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Editorial Statement 
 

It is my great pleasure, as Editor-in-Chief of the International Journal of 
Industrial Education and Technology (IJIET), to present Volume 8, Issue 1 (2026). 
This issue highlights current research and scholarly discussions in the fields of 
Educational Technology and Technological Education. The published works are 
organized into five thematic areas: Agricultural Education, Environment and 
Technology, Architecture and Design Technology, Educational Technology, 
Engineering and Industrial Technology, and Space Science and Technology. 

IJIET publishes a variety of scholarly contributions, including review 
articles, book reviews, and original research articles. In this issue, the featured 
review article is entitled “Cyber Security Measures in Tokyo 2020 Olympic 
Games: A Case Study,” while the book review examines “Agricultural 
Learning Centers in Schools.” In addition, this volume contains a collection of 
high-quality research articles contributed by distinguished scholars and professionals 
who generously share their research findings, insights, and experiences. I warmly 
invite our readers to explore the diverse and valuable content presented in this 
issue. I hope that the articles stimulate new ideas, encourage further research, and 
contribute to the advancement of knowledge and professional practice in these 
important fields. 

On behalf of the Editorial Board, I would like to express my sincere gratitude 
to our authors, reviewers, readers, and supporters for their continued trust and 
contributions to the journal. Your support plays a vital role in maintaining the quality 
and growth of IJIET. We welcome your comments, feedback, and suggestions 
regarding this issue and the journal as a whole. Your valuable input will help us 
continue to improve and better serve the academic and professional communities. 

 
With best regards, 
 

 
 
 

 
Associate Professor Dr. Prasert Kenpankho, D.Eng. 
Editor-in-Chief  
International Journal of Industrial Education and Technology (IJIET) 
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     ABSTRCT  

This article reviews the cyber security measures and strategies used in Tokyo 2020 from its official 
report, an academic article, and some security guidelines. The topic includes basic risk management 
policies, risk assessment, security working units and personnels, cyber security measures before and 
during the Games, and conclusion on the success factors.  
 
Keywords:  Cyber security, Risk assessment 
 
I. INTRODUCTION 
     Organizing a gigantic event like Tokyo 2020 Olympic Games requires extremely rigorous planning, 
especially in terms of risk management. There are several risk categories to be considered, such as 
the weather, the crowd, the logistics, or even the terrorist attack. There is, however, another kind of 
risk that is equally, if not more, difficult to manage, the risk of cyber-attacks.  
     This article reviews the cyber security measures and strategies used in Tokyo 2020 from its official 
report, an academic article, and some security guidelines. The topic includes basic risk management 
policies, risk assessment, security working units and personnels, cyber security measures before and 
during the Games, and conclusion on the success factors.  
 
II. BASIC RISK MANAGEMENT POLICIES 
     From the official report, there are five basic risk management policies as follows (The Tokyo 
Organizing Committee of the Olympic and Paralympic Games, 2022). 

1) Operating the Games Safely 
2) Completing the Games as Planned 
3) Preserving the Social Reliability of the Tokyo 2020 Organizing Committee 
4) Operating the Games through Appropriate Finance 
5) Achieve the Satisfaction of All Relevant Parties of the Games 
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III. RISK ASSESSMENT 
     In the official report of Tokyo 2020, risk assessment for cyber security consists of risk 
identification and risk evaluation (The Tokyo Organizing Committee of the Olympic and 
Paralympic Games, 2022). The risk identification part identifies prioritized risks and records 
them into a risk register. However, to be more precise, risk assessment is defined by ISO/IEC 
27000:2018 as consisting of risk identification, risk analysis, and risk evaluation, as shown in 
Figure 1. 
 

 
Figure 1: Definitions of key terms 

Source: Information-Technology Promotion Agency, Japan (2022, p. 3) 
 

     The functional areas of risk management (RSK) proposes the same set of generic attack 
scenarios for all venues, but they are customizable for each in terms of possibilities of damage 
and loss. This enables unique identification for each venue while maintaining consistent risk 
management across all venues.  
 
IV. FORMING SECURITY WORKING UNITS AND PERSONNELS 
     Several security working units are formed. They coordinate with one another to ensure that 
the security policies are met (The Tokyo Organizing Committee of the Olympic and 
Paralympic Games, 2022). 
 

1) Security Bureau (SEC) was founded to implement security planning and system  
     considerations at early stages. 
2) Chief Security Officer (CSO) has jurisdiction over total crisis management for the 
3) Tokyo 2020 organizing committee. 
4) Security Operation Center (SOC) 
5) Technology Operation Center (TOC) 
6) Security Coordination Center 
7) Cyber Security Response Coordination Center 
8) Security Information Center 
9) Computer Security Incident Response Team (CSIRT) 
10) Chief Information Security Officer (CISO) 

 
V. CYBER SECURITY MEASURES 
      Cyber security measures of Tokyo 2020 are divided into two stages, before the Games and 
during the Games. 
     A. Before the Games   
As preparation before the Games, four types of security measures are taken as follows  
(The Tokyo Organizing Committee of the Olympic and Paralympic Games, 2022). 

1) Cyber security exercises: Training, network- based e- Learning training and “ awareness 
training,” are conducted. The awareness training includes training on dealing with 
targeted email cyber- attacks.  For cyber-attacks on critical systems, tabletop exercises 
are carried out with various simulated scenarios. This involves several participating 
bureau staff.  
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     2) Cooperation with relevant authorities: Those authorities include the Cabinet Secretariat  
         Olympic and Paralympic Games Tokyo 2020 Promotion Management Team, the  
         National Centre of Incident readiness and strategy for cyber security (after “NISC”),  
            and the Tokyo Metropolitan Government Office for Strategic Policy and ICT Promotion.  
         The collected and analyzed information on threats was shared with stakeholders such as  
          the IOC, OBS, marketing partners, and related functional areas. 
     3) Venue cyber security support: The targets of cyber-attacks include not only the information  
          systems (IT) but also the operational technology (OT) such as central monitoring control  
          systems, as well as power and air conditioning monitoring control installed in facilities. 
          Both permanent (legacy) systems and temporary (overlay) systems are protected.  
          Checklists are created to specifically address cyber security concerns. 
     4) Establishing the security operation center (SOC) 
 

 
 

Figure 2: Authentication errors observed in back-office network environments 
Source: The Tokyo Organizing Committee of the Olympic and Paralympic Games (2022, p. 267) 

 
     B. During the Games 
     The Security Operation Center (SOC) established within the Technology Operation Center 
(TOC) is used for monitoring networks and various information systems. It also operated a system 
of coordination through real-time chains of communication between key broadcasting 
stakeholders. The SOC also worked to fine-tune security solutions and improve technician 
proficiency through four field training exercises, two large-scale comprehensive technology 
training exercises, and three disaster recovery training exercises (The Tokyo Organizing 
Committee of the Olympic and Paralympic Games, 2022).  
     The issues observed during the Tokyo 2020 Games includes many cases of authentication 
errors in back-office environments reported to be password brute force attacks using IP 
addresses from participating countries as shown in Figure 2. There are also many security 
incidents on networks including sport networks, back-office networks, and stakeholder 
networks, as well as on the official website and mobile apps. A total of 450 million security 
incidents were blocked (The Tokyo Organizing Committee of the Olympic and Paralympic 
Games, 2022). 
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Figure 3: Blocked telecommunication in the server environment of the official 
website/mobile applications 

Source: The Tokyo Organizing Committee of the Olympic and Paralympic Games (2022, p. 267) 
 
VI. CONCLUSION: THE SUCCESS FACTORS 
     The official report of Tokyo 2020 summarizes a few success factors that make cyber 
security measures a success, i.e., there is no cyber-attack incident significantly impacting the 
event. We mention those factors here in terms of action taken, rather than the personnels involved, as 
follows (The Tokyo Organizing Committee of the Olympic and Paralympic Games, 2022). 

1) Deployment of cyber security experts as the Internal Staff of the Organizing   
    Committee: These experts are involved in implementation of information security      
    management systems from the start, e.g., establishing necessary regulations and  
    procurement rules. 
2) Improvement of the architectural design of the information systems and  
    telecommunication networks 
3) Proactive security measures 
4) Field training exercises and security audits 
5) Cooperation with the government and other relevant authorities 
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       ABSTRCT  
     This book review critically examines Agricultural Learning Centers in Schools by Wathana 
Saduak and Amporn Saduak, a publication that presents a comprehensive framework for 
establishing and managing school-based agricultural learning centers. The review evaluates the 
book's conceptual foundation, pedagogical approaches, organizational structure, practical applications, 
and contribution to agricultural and industrial education. The analysis is informed by contemporary 
educational perspectives, including experiential learning, competency-based education, learner-
centered pedagogy, and Education for Sustainable Development (ESD). The review finds that the 
book successfully integrates educational philosophy with practical implementation by presenting 
agricultural learning centers as authentic learning environments where students develop 
knowledge, practical competencies, leadership, problem-solving abilities, and environmental 
responsibility through meaningful learning experiences. Its systematic organization, comprehensive 
instructional guidance, and emphasis on project-based learning and community participation 
make the book a valuable resource for teachers, teacher educators, curriculum developers, 
school administrators, and researchers. Furthermore, the book demonstrates how agricultural 
learning centers can function as living laboratories that promote sustainable education and 
lifelong learning. Although future editions could further strengthen the discussion by incorporating 
recent developments in smart agriculture, precision agriculture, artificial intelligence, digital 
learning technologies, and international comparative perspectives, these recommendations 
represent opportunities for future enhancement rather than limitations of the current publication. 
Overall, the book makes a significant contribution to agricultural teacher education and 
provides a practical and scholarly reference for developing innovative, competency-based, and 
sustainable agricultural learning environments within contemporary educational contexts. 
 
Keywords:  Agricultural learning centers, School-based agricultural education,  
Experiential learning, Sustainable education, Agricultural teacher education 
 
I. INTRODUCTION 
     Agricultural education plays a pivotal role in equipping learners with the knowledge, 
practical competencies, and professional attitudes required to address the increasingly complex 
challenges of food security, environmental sustainability, and rural development. In Thailand, 
agricultural education has continuously evolved in response to changing social, economic, 
technological, and environmental conditions, requiring educational systems that integrate 
innovation, experiential learning, and sustainable development (Siriwan, 2014, pp. 45-56; 
OECD, 2018, pp. 3-6; UNESCO, 2020, pp. iii-5). As education systems increasingly shift from 
content-based instruction toward competency-based and learner-centered approaches, 
authentic learning environments have become indispensable for fostering meaningful learning 
experiences. Among these, school-based agricultural learning centers provide valuable opportunities 
for students to integrate theoretical knowledge with hands-on practice, thereby enhancing 
critical thinking, problem-solving, collaboration, and lifelong learning competencies. 
These characteristics position agricultural learning centers as essential components of Education for 
Sustainable Development (ESD) and twenty-first-century education (FAO, 2022, pp. iv-vi; 
UNESCO, 2020, pp. iii-5). 
     Previous scholarship has further emphasized that meaningful learning occurs when students 
actively engage with authentic tasks situated in real-world contexts rather than relying solely 
on classroom-based instruction. Previous studies have consistently emphasized that effective 
agricultural education should integrate theoretical knowledge, practical experiences, and 
competency development to prepare learners for professional practice (Poungsuk, 2026, pp. 24-46; 
Kolb, 2015, pp. 31-50; Roberts & Ball, 2009, pp. 84-90). This perspective is consistent with the 
long-established philosophy of agricultural education, which recognizes farm work and authentic 
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agricultural experiences as fundamental components of effective teaching and learning 
(Siriwan, 1989, pp.133-136).  Experiential learning theory proposes that knowledge is created 
through the transformation of experience, enabling learners to integrate concrete experiences 
with reflective observation, conceptual understanding, and active experimentation (Kolb, 2015, 
pp. 31-50). Likewise, school-based agricultural education has increasingly been recognized as an 
effective pedagogical approach for developing technical competencies, problem-solving skills, 
leadership, and career readiness through hands-on learning experiences. Recent studies 
further demonstrate that experiential learning within agricultural education enhances learner 
engagement, practical competence, and the application of knowledge in authentic educational 
settings (Banige et al., 2026, pp. 15-33). Moreover, the Education for Sustainable Development 
(ESD) framework advocates learner-centered, action-oriented, and transformative pedagogies that 
empower students to address sustainability challenges through participatory and experiential 
learning (UNESCO, 2020, pp. 13-15). Collectively, these perspectives suggest that agricultural 
learning centers represent more than instructional facilities; they function as dynamic learning 
environments where theory, practice, community participation, and sustainable development are 
meaningfully integrated. 
     Despite the growing body of literature on experiential learning and agricultural education, 
relatively few publications provide comprehensive guidance that systematically integrates 
educational philosophy, instructional design, practical implementation, learner assessment, 
project-based learning, and academic agricultural activities within a single resource. In this 
context, Agricultural Learning Centers in Schools by Saduak and Saduak (2024, pp. 78-89) 
makes a valuable contribution by presenting an integrated framework for establishing and 
managing school-based agricultural learning centers. The book effectively integrates the 
theoretical foundations of agricultural education with practical strategies for designing learning 
environments, organizing instructional activities, developing students' practical skills, implementing 
project-based learning, and promoting agricultural academic activities (Saduak & Saduak, 
2024, pp. 90-126). Furthermore, the authors emphasize the role of agricultural learning centers 
as living laboratories that encourage authentic learning, community participation, and competency 
development, thereby aligning with contemporary educational paradigms that advocate learner-
centered, experiential, and sustainable education (Saduak & Saduak, 2024, pp. 90-139). 
This perspective is also consistent with previous studies highlighting the transformation of 
agricultural learning centers into innovative educational environments that support digital 
learning, lifelong learning, and community engagement in the twenty-first century (Poungsuk, 
2018, pp. 1-7). 
     The purpose of this book review is to critically examine Agricultural Learning Centers in 
Schools by evaluating its conceptual foundation, pedagogical approaches, organizational structure, 
practical applications, and overall contribution to agricultural and industrial education.  
The review further discusses the book's strengths, identifies areas for future enhancement, 
and considers its significance for teachers, teacher educators, curriculum developers, school 
administrators, and researchers interested in competency-based agricultural education and 
sustainable learning environments. 
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II. OVERVIEW AND CRITICAL ANALYSIS OF THE BOOK 
      1. Overview of the Book 
         Agricultural Learning Centers in Schools is a comprehensive academic and practical 
resource that addresses the development and management of agricultural learning centers 
within school settings. Written by Wathana Saduak and Amporn Saduak, the book presents an 
integrated framework that combines the philosophy of agricultural education, instructional 
design, practical skill development, project-based learning, and academic agricultural activities 
into a coherent educational model. Rather than focusing exclusively on agricultural production, 
the authors position agricultural learning centers as dynamic educational environments that 
promote experiential learning, competency development, and community engagement. 
     The book is systematically organized into seven major sections, beginning with the 
fundamental concepts of agricultural education and the role of learning resources in schools. 
It subsequently introduces the theoretical foundations for establishing agricultural learning 
centers, followed by practical guidance on designing learning spaces, organizing instructional 
activities, developing students' practical skills, implementing project-based learning, 
and promoting agricultural academic activities. This logical progression from educational 
theory to classroom implementation enables readers to understand not only the conceptual 
rationale behind agricultural learning centers but also the practical procedures required for 
successful implementation. 
 

 
Figure 1: Framework of agricultural learning centers presented in the book 

Source: Developed by the reviewer based on Saduak and Saduak (2024, pp. 78-126). 
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     Figure 1 synthesizes the educational framework presented throughout the book. Rather than 
depicting agricultural learning centers solely as physical facilities, the framework illustrates a 
holistic educational system that integrates educational philosophy, experiential learning, practical 
skill development, community engagement, project-based learning, competency development, 
and sustainable education. The figure also highlights the continuous roles of reflection, evaluation, 
and resource management in supporting effective learning environments. This conceptual 
framework demonstrates that agricultural learning centers function as dynamic educational 
ecosystems rather than isolated instructional resources. 
     One of the distinguishing characteristics of this book is its successful integration of educational 
theory with practical experience. Throughout the seven sections, the authors consistently 
demonstrate how agricultural learning centers can function as "living laboratories," where students 
actively construct knowledge through observation, experimentation, reflection, and authentic 
agricultural practice. The book also emphasizes learner-centered instruction, interdisciplinary 
integration, community participation, and sustainable agricultural development, thereby extending 
its relevance beyond agricultural education to broader fields of vocational, industrial, and 
technology education. Consequently, the book serves not only as an instructional guide but also 
as a practical reference for teachers, school administrators, teacher educators, curriculum 
developers, and researchers interested in improving experiential and competency-based education. 
     2. Pedagogical Contributions 
        To better illustrate the educational value of the book, its major pedagogical contributions 
can be synthesized into an integrated conceptual framework. Rather than viewing agricultural 
learning centers merely as physical instructional facilities, the book presents them as learner-centered 
educational environments that promote experiential learning, project-based instruction, practical 
skill development, and community participation. These interconnected pedagogical elements 
collectively support competency-based education and holistic learner development. 
The conceptual framework is presented in Figure 2. 

 
Figure 2: Pedagogical contributions of the book 

Source: Developed by the reviewer based on Saduak and Saduak (2024, pp. 90-139). 
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     Figure 2 illustrates the book's major pedagogical contributions by demonstrating how educational 
philosophy is translated into effective teaching and learning practices within agricultural 
learning centers. The framework emphasizes experiential learning as the central instructional 
approach that supports learner-centered instruction, project-based learning, practical skill development, 
and community participation. Together, these pedagogical components contribute to competency-
based education and holistic learner development, reinforcing the book's emphasis on integrating 
knowledge, skills, values, and lifelong learning within authentic educational settings. 
     One of the book's most significant contributions lies in its pedagogical perspective on 
agricultural education. This pedagogical perspective reflects the long-standing principle that 
agricultural education should integrate practical farm experiences with theoretical instruction 
to promote meaningful learning and professional competency (Siriwan, 1989, pp. 133-136). 
Rather than presenting agriculture as a collection of technical production practices, the authors 
conceptualize agricultural learning centers as educational environments designed to cultivate 
learners' cognitive, psychomotor, and affective competencies through authentic learning 
experiences (Saduak & Saduak, 2024, pp. 90-102). This perspective reflects the fundamental 
principles of experiential learning, where knowledge is constructed through the continuous 
interaction between experience, reflection, conceptualization, and experimentation (Kolb, 2015, 
pp. 39-45). Throughout the book, considerable emphasis is placed on learner-centered instruction, 
practical skill development, project-based learning, and community participation, all of which 
are recognized as essential characteristics of competency-based education and twenty-first-
century learning (Saduak & Saduak, 2024, pp. 90-126; Darling-Hammond et al., 2020, pp. 97-105). 
Furthermore, the integration of instructional planning, practical activities, learner assessment, 
and agricultural academic events demonstrates a comprehensive educational model that extends 
beyond traditional vocational training toward holistic learner development (Saduak & Saduak, 
2024, pp. 116-180). 
 

     3. Practical Applications 
        Another notable strength of the book is its strong emphasis on practical implementation. 
The authors provide systematic guidance for establishing agricultural learning centers, organizing 
learning resources, planning instructional activities, developing practical skills, implementing 
project-based learning, and evaluating student performance. These practical recommendations 
enable readers to translate educational concepts into classroom practice with relative ease. 
Importantly, the proposed framework is sufficiently flexible to accommodate diverse school 
contexts, available resources, and community characteristics. Consequently, the book has broad 
applicability for classroom teachers, teacher educators, school administrators, curriculum 
developers, and educational policymakers seeking to enhance experiential and competency-based 
agricultural education. The inclusion of practical examples, instructional procedures, and 
authentic learning activities further increases the book's value as both a professional reference 
and an implementation guide for educational institutions. 
 

     4. Critical Evaluation 
          Despite its considerable strengths, several aspects of the book could be further developed in 
future editions. While the book provides extensive practical guidance for establishing agricultural 
learning centers, greater discussion of digital technologies, smart agriculture, precision 
agriculture, artificial intelligence, and data-driven agricultural management would strengthen 
its relevance to contemporary educational and agricultural contexts. In addition, expanding 
international perspectives through comparative case studies from other countries would enhance 
readers' understanding of diverse approaches to school-based agricultural education. Greater 
attention to evaluating long-term learning outcomes and educational impacts using empirical 
evidence would also reinforce the book's academic contribution. Nevertheless, these observations do 
not diminish the overall quality of the publication. Instead, they represent opportunities for 
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future development of an already comprehensive and highly practical resource. Overall, 
Agricultural Learning Centers in Schools successfully bridges educational theory and classroom 
practice, making it a valuable contribution to agricultural education, vocational education, and 
industrial education. 
 
III. DISCUSSION AND EDUCATIONAL IMPLICATIONS 
      The publication of Agricultural Learning Centers in Schools is particularly timely as 
educational systems worldwide increasingly emphasize competency-based education, authentic 
assessment, and experiential learning as essential strategies for preparing learners to address 
complex social, environmental, and technological challenges (Kolb, 2015, pp. 31-50; UNESCO, 2020, 
pp. 13-15). Contemporary agricultural education extends beyond the acquisition of technical 
knowledge to encompass the development of critical thinking, collaboration, communication, 
creativity, and lifelong learning competencies (Poungsuk, 2022, pp. 210-235). In this context, 
the book illustrates how school-based agricultural learning centers can function as educational 
ecosystems that integrate classroom instruction, practical experience, community engagement, 
and sustainable agricultural development into a coherent educational framework (Saduak & 
Saduak, 2024, pp. 90-139). These characteristics closely reflect current international perspectives on 
learner-centered and action-oriented education while also supporting educational change through 
authentic learning, collaborative practice, and continuous professional development, which are 
recognized as essential elements of sustainable educational improvement (Fullan, 2020, pp. 23-45). 
     One of the book's most valuable contributions is its ability to bridge the long-standing gap 
between educational theory and classroom practice. Although experiential learning and 
learner-centered education have been widely discussed in educational literature, relatively few 
publications provide comprehensive guidance for translating these theoretical concepts  
into practical instructional models that can be implemented effectively in school settings 
(Kolb, 2015, pp. 39-45; Knobloch & Smith, 2024, pp. 304-309). The authors systematically present 
procedures for designing agricultural learning centers, organizing instructional activities, 
developing students' practical competencies, implementing project-based learning, and evaluating 
learning outcomes (Saduak & Saduak, 2024, pp. 90-180). This practical orientation reflects 
contemporary trends in school-based agricultural education, which advocate authentic and 
active learning experiences that enable learners to construct knowledge through observation, 
experimentation, reflection, and application (Kolb, 2015, pp. 40-43; Knobloch & Smith, 2024, 
pp. 314-319). To further demonstrate the broader significance of the book, its educational 
implications can be synthesized into a conceptual model that extends beyond agricultural 
instruction alone. The book illustrates how agricultural learning centers contribute not only to 
agricultural education but also to vocational and industrial education, community-based 
learning, and education for sustainable development (Saduak & Saduak, 2024, pp. 90-180). 
These interconnected educational dimensions collectively support learner competency, 
innovation, and sustainable community development. The synthesized educational implications are 
presented in Figure 3. 
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Figure 3: Educational implications for agricultural and industrial education 

Source: Developed by the reviewer based on Saduak and Saduak (2024, pp. 78-180). 
 
     Figure 3  synthesizes the broader educational implications of the book by illustrating how 
agricultural learning centers contribute to multiple educational domains. The framework 
demonstrates that authentic agricultural learning extends beyond technical skill development 
to strengthen vocational and industrial education, foster community-based learning, and promote 
Education for Sustainable Development. Collectively, these educational dimensions contribute 
to competency development, innovation, community well-being, and sustainable societal outcomes. 
    Furthermore, the educational philosophy embedded throughout the book extends beyond 
agricultural instruction itself. The proposed learning model encourages learner autonomy, 
responsibility, teamwork, leadership, environmental stewardship, and community participation-
attributes that are central to Education for Sustainable Development (ESD) and competency-
based education (UNESCO, 2020, pp. 13-15). By positioning agricultural learning centers as 
"living laboratories," the authors demonstrate how authentic learning environments  
can cultivate not only agricultural competencies, but also transferable skills required for 
sustainable development and responsible citizenship (Saduak & Saduak, 2024, pp. 90-139).  
This educational perspective is further supported by previous scholarship demonstrating that 
agricultural learning centers have evolved into innovative learning environments that promote 
digital learning, community engagement, and lifelong learning in the twenty-first century 
(Poungsuk, 2018, pp. 1-7). Consequently, the book has relevance not only for agricultural 
education but also for vocational education, industrial education, technology education, 
and community-based learning, where experiential and interdisciplinary learning approaches are 
increasingly encouraged (Poungsuk, 2026, pp. 116-118). This broader educational perspective 
is consistent with the contemporary direction of Thai agricultural education, which emphasizes 
authentic learning, community engagement, innovation, and sustainable agricultural development as 
fundamental principles for preparing future agricultural professionals (Siriwan, 2014, pp. 45-56). 
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     From the reviewer's perspective, this publication represents one of the few comprehensive 
references that successfully integrate educational philosophy, curriculum implementation, 
instructional design, agricultural practice, and school management within a single volume. 
While future editions could be further strengthened by incorporating recent developments in 
smart agriculture, precision agriculture, digital learning technologies, artificial intelligence, and 
international comparative case studies, these observations should be viewed as opportunities for 
future enhancement rather than limitations of the present work. Overall, Agricultural Learning 
Centers in Schools makes a substantial contribution to agricultural teacher education and 
provides a valuable reference for teachers, teacher educators, school administrators, curriculum 
developers, and researchers seeking to establish innovative, learner-centered, competency-based, and 
sustainable agricultural learning environments. 
 
IV. CONCLUSION 
      Agricultural Learning Centers in Schools is a well-organized and academically valuable 
publication that successfully integrates educational philosophy, instructional design, agricultural 
practice, and school management into a coherent framework for agricultural education. The book 
effectively demonstrates how agricultural learning centers can serve as authentic learning environments 
that promote experiential learning, competency development, project-based instruction, and 
sustainable educational practices (Saduak and Saduak, 2024, pp. 90-139). By combining conceptual 
foundations with practical implementation strategies, the authors provide educators with a 
comprehensive resource that supports both curriculum development and instructional improvement. 
This emphasis on innovation, collaboration, and authentic learning also reflects broader perspectives 
on sustainable educational change and continuous school improvement (Fullan, 2020, pp. 23-45). 
     From an educational perspective, the book makes a significant contribution by illustrating 
how agricultural education can extend beyond traditional classroom instruction to foster critical 
thinking, practical competencies, collaboration, leadership, and environmental responsibility. 
These educational values are closely aligned with contemporary international priorities in 
competency-based education, Education for Sustainable Development (ESD), and learner-centered 
pedagogy (Kolb, 2015, pp. 40-43; UNESCO, 2020, pp. 13-15). Consequently, the publication has 
relevance not only for agricultural teachers but also for teacher educators, curriculum 
developers, school administrators, vocational educators, and researchers seeking innovative 
approaches to authentic and sustainable learning (Poungsuk, 2026, pp. 116-118). 
     Although future editions could further enrich the discussion by incorporating recent developments 
in digital learning technologies, smart agriculture, precision agriculture, artificial intelligence, and 
international comparative perspectives, these recommendations should be viewed as opportunities 
for expanding an already comprehensive and practical educational resource. The book's emphasis on 
integrating theory with practice, fostering community participation, and promoting lifelong 
learning remains one of its most distinctive strengths (Saduak &  Saduak, 2024, pp. 90-180). Overall, 
Agricultural Learning Centers in Schools is highly recommended for educators and institutions 
interested in developing effective school-based agricultural learning environments. Beyond serving 
as a practical guide, the book contributes meaningfully to the advancement of agricultural teacher 
education and offers valuable insights that can inform curriculum innovation, instructional 
improvement, and educational policy. Its publication represents an important contribution to the 
literature on agricultural education and reinforces the continuing importance of experiential, 
competency-based, and sustainable learning in preparing future generations for the challenges of 
agriculture and society. 
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     ABSTRACT  
This quasi-experimental study aimed to develop and examine the effectiveness of microlearning 
media (MLM) on the topic “Using Basic Chemical Instruments in Agriculture” for first-year 
undergraduate students in the Department of Agricultural Education, School of Industrial 
Education and Technology, King Mongkut’s Institute of Technology Ladkrabang, during the 
first semester of the 2025 academic year. The sample consisted of 50 students selected through 
purposive sampling and taught using the one-group pretest–posttest research design.  
The research instruments included the developed MLM, a media quality evaluation form,  
a media efficiency evaluation form (E1/E2), and pretest–posttest achievement tests. The overall 
quality of the MLM was rated at a very good level (𝑥̅𝑥 = 4.60, SD = 0.39), with the content 
quality receiving a very good rating (𝑥̅𝑥 = 4.76, SD = 0.43) and the technical quality also rated 
at a very good level (𝑥̅𝑥  = 4.44, SD = 0.31). The media efficiency score was 96.80/84.40, 
surpassing the standard criterion of 80/80. The comparison of learning achievement before and 
after using the MLM revealed that the posttest mean score (𝑥̅𝑥 = 16.88, SD = 2.92) was significantly 
higher than the pretest mean score (𝑥̅𝑥  = 6.90, SD = 1.38) at the .05 level of significance 
(t = 25.24, p < .001). These findings indicate that the developed microlearning media met 
quality and efficiency standards and effectively enhanced students’ understanding and practical 
knowledge regarding the use of basic chemical instruments in agricultural contexts, demonstrating 
its potential as a suitable instructional tool for improving learning outcomes in agricultural 
education.  
 

Keywords:  Microlearning media,  Basic chemical instruments in agriculture,  
Learning achievement,  Instructional design 
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I. INTRODUCTION 
     In the 21st century, technological advancements have profoundly transformed society,  
the economy, and the education sector. Contemporary educational paradigms emphasize the 
integration of digital technologies to enhance accessibility, equity, and responsiveness to the 
diverse needs of learners. The 20-Year National Strategy (2018–2037) and the National 
Education Plan (2017–2036) recognize digital platforms as a fundamental infrastructure for 
fostering lifelong learning (Office of the National Economic and Social Development 
Council, 2018, Online). Additionally, the COVID-19 pandemic further highlighted the critical 
role of flexible and effective digital learning systems in ensuring educational continuity and quality. 
     Microlearning represents a pedagogical innovation that addresses the evolving needs of 
modern learners by presenting information in short, focused segments aimed at promoting 
rapid comprehension of specific topics (Asha, 2016, Online). This approach aligns with 
contemporary learning behaviors characterized by reduced attention spans and increased 
reliance on mobile technologies (Insa-ard, 2021, pp. 45-59) such as smartphones and tablets 
(Boonmapan et al., 2021, pp. 65-78). Empirical evidence suggests that microlearning not only 
enhances learner motivation and supports self-directed learning but also integrates seamlessly 
with social media environments, thereby fostering sustained engagement and continuous 
learning (Thanomchayathawat et al., 2016, pp. 208–222). Nonetheless, while its flexibility 
and accessibility offer clear advantages, effective implementation requires thoughtful design 
to ensure depth of understanding and long-term knowledge retention.  
     In higher education, particularly in laboratory-based disciplines such as agricultural 
education, traditional lectures alone are insufficient to develop students’ practical 
understanding. Learners often come from diverse academic backgrounds, and those without a 
strong foundation in science frequently exhibit limited proficiency in using scientific 
instruments, leading to operational errors and diminished learning performance 
(Saikampha, 2021, p. 47). Consequently, the development of microlearning media focused on 
basic agricultural chemical instruments is essential for enhancing conceptual understanding, 
improving practical skills, and minimizing procedural errors during laboratory activities. 
     Therefore, this research aimed to: 1) develop microlearning media on the use of basic 
chemical instruments in agriculture for undergraduate students; and 2) compare the pre-test 
and post-test learning achievements of students in the Department of Agricultural Education, 
School of Industrial Education and Technology, King Mongkut’s Institute of Technology 
Ladkrabang. Moreover, it intended to address the challenges arising from learners’ diverse 
academic backgrounds and to enhance the effectiveness of practical learning. It was 
anticipated that the developed media will enable students to acquire accurate knowledge and 
understanding, minimize errors in the use of scientific instruments, and ultimately improve 
the quality of graduates by equipping them with the knowledge, skills, and competencies that 
align with societal needs and professional standards.  
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II. LITERATURE REVIEW 
     Technological transformations and evolving learning approaches in the 21st century have 
rendered traditional education management methods insufficient on their own. In particular, 
The COVID-19 pandemic has accelerated the adoption of online learning and digital media, 
which has gained widespread popularity for its ability to effectively address the needs of 
contemporary learners (Office of the National Economic and Social Development Council, 
2018, Online). One learning model that has attracted considerable attention is microlearning, 
which delivers short, concise, and focused lessons that can be completed within minutes. 
Empirical studies have demonstrated that microlearning can enhance both academic 
achievement and self-directed learning skills. For example, Mohammed et al. (2018, pp. 32-38) 
found that learners engaged in microlearning achieved average outcomes 18 percent higher 
than those taught via traditional methods. Similarly, Kongsomboon (2019, pp. 51-62) 
developed microlearning media for vocational students, reporting an efficiency rate exceeding 
the 90/90 criterion, with students demonstrating significantly higher post-test scores compared 
to pre-test scores. Consistently, Detphong (2020, pp. 274-282) developed microlearning media 
on genetics for high school students, and observed that learners not only surpassed standard 
benchmarks, but also developed positive attitudes toward learning through this approach. 
Similarly, Jainuri et al. (2025, pp. 630–642) investigated Microlearning effectiveness in 
higher education: A systematic review and meta-analysis of student retention and learning 
outcomes. Based on 42 related studies conducted between the years 2020 and 2025, involving 
15,673 participants across 18 countries, the findings revealed that microlearning had a 
significantly positive impact on learning outcomes, particularly regarding knowledge 
retention. The study reported an effect size as high as 0.74, especially in STEM fields 
(Science, Technology, Engineering, and Mathematics) when integrated with mobile 
technologies. Consequently, this research supports the implementation of microlearning as an 
effective instructional strategy. 
     An important hypothesis derived from the review of related literature is that instruction 
utilizing microlearning media has the potential to enhance students’ academic achievement 
and foster essential 21st-century learning skills, including analytical thinking,  
problem-solving, and self-directed learning. Both domestic and international studies have 
consistently shown that learners who engage with microlearning media demonstrate 
statistically significant improvements in post-test scores compared to pre-test scores. 
In addition, learners have exhibited positive attitudes toward such media, suggesting that 
learning materials designed to be concise, easily comprehensible, and accessible anytime and 
anywhere can increase motivation and engagement. Accordingly, within the context of 
teaching agricultural chemistry courses involving the use of basic scientific instruments,  
this study hypothesizes that the development of microlearning media on basic agricultural 
chemical instruments will enable students to achieve higher learning outcomes after 
instruction than before, while the developed media will meet the established quality and 
efficiency criteria of 80/80. 
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III. RESEARCH METHODOLOGY 
      This study employed a quasi-experimental research design, specifically the one-group 
pretest–posttest design, to evaluate the effectiveness of the developed microlearning media on 
the learning achievement of undergraduate students. This design was considered appropriate 
for authentic educational settings where random assignment of participants is not entirely 
feasible, while still enabling the researcher to accurately measure changes in learners’ 
performance before and after exposure to the instructional media. 
3.1 Conceptual Framework 
      The conceptual framework of this study centered on the development of microlearning 
media for the use of basic agricultural chemical instruments among undergraduate students. 
The independent variable was the microlearning media, which was developed following the 
ADDIE Model, comprising five phases: (1) Analysis, (2) Design, (3) Development,  
(4) Implementation, and (5) Evaluation. The dependent variables included: (1) the quality of 
the media, assessed in terms of content and technical aspects; (2) the efficiency of the media, 
measured against the 80/80 (E1/E2) standard criterion; and (3) students’ learning.  
3.2 Population and Sample 
      The population for this study consisted of first-year undergraduate students in the 
Department of Agricultural Education, School of Industrial Education and Technology, King 
Mongkut’s Institute of Technology Ladkrabang. A simple random sampling method was 
employed to select a sample of 50 first-year students from the same department, enrolled in 
the first semester of the 2025 academic year. This group served as the experimental cohort for 
examining students’ learning achievement before and after instruction using the developed 
microlearning media.  
3.3 Research Instruments 
      The research instruments used in this study were categorized into four types as follows: 
      3.3.1 Microlearning media on the use of basic agricultural chemical instruments for 
undergraduate students. 
      3.3.2 Evaluation form for media quality, completed by experts, assessing both content and 
technical aspects of the microlearning media. 
      3.3.3 Efficiency evaluation form (E1/E2) to determine the effectiveness of the microlearning 
media on the use of basic agricultural chemical instruments for undergraduate students. 
      3.3.4 4. Achievement test designed to measure students’ learning outcomes before and after 
instruction. 
3.4 Development of Microlearning Media on Basic Agricultural Chemical Tools of 
Undergraduate Students 
      In the development of the microlearning media, the researcher utilized the ADDIE Model 
as the guiding framework, as illustrated in Figure 1. The ADDIE Model is a widely recognized 
approach for designing and developing instructional media, comprising five key phases as 
follows: 
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Figure 1: Structure of the ADDIE model 

Source: Thienthong (2005, p. 131) 
 

      Step 1: Analysis : In this phase, the researcher conducted an analysis of the curriculum 
and course content for Agricultural Chemistry. The analysis comprised three main 
components: 

1.1 Content Analysis – The structure and scope of the lesson content were examined to 
identify key concepts and topics appropriate for the development of microlearning materials. 

1.2 Learner Analysis – The characteristics of the sample group were analyzed, 
including their prior knowledge, learning needs, and technological readiness. 

1.3 Technology Analysis – The technologies to be employed in the lessons were 
evaluated, focusing on tools for presenting instructional content, designing learning activities, 
creating assessments, and collecting learner data. 
     Step 2: Design : In this phase, the researcher designed the structure of the lessons and 
learning units for the microlearning media. The design process included the development of a 
content presentation plan, multimedia elements such as animations and graphics, and 
alongside the practical worksheets. Additionally, pre-test and post-test assessments, along 
with practical worksheets, were designed to evaluate students’ skills after learning and overall 
learning outcomes 
     Step 3: Development : During the development phase, the researcher created the digital 
microlearning media by integrating text, images, audio, and video to support learners’ 
understanding of the proper use of laboratory instruments. Worksheets and achievement tests 
were also developed as part of the learning package. The completed media were subsequently 
reviewed by the research advisor and subject-matter experts to ensure content accuracy and 
technical appropriateness. Revisions were made based on their feedback and recommendations. 
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     Step 4: Implementation : In this phase, the researcher implemented the developed 
microlearning media to examine its completeness, clarity, and overall appropriateness prior to 
making necessary revisions and improvements. Subsequently, the finalized media were 
administered to a sample group of 50 first-year undergraduate students to evaluate its 
efficiency based on the 80/80 (E1/E2) standard criteria. 
     Step 5: Evaluation : In the final phase, the researcher evaluated both the efficiency and 
quality of the microlearning media by analyzing students’ learning achievement before and 
after the intervention. Additionally, expert evaluations of content and technical quality were 
reviewed. The findings from these assessments were subsequently used to refine and enhance 
the instructional media to achieve greater effectiveness. 
3.5 Data Collection 
     The researcher conducted the experiment in accordance with the specified research design 
using the microlearning media titled “Using Basic  Chemical Instruments in Agriculture” 
which had been reviewed and validated by experts. The experiment was implemented with a 
sample group of 50 first-year undergraduate students. The data collection process involved 
the following steps: 

3.5.1 The researcher explained the objectives, experimental procedures, and usage of 
the microlearning media to ensure that participants clearly understood the process. 

3.5.2 The participants completed a pre-test to assess their prior knowledge before 
engaging with the learning media. 

3.5.3 The students then participated in the learning activities using the microlearning 
media, which consisted of five learning units. 

3.5.4 Upon completion of the lessons, the participants took a post-test to measure their 
learning achievement after using the media. 

3.5.5 Finally, the researcher collected and verified the accuracy of all data before 
proceeding with statistical analysis using appropriate methods. 
3.6 Data Analysis 
     3.6.1 The appropriateness and quality of the microlearning media, along with learners’ 
satisfaction, were analyzed using the Mean (𝑥̅𝑥) and Standard Deviation (SD). The interpretation of 
the mean scores followed a five-level rating scale (Leekitwattana, 2016, p. 172), as shown below: 

Mean scores between 4.50–5.00 indicate the highest level of quality. 
Mean scores between 3.50–4.49 indicate a high level of quality. 
Mean scores between 2.50–3.49 indicate a moderate level of quality. 
Mean scores between 1.50–2.49 indicate a low level of quality. 
Mean scores between 1.00–1.49 indicate the lowest level of quality, suggesting that 

improvement is needed. 
     3.6.2 The efficiency of the microlearning media was evaluated using the E1/E2 (80/80) 
efficiency criterion, which measures the instructional effectiveness of the developed media. 
     3.6.3 The comparison of students’ learning achievement before and after using the 
microlearning media was conducted using the Dependent Samples t-test (Paired Samples 
t-test) to determine whether the difference between pre-test and post-test scores was 
statistically significant at the .05 level. 
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IV. RESULTS  
       Based on the implementation of this research, the findings from the data analysis can be 
summarized as follows:  
4.1 Results of the quality evaluation of the microlearning media on using basic chemical 
instruments in agriculture for undergraduate students are presented as follows. 
       The microlearning media titled “Using Basic Chemical Instruments in Agriculture” 
for undergraduate students encompassed concise instructional content outlining operational 
principles, instrument usage procedures, practical worksheets, and corresponding pre-test and 
post-test assessments. The instructional design emphasized self-directed learning, facilitated 
through the Google Classroom platform, which supports both desktop and mobile access. This 
approach enables learners to engage in flexible, continuous learning at their own pace, anytime 
and anywhere, as illustrated in Figures 2–5.  
 

   
        Figure 2: Four-decimal digital balance             Figure 3: pH meter 
 

   
     Figure 4: Brix refractometer             Figure 5: Hot air oven 
 
     The quality analysis of the microlearning media on using basic chemical instruments in 
agriculture for undergraduate students encompassed two aspects: content quality and technical 
production quality. Each aspect was evaluated by three experts, and the results of the analysis 
are presented in Table 1. 
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Table 1: Mean scores, standard deviations, and quality levels of the microlearning media on using 
basic chemical instruments in agriculture for undergraduate students, classified by overall and 
individual aspects. 

Evaluation items 𝒙𝒙� SD Quality level 
     1. Content aspect 4.69 0.38 The highest 
     2. Technical production aspect 4.52 0.40 The highest 

Total 4.60 0.39 The highest 
  

     As shown in Table 1, the evaluation of the developed microlearning media indicated that 
its overall appropriateness was rated at the highest (𝑥̅𝑥 = 4.60, SD = 0.39) based on assessments 
by three experts. When examining each aspect individually, the content quality received the 
highest mean score (𝑥̅𝑥 = 4.69, SD = 0.38), also rated at the highest, followed by the technical 
production quality (𝑥̅𝑥 = 4.52, SD = 0.40), which was similarly assessed the highest.  
 

4.2 Results of the efficiency analysis of the microlearning media on using basic chemical 
instruments in agriculture for undergraduate students. 
     The results of the efficiency evaluation of the microlearning media on using basic chemical 
instruments in agriculture for undergraduate students, calculated using the E1/E2 formula, are 
presented in Table 2.  
 

Table 2: Results of the efficiency analysis of the microlearning media using basic chemical 
instruments in agriculture  for undergraduate students. 

Scores 
Students (n=50) 

Specified 
criterion Full score Mean score Average 

percentage 
   End-of-lesson test 25 24.20 96.80 80 (E1) 
   Post-test 20 16.88 84.40 80 (E2) 

* Specified criterion E1/E2 (80/80) 
 

     From Table 2, the results of the efficiency evaluation of microlearning media on using 
basic chemical instruments in agriculture for undergraduate students revealed that the 
developed media met the established efficiency standard. The mean efficiency during learning 
(E1) was 96.80, and the post-learning efficiency (E2) was 84.40, both exceeding the specified 
80/80 standard criterion.  
4.3 Results of the comparative analysis of students’ learning achievement before and 
after instruction. 
     The results of the analysis comparing students’ learning achievement before and after 
instruction, conducted using the Dependent Samples t-test, are presented in Table 3.  
 

Table 3 Comparison of students’ learning achievement before and after instruction with the 
microlearning media on using basic chemical instruments in agriculture  

Test n 𝒙𝒙� SD t df p 

Pre-test 50 6.90 1.38 
25.24 49 <0.001 

Post-test 50 16.88 2.92 
* Statistically significant at the .05 level 
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     From Table 3, the analysis comparing students’ learning achievement before and after 
instruction using the microlearning media on basic chemical instruments in agriculture, 
conducted with the Dependent Samples t-test, revealed that the mean post-test score  
(𝑥̅𝑥 = 16.88, SD = 2.92) was higher than the mean pre-test score (𝑥̅𝑥 = 6.90, SD = 1.38). 
This difference was statistically significant at the 0.05 level (t = 25.24, df = 49, p < 0.001), 
indicating that the developed microlearning media effectively enhanced students’ learning 
achievement.  
 
V. CONCLUSION AND DISCUSSION  
       The developed microlearning media on basic chemical instruments in agriculture proved 
to be of very high quality, efficient, and effective in enhancing first-year undergraduate 
students’ learning achievement. It not only improved knowledge and practical skills but also 
promoted self-directed learning and motivation. These results suggest that microlearning 
media can be successfully applied in practice-oriented courses, providing a flexible, 
accessible, and engaging approach to laboratory instruction for digital-age learners. 
Furthermore, the flexibility of this microlearning media allows for its effective adaptation to 
other laboratory courses within agricultural or agricultural science curricula, particularly for 
instruction involving similar basic agricultural tools. Whether utilized for reviewing prior 
knowledge or acquiring new skills and engaging learning method that perfectly meets the 
needs of learners in the digital age. 
       The self-directed microlearning media on “Using Basic Chemical Instruments in 
Agriculture” for first-year undergraduate students were developed to enhance knowledge, 
understanding, and practical laboratory skills. A quasi-experimental one-group pretest–
posttest design was employed with a sample of 50 students from the Department of 
Agricultural Education, School of Industrial Education and Technology, King Mongkut’s 
Institute of Technology Ladkrabang. The evaluation of the media indicated very high overall 
quality (𝑥̅𝑥 = 4.60, SD = 0.39) in both content and technical aspects. The content was 
systematically aligned with learning objectives and reviewed by experts, ensuring accuracy, 
appropriateness, and learner-centered design. Consequently, the media were found to be 
complete, suitable, and effective for instructional use. These findings align with Anderson and 
Krathwohl (2001, p. 131), who emphasized instructional design principles under the ADDIE 
Model, including learner analysis, alignment of learning activities with objectives, and 
continuous evaluation. They also support Boonmapan et al. (2021, pp. 65-78), who reported 
that microlearning is particularly suited for digital-age learners due to its concise, accessible, 
and easily understandable content, which enhances motivation and fosters self-directed 
learning. The media’s efficiency was measured using the E1/E2 (80/80) standard criterion. 
The mean efficiency during learning (E1) was 96.80, and post-learning efficiency (E2) was 
84.40, both exceeding the standard criterion. This demonstrates that the media facilitated 
continuous understanding and enabled learners to apply knowledge effectively, in line with 
the efficiency standards proposed by (Brahmawong, 2013, pp. 7-20). These results are 
consistent with findings by Mohammed et al. (2018, pp. 32-38), who noted that microlearning 
improves learning efficiency and content retention compared to traditional methods, and  
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Kongsomboon (2019, pp. 51-62), who reported that systematically designed microlearning 
media can surpass standard efficiency benchmarks and significantly enhance academic 
achievement. A comparison of pre- and post-test scores revealed a significant increase in 
students’ learning achievement. The mean post-test score (𝑥̅𝑥 = 16.88, SD = 2.92) 
was significantly higher than the mean pre-test score (𝑥̅𝑥 = 6.90, SD = 1.38) at the 0.05 significance 
level (t = 25.24, p < 0.001). This indicates that the microlearning media effectively enhanced 
students’ understanding and practical skills. The findings support, who suggested that 
microlearning allows learners to quickly grasp essential knowledge, reinforces learning, and 
improves content retention, and align with Boonmapan et al. (2021, pp. 65-78), 
who confirmed that microlearning media increase learners’ motivation and satisfaction. 
Overall, the results demonstrate that self-directed microlearning media are an effective tool 
for practice-oriented courses, particularly those involving laboratory work or the use of 
scientific instruments. The combination of high-quality design, strong efficiency, and 
significant learning gains highlights the potential of microlearning to support flexible, 
engaging, and learner-centered education in the digital age. Consistent with cognitive load 
theory, the human brain possesses a finite capacity for processing new information; thus, 
an excessive influx of data can lead to cognitive overload and hinder learning (Sweller, 1988, 
pp. 257–285). Microlearning mitigates this challenge by decomposing complex subject matter 
into manageable segments, typically ranging from 3 to 5 minutes. By excising unnecessary 
elements and prioritizing concise content, microlearning delivers focused, self-contained 
learning units that directly address learning objectives. 
 
SUGGESTION  
       The developed microlearning media can be applied in practice-oriented courses, 
particularly those involving scientific instruments or laboratory work, to support learners in 
using equipment accurately and safely. Integration with hands-on sessions is recommended to 
promote holistic learning and enhance overall learning efficiency. Future research should 
involve more diverse samples and educational contexts to examine the effectiveness of 
microlearning on additional outcomes, such as analytical thinking and learning motivation. 
Furthermore, the development of interactive media utilizing Virtual Reality (VR)  
or Augmented Reality (AR) is suggested to provide realistic and sustainable learning 
experiences for digital-age learners. Additionally, future research should extend to measuring 
knowledge retention (e.g., administering a follow-up test after four weeks) to verify that 
knowledge acquired through microlearning remains durable over time. 
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      ABSTRACT 
 

This study investigates technology adoption and digital transformation among entrepreneurs in 
the Thai furniture industry. The objectives aimed: 1) to study the level of opinions regarding 
technology adoption among entrepreneurs in the Thai furniture industry, 2) to study the level 
of opinions on digital transformation within the same group of Thai furniture industry, 
3) to compare the level of technology acceptance among Thai furniture industry classified by 
different business characteristics, 4) to compare the level of digital transformation among Thai 
furniture industry classified by different business characteristics, and 5) to study technology 
adoption influencing digital transformation among entrepreneurs in the Thai furniture industry. 
A total of 331 entrepreneurs participated in the study. Data was collected through structured 
questionnaires and analyzed using descriptive statistics, ANOVA, and multiple regression 
analysis. The findings revealed that both technology adoption and digital transformation were 
perceived at a high level. Significant differences in technology adoption were found across 
most business characteristics, except for the type of business operation. Similarly, digital 
transformation varied significantly across business characteristics, excluding main distribution 
channels. Furthermore, four key factors of technology adoption perceived usefulness, 
perceived ease of use, intention to use, and perceived acceptance in terms of investment and 
budget allocation were identified as significant predictors of digital transformation (p < 0.05). 
These insights highlight the critical role of technology adoption in driving digital transformation 
within the Thai furniture sector, offering valuable implications for strategic planning and policy 
development. 
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I. INTRODUCTION 
The Thai furniture industry is a significant contributor to the nation’s economy, accounting 

for approximately 0.36% of GDP and generating substantial export revenues. Historically, the 
sector experienced steady growth, with exports increasing from USD 1,436 million in 2020 to 
USD 1,673 million in 2021. However, recent trends reveal a decline in production volume, 
averaging a 16.8% annual decrease between 2021 and 2024, despite a slight recovery in 2024 
(Office of Industrial Economics, 2025, pp. 1-14). This shift reflects structural changes as 
manufacturers transition from mass production of low-cost furniture where competition from 
imports, particularly from China, is intense toward high-value products such as multi-
functional and luxury furniture. While production volume has decreased, export value 
continues to grow, driven by demand from key markets like the United States. The industry 
faces challenges including rising raw material and labor costs, fragile domestic purchasing 
power, and stricter international environmental regulations, prompting firms to adopt 
sustainable practices and advanced technologies to remain competitive. (Thianprasith & 
Ritsuk, 2025, pp. 1-5) 
     Several studies have examined technology adoption and digital transformation in 
manufacturing sectors, emphasizing their role in enhancing efficiency, reducing costs, and 
improving competitiveness. Research grounded in the Technology Acceptance Model (TAM) 
highlights factors such as perceived usefulness, ease of use, and intention to adopt as critical 
determinants of technology acceptance. (Marikyan and Papagiannidis, 2025, pp. 1-17)  
Prior literature also suggests that digital transformation enables businesses to expand market 
reach, innovate product design, and integrate into global supply chains. However, small and 
medium-sized enterprises (SMEs) often face barriers such as high investment costs, lack of 
technical expertise, and limited awareness of long-term benefits, which hinder technology 
adoption. These challenges are particularly relevant in traditional industries like furniture 
manufacturing, where manual processes and conventional marketing strategies remain 
prevalent. (Lee et al., 2021, pp. 8289-8304) 

Building on these insights, the present study investigates technology adoption and digital 
transformation among entrepreneurs in the Thai furniture industry. Using a structured 
questionnaire, data were collected from 331 entrepreneurs and analyzed through descriptive 
statistics, ANOVA, and multiple regression. The research examines entrepreneurs’ perceptions 
of technology adoption and digital transformation, compares these levels across different 
business characteristics, and explores how technological adoption influences digital 
transformation. By identifying key factors driving digital integration, this study provides 
practical implications for strategic planning and policy development aimed at fostering 
competitiveness and sustainability in the Thai furniture sector. 
     This study aims to explore the perspectives of entrepreneurs in the Thai furniture industry 
regarding both technology adoption and digital transformation. It seeks to assess their overall 
opinions on these two critical aspects and examine how these perceptions vary across businesses 
with different characteristics. In addition, the research investigates whether differences exist in the 
levels of technology acceptance and digital transformation when classified by specific business 
attributes. Finally, the study focuses on understanding the extent to which technology adoption 
influences digital transformation within this industry, providing insights into the factors that 
drive successful digital integration. 
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 II.  LITERATURE REVIEW 
 The Thai furniture industry is a key contributor to the national economy, accounting for 
0.36% of GDP. Between 2020 and 2021, export value rose from USD 1,436 million to USD 
1,673 million. In 2024, production volume reached 8,106 thousand units (+3.6% YoY), but 
the long-term trend shows a decline of 16.8% annually, driven by a shift toward high-quality, 
multifunctional, and luxury furniture. Domestic sales in 2024 were 2,079 thousand units 
(+0.1%), with early 2025 showing a 7.5% YoY increase, largely due to rising imports from 
China. Exports remain the industry’s core, representing 70% of production. In 2024, export 
volume was 6,113 thousand units (+3.1%), though the long-term trend reflects a 17.4% annual 
decline. Despite this, export value grew to USD 1,796 million (+11.5%), led by the U.S. 
market (+26.8%), signaling a transition to high-value products. (Office of Industrial 
Economics, 2025, pp. 1-14) Early 2025 saw a further 20% increase in export value, driven by 
accelerated shipments ahead of countervailing duties. Major export destinations in 2024 
included the U.S. (54.2%), ASEAN (11.4%), Japan (9.8%), China (3.4%), and the EU (2.9%). 
Imports also surged, reaching USD 1,544 million (+11.2%) in 2024, with China dominating at 
79.3%. In early 2025, imports grew by 16.2% YoY. (Thianprasith and Ritsuk, 2025, pp.1-5). 
 The Thai furniture industry faces multiple risk factors, including declining domestic 
purchasing power due to high household debt, rising production costs, and intense competition 
from low-cost Chinese imports. Additional challenges stem from currency appreciation and 
stricter environmental regulations such as CARB, EUDR, and CBAM, compelling 
entrepreneurs to adopt ESG frameworks and eco-friendly product strategies for long-term 
competitiveness. (Malisuwan, 2018, pp. 23-42) Technology adoption is critical for sustainable 
growth, yet SMEs remain hesitant due to perceived high costs, complexity, and limited short-term 
benefits. The Technology Acceptance Model (TAM), emphasizing Perceived Usefulness and 
Ease of Use, explains this reluctance, as many firms still rely on traditional production 
systems (Prathum and Usenyang, 2022, pp. 9-15). Digital transformation is essential, 
requiring a shift from mere technology implementation to comprehensive organizational 
reengineering (Deloitte, 2022, pp. 23-36). Key technologies include ERP systems, automation, 
supply chain management, and online platforms, aimed at improving efficiency, reducing 
costs, and fostering innovation. Successful transformation involves three dimensions: 
enhancing customer experience, optimizing operations, and creating new digital business 
models. (Rattanahame, 2018, pp. 50-52) Failure to adapt risks loss of competitiveness and 
inability to meet modern consumer demands such as modular furniture, FaaS, and sustainable 
design. Government support, training, and education are vital to accelerate Industry 4.0 
adoption. (Sapsanguanboon and Faijaidee, 2020, pp. 16-22) Ultimately, technology 
acceptance drives digital transformation, which is no longer optional but a necessity for 
survival amid rapid digital disruption. This study focuses on technology acceptance and its 
impact on the digital transformation of Thailand’s furniture industry. The research adopts the 
Technology Acceptance Model (TAM) as the theoretical foundation, following the framework 
developed by Marikyan and Papagiannidis (2025, pp. 1-17). The study examines factors 
influencing technology acceptance and innovations related to digital transformation within 
the industry. Based on this approach, the conceptual framework for the research is outlined as 
shown in Figure 1. 
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Figure 1: Technology acceptance  

III. RESEARCH METHODOLOGY 
     This study is quantitative research. The population in this research consists of entrepreneurs 
in Thailand’s furniture industry who hold decision-making authority in business policy within 
their organizations or act as authorized representatives, totaling 2,974 individuals. (Office of 
Industrial Economics, 2025, pp. 1-14) The sample group includes 353 furniture industry 
entrepreneurs in Thailand, with the sample size determined using Taro Yamane’s formula 
(Yamane, 1973, pp. 368-391) and selected through simple random sampling. A total of 331 
complete responses were received. 
     This research focuses on technology acceptance and its influence on the digital transformation 
of Thailand’s furniture industry. The study adopts the Technology Acceptance Model (TAM) 
based on the theoretical framework by Marikyan and Papagiannidis (2025, pp. 1-17)  
to examine the factors influencing technology acceptance and its impact on digital 
transformation (Phuengyaem, 2023, pp. 49-51). Technology acceptance is driven by the 
intention to use technology, which is influenced by perceived usefulness, perceived ease of 
use, intention to adopt, perceived characteristics of digital technology, and perceived 
acceptance in terms of investment and budget. These factors affect digital transformation in 
four key areas: customer experience, operational processes, business model innovation, and 
employee skill development. 
     This study employs quantitative data analysis to explore the personal and business 
characteristics of entrepreneurs in Thailand’s furniture industry. Descriptive statistics, 
including frequency and percentage, are used to present the basic information of the sample 
group. Additionally, the levels of opinion regarding technology acceptance and digital 
transformation within organizations are analyzed using mean and standard deviation.  
To compare differences in business characteristics with technology acceptance and digital 
transformation, the study applies One-Way Analysis of Variance (ANOVA). Furthermore, the 
impact of technology acceptance on digital transformation is examined using Multiple 
Regression Analysis, to identify causal relationships between the variables. 
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IV. RESULTS 
     This study, titled Technology Acceptance and Its Impact on the Digital Transformation of 
Thai Furniture Industry, was conducted using a quantitative research approach to examine the 
relationship between technology acceptance and digital transformation among 331 furniture 
industry entrepreneurs in Thailand. 
     The findings revealed that, in terms of personal factors, most respondents were male, aged 
between 26-45 years, held a bachelor’s degree, and had 11-15 years of experience in the 
industry as shown in Figure 2. 
 

 
Figure 2: The results of the analysis of personal factors of entrepreneurs in the Thai furniture 

industry by gender, age, education and working experience 

     Regarding business characteristics, the majority of respondents operated both as Original 
Equipment Manufacturers (OEM) and under their own brands. Their average annual sales 
ranged between 10-100 million baht, with organizations employing between 50-100 staff 
members. The primary products were knock-down furniture, and distribution channels were 
diversified (hybrid channels) as shown in Figure 3. 

 



18 
Taweepansarn et al., 2026  

  

 International Journal of Industrial Education and Technology  http://doi.org/10.55003/IJIET.8104     IJIET 8(1) 
 

 

 

 
Figure 3: The analysis results of business characteristics of entrepreneurs in the Thai 

 furniture industry 

     Analysis of the level of opinion regarding technology acceptance showed a high level, 
particularly in areas such as perceived investment and budget, perceived usefulness, and 
intention to use as shown in Table 1. Similarly, the level of digital transformation was also 
high, with emphasis on customer experience, operational processes, and business model innovation 
reflecting the readiness of entrepreneurs to effectively adapt the digital era as shown in Table 2. 
 

Table 1: Analysis results of overall and individual levels of opinion on technology adoption 

Technology adoption factors   x    SD Level of opinion 
Perceived usefulness 4.18 0.41 High 
Perceived ease of use 4.16 0.44 High 
Intention to use 4.18 0.76 High 
Perceived digital technology format 4.18 0.43 High 
Perceived acceptance in investment and budget 4.20 0.58 High 

Overall 4.18 0.40 High 
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Table 2: Analysis results of overall and individual levels of opinion on organizational digital 
transformation 

Digital transformation x  SD Level of opinion 
Customer experience transformation 4.19 0.69 High 
Operational process transformation 4.19 0.70 High 
Business model transformation 4.18 0.75 High 
Employee skill development 4.13 0.78 High 

Overall 4.17 0.69 High 
 
 

     The comparative analysis of different business characteristics and levels of technology 
acceptance revealed that the type of business operation did not show statistically significant 
differences at the 0.05 level. However, variables such as average sales over the past three 
years, number of employees, product characteristics, product types, and primary distribution 
channels showed statistically significant differences at the 0.05 level. Specifically, 
entrepreneurs with average sales exceeding 500 million baht and those with less than 10 
million baht demonstrated higher levels of technological acceptance than those with mid-
range sales. Organizations with fewer than 50 employees and those with more than 200 
employees also showed higher levels of technological acceptance compared to mid-sized 
organizations. Regarding product characteristics, companies producing built-in furniture 
exhibited higher technology acceptance than those producing knock-down or freestanding 
furniture. In terms of product types, entrepreneurs manufacturing bedroom and office sets 
showed higher acceptance than those producing kitchen and living room sets. Additionally, 
direct and online distribution channels had a significantly greater impact on technology 
acceptance compared to intermediary-based distribution channels, at the 0.05 significance 
level as shown in Table 3. 
 

Table 3: Analysis results comparing the characteristics of different types of Thai furniture industry 
businesses with the technology adoption of Thai furniture entrepreneurs 

Technology adoption 
aspect 

Statistically 
significant 
difference 

Notes 

Type of business 
operation ✗ — 

Average sales  
in the past 3 years ✓ 

Organizations with annual sales exceeding 
500,000,000 THB demonstrate higher levels of 
technological adoption compared to smaller 
enterprises 

Number of employees  
in the organization ✓ Organizations with fewer than 50 employees tend to 

have higher levels of technological adoption. 
Nature of furniture 
products ✓ Built-in furniture shows higher levels of 

technological adoption compared to other types 

Main furniture product 
type ✓ 

Bedroom furniture as the main product type shows 
higher levels of technology adoption compared to 
other product types 

Main distribution 
channels ✓ 

Entrepreneurs who sell directly exhibit higher levels 
of technology adoption compared to those using 
other distribution methods 
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     The comparative analysis of different business characteristics within Thailand’s furniture 
industry and the level of digital transformation among entrepreneurs revealed statistically 
significant differences based on the type of business operation. Entrepreneurs who operated 
under their own brand or as OEMs exhibited higher levels of digital transformation compared 
to those engaged in component manufacturing. 
     Regarding average sales, entrepreneurs with annual sales below 10 million baht and above 
500 million baht demonstrated significantly higher levels of digital transformation than those 
with mid-range sales. The number of employees also influenced the level of digital 
transformation, with small and large organizations showing greater transformation than 
medium-sized ones. 
     In terms of product characteristics, organizations producing built-in furniture showed 
higher levels of digital transformation than those producing ready-to-assemble or freestanding 
furniture. For product types, manufacturers of bedroom sets exhibited significantly higher 
levels of digital transformation than those producing office sets, multi-purpose furniture, 
kitchen sets, or living room sets, at the 0.05 significance level. However, the primary 
distribution channel did not show a statistically significant effect on the level of digital 
transformation at the 0.05 level as shown in Table 4. 
 

Table 4: Analysis results comparing the characteristics of different types of Thai furniture industry 
businesses with the digital transformation of Thai furniture entrepreneurs 

Digital 
transformation 

aspect 

Statistically 
significant 
difference 

Notes 

Type of business 
operation ✓ Manufacturers with their own brand show higher 

levels of digital transformation than other groups. 
Average sales  
in the past 3 years ✓ Organizations with annual sales of over 10,000,000 

THB exhibit higher levels of digital transformation. 
Number of employees  
in the organization ✓ Organizations with at least 50 employees 

demonstrate greater technological adoption. 
Nature of furniture 
products ✓ Smart furniture products show higher levels of digital 

transformation than other types. 
Main furniture product 
type ✓ Multi-functional furniture products have higher levels 

of digital transformation than other types. 
Main distribution 
channels ✗ — 

 
 

     The multiple regression analysis between technology acceptance and digital transformation 
among furniture industry entrepreneurs in Thailand revealed that the variables of perceived 
usefulness (X1), perceived ease of use (X2), intention to use (X3), and perceived investment 
and budget acceptance (X5) had a statistically significant influence on digital transformation 
at the 0.05 level. The overall correlation coefficient was 0.94, indicating a strong relationship, 
particularly with intention to use (X3), which had the highest influence as shown in Table 5 
and Table 6. 

 

 

 

 

 



21 
Taweepansarn et al., 2026  

  

 International Journal of Industrial Education and Technology  http://doi.org/10.55003/IJIET.8104     IJIET 8(1) 
 

 

Table 5: Results of regression analysis on technology acceptance affecting the digital transformation of Thai 
furniture industry  

Technology adoption factor Regression 
coefficient 

Standard 
error β t-value Significance 

(Sig.) 
Constant 4.17 0.01  3.2 0.00* 
Perceived usefulness (X1) 0.06 0.02 0.09 3.33 0.00* 
Perceived ease of use (X2) 0.06 0.02 0.09 3.5 0.00* 
Intention to use (X3) 0.63 0.02 0.91 33.4 0.00* 
Perceived digital technology format 
(X4) 0.04 0.03 0.06 1.61 0.11  

Perceived investment and budget 
acceptance (X5) 0.06 0.02 0.08 2.55 0.01* 

R = 0.94, R2 = 0.89, Adjusted R2 = 0.88, S.E.est = 0.24 
* p < 0.05  
 

Table 6: Regression analysis of technology adoption factors affecting each aspect of digital 
transformation among Thai furniture industry entrepreneurs 

Digital 
transformation 

aspect 

X₁: 
Perceived 
usefulness 

X₂: 
Perceived 
ease of use 

X₃: 
Intention 

to use 

X₄: Perceived 
digital 

technology 
format 

X₅: Perceived 
investment and 

budget 
acceptance 

Customer 
experience 
transformation 
(Y₁) 

— ✓ ✓ ✓ — 

Operational 
process 
transformation 
(Y₂) 

— ✓ ✓ - — 

Business model 
transformation 
(Y₃) 

✓ ✓ ✓ - ✓ 

Employee skill 
development (Y₄) ✓ — ✓ - ✓ 

 

The predictive equation for digital transformation in raw score format is: 
Ŷ = 4.17 + 0.06X1 + 0.06X2 + 0.65X3 + 0.04X5 
The predictive equation in standardized score format is: 
Ẑ = 0.08X1 + 0.07X2 + 0.93X3 + 0.05X5 
These findings indicate that intention to use is the most influential factor driving digital 
transformation among furniture industry  
 
V. CONCLUSION AND DISCUSSION 
     This study examined technology acceptance and its impact on digital transformation within 
the Thai furniture industry, based on responses from 331 business operators. The majority of 
respondents were male (60.42%), aged 26–45 years (51.13%), holding a bachelor’s degree 
(60.12%), and having 11-15 years of industry experience (27.49%). Most businesses 
combined their own branded production with OEM services (40.48%), reported average 
annual sales between 10 and 100 million THB (66.77%), employed 50-100 staff (56.80%), 
and primarily produced knock-down furniture (44.41%). Multi-purpose furniture was the 
leading product category (40.48%), and hybrid distribution channels were most common 
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(43.81%). Overall technology acceptance was rated high, with the strongest emphasis on 
investment and budget considerations, followed by perceived benefits, intention to use, 
preferred technological formats, and ease of use. Digital transformation was also rated high, 
prioritizing changes in customer experience, operational processes, business models, and 
workforce skill development. Comparative analysis revealed significant differences in 
technology acceptance based on sales volume, workforce size, product type, and distribution 
channels. Firms with the highest and lowest sales volumes exhibited greater acceptance than 
mid-range groups, while small and large organizations outperformed medium-sized firms. 
Businesses producing built-in furniture or bedroom sets demonstrated higher acceptance than 
others. For digital transformation, significant differences were observed across business types, 
sales volumes, workforce size, and product characteristics. Companies manufacturing their 
own brands and OEM products achieved higher transformation levels than component 
producers. Firms with annual sales below 10 million THB or above 500 million THB showed 
greater transformation compared to mid-range groups. Regression analysis indicated that 
perceived benefits, ease of use, intention to use, and investment considerations significantly 
influenced digital transformation, with a correlation coefficient of 0.94, reflecting a strong 
positive relationship between technology acceptance and digital transformation. 
The predictive equation is Ŷ = 4.17 + 0.06X₁ + 0.06X₂ + 0.65X₃ + 0.04X₅, where intention to 
use (X₃) is the most influential factor. In conclusion, technology acceptance serves as a critical 
driver of digital transformation in the Thai furniture industry.  
       The high levels of technology acceptance observed among entrepreneurs reflect 
substantial readiness to adopt digital technologies in response to labor shortages and rising 
production costs conditions that increasingly necessitate efficiency enhancing solutions. 
These findings reinforce earlier research by Sarawong et al. (2009, pp. 336-345) and 
Phophueannoi (2022, pp. 51-65), which emphasized the strategic role of technology in 
industrial advancement and consumer decision-making. The strong influence of intention to 
use and perceived usefulness is consistent with the core assumptions of the Technology 
Acceptance Model (TAM) and is aligned with the work of Lee et al. (2021, pp. 8289-8304) 
and Silviana and Pudjiarti (2024, pp. 71-84), who highlighted the importance of supportive 
policies and workforce preparedness, particularly within SMEs. Evidence of elevated digital 
transformation manifested in the adoption of online ordering systems, AR/VR visualization 
tools, and digital customer communication-corresponds with the conclusions of Rattanahame 
(2018, pp. 50-52) and Sapsanguanboon and Faijaidee (2020, pp. 16-22), who associated such 
technological initiatives with organizational restructuring and skill enhancement. Differences 
in technology acceptance across firms of varying sizes, product characteristics, and revenue 
levels suggest that organizational capacity and resource availability materially shape adoption 
decisions, supporting the perspectives of Promkhet and Prommawong (2018, pp. 119-133), 
Zhu and Kraemer (2005, pp. 61-84), Rame (2023, pp. 53-63) and Červený et al. (2022, pp. 
21-27). Finally, the significant effects of perceived usefulness, ease of use, intention to use, 
and investment readiness on digital transformation reaffirm insights from Ortiz‑López et al. 
(2024, pp. 9-18) and Elizabeth (2024, pp. 265-271), which highlight contextual factors, 
usability, and consumer trust as critical enablers of technological adoption. Overall, the 
findings emphasize that technology acceptance constitutes a fundamental determinant of 
digital transformation, underscoring the necessity for integrated strategies that enhance 
organizational readiness, strengthen workforce capabilities, and foster long term 
competitiveness within Thailand’s furniture industry. 
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VI. SUGGESTION 
     This study examined technology acceptance and its role in driving digital transformation 
among entrepreneurs in Thailand’s furniture industry. Results indicate strong readiness for 
digital adoption, particularly in intention to use, perceived usefulness, and ease of use. 
Business characteristics such as size, sales, workforce, and product type significantly 
influenced acceptance levels, while regression analysis confirmed intention to use as the 
strongest predictor of transformation (r = 0.94). Recommendations include financial support, 
tax incentives, and awareness programs for SMEs, alongside practical workshops and tailored 
training. Businesses should prioritize customer focused technologies like CRM, online 
platforms, and AR/VR, while restructuring processes and innovating business models. 
Support measures must be customized by business profile, with consulting for low-adoption 
firms and skill development for medium-sized enterprises. Finally, fostering positive 
perceptions and applying predictive models will enable targeted strategies for sustainable 
digital transformation. 
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      ABSTRACT 

As learning outcomes may differ across university admission pathways, this study examined 
this association in the course Mathematics for Primary School. The participants were 30 first-
year undergraduate students enrolled in the Learning Management Science Program 
(mathematics major). Students were admitted through five pathways: Portfolio (PF), 
Mathematics–Science Teacher Preparation Program (MS), Allocated School Quota (QT), 
Central Admission System (CA), and Independent Direct Admission (DA). Learning outcomes 
were assessed across cognitive, psychomotor, and affective domains using formative 
assessments (70%) conducted weekly and a summative final examination (30%). One-way 
analysis of variance revealed statistically significant differences in overall learning 
achievement among students admitted through different pathways at the 95% confidence level 
(F = 3.932, p ≤ .05). Post hoc analyses indicated significant differences between the PF and 
CA. However, no significant differences in mean learning achievement were found between 
the PF and MS, QT, or DA. Similarly, no significant differences were observed between the 
CA and MS, QT, or DA. The findings suggest that admission pathways are associated with 
variations in students’ learning achievement in teacher education contexts. The selection 
process for first-year students should not rely solely on high academic scores. Instead, 
admission processes should also consider applicants’ genuine motivation and their awareness 
of the profession they intend to pursue. 
 
Keyword:  Admission pathways,  Learning achievement, Mathematics teacher education, 
Pre-service mathematics teachers, TCAS 
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I. INTRODUCTION 
     Higher education is a developmental process that supports learners’ transition from upper 
secondary education to becoming individuals prepared for specialized professions.  
These graduates constitute a critical workforce that underpins the economic system and 
directly contributes to national development (Office of the Higher Education Commission, 
2016, 28 pp. 1-3).  
     Thailand’s higher education admission system has undergone several revisions, evolving 
from institution-specific entrance examinations to a centralized system and, more recently, to 
the Thai University Central Admission System (TCAS). These reforms were implemented to 
improve fairness, standardization, and alignment between admission criteria and disciplinary 
requirements. TCAS currently offers multiple admission pathways-such as portfolio-based, 
quota-based, and examination-based tracks-each reflecting different student characteristics 
and competencies (Association of University Presidents of Thailand, 2023, pp. 2-4). 
Accordingly, higher education plays a central role in integrating knowledge, skills, attributes, 
and values in alignment with the disciplinary and professional orientations of each field of 
study (Knight & Yorke, 2003, pp. 1-5). This role renders student development at the higher 
education level fundamentally different from that at the upper secondary level, which 
primarily emphasizes foundational knowledge. Although secondary education incorporates 
certain skills and attributes across subject groups, such development remains largely general 
and preparatory rather than specialized. Upon entering higher education, the nature of learning 
undergoes a substantial transformation. For example, medical students are required to develop 
clinical competence (Harden, 2016, pp. 1010-1012), engineering students must cultivate 
systems thinking abilities (Froyd & Ohland, 2005, pp. 148-152), and teacher education  
students need to develop instructional design skills and a deep understanding of learners  
(Darling-Hammond, 2006, pp. 23-30). Developing students’ capacities in accordance  
with program-specific learning outcomes therefore relies heavily on the characteristics and 
preparedness of incoming students, as these factors directly influence the effectiveness  
of development at the higher education level (Astin, 1993, pp. 7-11). Consequently, student 
selection processes play a crucial role in determining the quality of educational outcomes. 
     Existing studies suggest that admission modalities are associated with distinct patterns of 
learning achievement. Selection methods based on centralized examinations tend to predict 
academic performance effectively during the early years of higher education, although their 
predictive power diminishes in later years (Mahidol R2R e-Journal, 2019, pp. 50- 54). 
In contrast, admission criteria incorporating GPAX have been linked to more sustained 
academic performance, particularly in health sciences, engineering, and teacher education 
programs (Mahidol R2R e-Journal, 2019, pp. 50–54). Similarly, GAT/PAT and subject-
specific examination scores show positive associations with academic achievement, albeit with 
declining influence as students advance through their studies (Thonburi University Journal, 
2022, pp. 35-38). These findings suggest that different admission pathways select students with 
diverse learning profiles, which subsequently influence their academic development in higher 
education. This result aligns with Input–Environment–Outcome (I–E–O) model (Astin, 1993, 
pp. 7-11), which highlights the importance of student inputs in determining educational outcomes. 
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     It can be observed that different admission pathways influence students’ learning effectiveness 
in different ways, depending on the instructional approaches employed by each faculty or 
academic field chosen by the students. Therefore, this study hypothesizes that students 
admitted through different admission pathways will demonstrate different learning outcomes 
across the domains of knowledge, skills, and attitudes. Accordingly, the study aimed to 
examine whether significant differences in learning achievement exist among first-year 
mathematics teacher education students admitted through five distinct TCAS pathways. 
 
II. LITERATURE REVIEW  
     Student development in higher education is shaped by multiple interrelated factors, among 
which the characteristics and attributes of admitted students play a critical role. Admission 
modalities influence not only the academic preparedness of students but also their motivation, 
learning behaviors, and capacity for sustained development within specific disciplinary 
contexts. This perspective aligns with Astin’s (1993, pp. 7-11) I–E–O model, which conceptualizes 
educational outcomes as the result of interactions between student inputs, learning 
environments, and institutional processes. Within this framework, student input- particularly 
prior academic performance and motivational characteristics- constitutes the initial condition 
that shapes subsequent learning trajectories and academic achievement. There was numerous 
research studies have shown the relation between input, environment, and output based on 
I-E-O model. Empirical evidence supports the central role of student input in predicting 
academic success. (Heaney & Fisher, 2011, pp. 65- 70) applied the I–E–O model to examine 
student persistence within learning communities and found that both input and environmental 
factors significantly influenced the likelihood of academic success. 
     Research on specific admission pathways further illustrates the differentiated effects of 
student input. Studies on portfolio-based admissions indicate that in disciplines such as 
communication arts, architecture, and teacher education, students who present authentic prior 
work tend to demonstrate more continuous academic development, particularly in project-
based learning contexts. These students often exhibit stronger intrinsic motivation and clearer 
commitment to skill development (Phayao University Health Sciences Research, 2021, pp. 58-62). 
Comparable patterns have been observed in quota-based admission systems, such as 
the Collaborative Project to Increase Production of Rural Doctors (CPIRD), where high 
motivation and structured institutional support contribute to positive academic and professional 
development (Collaborative Project to Increase Production of Rural Doctors, 2020, pp. 12-16). 
Furthermore, a comparative study of students admitted through all four TCAS rounds revealed 
statistically significant differences in academic achievement, with TCAS 3 students achieving 
the highest outcomes and TCAS 1 students the lowest (Phayao University Health Sciences 
Research, 2021, pp. 60–65). These findings indicate that different admission modalities may 
select students with distinct learning profiles and developmental potential. Beyond academic 
credentials, motivational factors have been consistently linked to learning effectiveness.  
Richardson & Watt (2006, pp. 35-40) reported that students entering teacher education 
programs with strong intrinsic motivations- such as interest in teaching and a desire to 
contribute to society- demonstrated clearer professional self-development trajectories. This 
conclusion was reinforced by Watt et al. (2012, pp. 795-800) in a cross-national study 
involving pre-service teachers from Australia, Germany, the United States, Taiwan, and Hong 
Kong, which found that intrinsic motivation and perceived professional value were 
significantly associated with higher engagement and long-term commitment to the profession. 
Studies in vocational and industrial education indicate that learner-related factors play a critical 
role in learning achievement. Chen & Chen (2022, pp. 6-9) found that learning motivation 
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significantly and positively influenced learning performance among higher vocational students. 
Similarly, Phungsuk et al. (2023, pp. 50-55) reported that learners’ engagement behaviors  
and responsibility for self-directed learning were essential conditions for success in 
technology-enhanced learning environments. These findings highlight the significant role of 
student inputs in influencing effective outcomes across different educational programs. 
However, the literature also highlights limitations in the predictive power of admission criteria 
alone. Hudson (2013, pp. 775-778) found that competency development during practicum 
experiences depended primarily on the quality of mentoring and learning environments rather 
than on selection mechanisms. In contrast, Al-Asmar et al. (2021, pp. 4-6) demonstrated a 
significant positive relationship between high school GPA and graduating academic 
achievement among dental students, suggesting that GPA can function as a valid indicator of 
long-term academic success. Moreover, GPA has been shown to reflect not only academic 
performance but also learning motivation  (Richardson et al., 2012, pp. 360-368; Robbins et 
al., 2004, pp. 270-275). Therefore, different programs require admission or selection methods 
that support effective student learning, and these methods may vary depending on the specific 
characteristics of each program or profession. This study aims to examine the extent to which 
different student admission modalities- representing diverse learner characteristics and 
attributes- affect learning success among pre-service mathematics teachers in the core 
course Mathematics for Primary School. 
 
III. RESEARCH METHODOLOGY 
Participants 
     The population consisted of 30 first-year undergraduate students enrolled in 
the mathematics major of the Learning Management Science Program, Department of 
Industrial Education, Faculty of Industrial Education and Technology, King Mongkut’s 
Institute of Technology Ladkrabang (KMITL), during the first semester of the 2025 academic 
year. The participants were admitted through different admission pathways, including Portfolio 
admission (n = 11), Mathematics–Science Teacher Preparation Program (n = 8), Allocated 
School Quota (n = 4), Central Admission System (n = 5), and Independent Direct Admission 
(n = 2), yielding a total of 30 participants. 
 

Variables and Definitions 
     Students admitted through the Portfolio pathway were coded as PF. Students admitted 
through the Mathematics–Science Teacher Preparation Program were coded as MS. Students 
admitted through the Allocated School Quota pathway were coded as QT. Students admitted 
through the Central Admission System were coded as CA. Students admitted through Independent 
Direct Admission were coded as DA. PF students were qualified based on their portfolio, 
academic records (GPAX), group activity, and a structured interview; MS students were 
qualified based on their portfolio, GPAX, and a traditional unstructured interview; QT 
students were qualified based on their portfolio, GPAX, the teacher professional aptitude test, 
and a traditional unstructured interview; CA students were qualified based on standardized 
national test scores submitted through the Thai University Central Admission System (TGAT, 
TPAT3, and TPAT5); and DA students were qualified based on their portfolio, GPAX, and a 
traditional unstructured interview. 
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Data Collection 
     Data were collected in the form of formative assessment scores, which accounted for 70% 
of the total course grade and were conducted on a weekly basis. The assessments included 
quizzes, questioning, self-assessment, and peer assessment implemented through a variety of 
learning activities. Criterion Score and Rubric-based scoring were used for evaluation, and 
feedback was provided on all student work to support their improvement in subsequent 
learning activities. These assessments focused on three domains with equal weight.  
The cognitive domain emphasized the analysis of mathematical content aligned with Grades 3 
and 6 of primary education. The assessment content covered six mathematical strands: 
Numbers and Operations, Algebra, Geometry, Measurement, Statistics, and Probability. 
The assessments emphasized relationships and differences across grade levels through 
higher-order thinking skills, including identifying key ideas, interpreting weekly content, 
defining concepts based on provided information (comprehension), comparing and contrasting 
concepts, and applying understanding across grade levels to design learning activities that 
progress from simple to complex. In addition, the psychomotor domain, which is essential for 
the teaching profession, was assessed through communicative and collaborative competencies. 
The affective domain was evaluated based on students’ attitudes, perspectives, and beliefs 
toward mathematics learning. The remaining 30% of the total grade was derived from 
a summative assessment (final examination). The examination is a subjective test that focused 
on analyzing students’ learning difficulties transferred from Grades 3 and 6, connecting 
mathematical learning strands to national educational visions, and applying understanding of 
Grade 3 and Grade 6 content to design appropriate learning activities. 
 

Data Analysis 
     Data were analyzed using descriptive statistics, including the mean and standard 
deviation, and one-way Analysis of Variance (ANOVA) to compare mean learning 
achievement among students admitted through different admission pathways at a 95% 
confidence level (α = .05). When statistically significant differences were found, Scheffé post 
hoc tests were conducted. All analyses were performed using JASP statistical software. 
 
IV. RESULT 
     Based on formative assessments from the population of 30 first-year undergraduate 
students enrolled in the mathematics major of the Learning Management Science Program in 
three domains conducted throughout the course, which accounted for 70% of the total course 
grade and were administered weekly, data were collected from various assessment activities. 
These assessments included quizzes, questioning, self-assessment, and peer assessment 
implemented through a variety of learning activities. Criterion scores and rubric-based 
evaluations were used to assess student performance, and feedback was provided on all 
student work to support students’ improvement in subsequent learning activities.  
The descriptive statistics indicated differences in mean learning achievement across admission 
pathways. Students admitted through the PF pathway achieved the highest mean score 
(M = 31.14, SD = 7.22), followed by those admitted through DA (M = 30.03, SD = 1.23), MS 
(M = 26.45, SD = 4.36), QT (M = 25.24, SD = 3.29), and CA (M = 18.98, SD = 1.77).  
When learning outcomes across all three domains were analyzed collectively using one-way 
analysis of variance. Table 1, presents the results of the one-way analysis of variance 
(ANOVA) comparing students’ learning achievement based on different admission methods. 
The findings indicate that there was a statistically significant difference in learning 
achievement among at least one of the groups that the mean learning achievement of students 
admitted through different admission pathways differed significantly at the 95% confidence 
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level (F = 3.932, p = .014). These findings suggest that different admission pathways are 
associated with differences in students’ learning achievement.To further examine which 
groups differed from one another, a Scheffé post hoc test was performed.  
 

Table 1 Results of One-way Analysis of Variance (ANOVA) comparing learning achievement across 
admission pathways 
Variance Sum of squares df Mean square F p 
between-group 
variance 

477.3 4 119.31 3.932 .014 

within-group 
variance 

728.3 24 30.34   

 

     Table 2, which presents the multiple comparisons of mean learning achievement using the 
Scheffé post hoc test, revealed that the comparison of mean differences among groups with 
different admission pathways showed a statistically significant difference between students 
admitted through the PF and those admitted through CA. However, no significant differences 
in mean learning achievement were found between the PF and MS, QT, or DA. Similarly, no 
significant differences were observed between the CA and MS, QT, or DA. 
 

Table 2 Results of pairwise comparisons of mean learning achievement across admission pathways 
using the Scheffé post hoc test 
  PF MS QT CA DA 
 𝝁𝝁 31.14 26.45 25.24 18.98 30.03 
PF 31.14 - 4.69 5.90 12.17* 1.11 
MS 26.45  - 1.21 7.48 -3.58 
QT 25.24   - 6.27 -4.79 
CA 18.98    - -11.06 
DA 30.03     - 

Significant at the .05 level  
 
V. CONCLUSION AND DISCUSSION 
    The results of this study indicate that admission pathways influence students’ learning 
achievement in the course Mathematics for Primary School among students majoring in 
mathematics in the Learning Management Science Program. Statistically significant 
differences in learning achievement were found between students admitted through PF and 
those admitted through the CA, whereas differences among other admission pathways were not 
statistically significant. No significant differences were observed between PF and MA, QT, 
and DA. This may be because the selection processes in these pathways are similar, typically 
including a portfolio, academic records (GPAX), and an interview. Likewise, no significant 
differences were found between CA and the MA, QT, and DA groups. One possible 
explanation is that these pathways employ similar interview procedures, which are generally 
conducted as traditional unstructured interviews, whereas PF uses a structured interview. 
Another possible factor is the timing of the admission decision. The PF pathway requires 
applicants to apply earlier than other pathways. This earlier application period may reflect 
applicants’stronger passion or motivation to pursue a teacher education program. Such 
characteristics may partly explain the significant difference in learning outcomes observed 
between PF and CA. Therefore, the interview process should be emphasized and designed in a 
specific way. Additionally, interviewers should work as a team and receive proper training or 
preparation to conduct interviews in a professional manner. This strongly demonstrates the 
importance of inputs in the I–E–O model, which conceptualizes educational outcomes as the 
result of interactions among student inputs, learning environments, and institutional processes 
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(Astin, 1993, pp. 7–11). On the other hand, GPAX, which was not directly related to the interview 
process and for which all candidates met the required qualifications, was not found to be a 
significant factor in this study. This finding differs from previous studies suggesting that GPAX 
significantly predicts academic performance (Mahidol R2R e-Journal, 2019, pp. 52- 55). An 
area in which students demonstrated relatively low performance was the cognitive domain, 
particularly in higher-order thinking skills, including interpretation, understanding mathematical 
meanings and concepts, summarization, application of understanding to instructional design, and 
knowledge synthesis through discussion. The development of these skills requires a strong 
foundation in long-term memory, enabling learners to connect prior knowledge with new 
concepts and to synthesize ideas through collaborative discourse. However, many students 
lacked behaviors associated with self-learning and intellectual curiosity (Phungsuk et al., 2023, 
pp. 53- 56). Within this context, students who are able to adapt, possess positive attitudes 
toward learning, and demonstrate intrinsic motivation to develop themselves as future teachers 
are more likely to achieve meaningful learning outcomes (Phayao University Health Sciences 
Research, 2021, pp. 60–63; Richardson and Watt, 2006, pp. 38- 41). This may partly explain 
why the PF-requiring self-awareness, clear goals, and prior engagement in activities related to 
the teaching profession—was associated with different learning outcomes compared to CA, 
which primarily relies on knowledge-based examinations  (Watt et al., 2012, pp. 798-802).      
     Therefore, effective learning in teacher education relies on students’ ability to understand 
their interests and envision their future professional roles. Providing opportunities for self-
exploration and authentic experiences within admission criteria may help identify candidates 
who possess strong motivation and clear professional goals, thereby supporting effective 
learning and professional development in teacher education programs. Furthermore, admission 
requirements should assess candidates in ways that allow high school students to explore their 
interests and engage meaningfully with their learning experiences. These opportunities should 
extend beyond guidance counseling courses to include real-life experiences of significant 
duration that encourage self-exploration. If the Thai school curriculum cannot sufficiently 
facilitate such experiences, university admission strategies should provide a realistic picture of 
the teaching profession so that applicants can make informed decisions. Consequently, the 
selection of first-year students should not rely solely on high academic scores. Instead, admission 
processes should also consider applicants’ genuine motivation and their awareness of the 
profession they choose to pursue. 
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      ABSTRACT  

This research reports the design and construction of a solar oven for the cooking of raw 
ingredients with reduced gas consumption. There are three main components to the solar oven: 
an adjustable angle base, a parabolic rail, and an ingredient tray. The designed components are 
used together with a vacuum tube to cook raw ingredients. The performance testing process of 
the constructed solar oven was separated into two conditions. First, the improvement of the 
temperature inside the solar oven was measured with a tilt angle of 0° using foil, aluminum, 
and stainless steel as the base materials of the parabolic rail. Second, the temperature inside the 
solar oven was measured using a stainless-steel parabolic rail at 0°, 15°, and 30°. After one 
hour of testing, the solar oven produced an inside temperature in the vacuum tube of 116.6 °C, 
118.1 °C, 100.5 °C, and 84.4 °C for the parabolic rail with foil, aluminum, stainless steel, and 
solar without a parabolic rail. The ingredients weighing 50 grams were reduced to around 20 
grams after testing. With the angle adjustment of the parabolic rail condition, the temperature 
inside the vacuum tube reached maximum values at a tilt angle of 15°, with the inside 
temperature ranging from 90 to 120 °C. The weight of the ingredients after testing was reduced 
to around 33 grams without the reflector and to between 25 and 28 grams with the reflector 
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attached. The results suggested that solar oven equipped with aluminum reflector below the 
vacuum glass tube and when tilting at 15° produce the most heat to cook the raw ingredients.  
 
Keywords:  Solar oven,  Parabolic rail,  Solar energy,  Cooking,  Reflection angle 
 
 

I. INTRODUCTION 
     Sunlight is a clean and abundant natural energy source. Over the decades, humans have 
developed various technologies to utilize solar energy a source for both heat and electricity 
conversion. These technologies have gathered increasing interest and usage because of their 
low investment cost and non-pollutive properties. As for the use of solar heat energy in 
particular, humans have developed technologies for various applications such as water 
heaters, dryers, solar cooking stoves, etc (Department of Alternative Energy Development and 
Efficiency, 2010, pp. 23-25; Sonsaree et al., 2014, pp. 105-121; Dasin et al., 2011, pp. 43-51: 
Al-Soud et al., 2010, pp. 463-470). 
     Base on literature, a solar oven is a low-cost instrument that heats the contents of a 
container, and it can be used for cooking and drying, based on the materials used to construct 
the oven. A solar oven concentrates solar radiation and converts it into heat energy. 
When used for cooking, ramping time is needed to raise the temperature until it reaches the 
appropriate cooking point. Concentrated sunlight needs to be distributed across the solar oven 
for it to operate (Al-Soud et al., 2010, pp. 463-470; SLiCK Solar Stove UK, 2017, Online; 
Rathore & Chopra, 2012, pp. 2277-9477). In the case of a solar oven with a parabolic 
reflector, solar rays are concentrated on a singular focal point. The material commonly used 
to construct the reflector is either polished aluminum or stainless steel (Rathore & Chopra, 
2012, pp. 2277-9477). The advantage of this variant of solar oven is that it has faster 
temperature ramping compared to box-type ovens (Coccia et al., 2012, p. 023110;  
Öztürk, 2004, pp. 67-71; Ayompe et al., 2011, pp. 3370-3378). 
     A further review of the literature also reveals that the design and construction of a vacuum 
glass tube solar oven with a parabolic reflector is still very rare in Thailand. Therefore, 
this study proposes the design and construction of this variant of solar oven to heat raw 
ingredients using solar thermal energy. In addition, the characteristics of time and temperature 
inside the vacuum glass tube when cooking and the effect of solar radiation intensity on the 
temperature inside the vacuum tube are determined by adjusting the solar radiation angle and 
the type of reflector (Al-Soud et al., 2010, pp. 463-470; Coccia et al., 2012, p. 023110; 
Öztürk, 2004, pp. 67-71; Ayompe et al., 2011, pp. 3370-3378). This solar oven with a 
parabolic reflector has the potential to be viable for practical use, with the temperature inside 
the vacuum glass tube being sufficient to cook raw ingredients within the appropriate time 
(Clean Heat Energy Saving Solutions (Pty) Ltd, 2018, Online). However, there are sparsely 
amount of report regarding comparative study of multiple materials of parabolic rail in 
combination of tilting angle for solar cooker applied in Thailand.  
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      The reflected light from the parabolic reflector with appropriate types of materials and tilt 
angles converging on the vacuum glass tube coated with a substance that can absorb heat well 
should allow the temperature inside the glass tube to increase to a level sufficient to cook raw 
ingredients. In addition, this study proposes the application of solar thermal energy for 
cooking to replace the use of gas and reduce pollution by using clean energy. 
 
II. LITERATURE REVIEW 
     A parabola is a conic section originating from an intersection between the cone surface and 
a plane parallel to the original line of the cone surface. The parabola can be defined by the 
points in a two-dimensional plane that are equidistant from a fixed focal point, while the fixed 
line is the directrix line (Alkhaldi, 2014, p. 64). For an analysis to find the size of the parabolic 
rail, the equation of an upward-opening parabola has the vertex at the origin (0,0) is as display 
in Equation (1) (Abdulhamed, 2020, pp. 47-65). The design for the vertical distance or depth 
of the parabolic rail equals the focus length, are as shown in the Equation (2) to (4). For the 
design of a parabolic rail, the suitable ratio of the focus per aperture should be equal to 0.25. 
Meanwhile, the reflection of light is a phenomenon in which light travels from the medium of 
one density to another, causing the incident light to bounce off the new medium and be 
reflected back to the original one. For example, the reflection of light from air to the surface 
of a mirror causes the light to reflect off the surface of the flat mirror and return to the air 
(He et al., 1991, pp. 175-186). When light hits the surface of any medium, the intensity and 
direction of reflection depend on the nature of the surface of that medium. If a parallel beam 
of light hits a smooth surface, the light reflects as a parallel beam in the same manner as the 
incident beam. This may result in a possibly perfect reflection or an incomplete reflection 
with a distorted physical image while still conserving energy, depending on the type of opaque 
medium in which the light is reflected (He et al., 1991, pp. 175-186). The two laws of 
reflection are presented in Figure 1 (Fitzpatrick, 2007, Online): (1) The incident ray that hits 
the medium, the reflected ray that bounces off the medium, and the normal line that divides 
the two exist in the same plane. (2) The incident angle is equal to the reflecting angle.  
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Figure 1: Light reflection 

Source: Fitzpatrick (2007, Online) 
 
     Parabolic solar ovens have been studied by international researchers such as Öztürk et al. 
(2004, pp. 67-71), who designed and built a low-cost parabolic solar oven and evaluated the 
energy efficiency and energy usage of the constructed device. The energy efficiency and 
energy usage were found to range from 2.8 to 15.7 and 0.4 to 1.25, respectively. Al-Soud et 
al. (2010, pp. 463-470) designed and built a parabolic solar oven with a two-axis solar 
tracking system. A three-day test showed that the temperature of the water inside the glass 
tube used for heating can reach 90 °C on a hot summer’s day when the ambient temperature is 
at its maximum of 36 °C. Hence, the water temperature increases when the ambient 
temperature is higher or the light intensity is higher. Ayompe et al. (2011, pp. 3370-3378) 
reported that a vacuum tube solar collector for a solar oven showed remarkable efficiency at 
low temperatures compared to a flat plate solar collector. In the same study, the thermal 
efficiency of the vacuum tube and flat plate solar furnaces when heating water under the same 
environmental conditions was 60.7 and 46.1, respectively. Under a fixed angle, the capability 
of parabolic rail materials to heat the thermally insulated glass tube should rely on their UV 
reflectivity. Based on study of Hussain et al. (2017, pp. 44-52), aluminum has noticeably 
higher capability to reflect large number of solar radiations to absorber resulting in higher 
thermal efficiency. Their paper report two identical conical solar collectors systems for water 
heating having different reflector materials under similar operating conditions where 
maximum thermal efficiency of aluminum reflector at 45˚ was 73% in comparison to 65% of 
stainless steeler reflector. As for comparison of aluminum and aluminum foil, the morphology 
of reflector plays a crucial role on specular reflection of the solar radiation as the more 
polished surface will has higher specular reflectivity not just in UV but in board wavelength 
due to lower dispersion as reported by Pozzobon et al. (2020, p. e00399). In their report, both 
bright side and matte side of foil result in similar total reflection but the polished bright side 
yielded 52.5% for specular reflection and 41.5% for diffused reflection while rough matte 
side yield 19.8% and 76.2%, respectively. Since specular reflection was key to control 
direction of solar radiation toward solar collector, the more polished aluminum surface would 
be more suitable as reflector. Therefore, the parabolic rail created from polished aluminum 
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should possess superior heating capability comparing to aluminum foil and stainless steel 
made ones due to its high UV reflectivity in board range. Regardless, the study to compare 
the performance of this cost-effective reflector material relative to each other for cooking 
need to be studied. To take advantage of Thailand where the country is sunny all years, the 
solar oven could reduce reliance on natural gas for cooking to help people who live on 
countryside and cut down budget for One Tambon One Product (OTOP) as well (Sanboonrat, 
2001, pp. 1-2; Thipwong et al., 2022, pp. 167-180). With these knowledges in mind, the use 
of highly UV-reflective material as a rail combined with an appropriate tilting angle for the 
location (Thailand in our case study) should improve the ramp up time and temperature inside 
a thermally insulated glass tube for cooking purpose. As a result, chicken meat should lose its 
weight when properly cooked by solar oven. 
 
III. RESEARCH METHODOLOGY 
Design of the Solar Oven 

Solar oven was designed through Solid Works 2017 software. Each component was design 
around the purchased solar collector and assembled into solar oven. Model detailing each  
component of the solar oven was shown in Figure 2 indicated by corresponding number as following:  

1. Solar collector 
2. Food tray 
3. Parabolic rail 
4. Ring for securing the closed end of a solar collector. 
5. Ring for securing the open end of a solar collector. 
6. Tiltable base 
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Figure 2: Model detailing each component of the solar oven 
Food tray 
       The food tray is a component designed and constructed to hold experimental ingredients 
inside a vacuum glass tube of solar collector. The design details are as follows: a hollow cylin-
drical structure of 550  mm long, with an outer radius of 21  mm and a thickness of 2 .7  mm. 
Both ends are sealed with circular plates of 42 mm in diameter and 1.5 mm in thickness. A 10-
mm diameter hole was drilled on one of the sealed ends to insert a temperature probe of ther-
mocouple. A handle with a 2 4 - mm diameter and 1 2 0 - mm length was attached to one end of 
the food tray. The main materials used in its construction are stainless steel and Teflon for the 
food tray and the handle, respectively.   
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Figure 3: Schematics of food tray 

 
Parabolic rail 
       The parabolic rail is a component designed to reflect solar radiation onto a vacuum glass 
tube, converting solar rays into thermal energy, thus increasing the temperature inside the 
tube. The design specifications included a width of 300 mm and a length of 540 mm, 
constructed primarily from stainless steel to create a curved shape with a focal length of 75 
mm. The focal point was calculated using the equation W = f / 0.25, where f is the focal 
length, and W is the width of the curved base. Figures 4 and 5 show the ratio of the width and 
focal point of the parabolic rail and a detailed schematic of the parabolic rail, respectively. 
After design and construction, the parabolic rail is mounted on a tiltable base. 

 

 
Figure 4: Ratio of the width and focal point of the parabolic rail 
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Figure 5: Detailed schematic of the parabolic rail 

 
Ring for securing the closed end and open end of a solar collector  
       The clamping rings for vacuum glass tubes were designed in two directions to secure the 
vacuum solar collector to the main frame at both the closed and open ends of the tube, which 
were made of Teflon material. The design details for the closed-end securing ring of the 
vacuum glass tube are as follows: a hollow cylinder with an outer diameter of 100 mm and an 
inner diameter of 6 0  mm, connected to a cylinder with an outer diameter of 7 5  mm and an 
inner diameter of 60  mm, as shown in Figure 6.  The design details for the open-end securing 
ring are as follows: a hollow cylinder with an outer diameter of 75 mm and an inner diameter 
of 60 mm, and a thickness of 6 mm, connected to a long cylindrical tube with an outer diameter 
of 100 mm and an inner diameter of 60 mm at a distance of 14 mm from one end of the long 
cylindrical tube, as shown in Figure 7. 

 

 
Figure 6: Schematics of ring for securing the closed end of a solar collector 
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Figure 7: Schematics of ring for securing the open end of a solar collector 

 
Tiltable base 
       The tiltable base is a component designed to support all the assembled parts of the solar 
furnace. The researchers designed this base to allow adjustment of the parabolic rail's tilting 
angle relative to the horizontal axis, ranging from 0 , 1 5 , to 3 0  degrees. The base consists of 
three main parts: the vacuum solar collector holder, the angular stand, and the base itself. 
All parts are constructed from stainless steel. The vacuum solar collector holder was designed 
as a frame for connection to the parabolic rail, with an overall height of 220 mm and an overall 
width of 1 2 0  mm. Both ends of the holder were designed for connection of the vacuum solar 
collector and its end-securing rings. A 7 6 - mm diameter hole is drilled, centered at 1 5 0  mm 
from the horizontal base for inserting the ring and vacuum solar collector. The central section 
of the frame, with curved ends on both sides, was designed for connecting the parabolic rails. 
The width of the curve is 250 mm, and the frame panel is 2 mm thick, as shown in Figure 8. 

 
Figure 8: Schematics of holder for solar collector 
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       The angular stand is a component that holds the tiltable base when adjusts the angular 
position of the system's plane. The angular stand was designed as a rectangular frame with 
rounded section made from a 9.50 mm diameter stainless steel cylinder welded to a 274 mm 
long cylindrical shaft. The combined longitudinal and transversal dimensions of the section are 
274 mm and 216 mm, respectively, as shown in Figure 9. 

 
Figure 9: Schematics of angular stand 

 
        The angle-fixing base is a component that adjusts the tilting angle of the parabolic rail by 
adjusting the position of the angular stand according to the position of the secondary 
perpendicular alignment of the base. The angle-fixing base was designed as a rectangular frame 
with a width of 300 mm and a length of 542 mm, constructed from 12.50 mm-wide stainless 
steel box sections. The secondary perpendicular alignment positions were specified at distances 
of 3 9 0  mm and 4 8 2  mm from the bottom end of the angle-fixing base, which allows for the 
determination of the parabolic rail's tilting angle in respect to the horizontal axis at values of 
30 and 15˚, respectively. The design diagram of the angle-fixing base is shown in Figure 10. 

 

 
Figure 10: Schematics of angle-fixing base 
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       Each adjustable tilting angle achieveable by the tiltable base were potrayed in Figure 11. 
 

 
(a) (b) (c) 

 

Figure 11: Tilting angle of solar oven (a) 0˚, (b) 15˚, and (c) 30˚ 
 
     The heating efficiency of the solar oven was tested under two experimental conditions. First, 
the experiment involved a parabolic rail made from different reflector materials fixed at a 0° 
angle horizontally. Next, the experiment involved a stainless-steel parabolic rail at various 
tilting angles of 0°, 15°, and 30°. The purpose of the experiment was to assess the heating 
efficiency inside the vacuum glass tube based on different reflector materials and reflector angles. 
Testing of the Solar Oven Under Different Reflector Conditions   
     The research group set up a solar oven connected to a thermocouple inside the vacuum 
glass tube without a parabolic rail and with a parabolic rail of stainless steel, aluminum foil, 
and aluminum plate. The raw chicken weighing around 50 grams was prepared and inserted 
into the four trays inside the solar oven. Four solar ovens were then set in a clear location, and 
the light intensity and temperature inside the oven were recorded every minute for a 
60-minute period in total. Figure 12 shows the solar oven under four conditions, namely (a) 
without parabolic rail, (b) stainless steel, (c) aluminum foil, and (d) aluminum plate. 

  
(a) (b) 
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(c) (d) 

 

Figure 12: Solar oven together with parabolic rail material consisting of (a) without 
parabolic rail, (b) stainless steel, (c) aluminum foil, and (d) aluminum plate 

 
Testing the Solar Oven Under Different Reflector Angle Conditions 
     The research team set up a solar oven with a thermocouple inside the vacuum glass tube. 
The stainless-steel plate was selected for this experiment. The angle between the reflector and 
base was set at (a) 0°, (b) 15°, and (c) 30° as shown in Figure 13. 

 

   
       (a)          (b)         (c) 

Figure 13: Solar oven at different angles: (a) 0°, (b) 15°, and (c) 30° 
 

IV. RESULTS 
Table 1: Experimental data for heating efficiency at an angle of 0° under various reflector materials 

Experimental details Results 
Date of experiment  June 20, 2019 
Experiment duration 12.30–13.30 p.m. 
Heating duration 60 minutes 
Location In front of Amazon (SC08 building, KMITL) 
Type of reflector material 1. Without a reflector 

2. Stainless steel  
3. Aluminum foil 
4. Aluminum plate 

Angle between the reflector and base 0° 
Light intensity 115–1150 W/m2 
Weather conditions Cloudy 
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     Figure 14 shows the relationship between temperature and time based on experimental 
data for temperature generation inside a vacuum glass tube. The temperature-time relationship 
reveals that the highest temperature was achieved in the range of 100 to 106 °C. Comparing 
the temperature throughout 30 minutes of heating, the bare oven without a parabolic rail 
showed the lowest trend in temperature increase inside the vacuum glass tube at approximately 
65.3 °C at 30 minutes. Meanwhile, the solar ovens with parabolic rails for radiation 
concentration showed internal temperatures of 86.5, 97.0, and 100.5 °C, depending on the 
reflector material, namely foil, stainless steel, and aluminum, respectively. Afterward, the 
temperature in the vacuum tube were around 84.4 °C for solar oven without a parabolic rail 
then 116.6 °C, 100.5 °C, and 118.1 °C for solar oven with the parabolic rail made of stainless 
steel, aluminum, and aluminum foil at one hour. The temperatures achieved were within a 
suitable range for cooking raw ingredients. 

 
Figure 14: The graph represents the relationship between time and temperature inside ovens 
constructed using a parabolic rail made of aluminum foil, aluminum plate, and stainless steel, 

compared to a bare oven on June 20, 2019 
 

     Figure 15 shows the relationship between solar radiation intensity and time of the 
experimental data for the temperature accumulated inside a vacuum glass tube. The graph 
shows a trend of intensity values ranging from 800 to 1000 W/m2 throughout the experiment, 
except for the period from the 21st to the 24th minute, when the intensity decreases due to a 
transient change occurring in the environment. 



47 

Borwornpornmetee et al. (2026)  
 

 International Journal of Industrial Education and Technology  http://doi.org/10.55003/IJIET.8106     IJIET 8(1) 
 

 

 
Figure 15: The graph represents the relationship between time and solar radiation intensity 

measured on June 20, 2019 
 

Table 2: Weight of ingredients before and after heating at an angle of 0° under various reflector materials 
Reflector material Weight of ingredients before 

the experiment  
Weight of ingredients after the 

experiment 
Without a reflector 50.5513 g 33.1366 g 
Stainless steel 50.7233 g 25.6328 g 
Aluminum foil 50.5247 g 27.6663 g 
Aluminum plate 50.7420 g 25.3301 g 
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(c) (d) 

Figure 16: Weight of chicken meat before heating by a solar oven constructed without a 
parabolic rail and with a parabolic rail made from (b) stainless steel, (c) aluminum foil, and 

(d) aluminum plate 

  
(a) (b) 

  
(c) (d) 
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Figure 17: Weight of chicken meat after by a solar oven constructed without a parabolic rail   
and with a parabolic rail made from (b) stainless steel, (c) aluminum foil, and (d) aluminum plate 

 

Table 3: Experimental parameters for determining the performance of a solar oven using a stainless-
steel rail at different tilting angles 

Parameters Results 
Date July 4, 2019 
Time 11.00 a.m.–12.00 p.m. 
Heating duration 60 minutes 
Location Roof of SC04 building, KMITL 
Reflector material Stainless steel 
Tilting angle compared to the base 0°, 15°, and 30° 
Radiation intensity 0˚ 400–930 W/m2 
Radiation intensity 15˚ 260–410 W/m2 
Radiation intensity 30˚ 250–370 W/m2 
Weather conditions Slightly cloudy 

 

     Figure 18 represents the relationship between time and temperature inside the solar oven at 
different tilting angles of 0°, 15°, and 30°. According to the experiment to measure the 
temperature inside a vacuum glass tube, the highest temperature was 120.9 °C measured at 
15°. By tilting the reflector to 0° and 30°, the maximum measured temperatures were 100.8 
and 100.1 °C, respectively. 
     Figure 19 represents the relationship between time and solar radiation intensity at different 
tilting angles. The intensity ranged from 290 to 408 W/m2 in the experiment where the tilting 
angles were 15° and 30°. At a tilting angle of 0°, the system exhibited an initial intensity of 
605 W/m2, rising to a maximum intensity of 922 W/m2 after 29 minutes.  
 

 
Figure 18: The graph represents the relationship between time and temperature inside the 

solar oven measured on July 4, 2019, at different tilting angles 
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Figure 19: The graph represents the relationship between time and solar radiation intensity 

measured on July 4, 2019, at different tilting angles 
 

Table 4: Weight of the chicken meat before and after heating in the solar oven at different angles 
Tilting angle Weight before the experiment Weight after the experiment 

0° 50.6244 g 20.5780 g 
15° 50.4363 g 20.9683 g 
30° 50.8899 g 20.7203 g 

 

   
(a) (b) (c) 

Figure 20: Weight of the chicken meat before heating by the solar oven at different angles: 
(a) 0°, (b) 15°, and (c) 30° 



51 

Borwornpornmetee et al. (2026)  
 

 International Journal of Industrial Education and Technology  http://doi.org/10.55003/IJIET.8106     IJIET 8(1) 
 

 

   
(a) (b) (c) 

Figure 21: Weight of the chicken meat after heating by the solar oven at different angles: (a) 
0°, (b) 15°, and (c) 30° 

 
V. CONCLUSION AND DISCUSSION 
     The aim of this research was to study and design a solar oven with the purpose of applying 
solar energy to cook raw ingredients. A parabolic rail was designed for a solar oven with the 
capability to adjust the angle of light reflection into the vacuum glass tube and the reflector 
material to study the temperature inside the vacuum glass tube under two different conditions. 
For the first case, a myriad of materials was used, such as aluminum plate, aluminum foil, and 
stainless steel as the reflector material. In the second case, the light reflection angle was 
adjusted to 0°, 15°, and 30°. The researchers designed and constructed all the main 
components, including the food tray, parabolic rail, rings for securing the closed ends of the 
vacuum glass tube, rings for securing the open ends of the vacuum glass tube, and the 
adjustable tilt base. These were assembled with purchased equipment, comprising a vacuum 
glass tube, a thermocouple, a K-type temperature probe, and a solar irradiance meter. The heat 
values tested in the case involving the parabolic rail material showed that polished aluminum 
plate could ramp up to a maximum temperature of 100 °C faster than the other materials. 
The weight of the raw material was found to have decreased by approximately 20 to 30 grams 
after the experiment. Thermal testing in the case where the tilt angle of a stainless-steel 
parabolic rail was changed revealed that the maximum temperature ranged from 60 to 120 °C, 
with the highest temperature observed at a tilt angle of 15° relative to the horizontal of the 
base. The weight reduction in the raw material after the experiment was approximately 30 grams. 
     The thermal gain efficiency over time of the design is around 2.5 oC/minutes allowing it to 
reach 100 oC in less than 30 minutes for the solar oven with parabolic rail and able to sustain 
temperature of 100 oC or beyond throughout cooking time of chicken which is 20-30 minutes. 
This result in cooking time under time frame of 60 minutes which is the typical range for 
cooking of commercial solar oven (Prompuge and Sirisamphanwong, 2018, pp. 1-15; Silva et 
al., 2025, p. 428). The result of variation of materials under fixed angle showed that aluminum 
plate yielded highest heating rate implying highest amount of solar radiation reflected to the 
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solar collector following by stainless steel then aluminum foil. For the result of the experiment 
on tilting angle, the 15˚ yield the best result in our case, as this angle was the closest to the 
estimated optimal tilt angle for Bangkok of approximately 13.5˚ (Jacobson & Jadhav, 2018, 
pp. 55-66). The weight loss from cooking using our solar oven is roughly half compared to 
the result from a commercial cooker that would yield the weight loss of 64.93 g/100g as per 
calculation from a formula derived in a study of Barbantia and Pasquini (2005, pp. 895-901). 
Regardless, the doneness of chickens was examined by split through the cooked chicken 
which revealed fully opaque white with no on pink area. This indicate there is no raw part 
inside and safe to eat as the chickens was cooked at temperature exceed that of typical 
cooking temperature (Nisbet, 2025, Online). As for recommendation of the research, the 
dimension and type of solar collector could be redesign and study for further improvement of 
the solar oven. 
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      ABSTRACT 
 

In Thailand, agriculture undergraduate students have encountered difficulties in improving their  
English language, and demotivation has been explored as one of the reasons behind such difficulties. 
Hence, the study aimed to investigate factors that demotivated undergraduate students in the Thai 
context. The participants comprised 95 agriculture undergraduate students in a public university, 
and the stratified technique was used to obtain the participant sample. The research instrument 
was a demotivation questionnaire which included 35-item rating-scale questions exploring students’ 
perceptions on demotivation factors in five aspects: 1) Learning contents and materials, 2) Teachers’ 
competence and teaching styles, 3) Lack of intrinsic motivation, 4) Inadequate school facilities, 
and 5) Test scores. The findings show that the most demotivating factor in each of the five 
aspects were, namely, 1) expectation to use grammatically correct English, 2) inappropriate pace 
of lessons, 3) lack of use on language learning equipment and materials, 4) leaners’ attitudes on 
English as a compulsory course, and 5) learners’ low test scores. Among all of the 35 items 
from the five categories, the participants (54.73%) strongly agreed that Item 4 ‘I was expected 
to use (or speak and write) grammatically correct English.’ was a factor that demotivated them 
the most. The findings can help agricultural English language lectures and English language 
curriculum developers/policy makers create and revise their course, curriculum, or policy so that it 
enhances students’ motivation which is one of the keys to students’ success. 
 
Keywords:  Demotivation,  Demotivation factors,  Agriculture undergraduate students,  
English language learning,  English language teaching 
 
 
 
 
 
 
 

mailto:montha.po@kmitl.ac.th
mailto:napalai.me@kmitl.ac.th
mailto:charinee.ch@kmitl.ac.th


56 
Polrak et al. (2025) 

  

 International Journal of Industrial Education and Technology  http://doi.org/10.55003/IJIET.8107     IJIET 8(1) 
 

 

I. INTRODUCTION 
     In spite of the significant role of English in the globalized era, agriculture students in various 
educational levels, including a tertiary level, have encountered using English language.  
Bhanu and Selvaraj (2025, p. 2) have stated that agriculture students, particularly, those who 
are non-native speakers have faced difficulties in improving their English language 
proficiency. Such challenges range from basic aspects, such as grammar and vocabulary,  
to more complicate ones, such as culture and abilities to express ideas in a variety of contexts. 
Similarly,  Sanico et al.  (2025, pp. 1134 -1135) pointed out that agriculture students have 
experience critical challenges in English language skills. Specifically, when it comes to witting 
and grammar, many agriculture students strive to generate ideas and form sentences since they 
struggle to recognize and apply certain grammatical aspects such as subject-verb agreement. 
This is in line with what  Injan (2024, pp. 540-542) found that agriculture university students 
had problems in listening, reading, writing, and, especially, speaking which was the most critical aspect.  
     To cope with such challenges among agriculture students, researchers have explored 
cognitive as well as affective domains which have a vital role in enhancing learners’ English 
language proficiency. Among a wide range of affective domains which include psychological 
constructs, motivation has received a clear attention for decades in the field of English 
language. Generally, motivation refers to the stimulus which directs and operates human’s 
behavior at a conscious as well as an unconscious level (American Psychological Association, 
2018, Online). Specifically, motivation for learning or learning motivation can be defined as a 
construct comprising both subjective expectations and anticipated consequences such as pride, sorrow, 
or shame (Schrader, & Helmke, 2015, p. 48). Thus, learning motivation which stimulates and 
sustains learners’ behaviors is the factor that direct learners towards particular academic goals 
(Junfeng, 2025, p. 831) which comes from various sources. Bandhu et al. (2024, p. 2) have 
elaborated that motivation on the one hand can come from internal sources such as the pressure 
to be successful and the fear to face failure. On the other hand, it is derived from external 
sources such as instability in personal finance and responsibilities for families. Both types of 
sources, internal and external sources, hence have led to the two types of motivation which are 
namely intrinsic and extrinsic motivation to learn, respectively.  
     To better understand motivation in academic settings is to understand demotivation.  
While motivation directs learners to attain their goals and acquire new body of knowledge, 
demotivation obstructs learning progress and learning process (Mohd et al., 2024, p. 569). 
To illustrate, demotivating factors discourage learners and diminish their motivation as well as 
engagement in learning. According to Ahmad (2021, p. 51); Zolkapli et al. (2023, p. 1450), certain 
demotivation factors include 1) lack of relevance, 2) excessive pressure, 3) unsupportive 
environment, 4) lack of autonomy, 5) fear of failure, and 6) resource limitations and burnout. 
As Zolkapli et al. (2023, p. 1438) stated, identifying demotivation factors is comprehending 
the roots of learners’ demotivation, which can cause lecturers and other stakeholders to prevent 
learners from their academic failure.  
     With respect to the significance of motivation as well as the interplay between motivation 
and demotivation, the present research study aimed to examine the demotivation factors in 
English language learning among agriculture undergraduate students. The data obtained can 
shed light on what lecturers should take into accounts when designing an English language 
course which effectively generate learners’ motivation. 
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II. LITERATURE REVIEW 
    Motivation is one of the psychological constructs, which has attracted attention from academicians 
in the field of educational psychology. Literature review shows that motivation is basically 
defined as “a process in which goal-directed activity is instigated and sustained” (Schunk et al., 
2014, p. 5).  It can be seen as a stimulus that leads as well as manipulates behavior and 
performance of human-beings, and this occurs at a conscious level and an unconscious level 
(American Psychological Association, 2018, Online). All in all, motivation is a construct that 
initiates human’s actions and performances. In the academic context, motivation refers to as a 
construct which consists of subjective anticipations as well as expected outcomes, e.g., pride, 
sorrow, and shame (Schrader, & Helmke, 2015, p. 48). It stimulates and sustains learners’ 
behaviors, so it is the factor that directs learners towards particular academic goals (Junfeng, 
2025, p. 831). The concepts of motivation have been explored in several ways. On the one 
hand, it can be categorized as intrinsic motivation and extrinsic motivation. Intrinsic motivation 
can be referred to as value (Eccles & Wigfield, 2020, p. 4), and that is why it is associated with how 
individuals perform activities for their own and personal interest (Gottfried et al., 2001, p. 3). 
Unlike intrinsic motivation, extrinsic motivation is driven when individuals expect positive 
outcomes or avoid negative outcomes (Pekrun, 2024, p. 16). Consequently, it exploits the 
environment or circumstances unlike intrinsic motivation that focuses on willingness to do the task 
itself. On the other hand, motivation involves two main concepts: integrative motivation and 
instrumental motivation. Gardner and Lambert (1972, p. 146) have divided motivation into two 
types, namely, integrative motivation and instrumental motivation. Integrative motivation is 
related to learners’ needs to acquire a particular language to attain the level that is quite close 
to a native speaker as well as to be integrated to the culture and social aspects of the target 
language, while instrumental motivation includes a desire to learn the target language for 
practical reasons such as high-salary jobs or further studies. In addition to types of motivation, 
motivation has been highlighted in its relation to learners’ engagement and accomplishments, 
which can be seen in numerous prior research studies. For example, Arcipe and Balones (2023, p. 14) 
found that learning motivation is positively and significantly correlated to students’ 
engagement in the context of the Philippines. Besides, in the Chinese setting, motivation to 
learn, along with, self-efficacy and learning strategies, could positively predict English achievements 
among undergraduate non-English majors (Liu & Sun, 2025, p. 9). In a similar way, Kimly et al. 
(2024, p. 54) reported on the effects of motivation, both intrinsic and extrinsic, on English 
language learning of Cambodian undergraduate students. In summary, some exemplars of the 
aforementioned previous studies help confirm the impact of learning motivation on learners’ 
success.  
     Unlike motivation that is a stimulus that directs and operates human’s behavior, demotivation 
can be defined as a drive that weakens individuals’ motivation for certain actions. Dörnyei and 
Ushioda (2021, p. 139) have stated that demotivation refers to ‘specific external forces that reduce 
or diminish the motivational basis of a behavioral intention or an ongoing action’. Correspondingly, 
it can be referred to as a psychological phenomenon which is portrayed by a reduce or loss of 
individuals’ force, eagerness, and readiness to participate in a task or achieve a goal (Psychological 
Scales, n.d., Online). From the definitions mentioned above, demotivation is far beyond related 
psychological concepts such as lack of interest or apathy, and, in the field of psychological 
education, it has been investigated in various aspects, particularly in terms of its causes. 
Demotivation factors or demotivators are external drives which impede learning process and 
thus reduce learners’ motivation. Mainly, demotivation factors can be divided into two groups: 
internal factors and external factors. According to De Asis et al. (2021, p. 1689), internal factors 
include learners’ internal forces, namely, attitude towards learning English, socialization, and 
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English language competency, while external factors that are related to external drives involve 
teachers’ behavior, teachers’ competence, classroom learning resource preparedness/availability, 
course content, class size, and classroom assessment and requirements. Similarly, Gao & Liu 
(2022, p. 3) have explained the classification of demotivation factors as the two major types: 
internal factors and external factors. That is to say, internal factors comprise learner-related 
factors, whereas the external factors are associated with teacher-related, environment-related, 
curriculum related factors, and important others-related factors. To sum up, factors of motivation can 
be categorized into two groups: 1) internal factors that consist of learner-related factors 
such as learners’ attitude toward learning English and their language proficiency; 
and 2) external factors which contain (a) teacher-related factors including teachers’ behavior  
as well as teachers’ competence, (b) environment-related factors such as classroom learning 
resourcepreparedness/availability, (c) curriculum related factors such as course content and 
classroom assessment and requirements, and (d) other important others-related factors. 
In addition, in the ELT context, demotivation factors have been widely explored in terms of 
perceptions of learners toward the causes of their decreased motivation. Although perceptions 
of demotivation factors were first examined in 1990s in the United States  (Gorham & Christophel, 
1992, p. 239), research that has left a distinctive mark for the aspect in the English as a Foreign 
Language (EFL) setting was Sakai and Kikuchi (2009, p. 64)’s. The study was implemented 
on the basis of five demotivating factors: 1) learning contents and materials, 2) teachers’ teaching 
styles, 3) inadequate school facilities, 4) lack of intrinsic motivation, and 5) test scores. 
The findings demonstrate that learning contents and materials factors, as well as test scores 
factors were the factors that highly demotivated high school students. Yet, either teacher 
competence factors or teaching style factors were not perceived as a strong demotivation factor. 
The 35-item questionnaire created by Sakai and Kikuchi (2009, p. 64) was later adopted by 
later researchers such as De Asis et al. (2021, p. 1689), Zhou et al. (2023, pp. 5-6; Huwari et 
al. (2023, p. 1026). To illustrate, De Asis et al. (2021, p. 1689) indicated that Filipino 
college students were highly motivated by the internal factors, including, attitude towards 
learning English Interpretation and socialization. As external factors, the participants were much 
demotivated by teachers’ behavior, teachers’ competence, and classroom learning resource 
preparedness/availability. Besides, findings gained from Zhou et al. (2023, pp. 5-6) pointed out 
that the five factors that demotivated Chinese college students were (1) low expectancy for 
success, (2) loss of task value, (3) negative teacher behavior, (4) inappropriate learning 
environment, and (5) lack of self-discipline in learning online. Apart from that, Huwari et al. 
(2023, p. 1027) revealed that classroom environment is the most demotivating factor, whereas, 
lack of self-confidence as well as interest were the least demotivating factors which demotivated 
Jordanian undergraduate students. In order to expand the body of knowledge of motivation 
factors from Eastern Asia to Southeastern Asia, the present study was undertaken with the 
objective to examine perceptions on demotivation factors among undergraduate students in Thailand. 
 
 III. RESEARCH METHODOLOGY 
Participants 
The population of the study was 2,174 first-year to third-year agriculture undergraduate 
students from a public university, Bangkok, Thailand (Office of Registrar of KMITL, 2024,  
Data of undergraduate students section). Ninety-five of the students were selected to participate 
in the current study by means of the stratified technique. The number of the participants was 
based on Yamane’s sample size (Yamane, 1967, p. 886) with ±10% variance. Based on Yamane’s 
sample, the proper sample size should be at least 95. 
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Research instrument 
     The research tool was adopted from a questionnaire developed by Sakai and Kikuchi 
(2009, p. 64), which was based on the conceptual framework of Dörnyei’s nine categories of 
demotivation (Dörnyei & Usioda, 2021, p. 145). The research instrument aimed to measure 
demotivation factors that impede learning process and reduce learners’ motivation which has 
been considered one of significant cognitive domains that influence language learners’ 
success, as shown in Figure 1. The demotivation factors could be categorized into four groups, 
namely, 1) Learning contents and materials, 2) Teachers’ competence and teaching styles,  
3) Inadequate school facilities, 4) Lack of intrinsic motivation, and 5) Test scores. 
    To be specific, the five categories of demotivation factors stated in the questionnaire are 
associated with Dörnyei’s nine categories of demotivation. That is, 1) Learning contents and 
materials refers to Dörnyei’s (9) Course books used in class; 2) Teachers’ competence and 
teaching styles refers to Dörnyei’s (1) Teachers’ personalities, commitments, competence, 
teaching methods; 3) Inadequate school facilities are in line with Dörnyei’s (2) Inadequate 
school facilities; and 4) Lack of intrinsic motivation included Dörnyei’s (3) Reduced  
self-confidence due to experience of failure, (4) Negative attitude toward foreign language 
studies, (5) Compulsory nature of foreign language study, (6) Interference of another foreign 
language that pupils are studying, (7)  Negative attitude toward the community of the foreign 
language spoken, and (8) Attitudes of group members. Apart from the four categories of 
demotivation factors, Sakai and Kikuchi have added ‘Test scores’ as the last category of 
factors causing demotivation. 

 
Figure 1: Conceptual framework of this study 

 
    The questionnaire consisted of two major parts. The first part involved the items asking 
about the respondents’ background information, namely, gender, level of studies. Also, the 
second part included thirty-five rating-scale items requiring the respondents to identify their 
demotivation experience. The rating criteria were as follows:  
             5 refers to       Strongly agree      
             4 refers to       Agree      
             3 refers to       Moderate       
             2 refers to       Disagree     
             1 refers to       Strongly disagree 
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Data collection and data analysis  
The data were collected in the second semester of Academic Year 2024. The hardcopy 
questionnaire which was in the Thai language was distributed to the participants. In terms of 
statistics, frequency and percentage, arithmetic mean, and standard deviation were employed 
to analyzed the data on the participants’ demographic information about their gender and year 
of the studies, as well as those regarding the participants’ perceptions of each range of the 
rating scale on that particular item. 
 
IV. RESULTS 
 

      The results of the current study were presented into two main sections: 1) Participants’ 
background information that includes Gender and Year of studies, and 2) Participants’ 
perceptions toward demotivation factors in five categories, namely, (1) Learning contents and 
materials, (2) Teachers’ competence and teaching styles, (3) Inadequate school facilities, (4) 
Lack of intrinsic motivation, and (5) Test scores. 
 

Table 1: Participants’ background information 

     The findings in the Table 1 indicated that of all the participants who completed 
questionnaire, 32.60% (31 participants) were male and 67.40% (64 participants) were female. 
The majority of participants were studying in the second year (sophomore) and third year 
(junior), with 35.80% (34 participants) and 44.20% (42 participants) respectively. However, 
none of the participants were from the fourth year (senior). 

 
 

Table 2: Participants’ perceptions toward demotivation factors 
Factors Perceptions toward demotivation factors 

presented in frequency (f) and percentage (%) 
Factor 1: Learning 
contents and materials 

5 4 3 2 1 
f % f % f % f % f % 

1 Most of the lessons 
focused on 
translation. 

30 31.57 42 44.21 22 23.15 1 1.05 0 0.00 

2 Most of the lessons 
focused on the 
grammars. 

23 24.21 49 51.57 21 22.10 2 2.10 0 0.00 

3 Most of the lessons 
were entrance 
examination oriented 

39 41.05 36 37.89 16 16.84 4 4.21 0 0.00 

 
 
 
 
 
 

Background information Number of participants Percentage 

Gender Male 31 32.60 

Female 64 67.40 
 
Year of studies 

Freshman 19 20 
Sophomore 34 35.80 
Junior 42 44.20 
Senior 0 0 
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Table 2: (Continued) Participants’ perceptions toward demotivation factors 
Factors Perceptions toward demotivation factors 

presented in frequency (f) and percentage (%) 
Factor 1: Learning 
contents and materials 

5 4 3 2 1 
f % f % f % f % f % 

4 I was expected to use 
(or speak and write) 
grammatically 
correct English. 

52 54.73 32 33.68 10 10.52 1 1.05 0 0.00 

5 Topics of the English 
passages used in 
lessons were not 
interesting 

45 47.36 33 34.73 16 16.84 1 1.05 0 0.00 

6 English passages in 
the textbooks were 
too long. 

28 29.47 23 24.21 34 35.78 7 7.36 3 3.15 

7 English sentences 
dealt within the 
lessons were difficult 
to interpret. 

18 18.14 24 25.26 28 29.47 21 22.10 4 4.21 

8 A great number of 
textbooks and 
supplementary 
readers were 
assigned. 

25 26.31 19 20.00 18 18.94 27 28.42 6 6.31 

9 Topics of the English 
passages used in 
lessons were old. 

33 34.73 27 28.42 25 26.31 6 6.31 4 4.21 

10 English questions did 
not have clear 
answers. 

12 12.63 17 17.89 28 29.47 28 29.47 10 10.52 

11 The pace of lessons 
was not appropriate.  

20 21.05 34 65.78 28 29.47 9 9.47 4 4.21 

12 Teachers’ 
pronunciation of 
English was poor. 

16 16.84 37 38.94 30 31.57 8 8.42 4 4.21 

13 Teachers ridiculed 
students’ mistakes. 

12 12.63 26 27.36 38 40.00 14 14.73 5 5.26 

14 Teachers made one-
way explanations too 
often.  

17 17.89 25 26.31 31 32.63 17 17.89 5 5.26 

15 Teachers’ 
explanations were 
not easy to 
understand.  

7 7.36 31 32.63 24 25.26 19 20.00 14 14.73 
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Table 2: (Continued) Participants’ perceptions toward demotivation factors 
Factors Perceptions toward 

demotivation factors 
presented in frequency (f) and percentage (%) 

Factor 3: Inadequate 
school facilities 

5 4 3 2 1 

16 Teachers shouted 
or got angry. 

19 20.00 32 33.68 34 35.78 9 9.47 1 1.05 

17 Computer 
equipment was not 
used. 

6 6.31 33 34.73 39 41.05 14 14.73 3 3.15 

18 Visual materials 
(such as videos 
and DVDs) were 
not used.  

7 7.36 28 29.47 32 33.68 21 22.10 7 7.36 

19 The Internet was 
not used.  

8 8.42 27 28.42 36 37.89 15 15.78 9 9.47 

20 LL equipment was 
not used.  

16 16.84 19 20.00 32 33.68 22 23.15 6 6.31 

21 Audio materials 
(such as CDs and 
tapes) were not 
used. 

16 16.84 37 38.94 30 31.57 8 8.42 4 4.21 

22 The number of 
students in classes 
was large. 

12 12.63 26 27.36 38 40.00 14 14.73 5 5.26 

23 I seldom had 
chances to 
communicate in 
English. 

17 17.89 25 26.31 31 32.63 17 17.89 5 5.26 

24 I was forced to 
memorize the 
sentences in the 
textbooks too 
often. 

7 7.36 31 32.63 24 25.26 19 20.00 14 14.7
3 

25 I had difficulty 
memorizing words 
and phrases. 

19 20.00 32 33.68 34 35.78 9 9.47 1 1.05 

26 I got lost in how to 
self-study for 
English lessons 

6 6.31 33 34.73 39 41.05 14 14.73 3 3.15 

27 I did not like my 
classmates. 

7 7.36 28 29.47 32 33.68 21 22.10 7 5.26 

28 My friends did not 
like English. 

8 8.42 27 28.42 36 37.89 15 15.78 9 9.47 

29 I was often 
compared with my 
friends. 

16 16.84 19 20.00 32 33.68 22 23.15 6 6.31 

30 English was a 
compulsory 
subject.  

30 31.57 42 44.21 22 23.15 1 1.05 0 0.00 
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Table 2: (Continued) Participants’ perceptions toward demotivation factors 
Factors Perceptions toward 

demotivation factors 
presented in frequency (f) and percentage (%) 

Factor 5: Test scores 5 4 3 2 1 
f % f % f % f % f % 

31 I lost my 
understanding of 
the purpose of 
studying English. 

24 25.26 38 40.00 30 31.57 3 3.15 0 0.00 

32 I lost my interest 
in English.  

10 10.52 37 38.94 33 34.73 13 13.68 2 2.10 

33 I lost my goal to 
be a speaker of 
English. 

18 18.94 24 25.26 28 29.47 21 22.10 4 4.21 

34 I got low scores 
on tests (such as 
mid-term and 
final 
examinations). 

20 21.05 34 35.78 28 29.47 9 9.97 4 4.21 

35 I could not do as 
well on tests as 
my friends. 

12 12.63 26 27.36 38 40.00 14 14.73 5 5.26 

 
 

     According to Table 2, 52 participants (54.73%) perceived Item 4 ‘I was expected to use 
(or speak and write), grammatically correct English.’ as a factor that demotivated them the 
most all the factors included in Factor 1, Learning contents and materials. It was followed by, 
Item 5 ‘Topics of the English passages used in lessons were not interesting.’, Item 3 ‘Most of 
the lessons were entrance examination-oriented.’, Item 9 ‘Topics of the English passages used 
in lessons were old.’, Item 1 ‘Most of the lessons focused on translation.’, Item 6 ‘English passages 
in the textbooks were too long.’, Item 8 ‘A great number of textbooks and supplementary 
readers were assigned.’, Item 2 ‘Most of the lessons focused on the grammars.’, Item 7 ‘English 
sentences dealt within the lessons were difficult to interpret.’, and Item 10 ‘English questions did not 
have clear answers.’, respectively.  
     As for Factor 2, Teachers’ competence and teaching styles, the majority of the participants, 
20 participants (21.05%) strongly agreed that Item 11 ‘The pace of lessons was not appropriate.’ 
was the cause of demotivation. Besides, the remaining participants viewed Item 16 ‘Teachers 
shouted or got angry.’, Item 14 ‘Teachers made one-way explanations too often.’, Item 12 ‘Teachers’ 
pronunciation of English was poor.’, and Item 15 ‘Teachers’ explanations were not easy to understand.’, 
as demotivators, respectively.  
     When it came to Factor 3, Inadequate school facilities, Item 20 ‘LL equipment was not used.’ 
(16.84%) and Item 21 ‘Audio materials (such as CDs and tapes) were not used.’ (16.84%) were 
considered the most demotivating factors among 16 participants. The rest of the participants 
perceived Item 22 ‘The number of students in classes was large.’, Item 19 ‘The Internet was not 
used.’, Item 18 ‘Visual materials (such as videos and DVDs) were not used.’, and Item 17 ‘Computer 
equipment was not used.’ as causes of demotivation, respectively.  
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     In terms of Factor 4, Lack of intrinsic motivation, most of the participants, 30 participants 
as 31.57%, thought that Item 30 ‘English was a compulsory subject.’ as a factor of demotivation. 
This was followed by Item 31 ‘I lost my understanding of the purpose of studying English.’, 
Item 25 ‘I had difficulty memorizing words and phrases.’, Item 33 ‘I lost my goal to be a 
speaker of English.’, Item 23 ‘I seldom had chances to communicate in English.’, Item 29  
‘I was often compared with my friends.’, Item 32 ‘I lost my interest in English.’, Item 28  
‘My friends did not like English.’, Item 27 ‘I did not like my classmates.’  Item 24 ‘I was forced 
to memorize the sentences in the textbooks too often.’, and Item 26 ‘I got lost in how to 
self-study for English lessons.’, respectively. 
     With regard to Factor 5, Test scores, Item 34 ‘I got low scores on tests (such as mid-term and 
final examinations).’ was viewed as a factor which most demotivated the participants 
(20 participants as 21.05%), whereas the rest considered Item 35 ‘I could not do as well on 
tests as my friends.’ as a demotivator for the participants.  
     Overall, when considering all of the five factors, Item 5 ‘Topics of the English passages 
used in lessons were not interesting.’ was the factor that most demotivated the participants. 
This was followed by Item 4, ‘I was expected to use (or speak and write) grammatically correct 
English.’ and Item 5, ‘Topics of the English passages used in lessons were not interesting.’, 
which ranked second and third among all demotivators, respectively. 
 
V. CONCLUSION AND DISCUSSION 
     The objective of the present study was to examine demotivation factors among agriculture 
undergraduate students in the Thai context in the five aspects, namely, 1) Learning contents 
and materials, 2) Teachers’ competence and teaching styles, 3) Lack of intrinsic motivation, 
4) Inadequate school facilities, and 5) Test scores. The findings demonstrate that the factor that 
demotivated the students the most in each of the five aspects were: 1) expectation to use 
grammatically correct English, 2) inappropriate pace of lessons, 3) lack of use on language 
learning equipment and materials, 4) leaners’ attitudes on English as a compulsory course, and  
5) learners’ low test scores. The results can be discussed in the five aforementioned aspects.  
     With regard to Factor 1, Learning contents and materials, the findings reveal that most of 
the participants viewed Item 4 ‘I was expected to use (or speak and write), grammatically 
correct English.’ as a cause that demotivated the most. The result was in accordance with what 
was discovered by Sakai and Kikuchi (2009, pp. 62-63). That is, in the present study, the factor 
‘‘I was expected to use (or speak and write), grammatically correct English.’ was categorized 
as a factor concerning learning contents and materials, and such as factor was also found in the 
research conducted by Sakai and Kikuchi (2009, pp. 62-63) as the one which most highly 
demotivated the participants. The influence of grammar on students’ grammar can be seen in 
another study undertaken by Mettadewi et al. (2023, p. 299). Based the results the research 
study, half of the Indonesian student participants felt demotivated when learning English 
Grammar. This can help explain why the expectation to use English language with correct 
grammar most highly demotivated the participants in the current study. When it came to Factor 
2, Teachers’ competence and teaching styles, Item 11 ‘The pace of lessons was not appropriate.’ 
was perceived as the strongest demotivator for the participants. This corresponded with what  
De Asis et al. (2021, pp. 1689-1690) and Rone et al. (2023, p. 641) revealed. That is to say, 
teacher-oriented factors were external factors which were highly involved students’ 
demotivation in their learning. Thus, the pace of lessons and the limited timeframe for learning 
hours caused by teaching styles could result in students’ negative reinforcement. Regarding 
Factor 3, Inadequate school facilities, both Item 20 ‘LL equipment was not used.’ and Item 21 
‘Audio materials (such as CDs and tapes) were not used.’ were considered as the most 
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demotivating factors. As mentioned earlier, language learning equipment and audio materials 
were classified as a factor included in learning contents and materials. Thus, such a finding was 
in line with what Sakai and Kikuchi (2009) reported on. Besides, a study implemented in 
Pakistan by Puspitarini and Hanif (2019, p. 57) accordingly supports the crucial role of language 
learning equipment and materials. To illustrate, the results demonstrated by Puspitarini & Hanif 
shows that lack of interesting materials could lead students to be less engaged and motivated. 
This was because integrating effective materials, particularly the authentic ones, a language 
class could provide students more related, appealing, and motivating language learning 
(Lee, 2025, Using authentic materials section). As for Factor 4, Lack of intrinsic motivation, 
the majority of the participants agreed that Item 30 ‘English was a compulsory subject.’ 
was the cause that most contributed to their demotivation. Such perceptions of participants on 
English as a compulsory course might reflect the lack of task value which was one of the 
important factors that demotivated students in a large extent (Zhou et al., 2023, pp. 5-6).  
That is to say, English as a compulsory course could not make them realize the value of those 
relevant English language tasks, and this reduced their learning motivation eventually.  
With reference to the findings concerning Factor 5, Test scores, most of the participants 
considered Item 34 ‘I got low scores on tests (such as mid-term and final examinations).’ as a 
factor which most demotivated the participants. The finding helps confirm the impact of test 
scores on students’ motivation, which coincided with research results portrayed by Adara et al. 
(2019, p. 221) and  Bribesh (2024, pp. 71-72). According to the two research studies students’ 
motivation was mostly demotivated by several factors, including their test scores that 
influenced students’ overall learning behavior in both males and females. In general, Item 5 
‘Topics of the English passages used in lessons were not interesting.’, from Factor 1, Learning 
contents and materials, was perceived as the most demotivating factor among all of 35 
demotivators from the five main aspects. This highly supports the important part of a demotivated 
factor regarding learning contents and materials as shown in the research results revealed by 
Sakai and Kikuchi (2009, pp. 62-63). It also highlights the significance of such a factor as an 
external factor that can cause extrinsic motivation, which can be explained with the 
Self-determination Theory. According to the theory, extrinsic motivation is one main type of 
motivation that has effects on human’s behavior (Ryan & Deci, 2017, p. 14). Consequently, 
when the learning contents are not interesting, and they are supposed to accomplish 
an academic task, they are facing external pressure which can demotivate them in the long run  
(Johansen et al., 2023, p. 2).   
 
SUGGESTIONS  
     Due to the fact that this study focuses on investigating demotivation factors agriculture 
undergraduate students, further research could examine perceptions on demotivators from 
students with a variety of background, such as engineering students and science students, so 
that extensive knowledge of demotivating factors can be found. Furthermore, in order to extend 
understanding on demotivation, researchers can aim to explore the relationship between causes 
of demotivation and other psychological constructs such as learning motivation, self-efficacy, 
and self-regulation. Besides, given the fact that the key demotivation factors have been 
identified in this study, some recommendations can be made. First, English language lecturers 
can design a course that can foster students’ motivation by placing an emphasis on both external 
and internal factors to increase both extrinsic and intrinsic motivation. With respect to the 
findings concerning the external factors, the special focuses should be placed on the learning 
contents, the pace of teaching and the language learning equipment and materials. As for 
intrinsic motivation, with regard to the negative attitudes of the students toward the status of 
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English as a compulsory course, lecturers should concentrate on the vital role of how learning 
English is meaningful for their further studies and future jobs. This is to encourage students’ 
willingness to be engages in class activities, which can increase their intrinsic motivation in the 
end. Second, regarding curriculum planners and policy makers, when designing or reforming 
a language curriculum both at a micro level and a macro level, key demotivators which were 
found in the present study along with those portrayed in related research should be highly taken 
into considerations. Taking the impact of demotivation factors on learners’ success into account 
while creating and revising a language curriculum can lead to a more appealing, up to date, 
and effective language curriculum for the practitioners.    
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      ABSTRACT 

This study aimed to: 1) develop a learning facilitation model to enhance critical thinking 
integrated with context-based learning, 2) compare the learning achievement and critical thinking 
of the experimental group and control group after using the learning facilitation model, 3) study 
the students’ satisfaction of the experimental group toward the learning facilitation model. 
The participants consisted of students in Matthayom 5/3 as the experimental group and students 
in Matthayom 5/4 as the control group from Watsothonwararamworawiharn School. The research 
methodology followed a Research and Development. The findings indicated that: 1) The learning 
facilitation model consisted of four components: the principles of the model, the objectives of 
the model, the learning facilitation process, which consisted of four steps (Double P-CE model): 
Step 1: Preparation (P), Step 2: Process (P), Step 3: Conclusion (C), Step 4: Evaluation (E) and 
the model’s measurement and evaluation methods. and the overall appropriateness of the model 
was rated at the highest level ( 𝑥̅𝑥 = 4 . 9 2 , SD = 0.15). 2) The findings from the comparison of 
posttest learning achievement and critical thinking between the experimental and control groups 
indicated that the post-test learning achievement of the experimental group, which received 
the Double P-CE model, was significantly higher than that of the control group, which 
received traditional teaching, at the .05 level. 3) The experimental group students’ satisfaction 
with the Double P-CE model designed to develop critical thinking, was at a high level. 
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I. INTRODUCTION 
     The 21st century is the time of digital revolution and transformation to 4.0 industry. Hence, 
National Education Plan aims to develop all learners to possess desired characteristics and 
learning skills of the 21st century (3Rs8Cs). This is particularly on critical thinking that learners 
should have. At present, most students lack of a critical thinking process and the National 
Educational Testing indicate that students at Watsothonwararamworawihan School have average 
science scores below provincial and national benchmarks. This performance gap suggests 
limitations in students’ analytical reasoning and critical thinking processes. To address 
the evolving demands of 21st century education and the Industry 4.0 era, instructional practices 
must transition from passive content transmission to active, inquiry-driven, and contextually 
meaningful learning environments.  
     As a result, Office of the Basic Education Commission has determined a learning facilitation 
policy on active learning and collaborative work to enhance critical thinking. The said learning 
gains the concept of constructivist or self-body of knowledge building which emphasize on 
self-knowledge creating through actual practice and critical thinking. This conforms to some 
researchers applying the constructivist theory to learning design. Zandvakili et al. (2019, pp. 1-13) 
conducted a study on teaching patterns of critical thinking: The 3CA model-concept maps, 
critical thinking, collaboration, and assessment. It was found that the 3CA model could make 
learners’ critical thinking processes more explicit and concrete, and that these skills could be 
systematically developed through structured practice. In particular, the use of WH-questions 
(what, when, where, how, who, and why) was found to stimulate deeper levels of critical 
thinking. In collaborative learning contexts, students tended to use higher-order analytical and 
explanatory questions such as “why” and “how” more frequently, whereas students in individual 
learning settings were more likely to focus on basic level questions such as “what”.  
This conforms to a study of Indah et al. (2023, pp. 218-221) on integrated learning model 
(GIRQA) to enhance cognition and critical thinking of science students. The integration of GI 
or group investigation with RQA which consists of reading, questioning and answering called 
GIRQA. This learning model is designed for Science learning facilitation of students through 
10 steps. It comprises: (1) topic indication, (2) investigation planning, (3) reading, (4) 
questioning, (5) answering, (6) work presenting, (7) investigation, (8) preparing the presentation 
of the investigation results, (9) presenting the results, and (10) assessment. These activities help the 
students understand scientific concepts and gain scientific experience with positive attitudes 
towards learning and critical thinking. The findings indicate that the learning facilitation model 
developed based on constructivist theory contributed to the enhancement of learners’ self-body 
of knowledge building, which subsequently fostered the development of critical thinking ability. 
     Context-based learning helps promote students connect acquired knowledge with daily life 
or current situations (Gilbert 2006, p. 960). It focuses on learning which relies on the integration of 
scientific context with appropriate situations. This will allow learners to gain knowledge and 
skills for application at the same time. Actually, learners can learn under actual social  
or conditions and situations. Dori et al. (2018, p. 1198) conducted a study on context-based learning 
and metacognitive prompts for enhancing scientific text comprehension. Results of the study 
revealed that high-intensity CBL combined with metacognitive prompts improved students' chemistry 
understanding of the adapted scientific articles and the ability to regulate their learning. 
This conforms to a study of Dehkordi (2021, p. 426) on a comparison of learning by using 
basic context and normal teaching to investigate intellectual domain (cognitive)/psychomotor 
domain skills and critical thinking of undergraduate nursing students. It was found that the students 
using CBL for learning had a higher score of cognitive domains than before. This was in terms 
of an increase in knowledge, understanding, application, analysis, synthesis, and evaluation. 
Additionally, they achieved higher scores in both the psychomotor and affective domains. 
The psychomotor domain reflected improved performance skills, while the affective domain 
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encompassed respect, awareness, self-assessment, communicative skills, responsibility, 
critical thinking, and increased learning motivation. The aforementioned studies reflect that 
context-based learning, in which students learn through authentic experiences, can effectively 
enhance both knowledge acquisition and critical thinking skills. Thus, the constructivist is used to 
integrate with context-based learning in physical science course content to develop students’ critical 
thinking skills.  
     Based on the theoretical foundations and empirical evidence discussed above, this study 
aimed to develop a constructivist-based learning facilitation model integrated with context-based 
learning to enhance critical thinking among Matthayomsuksa 5 students. In addition, the study sought 
to examine the effectiveness of the proposed model by comparing students’ learning achievement  
and critical thinking between the experimental and control groups. Furthermore, the study 
investigated students’ satisfaction with the learning facilitation model in order to determine its overall 
instructional effectiveness and suitability for implementation in Physical Science subject. 
 
II. LITERATURE REVIEW  
     Constructivist theory is fundamentally grounded in the cognitive developmental theories 
of Piaget and Vygotsky (Chand, 2024, p. 276). It can be broadly categorized into two major 
perspectives: 1) cognitive constructivism and 2) social constructivism. Cognitive constructivism, 
primarily associated with Piaget, posits that intellectual development progresses through 
sequential stages as individuals interact with their natural environment. Knowledge 
is constructed through active engagement, logical–mathematical experiences, social transmission, 
maturation, and the process of equilibration. Learners build mental structures by assimilating 
new experiences into existing schemas and accommodating those schemas when confronted 
with cognitive conflict. In contrast, social constructivism, influenced by Vygotsky, emphasizes 
the fundamental role of social interaction and cultural context in cognitive development. 
From birth, individuals are shaped by their social environment, particularly the family as the primary 
institution influencing early intellectual growth. Language serves as a crucial psychological tool 
that mediates higher-order thinking and cognitive development. Through social interaction and 
guided participation, learners internalize knowledge and cognitive strategies. Synthesizing both 
perspectives, several shared principles emerge: (1) Learners actively construct their own 
understanding. (2) New learning depends on prior knowledge and existing cognitive structures. 
(3) Social interaction plays a significant role in knowledge construction. (4) Learning activities 
should be meaningful and connected to real-life contexts. Therefore, applying constructivist theory 
in educational practice requires shifting instructional goals from knowledge transmission 
to facilitating active knowledge construction. Learning should emphasize authentic problem 
solving, transferable skills, and alignment with students’ interests to ensure meaningful 
understanding. Supporting this perspective, Siregar et al. (2025, pp. 16-17) conducted a study 
entitled development of constructivism-based learning models to improve student learning 
outcomes with the aim of developing and evaluating a constructivism-based learning model 
that emphasizes learners’ active construction of knowledge through meaningful experiences 
and interactions with their environment. The model engaged students in authentic learning 
activities designed to promote active participation in the learning process. The findings 
revealed that students achieved higher learning outcomes in terms of knowledge acquisition 
and demonstrated critical thinking, creativity, and effective problem-solving skills. Similarly, 
Bunyodom et al. (2023, pp. 489-493) investigated the effect of learning management based 
on constructivist theory using hand-on activities of grade 6 students’ geometrical concepts 
on triangle. The synthesized instructional model consisted of four stages: (1) Reviewing prior 
knowledge, (2) Conceptual change, (3) Understanding check, and (4) Knowledge application. 
The findings revealed that students’ geometric conceptual understanding after being taught 
through constructivist theory using hands-on activities were higher than 60% of the criterion 
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at the .05 level of significance. Furthermore, the findings are supported by the study conducted by 
Rullis and Fauzan (2021, pp. 3-4) examined the development of constructivism-based 
mathematics interactive learning media tools on the material of constructing a flat side 
space for class VIII junior high school students. This developmental research employed 
a Problem-Based Learning model (PBL) and was conducted in three phases: preliminary 
research, prototype development, and evaluation. The results indicated that integrating 
PBL with constructivist-oriented interactive media was highly appropriate. The developed 
materials featured clear language and well-designed text, facilitating students’ comprehension 
and enhancing their understanding of mathematical content effectively. 
     Furthermore, context-based learning (CBL) is an instructional approach that encourages learners 
to connect newly constructed knowledge with real-life situations or social contexts in relation to 
scientific content. This approach emphasizes the integration of subject matter with relevant 
and meaningful situations, thereby fostering learners’ independent thinking processes. Various scholars 
have proposed procedural frameworks for implementing context-based learning; in this study, 
the researcher adopted the four-stage model proposed by Gilbert (2006, pp. 961-975), which 
consists of: (1) Situation setting, (2) Investigation or hands-on inquiry, (3) Presentation of findings 
derived from the inquiry, and (4) Discussion and application of knowledge. Empirical studies have 
supported the effectiveness of this instructional approach. For example, Rubini and Ardianto 
(2021, pp. 304-307) conducted a study entitled empowering contextual approach in science 
learning to enhance critical thinking skills. The findings indicated that the implementation 
of context-based learning has the potential to enhance students’ critical thinking skills, with 
the improvement observed among students in all three classes being at a moderate level. 
Some developed critical thinking skills were providing simple explanations, building basic skills, 
managing strategies and tactics, providing further explanation, and formulating solutions. 
Similarly, Yulaisa and Desnita (2024, pp. 391-395) examined the effect of using context-based 
learning videos on fluid materials on students critical thinking ability. The results revealed that 
students in the experimental group demonstrated significantly higher levels of critical thinking skills 
than those in the control group. Based on the review of constructivist theory and context-based 
learning, it can be concluded that the effectiveness of constructivist-oriented instruction 
depends largely on how individual educators adapt and implement these theoretical principles 
in their specific teaching contexts. The synthesis indicates that both constructivist theory and 
context-based learning contribute to learners’ ability to construct knowledge independently 
through hands-on activities, analytical thinking, and social interaction. In addition, linking learning 
content with contemporary situations or contexts enables learners to approach problem-solving 
in a systematic and comprehensive manner, thereby fostering the development of critical thinking 
skills. Previous studies also highlight the development of instructional models designed by 
educators to address specific learning objectives using a single theoretical framework. 
Therefore, the researcher proposes integrating both approaches into a structured, clear, and 
continuous learning process. Each stage of the Double P-CE model is designed to explicitly 
stimulate critical thinking processes in order to enhance learners’ learning development effectively. 
Accordingly, the Double P-CE model was developed by integrating Gilbert’s context-based 
learning framework (Gilbert, 2006, pp. 961-975).  
 
III. RESEARCH METHODOLOGY 
     Conceptual Framework 
           According to the research, concepts and theory as mentioned, the researcher designed 
the learning facilitation process into four steps: 1) Preparation (P), 2) Process (P), 
3) Conclusion (C), and 4) Evaluation (E) as shown in conceptual Framework of this study. 
(Figure 1) 
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Figure 1: Conceptual framework 
 
     Population and samples 
           1. The population consisted of 200 Mattayomsuksa 5 students at Watsothonwararamworawihan 
school, Chachoengsao province (5 classrooms), academic year 2025 and 5 chemistry teachers. 
           2. The sample group consisted of 80 Mattayomsuksa 5 students (2 classrooms), academic 
year 2025. They were divided into 2 groups: the experimental group and the control group. 
They were obtained by purposive sampling based on their interest and ability in learning. 
     Research instrument 
           The research instruments included: 
           1. An interview schedule for science teachers. 
           2. A learning facilitation model and lesson plans based on the Double P-CE model (12 hours). 
           3. A 30 item multiple choice learning achievement test covering the unit “Food and Packaging” 
constructed according to Bloom’s revised taxonomy (remember, understand, apply, analyze, 
evaluate, and create). 
           4. A critical thinking test consisting of six subjective items assessed using analytic 
rubric scoring, covering five components derived through synthesis: problem identification, 
data collection, analysis, conclusion, and evaluation. 
           5. A satisfaction questionnaire using a five-point Likert scale covering six dimensions: 
content, model components, objectives, learning activities, assessment, and learner outcomes. 
     Validity and Reliability of Instruments 
           All instruments were examined for content validity by five experts using the Index of Item 
Objective Congruence (IOC), following standard procedures in educational research. The IOC 
values ranged from 0.60 to 1.00, indicating acceptable content validity. 
           The learning achievement test demonstrated acceptable item difficulty (0.45-0.75) and 
discrimination indices (0.20-0.35). The reliability of the learning achievement test was examined 
using KR-20 coefficient, yielding a value of 0.89, which indicates high internal consistency 
reliability. The critical thinking test and satisfaction questionnaire also demonstrated acceptable 
validity and reliability indices. 
     Research procedure 
           Phase 1: Research (R1) 
                 Basic data were collected through document analysis and semi-structured interviews 
with five science teachers. The curriculum analysis was based on the Basic Education Core 
Curriculum B.E. 2008 (Revised 2017). Interview data were analyzed and synthesized to 
determine guidelines for model development using a context-based approach. 
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           Phase 2: Development and Design (D1) 
                 The Double P-CE learning model was designed based on constructivist theory, 
context-based learning, and critical thinking principles. The development process followed 
systematic R&D procedures including prototype design, expert validation, and refinement. 
The model comprised four key components: (1) principles, (2) objectives, (3) learning facilitation 
process, and (4) measurement and evaluation. 
                 The learning facilitation process followed four stages: Preparation (P), Process (P), 
Conclusion (C), and Evaluation (E). The lesson plans were developed for 12 hours under Unit 3: 
Food and Packaging. The overall suitability of the model was rated at the highest level 
(𝑥̅𝑥 = 4.93-5.00), which followed the learning facilitation process as shown in Figure 2. 
 

 
 

Figure 2: The Double P-CE model 
 

           Phase 3: Implementation 
                 The effectiveness of the model was tested using a pretest-posttest control group design 
(Klockars, 1992, pp. 96-98). 
 

Table 1: Research design 
Group Before Experiment After 

E T1 X T2 
C T1 ~X T2 

 

Symbols used in the research format 
     E   =  The experimental group  
     C   =  The control group  
     T1  =  Pretest  
     T2  =  Posttest  
     X   =  Double P-CE Model 
     ~X =  Traditional teaching 
                 Both groups completed the learning achievement and critical thinking tests before 
and after the intervention. The experimental group received the Double P-CE learning model, 
while the control group received the traditional teaching. 
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           Phase 4: Evaluation (D2) 
                 Quantitative data were analyzed using descriptive and inferential statistics in accordance 
with educational research principles. Mean (𝑥̅𝑥) and standard deviation (SD) were used to 
summarize data. independent samples t-tests were used to compare posttest scores between 
groups. Students’ satisfaction was analyzed using mean and standard deviation. A mean score 
higher than 3.50 indicated a high level of satisfaction shown in Figure 3. 
 

 
Figure 3: Research procedure 

 
     Data Analysis 

           The researcher analysed various data by using the statistical package as follows: 1) Basic 
statistics: mean (𝑥̅𝑥) and standard deviation (SD), 2) Hypothesis testing statistics comparing 
pretest and posttest learning achievement and critical thinking between the experimental group 
and the control group by using t-test independent. 

 
IV. RESULTS 
     Results of the analysis of the development of the Double P-CE model to enhance critical thinking 
through context-based learning in this study are as follows;   
           1. Results of the appropriateness assessment of the learning facilitation model was as 
shown in Table 2. 
 

Table 2: Results of the appropriateness assessment of the learning facilitation model 
Items 𝒙𝒙� SD Description 

1. Principles 4.40 0.89 High 
2. Objectives 5.00 0.00 Highest 
3. Learning facilitation process 5.00 0.00 Highest 
4. Measurement and evaluation 4.80 0.20 Highest 

Total 4.92 0.15 Highest 
Legend: 4.51-5.00 Highest, 3.51-4.50 High, 2.51-3.50 Moderate, 1.51-2.50 Low, 1.00-1.50 Lowest. 
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           As shown in Table 2, the overall suitability of the learning facilitation model was rated 
at the highest level (𝑥̅𝑥 = 4.92, SD = 0.15). The objectives and learning facilitation process 
received the highest mean scores (𝑥̅𝑥 = 5.00), indicating strong alignment with the intended 
outcomes. The measurement and evaluation component was also rated at the highest level 
(𝑥̅𝑥 = 4.80), while the principles component was rated at a high level (𝑥̅𝑥 = 4.40). Overall, 
the findings indicate that the constructivist context-based learning facilitation model is 
theoretically sound and practically appropriate for enhancing students’ critical thinking in 
Physical Science. 
           2. Results of the comparison of the learning achievement and critical thinking of 
experimental group using the learning facilitation model and the control groups using 
the traditional teaching in terms of pretest and posttest was as shown in Table 3-6. 
 

Table 3: Comparison of learning achievement between the experimental group before using the learning  
facilitation model and the control group before using the traditional teaching 

Group Experiment n 𝒙𝒙� SD t df p 
 Experimental group before 40 10.15 2.82 -1.39 78 .17 

Control group before 40 10.90 1.93 
p > .05 
 

           As shown in Table 3, the learning achievement of the experimental and control groups 
were not significantly different, indicating that students in both groups had comparable learning 
abilities. This similarity is attributed to the heterogeneous grouping of students in both classes. 
The equivalence of the experimental groups is considered an essential condition for ensuring 
a sound and valid experimental research design.  
 

Table 4: Comparison of critical thinking ability between the experimental group before using the  
learning facilitation model and the control group before using the traditional teaching 

Group Experiment n 𝒙𝒙� SD t df p 
 Experimental group before 40 59.35 2.78 -1.08 78 .28 

Control group before 40 58.70 2.60 
p > .05 
 

           As shown in Table 4, the critical thinking ability of the experimental and control groups 
were not significantly different, indicating that students in both groups had comparable levels 
of critical thinking. This similarity is attributed to the heterogeneous grouping of students in 
both classes. The equivalence of the experimental groups is considered an essential 
condition for ensuring a sound and valid experimental research design. 
 

Table 5: Comparison of learning achievement between the experimental group after using the 
learning facilitation model and the control group after using the traditional teaching 

Group Experiment n 𝒙𝒙� SD t df p 
 Experimental group After 40 22.83 1.82 5.56* 65.93 .000 

Control group After 40 19.83 2.89 
*p < .05 
 

           As shown in Table 5, the learning achievement of the experimental group after the intervention 
(𝑥̅𝑥 = 22.83, SD = 1.82) was significantly higher than that of the control group (𝑥̅𝑥 = 19.83, SD = 2.89) 
at the .05 level (t = 5.56, p < .05). This finding indicates that the learning facilitation model 
facilitated students’ systematic construction of knowledge in connection with real-life contexts, 
thereby promoting a deeper understanding of the content compared to traditional teaching. 
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Table 6: Comparison of critical thinking ability between the experimental group after using  
the learning facilitation model and the control group after using the traditional teaching 

Group Experiment n 𝒙𝒙� SD t df p 
 Experimental group After 40 96.83 4.71 11.17* 78 .000 

Control group After 40 86.23 3.71 
*p < .05 
 

           As shown in Table 6, the critical thinking ability of the experimental group after the intervention 
(𝑥̅𝑥 = 96.83, SD = 4.71) was significantly higher than that of the control group (𝑥̅𝑥 = 86.23, SD = 3.71) 
at the .05 level (t = 11.17, p < .05). This finding indicates that the learning facilitation model 
encouraged students to analyze, discuss, exchange ideas, and systematically connect knowledge 
with various situations. Consequently, students were able to apply reasoning in making judgments, 
decisions, and solving problems, thereby enhancing their critical thinking ability more effectively 
than traditional teaching. 
      3. Results of the survey on student satisfaction with the learning facilitation model 
 

Table 7: Results of student satisfaction toward the learning facilitation model 
Items 𝒙𝒙� SD Description 

Content and learning content    
1. The content is consistent with daily life and social context of the student. 4.49 0.50 High 
2. The course content is clear and easy to understand. 4.51 0.50 Highest 
3. The content is up-to-date. 4.46 0.53 High 
4. The content is consistent with daily life and suitable for  
     critical thinking practice. 

4.46 0.53 High 

Total 4.48 0.52 High 
Components of the learning facilitation model    
5. The principles help the student develop critical thinking and  
    systematic problem solving. 

4.55 0.50 Highest 

6. The principles involve daily life and context of the student. 4.48 0.66 High 
7. The principles are easy to understand. 4.53 0.50 Highest 

Total 4.52 0.55 Highest 
Objectives of the learning facilitation model    
8. It focuses of enhancing the ability in critical thinking of the student. 4.48 0.59 High 
9. It is clear and can be evaluated. 4.48 0.55 High 
10. It is clear and can be applied in daily life. 4.45 0.61 High 

Total 4.47 0.58 High 
Learning activities    
11. It is appropriate and consistent with content in the society  4.44 0.57 High 
12. It truly gives an opportunity to practice critical thinking. 4.36 0.56 High 
13. It promotes the process of high-level thinking and problem solving. 4.50 0.50 High 
14. It promotes the creation of body of knowledge which can be applied. 4.45 0.50 High 
15. It gives the student an opportunity to reflect critical thinking  
      through actual practice with suggestions of the teacher. 

4.45 0.55 High 

16. It is in line with scheduled time. 4.41 0.54 High 
Total 4.44 0.57 High 
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Table 7: (Continued) Results of student satisfaction toward the learning facilitation model 
Items 𝒙𝒙� SD Description 

Measurement and evaluation    
17. Having evaluation criteria for appropriate learning facilitation. 4.51 0.53 Highest 
18. Measurement and evaluation are clear. 4.48 0.53 High 
19. Results of the evaluation can promote the student to improve  
        their learning. 

4.39 0.56 High 

Total 4.46 0.54 High 
Outcomes for the learner    
20. Direct outcomes for the student are clear in accordance with  
     The learning objectives. 

4.40 0.54 High 

21. Indirect outcomes for the student are clear and can further develop. 4.35 0.60 High 
Total 4.38 0.57 High 

As a whole 4.46 0.55 High 
Legend: 4.51-5.00 Highest, 3.51-4.50 High, 2.51-3.50 Moderate, 1.51-2.50 Low, 1.00-1.50 Lowest. 
 

           As shown in Table 7, students’ overall satisfaction with the learning facilitation model was 
at a high level (𝑥̅𝑥 = 4.46, SD = 0.55). The highest ratings were found that components of the 
learning facilitation model (𝑥̅𝑥 = 4.52) which contributes to the development of critical thinking. 
All other components, including learning activities, objectives, content, measurement/evaluation 
and learner outcomes, were also rated at a high level. These findings indicate that students 
perceived the learning facilitation model as appropriate, relevant, and supportive of their critical 
thinking development. 
 
V. CONCLUSION AND DISCUSSION 
     In conclusion, the core findings of this research demonstrate that the learning facilitation 
model developed to enhance critical thinking is called Double P-CE Model, which consists of 
four steps as follows: Step 1 Preparation (P), Step 2 Process (P), Step 3 Conclusion (C), and 
Step 4 Evaluation (E). The developed learning facilitation model was evaluated as being 
appropriate at the highest level (𝑥̅𝑥 = 4 . 9 2 , SD = 0.15). The model was then implemented with 
the experimental group and compared with a control group using the traditional teaching. 
The experimental and control groups showed no statistically significant differences in learning 
achievement and critical thinking in terms of pretest, as students in both groups possessed 
comparable baseline abilities, the inclusion of pretest data enhanced the reliability and internal 
validity of the experimental study. Consequently, any differences observed in the posttest 
outcomes could be more confidently attributed to the instructional innovation rather than to 
pre-existing differences among the participants (Schochet, 2010, pp. 379-406). The results 
revealed that the experimental group achieved significantly higher posttest learning achievement 
than the control group at the .05 level of significance (the posttest mean of the experimental group 
was 22.83 and the control group was 19.83). In addition, the posttest critical thinking of 
the experimental group were significantly higher than those of the control group at the .05 level 
of significance (the posttest mean of the experimental group was 96.83 and the control group 
was 86.23). Furthermore, an investigation of students’ satisfaction with the Double P-CE model 
indicated that the experimental group reported a high level of satisfaction in all aspects.  
     The results can be discussed as follows: There are 4 components of the learning facilitation model 
for developing critical thinking: (1) principles, (2) objectives, (3) learning facilitation process, and 
(4) measurement and evaluation. Hence, it can be that all of these components are consistent 
and systematically related. According to this study, the researchers begin with the investigation of 
related concepts, theories, researches and social context conditions. Also, guidelines for 
problem solving and content selection are involved to determine the principles, objectives and 
others which must be consistent and systematically related. The developed learning facilitation 
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model is based on constructivist theory and critical thinking concept integrated with context-
based learning. They are synthesized to obtain the instructional model “Double P-CE Model” 
with 4 steps as follows: Step 1: Preparation (P). This step creates interest of the student in 
learning. There is the connection of existing knowledge with new knowledge. Meanwhile, the 
teacher integrates this step with the content. In addition, this stage corresponds to the situation 
definition stage and the critical thinking process of problem definition. Step 2: Process (P). 
This step gives the student an opportunity to truly practice in order to create new knowledge. 
Then, there is knowledge exchange using group process or opinion presentation to gain the 
same conclusion. In this regard, it is supported or assisted by the teacher in terms of knowledge 
enhancement and convenience facilitation. Actually, this step corresponds to the step of actual 
practice of the student, critical thinking process in data collection and analysis. Step 3: Conclusion 
(C). The student makes conclusion about what they have learned. The teacher may add knowledge 
or correct the student’s misunderstandings. This step corresponds to the step of learning key 
concepts and critical thinking based on conclusion. Step 4: Evaluation (E). This step reflects 
knowledge of the student to measure and evaluate themselves after learning and are able to 
apply acquired knowledge to new situations. This step corresponds to the step of the application of 
knowledge and critical thinking processes in evaluation. According to the learning 
facilitation process, it can be seen the Double P-CE model demonstrates a significant strength 
through the systematic synthesis of various concepts, theories, and learning processes. 
In particular, the integration of constructivist theory, critical thinking concepts, and context-based 
learning enables the model to effectively promote learners’ self-construction of knowledge, hands-on 
practice, and in-depth analytical thinking. Learners are not merely passive recipients of knowledge; 
rather, they play active roles in investigating information, exchanging ideas, analyzing data, 
drawing conclusions, and conducting self-evaluation. As a result, meaningful learning is fostered, 
allowing learners to connect acquired knowledge with real-life situations. Furthermore, the four 
learning facilitation steps are systematically interconnected and sequentially organized. The process 
begins with stimulating learners’ interest and linking prior knowledge to new experiences, followed 
by knowledge construction through authentic practice, knowledge summarization, and reflective 
evaluation. This sequential learning process supports the progressive development of critical thinking 
among learners. In addition, the model encourages collaborative learning, knowledge sharing, and 
active classroom participation, which are consistent with student-centered learning approaches and 
21st century learning paradigms. Besides, there is an assessment of suitability and quality of 
the learning facilitation model by the experts. These findings are consistent with the study 
conducted by Vong & Kaewurai (2017, pp. 90-94), who investigated instructional model 
development to enhance critical thinking and critical thinking teaching ability of trainee 
students at regional teaching training center in Takeo province, Cambodia. The findings 
revealed that trainee students' post critical thinking was much higher than pre-critical thinking 
implementation, while their abilities in teaching critical thinking were at the exemplary level. 
Similarly, the study conducted by Khamthanu (2023, pp. 247-264) on development of 
teaching methods to promote critical thinking skills and scientific concepts of students 
mathayom 1, found that students’ critical thinking skills and scientific concepts after instruction 
were significantly higher than before instruction at the .05 level of statistical significance. 
Both studies, together with the Double P-CE model, emphasize learners’ self-construction of 
knowledge as a significant factor contributing to the enhancement of critical thinking skills. 
This supports the suitability and effectiveness of the Double P-CE model in improving both 
learning achievement and critical thinking skills within contemporary learning contexts. It can 
be said that the learning facilitation model that focuses on self-knowledge creation, actual practice, 
thinking training and exchange of knowledge. Meanwhile, the traditional teaching may help 
increase learning achievement but may be less in critical thinking development. This depends on 
the difference and ability in thinking of an individual. Regarding student satisfaction, the overall level 
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was high, indicating that learners perceived the instructional model as relevant and engaging. 
The integration of real-world contexts enhanced intrinsic motivation and promoted meaningful 
learning, which aligns with contemporary student-centered learning perspectives. Furthermore, 
a supportive classroom environment, together with opportunities for collaborative learning and 
knowledge exchange, further strengthened students’ confidence and engagement. These findings 
are consistent with previous research demonstrating that active learning approaches connected 
to meaningful contexts contribute to positive learning experiences and higher levels of student 
satisfaction. Similar results were reported in the studies of Khamthanu (2023, pp. 247-264), 
who found that students’ satisfaction with the learning facilitation model was at a high level. 
 
SUGGESTION  
     Future studies should investigate the long-term impact of the model through longitudinal 
designs to examine sustained development in critical thinking. Replication across different 
subjects, educational levels, or sociocultural contexts is also recommended to enhance external 
validity. Additionally, future research may explore the integration of this model with other 21st 
century competencies, such as creativity and problem-solving, to broaden its instructional 
applicability. 
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     ABSTRACT  

Depression is a major global health concern. Recent studies suggest that language used on 
social media may reveal early signs of psychological distress before individuals seek formal 
clinical support. The objective of this study was to develop and evaluate transformer-based 
natural language processing models for detecting depressive risk signals in long-form Reddit 
posts using the ERISK2025 dataset. A traditional TF-IDF representation combined with 
Logistic regression served as the baseline and was compared with BERT-base and the emotion-
aware Emotion-RoBERTa model under identical experimental conditions. Model performance 
was assessed using accuracy, risk-class recall, macro-F1, AUC, and confusion-matrix-based 
error distribution. Emotion-RoBERTa achieved the highest overall accuracy (0.76) and the 
strongest sensitivity to high-risk users with a risk-class recall of 0.91 and the lowest false-
negative rate among the tested models. BERT-base showed moderate performance. 
The TF-IDF baseline was weakest at identifying high-risk cases. These findings indicate that 
emotion-aware language representations can improve early detection of depression risk 
in social media text and may identify vulnerable users more reliably than traditional 
text-representation methods. The results also indicate that model evaluation in this setting 
should rely on clinically meaningful metrics rather than accuracy alone. Future work should 
consider larger datasets together with temporal patterns in user posts and ethical constraints 
related to real-world mental health screening. 
 
Keywords:  Depression detection,  Reddit,  eRisk2025,  TF-IDF;  BERT-base,  
Emotion-RoBERTa 
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I. INTRODUCTION 
     Over the past decade, social media has become deeply integrated into everyday life. 
Large proportions of the global population now depend on online platforms for communication, 
information exchange, and self-expression (Chaffey, 2025, Online; Pew Research Center, 
2025, Online). In Thailand, national statistics report high levels of internet and mobile phone 
use, particularly after the COVID-19 pandemic shifted many activities into digital environments 
(National Statistical Office of Thailand, 2025, p. 33). During periods of social distancing, social 
media was widely used to share experiences, concerns, and uncertainty, making these platforms 
a primary space for emotional expression and social support (Tsao et al., 2021, p. 184; 
Handayani et al., 2023, p. 8). Platform features such as status updates, comments, and reactions 
allow users to express feelings quickly and respond to others in real time, creating conditions 
where emotional content spreads easily (Steinert & Dennis, 2022, pp. 11-13; Chen et al., 2022, 
p. 61). Prior studies show that online language can reflect psychological conditions, including 
depression, social exclusion, and bullying among adolescents (Ophir et al., 2019, pp. 3-4), and 
emotional changes can be observed in online discussions during recovery from substance use 
(Yang et al., 2023, p. 2). These findings suggest that social media data may reveal signs of 
distress before individuals seek formal help. 
     Depression is a major global health problem, affecting a large number of people and 
contributing substantially to disability and suicide worldwide (WHO, 2025a, Online). Recent 
estimates indicate that depressive and anxiety disorders account for a significant share of 
disability-adjusted life years and have increased steadily over the past decades (Fan et al., 2025, 
pp. 8-10). Many cases remain undiagnosed or untreated, leading to functional impairment and 
economic burden (Yoch & Sirull, 2021, Online; Proudman et al., 2021, p. 620). Social and 
economic pressures, including chronic stress, loss, and inequality, are associated with the onset 
and progression of depressive symptoms (Reddy, 2010, pp. 1; Moreno-Agostino et al., 2021, 
p. 241). In Thailand, mental health reports show rising levels of stress and depression risk, 
especially among young people, while access to mental health services remains limited (WHO, 
2025b, Online; Bangkok Post, 2022, Online; Munthuli et al., 2023, p. 3; National Health 
Security Office, 2023, Online). Stigma toward mental illness also discourages help-seeking 
behaviour (Pruksarungruang & Rhein, 2022, p. 2). In such conditions, individuals often express 
emotional distress online before contacting health professionals, making social media a useful 
source of early indicators. 
     Recent research has explored the use of natural language processing and machine learning 
to identify depressive signals in social media text. Patterns of sadness, hopelessness, and 
loneliness in online posts have been used to predict depression with promising results. Social 
media data are suitable for early detection because they are abundant, time-stamped, and reflect 
real-world communication. Advances in deep learning have improved the ability to extract 
emotional features from large text corpora, but several challenges remain. Social media 
language is informal and often includes slang, spelling variation, sarcasm, and code-switching, 
which can obscure emotional meaning (Alaramma et al., 2023, p. 77). Emojis and special 
characters also add complexity to interpretation (Alqahtani et al., 2023, p. 325). Many earlier 
studies relied on short texts, small datasets, or simple binary labels, which limit the detection 
of subtle psychological states (Salas-Zárate et al., 2022, p. 2; Ahmed et al., 2022, p. 5; Bao et 
al., 2025, p. 1). Long-form platforms such as Reddit provide richer narratives that allow 
observation of emotional change over time, and the eRisk dataset offers longitudinal posts 
labelled using validated self-report instruments for research on early risk detection (Boettcher, 
2021, pp. 2-3; Bao et al., 2025, p. 1). These characteristics make long-form data suitable for 
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testing transformer-based models designed to capture contextual and emotional information in 
text (Triantafyllopoulos et al., 2023, p. 3; Bokolo & Liu, 2023, p. 9; Zhang et al., 2022, pp. 46-47). 
     Based on these considerations, this study investigates the effectiveness of transformer-based 
classification models for detecting depressive risk signals in long-form Reddit posts using the 
ERISK2025 dataset. The research compares three model conditions under identical experimental 
settings. The first condition is a traditional baseline that combines TF-IDF features with 
Logistic regression. The second is the general-purpose BERT-base transformer. The third is 
the emotion-aware Emotion-RoBERTa model. The comparison gives particular attention to 
performance measures that are relevant for early screening. These include recall for high-risk 
users and reduction of false-negative predictions. In addition, the study applies a multi-metric 
evaluation framework, including accuracy, macro-F1, recall, and AUC, in order to provide a 
more clinically meaningful interpretation of model performance in early depression risk detection. 
 
II. LITERATURE REVIEW  
    Recent studies have examined the use of natural language processing and machine learning 
for detecting depression from textual data, particularly from social media where users often 
express emotions and personal experiences. Automated text analysis has been proposed as an 
alternative to traditional screening methods based on interviews and questionnaires, allowing 
large volumes of text to be analysed for linguistic patterns associated with depressive 
symptoms (Teferra et al., 2024, pp. 1-2). Transformer-based language models such as BERT 
and related architectures have been widely used because they capture contextual relationships 
more effectively than feature-based approaches, and domain-adapted models trained on 
mental-health corpora have shown improved ability to detect emotional cues in informal 
language (Mao & Han, 2025, p. 6). Comparative studies also report that traditional machine 
learning algorithms, including logistic regression and support vector machines, can perform 
competitively depending on dataset size, class balance, and feature representation, which 
makes multi-metric evaluation necessary for reliable comparison (Ding et al., 2025, p. 1; Mao 
& Han, 2025, pp. 8-9). Other research shows that combining contextual embeddings with 
additional linguistic or behavioural information, as well as applying balancing techniques, can 
improve classification performance when analysing social-media text (Kerasiotis et al., 2024, p. 1; 
Qasim et al., 2025, p. 4; Zhang et al., 2024, pp. 6-8). 
     Taken together these studies establish that transformer models can detect depressive language 
in social media text and that domain adaptation tends to improve sensitivity to emotional cues. 
Two methodological questions remain less settled. The first concerns long-form posts because 
extended writings place greater demands on context handling than the short texts examined in 
much prior work. The second concerns emotionally nuanced modelling because the added 
value of emotion-aware pretraining over general contextual representation is not yet clear under 
directly comparable conditions. Simpler classifiers also remain competitive under some data 
conditions which further complicates model selection. The present study addresses these 
unresolved points by comparing a traditional baseline with general-purpose and emotion-aware 
transformers on long-form Reddit text under identical conditions and by evaluating the models 
with multiple metrics. 
     The present research is based on previous findings comparing traditional classifiers and 
transformer-based models for depression detection, particularly studies showing that contextual and 
emotion-aware representations may improve the identification of risk-related language in 
social-media text, while simpler models may still provide stable performance under certain 
data conditions (Kuzmin et al., 2025, p. 34535). Research using long-form data from platforms 
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such as Reddit indicates that extended text provides richer emotional context, which supports 
the use of transformer architectures for risk detection (Qasim et al., 2025, pp. 3-4; Zhang et al., 
2024, p. 3). Prior work also shows that evaluation based only on accuracy may not reflect true 
model behaviour, especially when class imbalance and false-negative errors are present, and 
therefore multiple metrics should be used for reliable comparison (Bokolo & Liu, 2023, p. 11). 
Based on these findings, the present study proposes three hypotheses: that an emotion-aware 
transformer model will achieve higher recall for the depressive risk class than a general-
purpose transformer model (H1), that the emotion-aware model will produce fewer false-
negative predictions in long-form text classification (H2), and that differences in model 
performance will be more clearly identified when multiple evaluation metrics such as accuracy, 
macro-F1, recall, and AUC are used instead of accuracy alone (H3). 
 
III. RESEARCH METHODOLOGY 
     This study employed a quantitative experimental design with a comparative approach to 
evaluate the performance of deep learning–based natural language processing models for 
detecting depressive signals in social media text. A cross-sectional framework was used to 
analyse patterns of emotional expression within a defined time period and to ensure a fair 
comparison between models under identical conditions (Teferra et al., 2024, p. 12). The data 
source was the ERISK2025 benchmark dataset, which contains 11,042 English-language text 
instances derived from longitudinal Reddit user writings for early mental health risk research. 
Each instance was labeled as risk or non-risk. To maintain reproducibility and class balance, 
the dataset was divided using a stratified procedure into 8,833 instances for training and 2,209 
instances for testing, preserving the original distribution (risk = 55.4%, non-risk = 44.6%). 
This corresponds to an approximately 80:20 train/test partition in which the test set was held 
out from model development and used only for final evaluation. Included texts were required 
to be written in English, contain interpretable emotional content, and exceed a minimum 
length, while posts consisting only of links, symbols, advertisements, duplicated content, or 
very short messages without clear emotional meaning were excluded to reduce noise during 
model training (Salas-Zárate et al., 2022, p. 4; Ahmed et al., 2022, p. 6).  
     Data processing and analysis were performed using Python. Text preprocessing and model 
implementation were conducted with the HuggingFace Transformers library together with 
PyTorch. A TF-IDF + Logistic Regression classifier was implemented as a traditional 
machine-learning baseline using the same stratified train/test partition to provide a direct 
comparison with the transformer-based models. Two transformer-based language models 
were evaluated: BERT-base (uncased) as a general-purpose pretrained model and Emotion-
RoBERTa as a model pretrained on mental health–related text. Both models were adapted for 
binary classification using the same classification head to allow direct comparison (Bokolo & 
Liu,2023, p. 7; Qasim et al., 2025, The ERISK2025 dataset was constructed from longitudinal 
Reddit posts provided by users who participated voluntarily in standardized mental health 
assessments. Risk labels were assigned from validated self-report questionnaires, including 
the Beck Depression Inventory (BDI), rather than clinical diagnosis, so the labels indicate 
elevated depressive risk rather than confirmed disorder (Bao et al., 2025, p. 2). Therefore, the 
labels used in this study represent depressive risk identified through screening instruments 
rather than confirmed clinical diagnoses.Text data were cleaned, deduplicated, and 
standardised before tokenisation. Inputs were prepared using padding, truncation, and 
attention masks, with a fixed maximum sequence length of 256 tokens. Texts longer than this 
limit were truncated, and shorter texts were padded to ensure consistent batch processing. 
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Model development and evaluation used the same stratified partition of 8,833 training 
instances and 2,209 testing instances described above. The train/test split was generated with 
the class label used for stratification and random_state = 42 specified for the split procedure. 
Separating data into distinct training and evaluation sets follows established practice in text-
classification research (Kowsari et al., 2019, p. 4; Wang, 2023, pp. 93-96). Both models were 
fine-tuned with the AdamW optimiser, learning rate 2 × 10⁻⁵, batch size 16, and 3 training 
epochs. A linear learning-rate scheduler with warmup (ratio = 0.1) was applied, and all 
settings were kept identical for both models to maintain a controlled comparison. 
Model performance was evaluated on the test set using accuracy, recall, F1-score, AUC, and 
confusion-matrix-based error distribution, with macro or weighted F1 reported when class 
imbalance occurred, and confusion matrices were used to analyse classification errors (Bokolo 
& Liu, 2023, p. 12; Teferra et al., 2024, p. 9).   
 
IV. RESULTS 
       The ERISK2025 dataset used in this study contained 11,042 text instances. To ensure fair 
evaluation, the data were divided using a stratified split into 8,833 documents for training and 
2,209 documents for testing while preserving the original label distribution. The proportion of 
texts labelled as risk was 55.4%, whereas 44.6% were labelled as non-risk. Model 
performance on the held-out test set was reported using accuracy, risk-class recall, macro-F1, 
AUC, and confusion-matrix-based error distribution to provide both threshold-dependent and 
threshold-independent assessment. Each evaluation metric was linked to one of the study 
hypotheses. Recall for the risk class served as the primary indicator for H1 because it 
measures the proportion of high-risk users that a model identifies. False-negative counts from 
the confusion matrices served as the indicator for H2 because they record missed high-risk 
cases directly. The combined use of accuracy, risk-class recall, macro-F1, AUC, and error 
distribution addressed H3 because performance differences among models are identified more 
clearly with multiple metrics than with accuracy alone. Table 1 presents the dataset summary and 
class distribution. 
 

Table 1: Dataset summary and class distribution 
Item Count 

Total documents 11,042 
Train set 8,833 
Test set 2,209 
Non-risk 4,925 (44.6%) 
Risk 6,117 (55.4%) 

 

     The performance of the evaluated models on the test set is shown in Table 2, including the 
TF-IDF + Logistic regression baseline, BERT-base, and Emotion-RoBERTa. Evaluation 
focused on accuracy, macro-F1, recall for the risk class, and AUC. Emotion-RoBERTa 
achieved the highest recall for the risk class (0.91), followed by BERT-base (0.88) and the 
baseline model (0.81). Overall accuracy values were 0.69 for TF-IDF + Logistic regression, 
0.75 for BERT-base, and 0.76 for Emotion-RoBERTa. The hypothesis mapping is therefore 
interpreted from the main held-out test-set results in Table 2 and the error-distribution results 
in Table 3, rather than from a separate additional comparison table. 
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Table 2: Performance comparison across models 
Model Accuracy Precision Recall Macro-F1 AUC 

TF-IDF + Logistic 
regression 

0.69 – 0.81 (Risk) 0.67 0.75 

BERT-base 0.75 – 0.88 (Risk) 0.73 0.82 
Emotion-RoBERTa 0.76 – 0.91 (Risk) 0.74 0.82 

     

    Receiver Operating Characteristic (ROC) curves for the three models are shown in Figures 
1–3. The baseline model produced an AUC of 0.75, indicating moderate discrimination ability. 
The BERT-base model achieved an AUC of 0.82, showing improved separability between risk 
and non-risk instances. Emotion-RoBERTa also produced an AUC of 0.82 with a curve closer 
to the upper-left corner, indicating stronger sensitivity across thresholds. 
 

 
Figure 1: ROC curve of the TF-IDF + Logistic regression model on the test set 

 

 
 

Figure 2: ROC curve of the BERT-base model on the test set 
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Figure 3: ROC curve of the emotion-RoBERTa model on the test set 
     Error distribution across models is summarised in Table 3, including true positives, false 
positives, false negatives, and true negatives. The baseline model produced 228 false negatives 
and 458 false positives. BERT-base reduced false negatives to 143 and false positives to 407. 
Emotion-RoBERTa produced the lowest number of false negatives (109) with 431 false 
positives. These results show differences in classification outcomes across models and provide 
additional information on prediction behaviour in the test set. 
 

Table 3: Summary of FN / FP of three models 
Model TP FP FN TN 

Baseline (TF-IDF + LR) 996 458 228 527 
BERT-base 1081 407 143 578 
Emotion-RoBERTa 1115 431 109 554 

 
 

V. CONCLUSION AND DISCUSSION 
     The study evaluated the effectiveness of different natural language processing approaches 
for detecting depressive risk in social media text using the ERISK2025 dataset. The comparison 
included a TF-IDF + Logistic regression baseline, the BERT-base model, and the Emotion-
RoBERTa model, with performance assessed using accuracy, recall, macro-F1, AUC, and error 
distribution. The results showed that Emotion-RoBERTa achieved the highest recall for the 
risk class and the lowest number of false-negative predictions, indicating stronger sensitivity 
to high-risk language than the other models. The results also show that model selection should 
not rely on accuracy alone. The TF-IDF + Logistic regression model remains a useful traditional 
baseline because it provides an interpretable comparison point. However, BERT-base improved 
over the baseline in accuracy, risk-class recall, macro-F1, and AUC, while Emotion-RoBERTa 
provided the strongest risk-class recall and the lowest false-negative count. For depression-risk 
screening, model selection should therefore consider risk-class recall, false negatives, macro-F1, 
AUC, and error distribution rather than overall accuracy alone. The analysis also confirmed 
that evaluating models with multiple metrics provided a clearer understanding of performance 
than relying on accuracy alone, particularly when class imbalance and safety-related errors 
were considered. Error distribution analysis further showed that the emotion-aware model 
minimized missed high-risk cases, whereas the baseline model produced the highest number 
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of false negatives. These findings indicate that model evaluation in depression risk detection 
should consider both aggregate metrics and error patterns to obtain reliable results.  
     The findings indicate that the emotion-aware transformer model provided stronger performance 
in detecting depressive risk signals than the general-purpose transformer architecture, as 
Emotion-RoBERTa showed higher recall for the risk class and a more balanced macro-F1 
score, reflecting improved sensitivity to psychologically vulnerable users. This result is consistent 
with previous studies reporting that transformer architectures can capture richer semantic and 
affective information from text, while domain-adapted or emotionally trained models may better 
detect subtle psychological expressions in social media language (Mao & Han, 2025, pp. 1-3; 
Kuzmin et al., 2025, p. 34542). The comparison between Logistic Regression and BERT also 
suggests that higher model complexity does not always result in more stable classification 
performance. Although BERT-base achieved better overall evaluation scores, the TF-IDF + 
Logistic Regression baseline remained competitive and provided consistent results under the 
same experimental conditions. This finding supports previous studies indicating that simpler 
classifiers may remain effective when feature representations are informative and class 
distributions are relatively stable. Therefore, model selection in mental health NLP should 
consider not only predictive performance but also interpretability, computational efficiency, 
and deployment requirements. In addition, the results confirm that multi-metric evaluation 
provides a more reliable interpretation of model behaviour than accuracy alone, because recall, 
macro-F1, and AUC revealed differences in class detection and error distribution that were not 
visible from accuracy values, which is consistent with methodological recommendations that 
high-stakes NLP applications should rely on multiple performance indicators to capture differences 
in sensitivity, stability, and error patterns (Mao & Han, 2025, p. 5). 
 
SUGGESTION  
     Future research should extend the present findings by using larger and more diverse datasets, 
including longitudinal user histories, to improve robustness and support earlier identification 
of depressive risk patterns. Additional work should examine alternative model architectures 
and hybrid approaches, such as temporal or hierarchical transformers and ensemble methods 
that combine semantic and emotional features, in order to improve detection stability and 
sensitivity beyond the performance observed in this study. Validation across different platforms, 
languages, and cultural contexts is also recommended to assess generalisability and reduce 
dependence on a single dataset, with evaluation under conditions that resemble practical 
screening use. Further studies should also consider issues related to model interpretability, error 
balance, and ethical use, including the need to protect user privacy and to apply automated 
detection as a supportive tool rather than a clinical diagnosis. 
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    ABSTRACT  

This study examined the effects of AI-augmented Tai Chi instruction on students’ performance 
and learning outcomes in secondary vocational physical education. A post-test-only quasi-experimental 
design was employed with 91 first-year vocational students in China, who were randomly 
assigned to an experimental group (n = 46) and a control group (n = 45). During an eight-week 
intervention, the experimental group received AI-supported Tai Chi instruction featuring 
motion capture and real-time corrective feedback, whereas the control group received traditional 
demonstration–imitation teaching. Tai Chi performance was evaluated using an IWUF-based 
rubric rated by three trained judges, and learning satisfaction, self-directed learning attitude, 
behavioral intention, and self-efficacy were measured using validated Likert-scale instruments. 
The results showed that the AI-assisted group achieved significantly higher overall Tai Chi 
performance (p = .040), particularly in action quality (p = .020). The experimental group also 
reported significantly greater learning satisfaction, self-directed learning attitude, and self-efficacy 
(p < .05) than the control group. However, no statistically significant difference was observed in 
behavioral intention. These findings suggest that AI-augmented instruction is effective in enhancing 
movement quality and selected psychological outcomes in vocational physical education and 
may serve as a valuable instructional support tool for skill-based teaching. Nevertheless, longer-term 
interventions may be necessary to influence students’ sustained participation intentions. 
 
Keywords:  AI-assisted physical education,  Tai Chi instruction,  
Secondary vocational education,  Self-efficacy,  Learning satisfaction  
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I. INTRODUCTION 
     The profound transformative influence of artificial intelligence (AI) across diverse industries has 
been widely recognized, and the field of education is similarly undergoing such changes 
(Harry, 2023, p. 260), including physical education (PE). In recent years, AI-based motion 
analysis, real-time feedback systems, and intelligent coaching tools have been increasingly 
integrated into skill-based instruction to enhance learning efficiency and personalization  
(Kotte et al., 2024, p. 230). In sports scenarios, such technologies provide real-time support for 
athletes' training and competitions through data collection infrastructure. (Suo et al., 2024, pp. 
8-9), making them particularly suitable for movement-based courses that rely on accurate 
action execution and posture control. However, conventional Tai Chi instruction centers on 
teacher demonstration and student imitation, which renders the teaching process tedious. Given 
the intrinsic difficulty of Tai Chi movements, students present low learning interest and 
efficiency, thus leading to poor teaching effectiveness. (Ren, 2021, p. 2774). 
     Lee and Lee (2021, p. 9) found that AI-assisted physical education courses had significant 
positive effects on both students' perceived physical competence [F(1, 176) = 25.899, 
p < 0.001] and physical self-expression confidence [F(1, 176) = 15.059, p < 0.001]. Related 
studies have also shown that artificial intelligence technology can improve student engagement 
and learning effectiveness (Zhang et al., 2025,  p. 85). In parallel, motor learning theory highlights 
the importance of augmented feedback during early skill acquisition (Fitts & Posner, 1967, pp. 30-33), 
while self-efficacy theory emphasizes the role of performance-related information in shaping 
learners’ confidence (Bandura, 1986, pp. 391-417). Together, these perspectives indicate that 
AI-augmented feedback may influence both performance and learner-related outcomes in 
technology-enhanced environments. 
     Despite these contributions, several limitations remain. First, empirical evidence on AI-
assisted learning remains limited for culturally and technically complex skills such as Tai Chi, 
which demand precise movement, rhythm, and full-body coordination. Such characteristics 
make Tai Chi particularly suitable for AI-assisted instruction, which can provide timely and 
individualized movement feedback. Second, existing studies have largely overlooked secondary 
vocational education (SVE) students, who often lack learning motivation and classroom 
engagement (Fang et al., 2022, p. 1). To address these gaps, this study uses an AI-based Digital 
Sports Assessment Machine (AI-DSAM) to provide real-time motion feedback in Tai Chi 
instruction and examine AI-assisted motor learning in context.  
     AI-supported instructional technologies have shown increasing potential for enhancing skill 
acquisition in vocational education settings. Therefore, this study aims to investigate the effects 
of AI-augmented Tai Chi instruction in a secondary vocational PE context. Specifically, it 
compares AI-supported teaching with traditional demonstration–imitation instruction, 
examining both objective performance outcomes and learner-related variables, including 
learning satisfaction, self-learning attitude, behavioral intention, and self-efficacy. By situating 
AI-assisted instruction within a culturally meaningful motor skill and an underexplored 
educational population, this study seeks to provide empirical evidence for the pedagogical 
integration of intelligent technologies in physical education. 
 
 
 
 
 
 
 
 



95 

 Sui and Phongsatha (2026)  
 

 International Journal of Industrial Education and Technology  http://doi.org/10.55003/IJIET.8110     IJIET 8(1) 
 

II. LITERATURE REVIEW  
     Artificial intelligence (AI) has increasingly been integrated into physical education (PE) to 
enhance motor learning through real-time feedback, motion analysis, and personalized 
guidance. Prior studies have demonstrated that technology-enhanced feedback environments 
can improve students’ skill accuracy, engagement, and learning efficiency (Atatekin & Kara, 
2024, p. 843; Zhao, 2024, p. 833). Specifically, AI systems can analyze movement data and 
provide instant, personalized feedback via motion capture technology (Kotte et al., 2024, p. 223). 
Empirical research has also documented the positive effects of video feedback, intelligent 
coaching systems, and AI-supported platforms on motor performance and learner motivation 
across various sport settings (BenitezSantiago & Miltenberger, 2016, pp. 12-27; Migliaccio et 
al., 2024, pp. 8-9). However, existing studies have largely focused on general fitness training, 
exergaming, or high-intensity sport skills, with relatively limited attention to culturally grounded 
and technique-sensitive activities such as Tai Chi. Moreover, research involving secondary 
vocational education (SVE) students remains scarce. Given the slow, coordination-intensive 
nature of Tai Chi and the strong feedback demands of novice learners, the pedagogical value 
of AI-assisted instruction in this context warrants further empirical investigation. Collectively, 
this evidence suggests that technology-supported physical education can improve students’ 
motivation, engagement, and performance, particularly in skill-based learning contexts where 
digital tools provide instructional support and feedback (Maněnová et al., 2022). 
     Grounded in motor learning theory and social cognitive theory, augmented feedback can 
improve movement accuracy as well as enhance learning satisfaction, self-directed learning 
attitude, and self-efficacy (Bandura, 1986, pp. 391- 417; Fitts & Posner, 1967, pp. 30-33).  
To fill the identified research gaps, this study adopted a quasi-experimental design to compare 
the effects of AI-assisted Tai Chi instruction with traditional teaching methods among 
secondary vocational education (SVE) students.  The following hypotheses were tested: H1: 
AI-assisted instruction would significantly improve students’ Tai Chi performance; H2: AI-
assisted instruction would significantly enhance learning satisfaction; H3: AI-assisted instruction 
would significantly strengthen self-directed learning attitude; H4: AI-assisted instruction 
would significantly increase behavioral intention toward Tai Chi participation; and H5: AI-
assisted instruction would significantly improve students’ self-efficacy. 
 
III. RESEARCH METHODOLOGY 
      A. Research Design 
      This study adopted a quasi-experimental post-test-only control group design to examine the 
effects of AI-augmented Tai Chi instruction on secondary vocational students’ skill performance and 
learning-related attitudes. A post-test-only approach was considered appropriate because 
preliminary screening confirmed that all participants had no prior formal Tai Chi learning 
experience, ensuring no established Tai Chi performance foundation at baseline. For psychological 
variables, random assignment helped reduce potential pre-existing differences, while avoiding 
a pre-test minimized pre-test sensitization in the natural classroom setting. 
      To enhance internal validity and reproducibility, a two-stage randomization procedure was 
implemented using R statistical software with a fixed random seed. First, two intact classes 
were randomly selected from the eligible Grade-1 population. Second, students within the 
selected classes who met the inclusion criteria were randomly assigned to the experimental and 
control groups. Because the study was conducted in a natural school setting using intact classes 
as the initial sampling units, the design is classified as quasi-experimental despite the use of reproducible 
random assignment procedures. The intervention lasted eight weeks. The independent variable 
was instructional mode (AI-assisted vs. traditional instruction), and the dependent variables 
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included Tai Chi performance, learning satisfaction, self-directed learning attitude, behavioral 
intention, and self-efficacy. 

 
Figure 1: Research design and experimental procedure 

 
      B. Population and Participants 
     The study population consisted of first-year students enrolled in a secondary vocational 
education (SVE) school in Sichuan, China. Inclusion criteria required that students (a) were 
full-time vocational students aged 16–18 years, (b) regularly attended physical education 
classes, (c) had no prior Tai Chi or martial arts training, (d) were physically fit to participate in 
sports activities, and (e) provided informed consent (with guardian consent obtained for minors). 
     A total of 91 eligible students participated in the study. Using reproducible random 
assignment in R, students were allocated to the experimental group (n = 46) and the control group 
(n = 45). Power analysis indicated that the sample size achieved statistical power exceeding 
.80, suggesting adequacy for detecting medium-sized effects. 
      C. Instructional Intervention 
     Both groups completed an eight-week Tai Chi instructional program (one 90-minute session 
per week) based on the standardized 24-form Tai Chi routine required by the school curriculum. 
To ensure treatment fidelity, instructional content, duration, teacher, and learning objectives 
were kept consistent across groups. 
     The control group received traditional teacher-centered instruction consisting of live demonstration, 
verbal explanation, and repeated student imitation with teacher-provided corrective feedback. 
     The experimental group received AI-assisted instruction supported by an AI Digital Sports 
All-in-one Machine (AI-DSAM). The system provided 3D motion demonstrations, skeletal 
motion capture, real-time error prompts, and automated visual feedback. The AI-DSAM system 
captured students’ real-time skeletal movement trajectories, compared them with standard Tai Chi 
movement models, scored detected deviations, and generated visual and audio prompts. 
Students practiced in rotating small groups using six AI devices while the teacher remained 
present to provide pedagogical guidance. In this study, the AI system functioned as a feedback 
enhancement tool rather than a replacement for the instructor. To minimize contamination,  
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the two groups were taught at different times and locations, and only the experimental group 
used the AI-DSAM devices during the intervention. 
 

      D. Research Instruments and Quality Inspection of Instruments 
     Tai Chi performance was assessed using a rubric adapted from the International Wushu 
Federation (IWUF) competition rules, covering two dimensions: action quality and performance 
level (5 points each; total score = 10). Students’ performances were video-recorded and independently 
evaluated by three certified martial arts teachers. 
     Inter-rater reliability was examined using the intraclass correlation coefficient (ICC) based 
on a two-way random-effects model with average measures. The average-measures ICC 
showed good agreement among raters (ICC = .84, 95% CI [.78, .89]), supporting the reliability 
of the performance assessment. The mean of the three raters’ scores was used for subsequent 
analyses. 
     Learning satisfaction was measured using a 12-item scale adapted from the Student 
Evaluation of Educational Quality (SEEQ) (Vernadakıs et al., 2012, pp. 141-142). Self-directed 
learning attitude and behavioral intention were measured using 3-item scales adapted from 
Zheng et al. (2021, p. 8). Self-efficacy was assessed using the General Self-Efficacy Scale (Chen et 
al., 2001, p. 79). All items were rated on a five-point Likert scale (1 = strongly disagree to 5 = strongly 
agree).  Prior to the main study, three experts in physical education and martial arts reviewed the 
instruments to ensure content validity. A pilot test (n = 30) demonstrated satisfactory internal 
consistency, with Cronbach’s α values exceeding the recommended threshold of .70. 
 

Table 1: Reliability statistics of questionnaire instruments (pilot test, n = 30) 
Variable Number of Items Previous Research α Pilot Test α 

Satisfaction 12 0.90 0.908 
Self-learning Attitude 3 0.898 0.867 
Behavioral Intention 3 0.902 0.925 
Self-efficacy 8 0.90 0.938 

Note. Cronbach’s α values above .70 indicate acceptable internal consistency. 
 
      E. Data Collection 
     Ethical approval was obtained prior to data collection (Approval No. 120/2025). Participation was 
voluntary, and parental consent was secured for underage students. 
     Data collection followed three stages. First, students were randomly assigned and completed 
the eight-week instructional intervention. Second, Tai Chi performance assessments were 
conducted in a standardized gymnasium setting using video recording. Third, questionnaires 
measuring satisfaction, self-directed learning attitude, behavioral intention, and self-efficacy 
were administered during regular class time. All 91 returned questionnaires were complete and 
valid for analysis. 
      F. Data Analysis 
     Data were analysed using Jamovi. Descriptive statistics (means and standard deviations) 
were computed for all variables. Normality and homogeneity of variance were examined using 
Shapiro-Wilk tests and Levene’s tests before group comparisons. Independent samples t-tests 
were conducted to examine group differences between the AI-assisted and traditional 
instruction conditions. When Levene’s test indicated violation of the homogeneity of variance 
assumption, Welch’s t-test results were consulted. 
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     The significance level was set at α = .05. Effect sizes (Cohen’s d) were reported to evaluate 
the magnitude of observed differences. 
 
IV. RESULTS 
      A. Descriptive Statistics 
     Descriptive statistics for the primary study variables are presented in Table 2. Overall, 
students in the AI-assisted group demonstrated slightly higher mean scores than those in the 
traditional instruction group across most outcome variables. The differences were most evident in 
action quality, learning satisfaction, self-directed learning attitude, and self-efficacy, whereas 
the gap in behavioral intention was relatively modest. 
 

Table 2: Descriptive Statistics of Major Variables by Group 

Note. Control group (n = 45); experimental group (n = 46). 
      B. Effects on Tai Chi Performance 
     Independent samples t-tests were conducted to examine whether AI-assisted instruction 
significantly improved Tai Chi performance (Table 3). 
Results indicated that the experimental group scored significantly higher than the control group 
in total performance. A significant between-group difference was also found in action quality, 
with a medium effect size. 
    However, the difference in practice level was not statistically significant, suggesting that the 
AI intervention mainly improved movement precision rather than overall practice fluency. 
This may be because action quality reflects discrete movement accuracy, whereas practice 
level involves broader rhythm, fluency, and overall performance stability that may require a longer 
training period. 
 
 
 
 
 
 
 
 
 

Variable Group Mean SD 
Action Quality Control 3.38 0.23  

Experimental 3.48 0.18 
Practice Level Control 3.39 0.28  

Experimental 3.44 0.22 
Total Performance Control 6.77 0.42  

Experimental 6.92 0.29 
Learning Satisfaction Control 3.49 0.38  

Experimental 3.73 0.32 
Self-directed Learning Attitude Control 3.69 0.59  

Experimental 3.96 0.51 
Behavioral Intention Control 3.38 0.69  

Experimental 3.58 0.35 
Self-efficacy Control 3.39 0.55  

Experimental 3.59 0.28 
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Table 3: Independent Samples t-Test Results for Tai Chi Performance 
Variable t df p Cohen’s d Interpretation 

Action Quality −2.37 89 .020* 0.50 Significant 
Practice Level −1.08 89 .285 0.23 Not significant 
Total Performance −2.09 89 .040* 0.44 Significant 

 

      C. Effects on Learning Attitudes 
     To evaluate the broader psychological impact of AI-assisted instruction, independent 
samples t-tests were conducted on learning satisfaction, self-directed learning attitude, 
behavioral intention, and self-efficacy (see Table 4). The results revealed that students in the 
AI-assisted group scored significantly higher in learning satisfaction, self-directed learning 
attitude,  and self-efficacy, with all effect sizes in the small-to-medium range. In contrast, no statistically 
significant difference was found in behavioral intention between the two groups, though the 
experimental group had a descriptively higher mean score.     

Table 4: Independent Samples t-Test Results for Learning Attitude Variables 
Variable t df p Cohen’s d Interpretation 

Learning Satisfaction −2.09 89 .020* 0.44 Significant 
Self-directed Learning −2.31 89 .023* 0.49 Significant 
Behavioral Intention −1.74 89 .084 0.37 Not significant 
Self-efficacy −2.19 89 .031* 0.46 Significant 

 
      D. Summary of Findings 
     Taken together, the results demonstrate that AI-assisted Tai Chi instruction produced 
statistically significant improvements in students’ technical performance and several key learning-
related attitudes. Specifically, the AI-supported group showed superior outcomes in total performance, 
action quality, learning satisfaction, self-directed learning attitude, and self-efficacy. 
     However, the intervention did not yield a statistically significant effect on behavioral 
intention. This pattern suggests that AI-enhanced motion feedback may be particularly effective in 
improving proximal learning outcomes, whereas influencing students’ longer-term participation 
intentions may require more sustained or comprehensive interventions. 
 
V. CONCLUSION AND DISCUSSION 
    The present study investigated the effects of AI-augmented Tai Chi instruction on secondary 
vocational students’ motor performance and learning-related attitudes. The findings indicate 
that students who received AI-supported instruction demonstrated significantly higher overall 
Tai Chi performance, particularly in action quality, compared with those receiving traditional 
teaching.In addition, the experimental group reported significantly greater learning satisfaction, 
self-directed learning attitude, and self-efficacy. However, no statistically significant difference 
was observed in behavioral intention. Overall, the results suggest that integrating AI-based 
motion feedback into Tai Chi instruction can effectively enhance proximal learning outcomes 
in vocational physical education, especially in terms of movement precision and learner psychological 
engagement.  
    The observed performance and attitudinal advantages may be attributed to the real-time 
feedback, visualized movement analysis, and individualized error correction provided by the 
AI system, which together strengthened the feedback loop essential for motor learning. 
From the perspective of motor learning theory, such augmented feedback may help learners 
identify movement errors and refine motor execution during skill acquisition (Fitts & Posner, 1967, 
pp. 30-33). The improvement in self-efficacy also aligns with self-efficacy theory, as timely 
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performance feedback may strengthen learners’ confidence in completing Tai Chi movements 
(Bandura, 1986, pp. 391-417). This result is consistent with studies on AI-supported physical 
education and motion-based feedback systems, which suggest that digital feedback can support 
motor skill development and learning experiences (Atatekin & Kara, 2024, p. 843; Kotte et al., 
2024, p. 223; Lee & Lee, 2021, p. 9; Chen et al., 2020, p. 75275). At the same time, the  
non-significant change in behavioral intention suggests that short-term instructional interventions-even 
when technologically enhanced-may have limited influence on students’ longer-term exercise 
intentions, which are often shaped by broader motivational and contextual factors. This finding 
may also be related to the novelty effect of AI-assisted learning, in which students’ attention 
may have been directed more toward the immediate experience of using new technology than 
toward forming stable long-term participation intentions. This pattern aligns with earlier studies 
noting that while digital supports can improve immediate learning experiences, sustained behavioral 
change typically requires longer exposure and ecological reinforcement. Therefore, AI-assisted 
physical education should be viewed as a powerful instructional support rather than a 
standalone solution for promoting long-term physical activity engagement. 
 
VI. SUGGESTION 
    Based on the findings of this study, several practical and research-oriented suggestions can 
be proposed. From an instructional perspective, educators in vocational physical education may 
consider integrating AI-supported motion feedback systems as a supplementary tool to enhance 
movement accuracy and learner engagement, particularly during the early stages of skill acquisition. 
However, successful implementation requires appropriate alignment among class size, equipment 
availability, and teaching organization to ensure that technological support translates into 
meaningful learning benefits. AI systems should be positioned as feedback-enhancement tools 
that complement, rather than replace, teacher guidance. Because this study was conducted in 
one secondary vocational school in Sichuan, China, the findings should be interpreted within this 
specific context. For future research, longer intervention periods and longitudinal designs are 
recommended to better examine whether AI-assisted instruction can influence students’ 
sustained participation intentions in Tai Chi and other physical activities. Expanding the sample 
to multiple schools and learner populations would also help strengthen the generalizability of 
the findings. In addition, future studies may incorporate mixed-method designs, such as 
classroom observations or learner interviews, to further explore how students interact with AI 
feedback during motor learning. Such efforts would contribute to a more comprehensive 
understanding of the pedagogical role of artificial intelligence in skill-based physical education. 
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