1 Synthesis of Theoretical Framework

The constructivism theory [6], cognitive theories [7], the mobile based learning envi-
ronment, multimedia learning [8], media attribution, media symbol system, and com-
putational problem solving were studied and analyzed to create the theoretical frame-
work. The theoretical framework displays the following five important theoretical cat-
egories: (1) Psychology base, (2) Pedagogy base, (3) Technology and Media base (4)
Computational problem solving base, and (5) Contextual base.

3.2 Synthesis of the Designing Framework

The following details describe how the designing framework of the mobile based learn-
ing environment was synthesized based on the mentioned theoretical framework: 1)
The cognitive structure activation and computational problem solving were designed
with enabling context (Hanafin, 1999) [9], and computational problem solving (Ricky
J. Sethi. (2019), Wing (2008)) as the problem base. 2) The supporting cognitive equilib-
riumwas created using cognitive theories such as Resources (Hanafin, 1999) andRelated
case (Jonassen, 1999). 3) The enhancement in constructing knowledge and computa-
tional problem solving were designed based on both Social Constructivist (Vygotsky,
1925) [10] as Collaboration and Cognitive tools (Jonassen, 1999) as Cognitive tools,
and Manipulating tools (Hanafin, 1999) and Computational problem solving (Ricky J.
Sethi. (2019), Wing (2008)) as Computational problem solving lab, and 4) The support
and enhancement for constructing knowledge were designed as Scaffolding (Hanafin,
1999), and Modelling and Coaching (Jonassen, 1999) as Coaching.

3.3 Model Components of Learning Environments

The designing framework was used to create the mobile based learning environment to
enhance computational problem solving in programming for high school students. It is
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made up of the following eight elements: 1) Problem base, 2) Resources, 3) Related
case, 4) Cognitive tools, 5) Computational problem solving lab, 6) Collaboration, 7)
Scaffolding, and 8) Coaching center derived from various major theories: (1) Psychol-
ogy foundation, (2) Pedagogy foundation, (3) Technology and Media foundation, (4)
Computational problem solving foundation, and (5) Contextual foundation, as shown in
Fig. 1, 2, 3, 4, 5, 6, 7 and 8.

Fig. 1. Problem base.

Figure 1. Problem base: It was demonstrated as the problem’s foundation. Problem
base for improving learners’ ability to construct knowledge and solve computational
problems.

Fig. 2. Resources.

Figure 2. Resources: Itwas demonstratedResources provide just-in-time information
to assist learners in comprehending and solving the problem.

Fig. 3. Related case.
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Figure 3. Related case: It was shown the Related case for representing a collection
of related experiences and providing various perspectives.

Fig. 4. Cognitive tools.

Figure 4. Cognitive tools: It was shown Cognitive tools for knowledge construction
and computational problem solving were demonstrated. The learners were assisted in
completing their learning tasks.

Fig. 5. Computational problem solving room.

Figure 5. Computational problem solving room: It was shown a section on compu-
tational problem solving to improve Problem solving through computational problem
solving based on Ricky J. Sethi. (2019), Wing (2008);

Fig. 6. Collaboration room.

Figure 6. Collaboration: It was shown Collaboration in assisting learners to share
their experiences with experts by using Facebook, Google Meet, and Line Openchat,
and chatbot to broaden their multiple perspectives.
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Fig. 7. Scaffolding

Figure 7. Scaffolding: It was shown Scaffolding to help students solve problems,
learn, and construct knowledge on their own.

Fig. 8. Coaching

Figure 8. Coaching: It was shown a Coaching Center by teachers and experts in
computational problem solving with the best advice that can help students become
programming experts.

3.4 The Model of Learning Environments’ Efficiency

The effectiveness of a mobile based learning environment to enhance computational
problem solving in programming for high school students

1. The experts’ review determined that the learning content, technology and media,
instructional design, computational problem solving in programming, mobile based
learning environments, andmeasurement and evaluation expertswere all appropriate.

2. According to the learners’ opinions, this mobile-based learning environment is
appropriate for learning and supporting computational problem solving, using both
content media and mobile technology as the foundation and design.3) The Learners’
computational problem solving in programming skills.

3. The learners’ computational problem solving abilities in programming. As shown
in Table 1, the learners understand the concept of computational problem solving in
programming.
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Table 1. The computational problem solving ability of the learners in programming.

Score Percentage Score Percentage Score Percentage

Pre-Test 10.60 35.33 11.03 36.77 12.14 40.47 11.26

Post-test 24.26 80.87 25.03 83.43 26.40 88.80 25.23

35

31

88.57

25.8

1.27standard deviation (S.D.)

Problem Specification Algorithmic Expression 
and coding

Solution 
Implementation 
and Evaluation

Summary

Average

Total of Learners

Number of learners with a passing score of 70 percent

Percentage of learners with a passing score of 70 percent (21 point)

Average student grades

According to the data in Table 1, the computational problem solving skills of students
who used a one-group pre-test post-test design resulted in a score of 11.26 points for
the pre-test and 25.23 points for the post-test, and the number of learners who passed
the specified criteria with 70% of students having a passing average score of 70% of 31
people or 88.57%.

4 Conclusion

This study’s findings were supported by the findings of Kay Dennis Boom [11], who
discovered that in order to increase the abilities of their software programs, it is more
important for the students to have applied computational thinking procedural skills than
generalized computational thinking abilities.

There are several potential research directions based on the findings of this study.
Visual programming environments, such as microbit, are commonly used to teach com-
putational problem solving and programming concepts to people who do not know how
to code, as was the case in this study. The level of computational problem solving in
programming for experienced programmers and novices may differ.

The findings of this study provide preliminary evidence for improving computational
problem solving in programming. Future research should look into whether teachers can
use the model effectively in their classroom activities. Other intervention hypotheses
must also be investigated and tested in order to demonstrate the model’s broader validity.
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Abstract. Education has been considerably hindered or interrupted as a result
of restrictive regulations and the building of social distance, making it one of
the major sectors of COVID-19. In the past, it was suggested that chatbots may
be utilized to assist individuals in learning more independently and in a variety
of virtual learning contexts. The goal of this study was to evaluate the potential
hurdles posed by the COVID-19 outbreak to online learning, as well as teachers’
perspectives on the use of AI chatbots for online language learning. An online
interview has been conducted with six interviewees in verifying the proposed
questions from the teachers’ perspectives. The result shows that there are common
themes of challenges for online learning and online teaching: (1) Infrastructure; (2)
Accessibility and Technology; (3) Readiness; (4) Assessment and Examinations;
(5) Socioeconomic factors; (6) Mental health and personal well-being; (7) Online
Security Issues and human and pet intrusions; and (8) Digital competence. The
finding also indicates that the proposed technology, an AI chatbot, is anticipated
to help the learning process to achieve the course’s objectives more effectively
than traditional methods.

Keywords: Online teaching · AI chatbot · COVID-19 pandemic

1 Introduction

Anovel coronavirus started to spread in lateDecember 2019 inWuhan,China and rapidly
spread to neighboring regions. The World Health Organization classified the epidemic
as a pandemic on March 11, 2020. On September 22, 2020, the number of instances
of infection worldwide surpassed 31 million, with the virus affecting more than 215
countries. The virus disrupted many people’s daily lives, which had negative effects on
all facets of human life—repercussions that most people had never experienced before.

Southeast Asia is one of the oldest civilizations in the world and it occupies a dom-
inant position economically, socially, and politically. They are developing countries,
and their common objective is to promote economic growth, education, health, cultural
development, social progress, and prosperity globally. During the COVID-19 pandemic,
they fell into one of the most vulnerable groups that got affected.
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Southeast Asia, as one of the first regions to be hit by the coronavirus (COVID-
19) outbreak, is seeing a rapid increase in the number of confirmed cases. As a result of
domestic containmentmeasures and global disruptions to trade, tourism, and production,
the region, which has the majority of its members classified as developing countries, is
now facing the prospect of a worldwide financial shock and recession.

One of the most afflicted areas by the virus is education, which has been significantly
slowed or halted as a result of restrictive legislation and the formation of social distance.
As a result, several governments around theworld, including those inASEAN, havemade
public assemblies illegal, closed educational institutions, and suspended schools and
colleges. In 182 countries, educational institutions have closed, and traditional university
education has been hampered. Furthermore, the virus has afflicted more than 90% of
the world’s student population, putting further pressure on higher education systems
to modify their approaches to distance learning (e-learning). Due to the COVID-19
pandemic, school and university closures affect over one billion students worldwide
(UNESCO, 2020). The government prohibits face-to-face instruction and mandates that
all educational institutions transition from traditional learning to online learning via
digital platforms. As a result of this threat, all educational institutions and professionals
are attempting to respond correctly by devising effective ways to reduce the pandemic’s
negative effects on the field of education. In underdeveloped nations, a shortage of
network equipment, computers, and Internet connections hinder distant learning [1].
The COVID-19 pandemic could affect a lot of people, and poor people are expected to
be the hardest hit [2].

The COVID-19 pandemic is not the first time a pandemic has disrupted education,
particularly online education; the SARS epidemic in 2003 also had an influence on
education but to a lesser extent. The COVID-19 pandemic, on the other hand, will have
far-reaching and long-lasting consequences. As a result, examining the problems and
opportunities presented by the current epidemic in online education might assist us in
better adapting to the new circumstances and ensuring the continuance of education.
It will also help us keep online education from being interrupted in the event of an
emergency. As a result, in addition to identifying difficulties that must be addressed
immediately to limit harm, such crises also present a chance for faculties to experiment
with new technologies in online learning. As a result, the current study looks at the
challenges and opportunities that the COVID-19 epidemic has caused in online learning.

On the other hand, when people talk or write to machines, they can interact with
them through chatbots, also known as “conversational bots.” These artificial intelligence-
based systems let people communicate with machines through written or spoken code
[3–6]. In the past, research suggested that chatbots could be used to help people learn
more on their own and in a variety of virtual learning environments.

Therefore, the purpose of this study was to investigate the obstacles potentially
created by the COVID-19 epidemic in online learning, as well as teachers’ perceptions
of using AI chatbots for online language learning.
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2 Literature Review

2.1 AI Chatbot

Although the first chatbots arose in the 1960s [7], they did not garner the attention of
scholars and businesses until the early twenty-first century. Now, firms such as Apple
(Siri), Amazon (Alexa), and Microsoft (Cortana) have developed voice assistance to
assist users in completing personal tasks and gaining access to resources or consumer
items. A virtual assistant is a collection of computer programs that can communicate
with humans in natural language. They are classified as on-screen characters that aid
in training [8]. Natural language processing, autonomous deep learning and other ser-
vices such as inference, recommendation, and contextualized reasoning underpin chat
technology [9, 10]. Chatbots are programmed using natural language processing and
decision tree approaches.

2.2 AI Chatbot for Learning

Although the educational usage of chatbots is still in its infancy, some recent studies
demonstrate that chatbots can successfully enhance the teaching-learning process across
several subjects. While these studies are primarily concerned with the design and func-
tionality of chatbots [3, 4, 11–15], there is little research on their didactic potential
and application to student assessment and feedback processes regarding content and
curricular competencies. Chatbots are defined by four central characteristics [16]: (1)
they attempt to mimic human speech; (2) they initially interacted via written messages
[17], though subsequent advancements enabled the appearance of spoken interaction;
(3), unlike robots or similar devices, chatbots lack a physical presence [18]; and (4),
unlike avatars, they do not represent a human being in a virtual world. Another study
was conducted with graduate students’ participation in an online course at a national
university in southern Taiwan, according to [19], and the findings showed that students’
reflective and creative abilities were enhanced, and the students held positive emotions
toward the multimethod approach.

In addition to instant messaging, chatbots and pedagogical agents have inspired
educators to integratemessaging tools into teaching and learning in recent years. Coniam
evaluated several well-known language chatbots and concluded that, while they are not
yet reliable conversation partners, they have made significant progress, with three of the
five performings satisfactorily at the grammar level [20].

These broad proposals generate several specific questions that will be examined
in this paper, including the prospects for using AI chatbots for online learning in the
COVID-19 pandemic period, as well as the obstacles that the COVID-19 epidemic has
posed to online learning.

RQ1. What is the teacher’s perception of the challenges learners might encounter
when learning online?

RQ2. What is the teacher’s perception of the challenges teachers might encounter
when teaching online?

RQ3. What is the teacher’s perception of the opportunities for applying AI chatbots
in online learning?
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3 Methodology

3.1 Proposed Participants

COVID-19 outbreak period online teachers at Vietnamese universities, including one
or more teachers from the same university, will be among the recommended par-
ticipants. The ideas of novel AI chatbot approaches were introduced and demon-
strated in these online interviews with those participants to avoid misunderstanding
or miscommunication between both parties in which the author gives the interviews.

3.2 Procedure Design

The online classroom requires teachers to prepare digital teaching materials in advance.
Teachers organize class management through online platforms to distribute teaching
materials to the students outside the class. This study conducted interviews with the
teachers who were using this teaching approach during the COVID-19 outbreak. An
online interview was held by the author, and each interview’s response was recorded
by an application for the further coding process. Interview questions are open-ended
questions so that in-depth information could be collected. After the interviews, the author
reorganized the responses and coded them into common themes for further analysis.

4 Result and Discussion

An online interview has been conducted to verify the proposed research questions. Six
interviewees participated in the interview, as described in Table 1.

4.1 Challenges for Online Learning and Online Teaching

Many institutions around theworld, in both developing andwealthy countries, are having
difficulty implementing and adopting e-learning technologies. However, the problem is
not as severe in industrialized nations because most of their students have embraced and
are eager to use e-learning systems, and a significant step has already been taken toward
the deployment of online learning and e-learning [21]. Eltahir (2019) [22] claims that
the digital gap is a major impediment to the adoption and implementation of e-learning
in underdeveloped nations.

About previous related research (e.g., [23–29]), the current studies have supple-
mented their findings on the pedagogical, logistical, socioeconomic, technological, and
psychosocial online learn-ing challenges that students experience within the context of
the COVID-19 pandemic.

The following challenges for Online learning and Online teaching were listed after
screening all of the responses from the online interview (see Fig. 1: Common themes of
Challenges for Online learning and Online teaching):

1. Lack of infrastructure
2. Accessibility and Technology
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3. Lack of Readiness
4. Assessment & Examinations
5. Socioeconomic factors
6. Mental Health and personal wellbeing
7. Online Security Issues and Human and pets intrusions
8. Digital competence;

Fig. 1. Common themes of challenges for online learning and online teaching

Lack of Infrastructure
Poor infrastructural networks, a shortage of produced material, and a lack of ICT skills,
according to [30], have all hampered the adoption of e-learning in developing nations.
Digital infrastructure, bandwidth, and licensed software applications are all major chal-
lenges for academic institutions [31]. Schools and universities in poor nations, such as
Vietnam, confront numerous obstacles, including a lack of infrastructure, materials, and
adequate facilities, to take full use of online education. Infrastructure and online access
are necessary for the transition from physical to virtual classes [32].
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Accessibility and Technology
Internet Speed in ASEAN in 2021

Thewebsite Speedtest published the Speedtest Global Index (March 2021) as follows
(Fig. 2):
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As we can see on the datasets of Internet Speed in ASEAN in 2021, there are only
two countries that have Broadband Internet Speeds faster than the Global Average Speed
of 98.67Mbps (Singapore and Thailand) and only Singapore hasMobile Internet Speeds
faster than the Global Average Speed of 48.40 Mbps. In poor nations, not everyone may
be able to afford access to technology, and approximately 80% of students may continue
to lack access to computers and the internet, as well as the need for inexpensive, durable
equipment for rural students. Online learning in its entirety is dependent on technological
devices and the internet, instructors, so as the result, those students with bad internet
connections are liable to be denied access to online learning.

Thus, some technical criteria of online learning may be difficult to meet for students
with obsolete technology gadgets. Students with accessibility issues may have trouble
following directions. For example, When the instructor stated on the course announce-
ment page that there will be no class on a particular date, a student nonetheless emailed
to inquire whether the class would be held on that date.

Lack of Readiness
It was found that teacherswere not immediately prepared for thismassive shift in the edu-
cational landscape, as they faced unequal access to technological tools, digital resources,
internet connectivity issues, and distractions and the majority of teachers lacked the dig-
ital skills required for online education, which was quite in line with Musfasa ‘s findings
[33]. Students believe that faculty and the institution were not prepared for the online
environment into which they have been thrown, and this has led to an uncomfortable
situation for everyone involved [34]. For example, the survey indicated that most stu-
dents had a favorable opinion of e-learning [35]. In addition to Alison, the UCCMoodle
platform and Google Classroom are all well-known e-learning tools to them. It is also
important to note that they prefer to use social media platforms like WhatsApp and
Zoom as well as their smartphones and laptops as e-learning equipment for university-
sponsored remote learning or teaching. There was a strong unfavorable reaction from
them to online education. It was difficult for them to adapt because they had never had
any experience with online learning or teaching (lacked training and experience).

Teachers have to build their lessons on the assumption that students would enroll in
an online course and be fully prepared to profit from the materials [36–38]. A significant
amount of work is being placed on schools’ and universities’ ICT departments as a
result of the abrupt and dramatic shift to digital platforms and integration of external
applications.

Assessment and Examinations
Assessment problems and ethical concerns are possible outcomes of online assessments
of traditional exams. It is possible that this is due to a lack of adequate technical infras-
tructure, particularly in developing countries; students’ unfamiliarity with hardware and
software and the assessment process in general; scoring challenges; and difficulty in
assessing group projects in particular. In online learning, evaluations are frequently
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administered online, limiting educators to proxy monitoring of students and making it
impossible to supervise and manage to cheat.

Socio-economic Factors
As a result of inequality in the socioeconomic status of students, some rely on the
computer and free internet in school [39], it is undeniable that students with a low
socioeconomic background will find it difficult to migrate as quickly as anticipated
given that they cannot attend school because of the pandemic. As the amount of poverty
in a community rises, the rate of internet connectivity plummets, and as a result, students
without or with limited socioeconomic resources to afford an internet connection are
most susceptible to falling behind in online learning. Faculty from low- and middle-
income countries are often hesitant to teach online courses because they lack expertise
and training in remote instruction, not to mention the ability to produce high-quality
online courses [40].

Digital competence is the combination of abilities, knowledge, and attitudes
required while utilizing ICT and digital devices to carry out tasks, such as problem-
solving, information management, and collaboration about effectiveness, efficiency, and
ethics [41]. Students and teachers with inadequate digital skills are likely to fall behind
in online learning.

Otherwise, faculty members and instructional designers must implement creative
pedagogical strategies and practices to improve student learning to better prepare our
students for the increasing complexity of digitization (study, work, teach, language,
volunteer abroad, international student services, and career services). When utilizing
ICTs in the classroom, students must adopt and apply new learning skills and capabilities
[42].

Mental Health and Personal Well-Being
TheCovid-19pandemic has greatly impacted thewell-being andmental health of instruc-
tors and students around the world, including an increase in the risk of burnout. The
analysis of the current studies’ data revealed several additional issues. One of these
issues was that some participants struggled with excitement during online classes [43].
In a global survey, COVID-19 affected the mental health of 90% of trainees, while
Ashry et al. calculated that over 60% of Egyptians suffered burnout symptoms during
the epidemic. The delay in reopening educational institutions negatively affected the
emotional health and academic performance of students [44]. During online learning,
students encountered numerous issues, such as mental health, anxiety, and loneliness.
According to [43], some participants claimed that they lacked sufficient self-motivation
for a variety of reasons ranging from personal to financial to professional, even though
self-motivation is an essential component for successful learning whether in an online
or traditional classroom.

Online Security Issues and Human and Pets Intrusions
Platforms, software, and apps utilized by online academics are equally susceptible to
security breaches. Human and pet intrusion, on the other hand, refers to the unexpected
appearance or interruption of family members, friends, and/or pets that may disrupt or
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divert the focus of online learning participants during the online teaching or learning
process.

According to the results of the online interview, several teachers indicated that they
and their students are frequently distracted by noise, family members, or pets. Moreover,
Vietnam is notorious for its severe light pollution and sound pollution, especially during
the day, when individuals join the traffic in their cars or scooters and may honk more
than those in nations like Taiwan. In this situation, both the teacher and the student found
it extremely difficult to concentrate during online classes.

4.2 AI Chatbot for Learning

Table 1. General information of the interviewee.

No. Participant Teaching institution Teaching period Current teaching subject

1 A Industrial University of Ho
Chi Minh city

3 yrs Foreign Languages

2 B Industrial University of Ho
Chi Minh city

3 yrs Foreign Languages

3 C Industrial University of Ho
Chi Minh city

10 yrs Foreign Languages

4 D Industrial University of Ho
Chi Minh city

3 yrs Business Administration

5 E Ho Chi Minh City University
of Food Industry

6 yrs Marketing Management

6 F Viet Nam Maritime
University

4 yrs Finance and Accounting

The first session of the interview is intended to acquire general information about the
interviewees. While the second and third sessions collect the respondents’ perspectives
on the difficulties they encountered throughout the online teaching process, the issues
their pupils encountered while online learning, and their ideas on the implementation of
AI chatbot approaches in education.

The results of the interview indicate that five interviewees have never used an AI
chatbot in their classroom, whereas one interviewee has used an AI chatbot during
a lockout for their online language lesson. Moreover, all six interviewees believed that
implementing AI chatbots in the online learning process is a smart strategy. They believe
that accommodating learning activities and encouraging higher-order thinking, student
autonomy, and learning effectiveness will benefit both teachers and students. The con-
textual learning environment based on the LINE ChatBot greatly enhanced the learners’
English speaking and listening skills, according to a study by Chien et al. (2022) [45].
Furthermore, the study by Shadiev et al. (2020) [46] revealed that the SELT group
outperformed the STR group, this study was conducted to investigate whether speech-
to-text recognition (STR)-texts versus speech-enabled language translation (SELT)-texts



510 P. M. Linh et al.

impose any cognitive load on the students. In the study in 2020, the authors used speech-
enabled language translation (SELT) during lectures in a foreign language anddiscovered
that the SELT texts were the most helpful for student learning in comparison to other
approaches, according to Shadiev et al. (2020) [47]. In the study by Cheng et al. (2022)
[48], the authors created a dynamic associative conceptmap (DACM) and Internet article
retrieval agent. They then experimented to compare students’ learning behaviors while
using this system and the Google search engine, and the results revealed that students
using the agent made significantly more progress in their learning than students using
the search engine.

According to interview B, who has experience with AI chatbots in their online
English class, their class was designed with two sections: lecture and practice. In the
lecture section, the teacher introduced briefly to the students in the online class the
contents of that day, and students could share their homework with the class. After that,
the teacher began delivering the vocabulary and grammar of the day. Furthermore, in
the practice section, after the instructions of the teacher, the students tried to complete
the tasks on time. And at the end of the class, they have to share their feedback with the
class. Normally, the students have the following tasks: (1) interacting with Replika, an
AI chatbot, while learning new vocabulary and grammar; (2) practicing reading skills by
reading “the diary section” and writing skills by writing their own; (3) using the Andy
App for vocabulary tasks, with 5 new words added daily; and (4) students must prepare
five new words to present in class using Andy.

If they can utilize the applications, it can be helpful to solve the lack of infrastructure,
accessibility, and technology; lack of readiness; mental health and personal wellbeing;
and lack of infrastructure, aswell as digital competence.With the help of theAI chatbot in
the online class, students can practicewith the chatbot before giving feedback to the class,
so their anxiety could be reduced and they could be more well-prepared. Furthermore,
the applications provide both website and mobile app versions, giving students a variety
of options for easily accessing the applications regardless of an unstable connection or
a lack of devices. Overall, the students could improve their performance in general.

In addition, they intend to implement these exciting ways because the learning pro-
cesses of kids will vary. However, they stress the additional effort teachers must perform
to build suitable chatbot apps for the courses, the training for students before usage,
and the possibility that the efficacy of this strategy may depend on the engagement and
readiness of both teachers and students.

5 Conclusions

Following a thorough analysis of the literature, this study determined that Pandemic
COVID-19 has a considerable impact on online education as well as students in devel-
oping countries, particularly those in Southeast Asia. Lockdowns of learning centers
around the globe have wreaked havoc on academia, but the unequal disruption of learn-
ing,with significant disruptions in internal assessments and qualification examinations in
developing countries like ASEAN, compounded by a compromised educational system,
as evidenced by the preference for even questionable foreign degrees, has affected every-
one equally. On the other hand, COVID-19 is boosting the case for online academics,
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and developing nations, such as those in Southeast Asia, are well-positioned to construct
trustworthy, cost-effective, and secure online academic systems. Time, the availability of
money, and the combined efforts of influential parties can determine whether something
will be a blessing or a disaster. Overall, COVID-19 has challenged education systems
and threatened to reverse the hard-earned improvements in learning across the region.
And it has also challenged us to re-imagine and innovate.
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Abstract. The popularization of the internet and the rapid development of intel-
ligent technologies have inspired new directions in education policies. In the cur-
riculum guidelines, the technological education field had included exploration,
creative thinking, logic, computational thinking, and problem-solving skills. The
study utilized board games, Kolb learning styles scale, and computational think-
ing test as experimental tools. Incorporating easy board games into teaching pro-
gramming skills such as “loop” and “conditionals”, the study aimed to explore the
effects of board game-based learning methods have on students of different learn-
ing styles learning computational thinking. The study will discuss Kolb Learning
style scales and examine learners’ styles, dividing them into diverger, assimila-
tor, converger, and accommodator while conducting test and quantitative analysis
after the experiment. The study concludes the following findings: (1) The use of
board games in teaching has a significant effect on the learning units of “loops”
and “condition” in the learning of computational thinking, indicating that the use
of board game for learning the concepts of “loops” and “condition” in program-
ming can enhance computational thinking. (2) Students of different learning styles
did not have a significant effect in learning the units of “loop” and “condition”
concepts regarding computational thinking. However, students of the assimilator
type have greater learning efficiency than other types.

Keywords: Board games · Learning styles · Computational thinking ·
Programming learning

1 Introduction

As a citizen of the modern society, it is our responsibility to adapt to the living of the
new age and master the ability to control, analyze and apply technology [1]. Every
child needs to be educated in the field of technology, enabling them to have a basic
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understanding of technology and further cultivate their practical usage and creativity
of technological tools through practice while enhancing students’ creative thinking,
logic, computational thinking and problem solving skills. Thus, though establishing the
field of technology, combining technology and engineering into a single field to create
curriculums, enhancing students’ hands-on experiences and integrating knowledge of
other fields, such as science, technology, engineering, mathematics, etc. [2].

The courses of the technology field aims to assist students to: (1) acquire basic
technological knowledge and skills and cultivate a correct attitude and work habits. (2)
Apply technological knowledge to create, design, criticize, logicize and compute. (3)
Integrate theory and practical application to solve problems. (4) Understand the tech
industry and its future trends. (5) Inspire interests in technological R&D, regardless of
gender, and preparing them for future careers. (6) Understand the interactions between
technology, individuals, society, environment and culture while reflecting upon its rela-
tionship and issues [2]. Board game-based research has an increasing trend in recent
years, many studies alluded to their edutainment properties, hoping that when teaching
professional knowledge, teachers can utilize this kind of method to help students under-
stand different principles and facts, as if playing a board game. An example is the Law
of the lever, through understanding fulcrums, points of forces, and pivot, students can
understand what methods they can use to exert less force and apply them to mechanical
tools and daily life experiences. Besides learning, many theories proposed that playing
board games can aid emotional management, social and work performances while also
developing creativity in children.

The questions of this study are as follows: (1) Does the use of board games in pro-
gramming teaching have any learning effectiveness of the concept of “general”, “loop”
and “condition” in computational thinking? (2) Do students with different learning styles
have any influence on the learning effectiveness of the concept of “general”, “loop” and
“condition” in computational thinking?

2 Literature Review

Learning style meant the habitual behavior of an individual during the learning process.
The [3] also referred to learning style as learning preference, which meant students’
needs of their study goals and the learning methods they use for acquiring knowledge in
fields such as science, arts, and skills. Learning styles encompassed many aspects, from
the preference for the abstract culture of texts, language, architecture, food, tools, skills,
knowledge, traditions and arts to the physical environment of sound, light, electricity
and heat, even as far as the differences in the fundamental differences in personality
traits. The [4] proposed that wen learners would develop unique learning styles when
exposed to the elements around them when they were young. Learners will then develop
habits from practice and will continue using the same method to learn. There are many
ways to interpret learning styles, from the perspective of a researcher or teacher to which
method or environment does the learning take place so that they can benefit learners. It is
even possible to discover more ways to explain learning styles. However, it is ultimately
up to teachers and educators to adapt and decide which method can achieve the desired
outcome for the students.
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The [5] divided learning styles into four different categories: diverger, assimilator,
converger and accommodator. Divergers have greater imagination and comprehension
abilities, they are more perceptive and better at observing the context to facilitate their
learning. Assimilators can reason better, they prefer a simple and logical way of thinking.
Convergers prefer practical hands-on experiences, acquiring knowledge through exper-
iments. Accommodators can adapt easily, they enjoy accomplishing objectives through
cooperation and learn from their mistakes. Kolb’s experiential learning theory empha-
sized that learning is not a result, but a process of educational meaning. It reflects the
purpose of education is to encourage the use of all types of learning so that they can be
applied in different scenarios [6].

The [7] considered computational thinking is equally important as listening, speak-
ing, reading and writing, and applicable to not just computer scientists but everyone.
Computational thinking can transform a difficult problem to one resolvable through
reduction, embedding, transformation or simulation. The [8] proposed computational
thinking as a way to analyze thinking, such as how mathematical thinking is used to
solve calculations, or the application of engineering thinking in solving a big and com-
plex systematic problem and even the use of scientific thinking in explaining human
behavior and thinking. The [9] researched the effects of robotic programming on learn-
ers’ computational thinking abilities and learning attitudes towards STEM. The study
reported results that indicated experimental group learners had great improvements over
the control group in computational thinking grades.

3 Research Method

The study utilized a one-group pretest-posttest experimental design. Incorporating board
games into teaching “loop” and “conditionals” on programming courses, the study dis-
cussed their effects on the learning efficiency of computational thinking and further
explored its effects on students of different learning styles. The subject of this experi-
ment were 37 students of one university in central of Taiwan who took the programming
learning on computer network courses. The study designed learning activities and course
material based on the coding card game Potato Pirates. The game contained program-
ming languages such as “for, while, if..else”, capable of enhancing learning efficiency
of college students regarding computational thinking. Prior to the game-based activity,
learnerswill first take basic courses to understand the programs. Combining board games
with the university’s computer network course, the activity will last 3 classes, a total of
150 min. Prior to the activity, researchers and teachers will explain the rules and content
of the upcoming activity and have the students take a 15 min pretest and learning style
test to categorize students into divergent, assimilative, convergent and accommodative.
The introduction of the board game takes around 15min; the students will spend 110min
playing the game. Each group will contain 3–6 players while each game takes around
20–30 min. This translates to each player being able to play 3–6 rounds. After the learn-
ing activity has been concluded, the 10-min posttest will commence, then the study will
collect the tests and scales to process and analyze (Fig. 1).
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Fig. 1. Experimental process

The aspects and features that determine the choice of board games are: (1) The game
itself is interesting. (2) The game is not overly expensive. (3) The game ismodifiable in its
mechanics and difficulty to suit newer players. This board game contained programming
language such as “for, while, if..else” while also providing other cards, accessories and
tutorial pictures. The study chose Potato Pirates, an American programming board game
developed by Thinkfun after considering the price and difficulty of the game as shown in.
Established in 1985, Thinkfun put all of its focus on creating educational games. They
have provided the market with many educational products, giving children different
games on learning different abilities while establishing themselves as a famous brand in
the market (Fig. 2).

Fig. 2. Board game of “Potato Pirates”

4 Experimental Analysis and Results

To determine whether different learning styles will affect the learning of computational
thinking, the study will have students fill in Kolb learning styles scale and divide stu-
dents into diverger, assimilator, converger and accommodator based on the results. The
present study set board game-based learning as independent variable, learning styles
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as moderation and posttest scores as dependent variable to perform one-way ANOVA,
discussing how using board games can affect students of different learning styles on
learning computational thinking.

4.1 Discuss the Learning Effect of “General” Unit in Learning Styles

According to Table 1, there are 9 accommodators, 9 divergers, 10 assimilators ad 9
convergers in this analysis. Accommodators’ general scores averaged at 76.67, SD =
21.21. Divergers’ general scores averaged at 74.44, SD = 18.10. Assimilators’ general
scores averaged at 78.00, SD= 18.14. Convergers’ general scores averaged at 67.78, SD
= 24.38. According to Table 2, “General” ANOVA reported no significant difference,
hence exists a possibility for null hypothesis, F = .450, p = 0.719 > 0.05. Divergent,
assimilative, convergent and accommodative all did not exhibit significant difference in
terms of “general” computational thinking, hence no need for post hoc analysis.

Table 1. Descriptive statistics of “General” unit in learning styles

Learning style N Average S.D. S.E.

Accommodative 9 76.67 21.21 7.071

Divergent 9 74.44 18.10 6.03

Assimilative 10 78.00 18.14 5.73

Convergent 9 67.78 24.38 8.13

Total 37 74.33 20.07 3.30

Table 2. ANOVA summary table of different teaching styles’ learning efficiencies on “General”
unit

Source SS df MS F Significance

Between groups 570.33 3 190.11 .450 .719

In groups 13937.78 33 422.36

Total 14508.11 36 Ss

*p < .05, **p < .01, ***p < .000

4.2 Discuss the Learning Effect of “Loop” Unit in Learning Styles

According to Table 3, there are 9 accommodators, 9 divergers, 10 assimilators ad 9
convergers in this analysis. Accommodators’ “loop” scores averaged at 86.67, SD =
18.54. Divergers’ “loop” scores averaged at 81.11, SD = 22.05. Assimilators’ “loop”
scores averaged at 77.50, SD = 26.38. Convergers’ “loop” scores averaged at 77.78,
SD = 24.64. According to Table 4, “Loop” ANOVA reported no significant difference,
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hence exists a possibility for null hypothesis, F = .310, p = 0.818 > 0.05. Divergent,
assimilative, convergent and accommodative all did not exhibit significant difference in
terms of “loop” computational thinking, hence no need sfor post hoc analysis.

Table 3. Descriptive statistics of “Loop” unit in learning styles

Learning style N Average S.D. S.E.

Accommodative 9 86.67 18.54 6.18

Divergent 9 81.11 22.05 7.35

Assimilative 10 77.50 26.38 8.34

Convergent 9 77.78 24.64 8.21

Total 37 80.68 22.52 3.70

Table 4. ANOVA summary table of different teaching styles’ learning efficiencies on “Loop”
unit

Source SS df MS F Significance

Between groups 501.164 3 167.055 .310 .818

In groups 17756.944 33 538.089

Total 18258.108 36

*p < .05, **p < .01, ***p < .000

4.3 Discuss the Learning Effect of “Condition” Unit in Learning Styles

According to Table 5, there are 9 accommodators, 9 divergers, 10 assimilators ad 9
convergers in this analysis. Accommodators’ conditionals scores averaged at 83.33, SD
= 25.00. Divergers’ conditionals scores averaged at 77.78, SD = 15.02. Assimilators’
conditionals scores averaged at 90.00, SD = 17.48. Convergers’ conditionals scores
averaged at 66.67, SD = 25.00. According to Table 6, “Condition” ANOVA reported
no significant difference, hence exists a possibility for null hypothesis, F = 2.072, p =
0.123> 0.05. Divergent, assimilative, convergent and accommodative all did not exhibit
significant difference in terms of “conditionals” computational thinking, hence no need
for post hoc analysis.



520 H.-C. Liu et al.

Table 5. Descriptive statistics of “Condition” unit in learning styles

Learning style N Average S.D. S.E.

Accommodative 9 83.33 25.00 8.33

Divergent 9 77.78 15.02 5.01

Assimilative 10 90.00 17.48 5.53

Convergent 9 66.67 25.00 8.33

Total 37 79.73 21.92 3.60

Table 6. ANOVAsummary table of different teaching styles’ learning efficiencies on “Condition”
unit

Source SS df MS F Significance

Between groups 2741.742 3 913.914 2.072 .123

In groups 14555.556 33 441.077

Total 17297.297 36

*p < .05, **p < .01, ***p < .000

5 Conclusions

Effects of different learning styles had on the “general” concept of computational think-
ing judging from the foregoing data, it can be inferred that all four styles of learning did
not have significant differences on the game-based computational thinking learning, this
however did not exempt them from having any influences. Due to ANOVA results, post
hoc analysis can be ignored. Even while examining post hoc analysis, the data suggested
no significant differences exist between all four styles. Nevertheless, when viewed in
terms of learning the “general” concept, convergers performed better than the other three
types. Effects of different learning styles had on the “loop” concept of computational
thinking. It can be inferred from the data analysis that all four styles did not have signif-
icant differences. However, even when examining the post-hoc analysis, all four styles
also did not have differences in terms of learning the “loop” concept. Effects of different
learning styles had on the “conditionals” concept of computational thinking. It can be
inferred from the data analysis that all four styles did not have significant differences, this
however did not exempt them from having any influences. Even while examining post
hoc analysis, the data suggested no significant differences exist between all four styles.
Nevertheless, when viewed in terms of learning the “conditionals” concept, convergers
performed better than the other three types.
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