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Welcome to Volume 50, Issue 3, of The Canadian Journal of Learning and Technology
(CILT). CJLT is a peer-reviewed journal that publishes research focused on technology and
learning. This bilingual journal is free of charge to anyone with Internet access, is multi-indexed,
and is presented in accessible formats. There are no article submission or publication fees.

Amid threats of a trade war and an imminent federal election in Canada, the editorial team
completed and released this issue. Discussions about the decline of civil society and the needs of
democracies surround us. We are reminded that education plays a crucial role in fostering
informed, engaged, and responsible citizens, which is essential for civil discourse and productive
civic participation. More broadly, Canadian and global education remains focused on the
development needs of individuals and the socioeconomic world. These development needs are
shaped by increased use of artificial intelligence tools and the impact of remote learning and
learning losses experienced during the COVID-19 pandemic. CJLT provides research about
education in an evolving landscape of contextual and technological change.

This issue covers presentations about current and traditional pedagogies. The Notes Section
reviews our opportunities to manage Al application through specific actions, including policy
creation and implementation. The remaining five articles present empirical evidence garnered
from research about the digital world. Document abstracts are presented in order below.

Policies for Artificial Intelligence in Higher Education: A Call for Action

Mohamed Ally, Athabasca University, Canada; and Sanjaya Mishra, Commonwealth of Learning,
Canada

This paper highlights the importance of artificial intelligence (AI) policies in higher education
institutions and presents a step-by-step process for adopting institutional policies. Emphasizing the
inevitable implications on Al in teaching and learning, this paper also discusses key policy areas for
consideration by the stakeholders and lists the competencies that will influence appropriate policy
development.
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Cet article souligne l'importance des politiques sur l'intelligence artificielle (IA) dans les
¢établissements d'enseignement supérieur et présente un processus €tape par étape pour l'adoption
de politiques institutionnelles. Soulignant les implications inévitables de I'IA dans I'enseignement
et 'apprentissage, ce document aborde également les aspects clés des politiques a prendre en
considération par les parties prenantes et énumere les compétences qui influenceront
I'¢laboration d'une politique appropriée.

Data-Based Decision Making by Teachers in K-12 Schools: A Scoping Review
Areej Tayem and Isabelle Bourgeois both of the University of Ottawa, Canada

Despite the widespread adoption of data-based decision making (DBDM) policies in schools
around the world, there is limited understanding of how teachers use DBDM in K-12 classrooms and the
impact of DBDM training on teacher practices and student outcomes. This scoping review aims to
provide an overview of the existing literature on the uses of DBDM by teachers globally and identify
gaps in the field. The findings (a) highlight a geographical and temporal clustering, with a notable
emphasis on studies conducted in the United States and the Netherlands and published in 2016-2017
and 2020-2022; (b) identify a gap in the literature, particularly in the context of online and secondary
schools, where the predominant focus has been on elementary and in-person settings; and (c) suggest
that although DBDM interventions have been found helpful in altering teacher practices and student
outcomes, there is still a need for more sustainable support to enhance DBDM implementation. The
study concludes with recommendations for future DBDM research, building on implications from
previous interventions.

Malgré I'adoption généralisée des politiques de prise de décision fondée sur les données
probantes (PDDP) dans les écoles a travers le monde, peu d’information est disponible au sujet
de I’utilisation de la PDDP par les enseignants ceuvrant aux paliers primaire et secondaire, ainsi
que sur I'impact de la formation en PDDP sur le comportement des enseignants et les résultats
scolaires. Cette recension exploratoire vise a fournir un apergu des écrits actuels sur les usages de
la PDDP par les enseignants a 1'échelle mondiale et a identifier les lacunes dans le domaine. Les
résultats mettent en évidence les points suivants : (a) les études réalisées jusqu’a présent peuvent
étre groupées de maniére géographique et temporelle, et ont surtout été réalisées aux Etats-Unis
et aux Pays-Bas; de plus la majorité des études ont été publiées en 2016-2017 et 2020-2022 ; (b)
il existe des lacunes importantes dans les écrits actuels, notamment par rapport au contexte des
¢coles en ligne et secondaires - les études actuelles reflétent davantage un intérét pour les écoles
¢lémentaires et les contextes d’études en présentiel ; et (c) les études recensées suggerent que,
bien que les interventions relatives a la PDDP se soient révélées utiles pour modifier les
pratiques des enseignants et les résultats scolaires, les enseignants ont besoin d’un soutien plus
durable pour améliorer la mise en ceuvre de la PDDP. Enfin, l'article fournit des
recommandations pour la recherche sur la PDDP, en s'appuyant sur les conclusions des
interventions précédentes.
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Facteurs qui influencent la conception des tiches de robotique pédagogique soutenant la
résolution collaborative de problemes

Raoul Kamga, Université du Québec a Montréal; Sylvie Barma, Université Laval; Frédéric Fournier,
Université du Québec a Montréal; Pierre Lachance, Réseau éducation collaboration innovation
technologie; Joelle Bérubé-Daigneault, Université du Québec a Montréal; and Sarah Cool-Charest,
Université de Montréal in Canada

La capacité a résoudre des problémes de manicre collaborative constitue une compétence
fondamentale pour les éléves du primaire. Les travaux de recherche se sont majoritairement focalisés sur
I’analyse et 1’évaluation de cette compétence chez les éléves du primaire. Cependant, peu d’attention a
été portée au processus de conception des taches visant a favoriser le développement de la résolution
collaborative de problémes chez ces ¢éléves. Pourtant, la résolution collaborative de problémes ne peut
émerger de manicre pertinente que si les taches sont congues de maniere a encourager les ¢éléves a
collaborer. Cette recherche se concentre spécifiquement sur le processus de conception des taches liées a
la robotique pédagogique et utilise, comme cadre théorique, la théorie de I’activité d’Engestrom. Les
participants, composés d’enseignants du primaire et de conseillers pédagogiques, ont répondu a un
questionnaire portant sur leur démarche de conception de taches et ont participé a deux entrevues de
groupes. Les résultats soulignent que la conception des tiches de robotique pédagogique, qui vise a
développer la résolution collaborative de problémes chez les éléves, est tributaire des habiletés
technologiques et de conception de tiches en robotique pédagogique de la personne conceptrice. Les
régles régissant la conception des taches de robotique pédagogique incluent le temps nécessaire a leur
mise en place et le travail d’équipe.

A fundamental skill for primary school students is the ability to solve problems
collaboratively. Most research has focused on the analysis and assessment of this skill in primary
school students. However, little attention has been paid to the process of designing tasks to foster
the development of collaborative problem-solving in these students. Furthermore, collaborative
problem-solving can only emerge in a meaningful way if the tasks are designed in such a way as
to encourage students to collaborate. This research focuses specifically on the process of
designing tasks related to educational robotics, using the theoretical framework of Engestrom’s
activity theory. Participants, made up of primary school teachers and educational consultants,
completed a questionnaire about their task design process and took part in two group interviews.
The results highlight that the design of educational robotics tasks, aimed at developing
collaborative problem-solving in students, is dependent on the technological and educational
robotics task design skills of the designer. The rules governing the design of educational robotics
tasks include the time needed to set them up and teamwork.

Editorial / Editorial Volume 50 Issue 3 3



CJLT/RCAT Vol. 50 (3)

Adaptive Practicing Design to Facilitate Self-Regulated Learning

Hongxin Yan, University of Eastern Finland; Fuhua Lin, Athabasca University, Canada; and Kinshuk,
University of North Texas, USA

Online higher education provides exceptional flexibility in learning but demands high self-
regulated learning skills. The deficiency of self-regulated learning skills in many students highlights the
need for support. This study introduces a confidence-based adaptive practicing system as an intelligent
assessment and tutoring solution to enhance self-regulated learning in STEM disciplines. Unlike
conventional intelligent tutoring systems that depend entirely on machine control, confidence-based
adaptive practicing integrates learner confidence and control options into the Al-based adaptive
mechanism to improve learning autonomy and model efficiency, establishing an Al-learner shared
control approach. Based on Vygotsky’s zone of proximal development (ZPD) concept, an innovative
knowledge-tracing framework and model called ZPD-KT was designed and implemented in the
confidence-based adaptive practicing system. To evaluate the effectiveness of the ZPD-KT model, a
simulation of confidence-based adaptive practicing was conducted. Findings showed that ZPD-KT
significantly improves the accuracy of knowledge tracing compared to the traditional Bayesian
knowledge-tracing model. Also, interviews with experts in the field underlined the potential of the
confidence-based adaptive practicing system in facilitating self-regulated learning and the
interpretability of the ZPD-KT model. This study also sheds light on a new way of keeping humans
apprised of adaptive learning implementation.

L’enseignement supérieur en ligne offre une flexibilité exceptionnelle dans
I’apprentissage, mais il exige des compétences ¢levées en termes d’apprentissage autorégulé. Le
manque de compétences d’apprentissage autorégulé chez de nombreuses personnes étudiantes
met en évidence la nécessité du soutien. Cette étude présente un systeme de pratique adaptative
basé sur la confiance en tant que solution intelligente d’évaluation et de tutorat pour améliorer
I’apprentissage autorégulée dans les disciplines STIM. Contrairement aux systémes de tutorat
intelligents conventionnels qui dépendent entierement du contrdle de la machine, la pratique
adaptative basée sur la confiance intégre la confiance de la personne apprenante et les options de
controle dans le mécanisme adaptatif basé sur I’intelligence artificielle (IA) pour améliorer
I’autonomie d’apprentissage et I’efficacité¢ du modele, établissant ainsi une approche de controle
partagé entre I’IA et la personne apprenante. Basés sur le concept de zone de développement
proximal de Vygotsky (ZPD), un cadre et un modele innovant de tragage des connaissances
appelé ZPD-KT ont été congus et mis en ceuvre dans le systéme de pratique adaptative bas¢ sur
la confiance. Pour évaluer I’efficacité du modéle ZPD-KT, une simulation de pratique adaptative
basée sur la confiance a été effectuée. Les résultats ont démontré que le modele ZPD-KT a
considérablement amélioré la précision de la tracabilité des connaissances par rapport au modele
traditionnel de tracage des connaissances bayésiennes. De plus, les entrevues avec des experts
dans le domaine ont souligné le potentiel du systéme de pratique adaptative pour faciliter
I’apprentissage autorégulé et I’interprétabilité du modele ZPD-KT. Cette étude a également mis
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en lumiére une nouvelle fagon de tenir les humains informés de la mise en ceuvre de
I’apprentissage adaptatif.

Student Perceptions of the Athletic Therapy Interactive Concussion Educational (AT-ICE) Tool
Colin D. King, Acadia University, Canada; and Loriann M. Hynes, York University, Canada

Previous research has identified a considerable amount of variability in how healthcare
professionals are taught to recognize, assess, and manage concussions. Responding to these findings, an
innovative applied learning technology tool, the Athletic Therapy Interactive Concussion Educational
(AT-ICE) Tool, was developed to help teach athletic therapy students how to recognize, assess, and
manage concussions. The purpose of this research was to employ an interpretivist conceptual framework
to explore athletic therapy students’ perceptions of this tool. A questionnaire was used to identify
individual factors that impacted student perceptions of AT-ICE and how it could be integrated into the
classroom. Overall, participants enjoyed using AT-ICE and felt it helped to stimulate their critical
thinking about the entire continuum of concussion care. Several important themes emerged including the
importance of detailed scenarios, sharing lived experiences, and integrating anatomy within assessment
and management scenarios. Findings suggest that AT-ICE was an effective educational technology that
stimulated critical thought throughout the entire continuum of concussion care. Future research could
continue to investigate the effectiveness of the tool or explore different ways to implement it in formal
athletic therapy educational settings.

Des recherches antérieures ont identifi¢ une variabilité considérable dans la manicre dont
les personnes professionnelles de la santé apprennent a reconnaitre, évaluer et gérer les
commotions cérébrales. En réponse a ces résultats, nous avons développé un outil techno
pédagogique d’apprentissage appliqué novateur, 1’outil éducatif interactif sur les commotions
cérébrales en thérapie sportive (AT-ICE), pour aider a enseigner aux personnes étudiantes en
thérapie sportive comment reconnaitre, évaluer et gérer les commotions cérébrales. Le but de
cette recherche était d’utiliser un cadre conceptuel interprétatif pour explorer les perceptions des
personnes étudiantes en thérapie sportive a I’égard de cet outil. Un questionnaire a été utilisé
pour identifier les facteurs individuels qui ont eu un impact sur les perceptions des personnes
¢tudiantes a I’égard de 1'outil AT-ICE et sur la maniére dont il pourrait étre intégré dans le cours.
Dans I’ensemble, les personnes participantes ont apprécié 1’utilisation de 1’outil AT-ICE et ont
estimé qu’il les aidait a stimuler leur réflexion critique sur I’ensemble du continuum des soins
des commotions cérébrales. Plusieurs themes importants ont également émergé, notamment
l'importance de scénarios détaillés, du partage d'expériences vécues et de l'intégration de
l'anatomie dans les scénarios d'évaluation et de gestion. Les résultats suggerent que 1'outil AT-
ICE était une technologie éducative efficace qui stimulait la pensée critique tout au long du
continuum des soins des commotions cérébrales. Les recherches futures pourraient continuer
d'étudier I'efficacité de 1'outil tout en explorant différentes facons de le mettre en ceuvre dans des
contextes éducatifs formels de thérapie sportive.
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Mathematics Student Teachers’ Behavioural Intention Using ChatGPT

Tang Minh Dung, Vo Khoi Nguyen, Doan Cao Minh Tri, Bui Hoang Dieu Ban, and Phu
Luong Chi Quoc of the Ho Chi Minh City University of Education in Vietnam

The rapid rise of artificial intelligence (Al), exemplified by ChatGPT, has transformed
education. However, few studies have examined the factors influencing its adoption in higher education,
especially among Mathematics student teachers. This study investigates factors that influence the
behavioural intentions of Mathematics student teachers regarding using ChatGPT. Guided by the
Unified Theory of Acceptance and Use of Technology (UTAUT) model, data were collected through a
questionnaire of 24 items across six factors on a 5-point Likert scale. Using multiple linear regression
analysis with RStudio, the findings reveal that Intrinsic Motivation, Performance Expectancy, Social
Influence, and Perceived Trust positively affect behavioural intentions to adopt ChatGPT. The study
emphasizes implications for developers and educators to enhance Al integration in education, thereby
supporting personalized and engaging learning experiences.

L’essor rapide de I’intelligence artificielle (IA), illustré par ChatGPT, a transformé
I’éducation. Cependant, peu d’études ont examiné les facteurs influencant son adoption dans
I’enseignement supérieur, en particulier parmi les stagiaires en mathématiques. Cette ¢tude
examine les facteurs qui influencent les intentions comportementales des stagiaires en
mathématiques concernant I’utilisation de ChatGPT. Guidés par le modele de la théorie unifiée
de I’acceptation et de 'utilisation des technologies (UTAUT), les données ont été collectées au
moyen d’un questionnaire de 24 éléments portant sur six facteurs sur une échelle de Likert a 5
points. A 1’aide d’une analyse de régression linéaire multiple avec RStudio, les résultats révélent
que la motivation intrinséque, les attentes en matiére de performance, 1’influence sociale et la
confiance percue affectent positivement les intentions comportementales d’adopter ChatGPT.
L’étude met ’accent sur les implications pour les personnes développeuses et enseignantes
d’améliorer I’intégration de I’TA dans 1’éducation, soutenant ainsi des expériences
d’apprentissage personnalisées et engageantes.
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Policies for Artificial Intelligence in Higher Education: A Call for Action

Politiques sur l'intelligence artificielle en enseignement supérieur : un appel a I'action

Mohamed Ally, Athabasca University, Canada

Sanjaya Mishra, Commonwealth of Learning, Canada

Abstract

This paper highlights the importance of artificial intelligence (AI) policies in higher education
institutions and presents a step-by-step process for adopting institutional policies. Emphasizing the
inevitable implications on Al in teaching and learning, this paper also discusses key policy areas for
consideration by the stakeholders and lists the competencies that will influence appropriate policy
development.

Keywords: artificial intelligence, GenAl, higher education, policies, postsecondary education
Résumé

Cet article souligne I'importance des politiques sur l'intelligence artificielle (IA) dans les
¢tablissements d'enseignement supérieur et présente un processus étape par étape pour l'adoption de
politiques institutionnelles. Soulignant les implications inévitables de 1'TA dans l'enseignement et
l'apprentissage, ce document aborde également les aspects clés des politiques a prendre en considération
par les parties prenantes et énumere les compétences qui influenceront I'¢laboration d'une politique
appropriée.

Mots-clés : enseignement postsecondaire, enseignement supérieur, [Ag, intelligence artificielle,
politiques

Introduction

There is a sense of urgency to develop guidelines, standards, and policies for Al use in higher
education as the world approaches the “singularity” era, a blurring between humans and machines. The
International Organization for Standardization (in ISO/IEC 22989:2022) defined Al as “a technical and
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scientific field devoted to the engineered system that generates outputs such as content, forecasts,
recommendations or decisions for a given set of human-defined objectives” (International Organization
for Standardization, 2022). The Organisation for Economic Co-operation and Development (OECD)
defined Al as “a machine-based system that, for explicit or implicit objectives, infers, from the input it
receives, how to generate outputs such as predictions, content, recommendations, or decisions that can
influence physical or virtual environments” (Russell et al., 2023). As technologies continue to emerge in
the fourth industrial revolution, the use of artificial intelligence has expanded to reach all sectors of
society, including education (Ally & Perris, 2022) and there is a need for all citizens to be Al literate to
benefit from Al (World Economic Forum, 2024).

Both students and teachers in higher education institutions use GenAl (Shaw et al., 2023).
Consequently, there are several concerns about the use of Al in teaching, learning, and research. These
issues primarily relate to academic integrity (Yusuf et al., 2024) and the originality of student’s work for
assessment and grading (Lou, 2024). Therefore, it is essential to develop policies related to Al in higher
education. This paper discusses in brief the need for such policies, policy areas to consider, and steps to
be taken to develop ethical guidelines and policies in higher education.

Benefits of AI

If designed and implemented properly, Al holds immense potential to revolutionise teaching
methodologies, personalise learning experiences, and streamline administrative processes. According to
UNESCO (2021), Al also has the potential to address some of the biggest challenges in education today
and help achieve SDG 4, to “ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all.” However, innovations bring risks and challenges that must be addressed.
Al can be used in a variety of areas in education, including teaching, learning, and assessment. Al can
benefit higher education by enabling personalised student support; providing teaching, research, or
administrative assistance; conducting learning analytics; and supporting digital literacy training (Jenay,
2024).

There are many benefits to instructors using Al in education. Instructors can use an Al system to
adapt learning for individual students, based on each student’s preferences and current level of
understanding. A knowledge graph can be used to map a student’s progress in a course. The Alan Turing
Institute suggests that a knowledge graph should “organise data from multiple sources, capture
information about entities of interest in a given domain or task (like people, places or events), and forge
connections between them” (Alan Turing Institute, n.d., para. 1). The Al system will track the student’s
progress and create a knowledge graph to show where the student is in the course (Cui & Yu, 2019). As
the student interacts with the system, it will learn about the student and update the knowledge graph. For
example, in a course, the knowledge graph will show the topics completed, those still to be completed,
and the topics in which the student is having problems achieving the learning outcomes and needs help.
The intelligence system will prescribe resources and activities for the student to be successful or
recommend human intervention to help the student.

Policies for Artificial Intelligence in Higher Education: A Call for Action 2
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The use of Al by students can provide learning flexibility, since students can prompt the GenAl
system for resources as they complete their learning. The system can facilitate one-to-one learning by
customising the learning experience for individual students. Students who live in remote locations with
the required technology can access learning materials and interact with other students and their
educational institutions without leaving their community. To receive support while they are learning, the
students can access the institution’s chatbot, available anytime. This will help reduce the inequalities in
education by providing education for all (MacDowell et al., 2024).

Al Policies in Higher Education

Artificial intelligence systems must be developed for humans, since humans will be interacting
with the systems. The systems should benefit humans rather than harm or otherwise negatively affect
them. The Al systems should be user-centred and not discriminate between individuals based on
individual differences. Each system should be transparent so that users—especially non-technical
ones—are aware of its capabilities. The data generated by Al systems should be auditable to ensure the
data are accurate and non-discriminatory. Individuals should be trained on how to use each Al system,
and technical support should be provided for users as they interact with the system. Users provided with
technical support and with the correct skills will be able to use the system in the future, ensuring its
sustainability. Also, users should be informed about how Al can benefit humanity, so they are motivated
to use Al systems (United Nations, 2024). At the same time, users should be informed of the challenges
of using Al and the policies they should follow when using these systems.

In a global survey of 450 schools and universities, UNESCO found that fewer than 10% have
developed institutional policies and/or formal guidance concerning the use of generative Al applications
(UNESCO, 2023). Shaw et al. (2023) in a survey of higher education faculty and students found that
22% of faculty are using GenAl while 49% of students are using GenAl. They also reported that the use
of GenAl by faculty and students is increasing. This increasing trend in the use of GenAl in higher
education places a sense of urgency for higher education institutions to develop Al policies. A recent
report by Ally and Mishra (2024) suggests a procedure for higher education institutions to develop Al
policies. In the past Al policies were developed for instructors and students only; however, Al policies
also need to provide guidance to other stakeholders such as administrators, learning designers, librarians,
researchers, information technology and support staff, and registrar. The report by Ally and Mishra
reviewed several institutional Al policies and identified 14 policy areas that stakeholders in higher
education should consider while developing institutional policies (Table 1).

In addition to developing Al policies for individual higher education institutions, Al standards
should be established that could be applied globally. Marwala (2024) suggested that Al standards should
create uniform guidelines for Al design, development, and deployment, focusing on technical quality,
ethical considerations, and compatibility. The standard should cover data privacy, algorithmic
transparency, security, and bias prevention. The Al standards should be developed by multidisciplinary
teams consisting of industry, academia, and regulators, and these guidelines should be regularly updated
to ensure global safety, effectiveness, and ethical compliance with Al technologies (Marwala, 2024).
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The development of standards for Al use is increasing and educators should be aware of these new
standards. In the first half of 2024, 117 Al international standards were developed compared to 3
standards developed in 2018 (United Nations, 2024).

Table 1

Policy Areas for Al in Education

Policy areas

Consideration

L.

2.

10.

11.

12.

13.

14.

Technology access
Data privacy

Data security

Al ethics
Bias/Stereotypes
Teaching and learning

Academic integrity

Transparency

Training and development
Gender

Persons with disabilities
Copyright and intellectual
property

Environmental concerns

Cost and sustainability

Provisions for access to Al for all stakeholders; digital divide issues
Concerns related to data privacy discussed

Issues related to security of data covered

Including diversity, equity, and inclusion

Bias and stereotypes related to gender, race, etc. discussed
Guidelines for dos and don’ts in teaching and learning

Concerns related to cheating in assignments, term papers, etc., and
guidelines discussed

Issues related to lack of transparency of large language models
discussed

Provision of training for the faculty and staff to use Al tools effectively
Issues related to gender in the context of Al tools covered

Provisions for persons with disabilities are addressed in the policy for
Al in teaching and learning

Copyright and intellectual property rights issues related to Al tools are
discussed

Are there concerns or understanding about the impact of Al tools on the
environment?

Can Al be used cost-effectively? Where will the funds come from?

Source. Ally & Mishra (2024). ©Commonwealth of Learning. Available under CCBY-SA.

Stakeholders in higher education institutions have to implement and follow the Al policies.

Institutions must implement education and training programs to develop Al skills across the

organization, from basic digital literacy to advanced technical expertise, to prepare educators for an Al
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future (United Nations, 2024). This includes training on Al policies, how to implement the policies, and
how to deal with violations of Al policies. As technology emerges and Al policies become outdated,
new policies must be developed or existing policies revised. Ally and Mishra (2024) proposed a
competency profile (Table 2) that can be used to train or orient stakeholders in higher education on the
implementation of Al policies.

Table 2

Competencies for Al Policies

Policy areas Competencies

0.  General 0.1  Define policy
0.2  Describe why it is important to develop Al policies
0.3 Describe why it is important to follow Al policies
0.4  Possess basic knowledge of Al
0.5  Describe how Al is used in your role
0.6  Determine whether the system you are using has Al capabilities

0.7  Describe the human role in developing Al systems

1. Technology access 1.1  Determine what technology you need to use the Al system
1.2 Determine who to contact if there is a technology issue

1.3 Use the technology to complete your tasks

2. Data privacy 2.1  Define data privacy
2.2 Describe how to keep data private
2.3 Describe how to tell whether data has been breached
2.4  Describe the steps to take if data is breached

3. Data security 3.1 Define data security
3.2  Describe how to keep data secured
3.3 Describe how to tell whether data has been accessed illegally

3.4  Describe the steps to take to keep data secured

4. Al ethics 4.1 Define Al ethics
4.2  Describe the Al ethics policies you have to follow in your role
43  Describe why it is important to follow Al ethics policies
4.4  Describe the consequences of not following Al ethics

4.5 Describe how you will know whether the Al system you are using is
fair and trustworthy

Policies for Artificial Intelligence in Higher Education: A Call for Action 5
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Policy areas Competencies

5.  Bias/Stereotypes 5.1 Define bias and stereotypes

5.2  Describe the Al bias and stereotypes policies to follow in your
organisation

5.3  Describe why it is important to follow policies as you complete your
tasks

5.4  Describe what you would do if you found that the Al system was
biased against someone

6. Teaching and learning 6.1  Determine whether students can use Al software to assist in
completing their course work or assignments

6.2  Describe the policies you have to follow to use Al software for your
course

6.3  Describe how students can use Al to complete course activities

7. Academic integrity 7.1  Define academic integrity
7.2  Describe Al academic integrity policies to follow

7.3 Describe the consequences of not following academic integrity
policies

7.4  Describe actions you will take if academic integrity policies are not
followed

8. Transparency 8.1  Define transparency
8.2  Describe Al policies related to transparency

8.3  Describe why it is important to have policies on transparency for Al

9.  Training and 9.1 Determine how Al is impacting your role
1 t . .. .
developmen 9.2  Obtain the training you require to use the Al system
9.3  Determine who to contact if you have questions and need support on
the Al system you are using

10.  Gender 10.1 Describe why it is important to have Al policies for gender

10.2 Describe Al policies for gender

11. Persons with 11.1 Describe the different types of disabilities that Al should cater for
disabilities 11.2 Describe Al policies to follow for persons with disabilities

Policies for Artificial Intelligence in Higher Education: A Call for Action 6
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Policy areas Competencies
12. Copyright and 12.1 Define copyright and intellectual property
intellectual property

12.2  Describe Al policies for copyright and intellectual property

12.3 Provide examples of copyright and intellectual property infringement
in Al

13. Environmental 13.1 Describe how Al can contribute to protecting the environment

concerns ) .. .
13.2 Provide examples of policies that can help to protect the environment

14. Cost and sustainability ~ 14.1 Describe Al policies related to cost and sustainability
14.2 Describe whether the Al system you are working with is sustainable

14.3 Describe why the cost of Al systems should be sustainable

Source. Ally & Mishra (2024). ©Commonwealth of Learning. Available under CCBY-SA.

Developing Al Policies in Higher Education

Although Al use in higher education is increasing, a limited number of institutions have policies
on the ethical and safe use of Al (Shaw et al., 2023; UNESCO, 2023). Higher education must prioritize
Al policy development so that Al is trustworthy and used for good (UNESCO, 2022). Endris et al.
(2024) proposed a seven-step process in the context of developing national policies on Al in education.
Ally and Mishra (2024) proposed a procedure that can be used to develop Al policies in higher
education institutions (Figure 1). The first step is to assemble an institute-wide committee that will
develop Al policies for all departments in the institutions. This policy committee must have basic
knowledge of Al and must be aware of the need to develop institution-wide Al policies. The
committee’s first task is to facilitate workshops with all departments to determine how they use Al and
what policies should be developed. The committee then use the information from the departments to
develop draft policies. The draft policies are then circulated to the different departments to review and
provide feedback. The feedback from the different departments is used to finalize the Al policies. This is
followed by staff training sessions where staff learn how to implement the Al policies and how to deal
with violations of the policies. As Al policies are implemented across the institution, the committee
must continue to monitor the implementation to determine if the policies need revision or new policies
should be developed as technology emerges.

Policies for Artificial Intelligence in Higher Education: A Call for Action 7



CJLT/RCAT Vol. 50 (3)

Figure 1

Institutional AI Policy Development Process
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Source. Ally & Mishra (2024). ©Commonwealth of Learning. Available under CCBY-SA.
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Conclusion

There will be increasing demands to educate all stakeholders in higher education on how to use
emerging technologies efficiently, safely, and ethically (Adel, 2022). Organization leaders will need to
be educated to provide leadership on Al development and implementation (Norman et al., 2024). Al is
here to stay, and it is developing at a fast pace impacting all sectors of society. The next generation of
GenAl will be artificial general intelligence (AGI), which is getting closer to human intelligence and is
capable of completing intellectual tasks at a level similar to that of humans (McKinsey & Company,
2024). According to Emmert-Streib (2024), many potential features of AGI will require that new
policies be developed, or existing policies be revised to use AGI in higher education. Machine learning
will be the main driver of AGI, where the machine will learn from data to develop high-level reasoning
to solve problems in complex situations. The AGI system will have features similar to human senses,
such as computer vision, speech recognition, natural language processing, and a sense of touch (tactile).
With advanced processing, AGI systems can be creative by generating original ideas and applying the
ideas in new contexts and situations.

Policies for Artificial Intelligence in Higher Education: A Call for Action 9
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Abstract

Despite the widespread adoption of data-based decision making (DBDM) policies in schools
around the world, there is limited understanding of how teachers use DBDM in K-12 classrooms and the
impact of DBDM training on teacher practices and student outcomes. This scoping review aims to
provide an overview of the existing literature on the uses of DBDM by teachers globally and identify
gaps in the field. The findings (a) highlight a geographical and temporal clustering, with a notable
emphasis on studies conducted in the United States and the Netherlands and published in 2016-2017
and 2020-2022; (b) identify a gap in the literature, particularly in the context of online and secondary
schools, where the predominant focus has been on elementary and in-person settings; and (c) suggest
that although DBDM interventions have been found helpful in altering teacher practices and student
outcomes, there is still a need for more sustainable support to enhance DBDM implementation. The
study concludes with recommendations for future DBDM research, building on implications from
previous interventions.

Keywords: data-based decision making, K-12 education, teacher practices, student outcomes

Résumé

Malgré I'adoption généralisée des politiques de prise de décision fondée sur les données
probantes (PDDP) dans les écoles a travers le monde, peu d’information est disponible au sujet de
I’utilisation de la PDDP par les enseignants ceuvrant aux paliers primaire et secondaire, ainsi que sur
l'impact de la formation en PDDP sur le comportement des enseignants et les résultats scolaires. Cette
recension exploratoire vise a fournir un apercu des écrits actuels sur les usages de la PDDP par les
enseignants a I'échelle mondiale et a identifier les lacunes dans le domaine. Les résultats mettent en
¢vidence les points suivants : (a) les études réalisées jusqu’a présent peuvent étre groupées de manicre
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géographique et temporelle, et ont surtout été réalisées aux Etats-Unis et aux Pays-Bas; de plus la
majorité des études ont été publi¢es en 2016-2017 et 2020-2022 ; (b) il existe des lacunes importantes
dans les écrits actuels, notamment par rapport au contexte des écoles en ligne et secondaires - les études
actuelles reflétent davantage un intérét pour les écoles ¢lémentaires et les contextes d’études en
présentiel ; et (c) les études recensées suggerent que, bien que les interventions relatives a la PDDP se
soient révélées utiles pour modifier les pratiques des enseignants et les résultats scolaires, les
enseignants ont besoin d’un soutien plus durable pour améliorer la mise en ceuvre de la PDDP. Enfin,
l'article fournit des recommandations pour la recherche sur la PDDP, en s'appuyant sur les conclusions
des interventions précédentes.

Mots-cles : prise de décision fondée sur les données probantes , éducation primaire et secondaire ,
pratiques enseignantes , résultats des éleves

Introduction

Educational technology developments over the past two decades have resulted in increased
amounts of data available to decision-makers and innovative ways of utilizing them, particularly in the
kindergarten through Grade 12 (K-12) context (Behrens et al., 2018; Datnow & Hubbard, 2015). Edtech
tools, such as learning management systems, adaptive learning platforms, and digital assessments,
generate vast amounts of data about student learning behaviours, engagement, and performance. These
technologies afford educators real-time access to detailed information about student progress, which
allows for more personalized instruction and timely interventions (Weller, 2020). In addition, they
facilitate the collection of data that can be used not only for student assessment but also for pedagogical
decision-making, helping teachers make data-driven improvements to their teaching practices.

In education, data-based decision making (DBDM) refers to the use of empirical evidence to
inform educational policies, practices, and decisions (Schildkamp & Ehren, 2013). At its core, DBDM
involves the systematic collection, examination, and utilization of various types of educational data (e.g.,
summative and formative assessments, behavioural data, attendance records, demographic information,
to-class and homework assignments, classroom observations, etc.), with a primary objective of
enhancing student performance and tailoring educational strategies to meet their individual needs
(Marsh, 2012; Marsh et al., 2006). Through the analysis of such data, educators can pinpoint areas
where students require additional support, adapt instructional strategies, and implement targeted
interventions (Carlson et al., 2011; Faber et al., 2018; Heinrich & Good, 2018; Tsai et al., 2019).

The adoption of DBDM has gained global attention, recognizing its significance in ensuring
accountability and driving effective decision-making (Cheng, 1999; Cheng & Curtis, 2004; Maier,
2010). On an international scale, numerous interventions and policies have been implemented to
encourage teachers and school leaders to embrace DBDM in conducting well-informed, high-quality
decisions. Some of these interventions have focused on specific schools or districts such as the AZiILDR
model in Arizona (Ylimaki & Brunderman, 2019), Instructional Coaches in Texas (Rangel et al., 2017),
and The Learning Schools Model in New Zealand (Lai et al., 2014). Others have been larger in scope
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and involved nationwide efforts, such as the Focus Intervention, a 2-year training project in the
Netherlands through which all primary school teachers in Dutch public schools were trained on using
DBDM to improve their teaching methods (van Geel et al., 2016). The goal of these interventions,
regardless of their scope, is to equip teachers with the knowledge and abilities necessary to implement
and sustain DBDM. However, due to policies that caused high accountability pressure in some education
systems around the world, such as the No Child Left Behind Act in the United States (Kempf, 2015),
mandatory test-based school accountability policies in Germany (Maier, 2010), Ofsted Inspections and
League Tables in the United Kingdom (Schildkamp et al., 2017), and the Education Quality and
Accountability Office assessments in Ontario, Canada (Kempf, 2015), the focus of DBDM interventions
has mainly been on the use of data from standardised assessments to demonstrate school accountability
rather than to enhance the teaching and learning experience (Kempf, 2015).

This scoping review aims to examine comprehensively the landscape of DBDM in the K-12
context for instructional purposes by including studies that assess established interventions targeting the
use of data by teachers at the classroom level, as well as how, and the extent to which, teachers use data
in their daily practice to inform their instruction. A scoping review was chosen because it is well-suited
to mapping a broad and diverse body of literature, offering a comprehensive overview of the topic
across various methodologies and contexts. This approach helps identify research gaps and provides a
global perspective on the impact of DBDM. However, given that some of the studies included can lack
quality and/or methodological rigour, scoping reviews can be challenging. Additionally, although
scoping reviews are effective for identifying trends and gaps in the literature, they do not offer in-depth
analyses of individual studies, which can limit the researcher’s ability to draw detailed conclusions
about specific interventions or outcomes. Despite these challenges, a scoping review is ideal for
answering the following research questions: 1. How do teachers around the world engage in DBDM for
instructional purposes? and 2. To what extent do DBDM interventions influence teachers’ instructional
practices and student outcomes?

Methods

The review follows PRISMA-ScR guidelines (Tricco et al., 2018) to systematically map
evidence, identify key concepts, and uncover knowledge gaps. This framework ensured a rigorous
approach to searching, screening, and selecting articles on data use for decision-making in K-12
education.

Article Search and Screening Process

With the assistance of a university librarian, a comprehensive search across four electronic
databases was conducted (i.e., Education Source, ERIC, Web of Science, and Academic Search
Complete). Keywords and controlled vocabulary related to the research question were used as illustrated
in Table 1.
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Table 1
Keywords and Controlled Vocabulary Used in the Search

Criteria Search words

Context 1 Data use/ or data-based decision making/ or data-driven decision making/ or
learning analytics

Context 2 K-12/ or schools/ or elementary schools/ or middle schools/ or private schools/ or
public schools/ or secondary schools/ elementary school students/ or middle school
students/ or secondary school students/ secondary school teachers/ or public school
teachers/ or elementary school teachers/ or high school teachers/ or junior high
school teachers/ or middle school teachers/ (school* or kindergarten®). ti,ab

Note. Key terms were searched in article titles and abstracts using the ti,ab field code to ensure relevance and precision in the
results.

To be included in the review, studies had to be conducted in K-12 settings and published in
English between 2013 and 2023. Studies also needed to explore how teachers use data to improve
teaching practices and make pedagogical decisions at the classroom level. Studies examining data use by
school leaders, districts, or for purposes other than teaching improvement, such as accountability, were
excluded. The initial search identified 1,414 articles, with 312 duplicates removed. Interrater reliability
was ensured through independent screening of 5% of the articles, showing a 92% agreement.
Discrepancies were resolved through follow-up discussions. Following the Search Process Flow diagram
(Tricco et al., 2018), 984 articles were excluded as they did not meet the inclusion criteria. Additionally,
73 articles were excluded during the screening process for the following reasons: 55 were not
instruction-related, 12 were not empirical, two were published in the wrong year, one focused on school
leaders’ use of data rather than by teachers, one was set in a university context, and two involved
teachers using literature rather than student data. Ultimately, 45 articles were selected for data extraction
(Figure 1).
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Figure 1
PRISMA-ScR Diagram
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Note. Adapted from Tricco et al. (2018).

Data Extraction Process

* Do not meet inclusion criteria.

Excluded (2 =73)

*  Wrong year (n =2)

* Not empirical (n=12)

* School leaders using data, not teachers (n = 1)
University context (n=1)
Teachers using the literature, not student data
(n=1)

For a systematic and flexible data extraction process, a template was developed to capture
comprehensive information that included article identifiers and overview, context of the study, DBDM
intervention details, and outcomes of the intervention (Table 2).

Table 2

Elements in the Data Extraction Template

Variables

Detailed elements

Article identifiers

Context of the study

Aim and research
design

author, title, journal, year

country, subject matter, teaching environment (i.e., online/in-person),

grade level

aim of the study, number of teachers, number of students, research design

Data-Based Decision Making by Teachers in K-12 Schools: A Scoping Review
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Variables Detailed elements
DBDM intervention intervention type, sources of data used by teachers, previous DBDM
details professional development, duration of the intervention, reported outcome

on teacher practices, reported outcome on student’s academic
performance, implications regarding training or challenges

This review has several limitations. It includes English-language studies only, potentially
missing relevant research published in other languages. Additionally, the review’s data, gathered in June
2023, may not cover the most recent studies, particularly those on online learning published after that
date. Finally, the focus was primarily on the effects of DBDM interventions on teacher practices and
student outcomes, possibly overlooking other variables like school culture and leadership support that
might impact intervention effectiveness.

Findings

To provide succinct responses to the two research questions, the findings are organized into two
main sections. First, an overview of the research on DBDM will provide key contextual elements that
describe the body of studies included as part of the review, and second, a more in-depth analysis of the
findings of the included studies will focus on the effects of DBDM interventions on teaching practices.

Geographical and Temporal Concentration of Studies Reviewed

To understand the evolving landscape of DBDM, a critical examination of the included studies
reveals a notable concentration of research in the United States (62%) and the Netherlands (25%),
clustered around two key periods: 2016-2017 and 2020-2022. Although countries such as Canada,
Denmark, Germany, Indonesia, and Spain also contributed to the advancement of research in this field,
with almost 13% combined, their collective efforts did not exhibit the same level of magnitude,
reflecting a more limited engagement with DBDM in schools. Figure 2 shows the distribution of studies
by country and Figure 3 displays their temporal distribution.

As can be seen in Figure 4, the findings demonstrate that during the first period (2016-2017),
both the USA and the Netherlands are the leading countries by the number of research studies conducted
within this timeframe. However, a notable shift is observed in subsequent years with a significant
decline in research efforts in the Netherlands and a small increase in the USA, which retained its lead in
this field. The number of research articles in each country could be an indicator of DBDM institutional
support, educational priorities, and the integration of DBDM into teaching practices. For example, the
higher research output in the USA may suggest a stronger emphasis on studying and implementing
DBDM for instructional practices, supported by policies, funding, and professional development. In
contrast, the decline in research in the Netherlands could indicate a reduced focus or prioritization of
DBDM, possibly pointing to less frequent use or investigation of these practices among teachers.
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Figure 2
Geographical Distribution of Studies Reviewed
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Figure 3

Temporal Concentration of Studies on Teachers’ Use of DBDM for Instructional Purposes Published
Worldwide (2013-2023)
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Figure 4

Number of Studies Addressing Teacher Utilization of Data to Improve Teaching Practices in 2016-2017
and 2020-2022
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Educational Setting

A number of factors related to the educational setting within which DBDM interventions took
place were examined as part of the review; these include the specific grade levels targeted by DBDM
initiatives, and the online or in-person contexts that influenced the design and implementation of these
initiatives.

Grade Level

Most of the studies reviewed (71%; n = 32) were conducted in elementary schools that include
Grades 1 to 8. In addition to these, approximately 18% of the studies reviewed (n = 8) were conducted in
K-12 schools. Although categorized separately, K-12 schools overlap significantly with elementary
schools. The focus on the elementary context in the reviewed studies emphasizes the potential role
played by DBDM in primary schooling; however, this emphasis also raises questions about the lack of
attention given to DBDM interventions conducted in Grades 9 through 12. As seen in Table 3, these
studies account for only 11% of the studies reviewed (n = 5).
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Table 3

Studies Investigating Teacher Data Utilization to Improve Teaching Practices in Each Grade Level

Grade/School level Frequency Percentage Cumulative
Elementary 32 71.11 71.11

K-12 8 17.78 88.89
Secondary/High school 5 11.11 100.00
Total 45 100.00

In-Person vs. Online Context

This scoping review included studies conducted within traditional, in-person educational
settings. While a handful of these studies (i.e., Admiraal et al., 2020; Campos et al., 2021; Peters et al.,
2021; Regan et al., 2023; Truckenmiller et al., 2022) included learning analytics and computer-based
assessment methods, it should be noted that these advancements were implemented within a
conventional classroom environment. Furthermore, these studies are relatively recent, potentially
indicating a recent surge in technology-assisted educational data use within traditional in-person
classrooms. This focus on in-person contexts underscores a significant gap in understanding how
teachers use DBDM in other modalities such as online or hybrid learning environments.

Teacher Engagement with DBDM for Instructional Purposes

More than half of the studies reviewed (n = 25) focused on teacher engagement with DBDM for
instructional purposes, highlighting four main themes. Most studies (» = 14) examined teachers’ data
literacy skills, which showcase varying proficiency levels in using data to inform instruction, directly
addressing how teachers engage with DBDM (e.g., Gelderblom et al., 2016, Ho, 2022; Hoover &
Abrams, 2013; van den Bosch et al., 2017). Five studies focused on data accessibility and types of data
available, which demonstrate that easy access to relevant data enhances instructional decision-making
(e.g., Abdusyakur & Poortman, 2019; Admiraal et al., 2020; Farley-Ripple et al., 2019). Three studies
explored teachers’ perceptions and self-efficacy regarding DBDM, showing that confidence and
attitudes influence data use (e.g., De Simone, 2020; Reed, 2015). Lastly, five studies identified factors
that facilitate or hinder DBDM, offering insights into the contextual barriers and supports that affect its
implementation (e.g., Abdusyakur & Poortman, 2019; Copp, 2017; Schildkamp et al., 2017).

Impacts of DBDM on Instructional Practices and Student Outcomes

The main purposes of DBDM are to support the improvement of instructional practices as well
as student outcomes. As shown in Table 4, 20 studies focused on evaluating these potential impacts in a
variety of different interventions. The studies can be classified according to the length or duration of the
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DBDM intervention evaluated, the extent to which participants had received professional development
(PD) related to data use prior to the evaluated interventions, and the sources of data used by teachers.

Table 4

DBDM Interventions Overview

Study Intervention PD Data source ~ Change in Change
teacher in
practices student
outcome
Duration: <1 Year
Andersen (2020)  Data-Informed Evaluation Culture: Aims to Yes Student N NT
create a data-informed evaluation culture assessment
within participating schools in Denmark
through comprehensive data training.
Dunn et al. Statewide PD Program: Aims to increase Yes  Different N NT
(2013) teacher use of DBDM in a Pacific sources
Northwestern state. The intervention was
evaluated using the Data-Driven Decision
Making Efficacy and Anxiety (3D-MEA)
inventory.
Filderman et al. Guidelines for DBDM Implementation: No Computer P NT
(2019) Offers guidelines to support effective DBDM adaptive
implementation for students with or at risk for testing
reading disabilities in secondary grades.
Rodriguez- Personalized Homework Intervention: Assists No Computer NT H
Martinez et al. teachers in using learning analytics to adaptive
(2023) personalize students’ homework based on testing
formative assessment results.
Schifter et al. The Using Data Workshop: Offers a Yes  Learning P NT
(2014) workshop to help teachers interpret and use analytics
data from project dashboards, with a focus on
PD during summer institutes.
Duration: 1 Year
Christman et The Linking Intervention: Focuses on teacher Yes  Student P NT
al. (2016) learning about mathematics instruction and assessment
aims to elevate data utilization practices.
Curry et al. Data-Informed Instructional Model: Provides NM  Different P H
(2016) K-12 teachers with a model for data-informed sources
instruction, which enhances teaching and
learning at the classroom level.
Data-Based Decision Making by Teachers in K-12 Schools: A Scoping Review 10
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Study Intervention PD Data source ~ Change in Change
teacher in
practices student
outcome
Marsh et al. Coaching and PLC Intervention: Combines Yes  Student P NT
(2015) coaching and PLC to support teachers in data assessment
utilization.
Peters et al. Teacher Training in Differentiated Yes  Computer NTR M
(2021) Instruction: Provides teacher training in adaptive
differentiating instruction using learning testing
progress assessment and reading sportsman
materials.
Regan et al. Technology-Based Graphic Organizer Yes  Computer P NT
(2023) Intervention: Utilizes technology-based adaptive
graphic organizers, online modules, long- testing
range planning, and virtual PLC activities to
support data utilization.
van der Scheer et DBDM Intervention for Grade 4 Math Yes Student P H
al. (2016) Teachers: Focuses on data-based decision assessment
making for Grade 4 math teachers.
van der Scheer & DBDM Intervention for Grade 4 Math Yes Student P NT
Visscher (2017)  Teachers: Focuses on data-based decision assessment
making for Grade 4 math teachers.
Duration: 2 Year
Campos et al. Learning Analytics Dashboard Support Yes  Learning P NT
(2021) Intervention: Focuses on assisting teachers in analytics
utilizing data from a learning analytics
dashboard designed to facilitate student
collaboration and discussion in math. Its goal
is to deepen conceptual understanding in
math.
Ebbeler et Teams Intervention: Forms teams of teachers Yes  Different P NT
al. (2016) and teacher leaders to create a community of sources
practice focused on using data to enhance
instruction.
Faber et al. Differentiated Instruction Training: Provides Yes  Student NT L
(2018) teachers with training to give differentiated assessment
instruction to students.
Keuning et al. The Focus Intervention: A two-year training Yes  Student NT H
(2016) course for primary school teams aimed at assessment
acquiring knowledge and skills related to
DBDM for instructional purposes.
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Study Intervention PD Data source ~ Change in Change
teacher in
practices student
outcome
Staman et al. The Focus Intervention: A two-year training Yes  Student P NT
(2014) course for primary school teams aimed at assessment

acquiring knowledge and skills related to
DBDM for instructional purposes.

Staman et al. DBDM Training for Differentiated Yes  Student P NT
(2017) Instruction: Trains teachers in DBDM to assessment
provide differentiated instruction.

Duration: 4 Year

Datnow et al. Teacher Collaborative Efforts Intervention: NM  Student P NT
(2021) Seeks to promote students’ math achievement assessment

by fostering collaborative efforts among

teachers to improve instruction, including

utilizing relevant data.

Hebbecker et al. DBDM Framework-Based Intervention: Yes Student P H
(2022) Assists teachers in decision making based on assessment
data (van Geel et al., 2016)

Note. PD = Professional development; PLC = Professional learning communities; NM = Not Mentioned, Teacher behaviour
(P = Positive, N = Negative, NTR = Neutral, NT = Not tested); Student outcome (H = High, M = Moderate, L = Low, NT =
Not tested).

Duration and Previous Professional Development

The interventions included in the studies reviewed range from a condensed one-session PD
workshop (e.g., Schifter et al., 2014) to a 4-year program (e.g., Hebbecker et al., 2022). To gain a clearer
understanding of this dimension, interventions were categorized based on their duration (Table 4). Most
interventions were conducted within one to two academic years (n = 13). A notable subset of
interventions lasted less than one year (n = 5), while only two interventions, one in the Netherlands
(Hebbecker et al., 2022) and one in the US (Datnow et al., 2021), took place over a comprehensive 4-year
period. The findings also demonstrate that in 16 out of the 20 interventions, teachers had some level of
data literacy training prior to the DBDM professional development. For two of the remaining four
interventions, it was undetermined whether teachers had prior data literacy training rather than a
definitive absence of such training.

Sources of Data Used by Teachers

More than half of the studies reviewed (n = 11) indicated that the main source of data used by
teachers as part of the DBDM intervention was generated through student assessment, and four
additional studies used assessment data from computer adaptive testing. Other studies also featured
learning management systems as a source of data (n = 2) or different sources (n = 3).
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Impact of DBDM Interventions

The impacts of DBDM interventions on instructional practices employed by teachers as well as
on student outcomes were assessed in the 20 evaluative studies reviewed. DBDM interventions were
assessed as having a “positive” impact on instructional practices if the study findings included one of the
following elements: (a) increased emotional, analytical, and/or intentional data sensemaking and data
literacy skills; (b) increased or enhanced discussions amongst colleagues on data use and the creation of
professional learning communities; (c) instructional adjustments using data; (d) capacity-building for
DBDM; (e) increased teacher awareness of data use for school development and instruction; or
(f) changes in teacher efficacy related to implementing instructional strategies. The impact of the
DBDM interventions on instructional practices was assessed as “neutral” if teachers maintained the
same level of data use, and as “negative” if the intervention did not contribute to the development of
new skills or positive attitudes related to DBDM. In some studies, no change in teacher practices was
measured, as the focus was solely on student outcomes.

The impact of the DBDM interventions on student outcomes was also examined within the 20
evaluative studies. These impacts were considered “high” if the DBDM intervention resulted in:
(a) increased student understanding of the learning materials; (b) increased student motivation and
engagement; or (c) improved scores on standardized tests. DBDM impacts were considered “moderate”
if after the intervention: (a) students recognized the importance of setting challenging learning goals; or
(b) there was a small positive effect on student achievement in standardized tests. Lastly, the impact was
considered “low” if no significant positive effects were found on student outcomes. In some studies,
however, no measurement of student outcomes was included, as the focus was solely on changes in
teacher practices.

Figure 5

The Impact of DBDM Interventions on Instructional Practices and Student Outcomes

Change in Teacher Practices Change in Student Outcome
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As illustrated in Figure 5, the number of studies that evaluated the impact of DBDM
interventions on instructional practices (n = 17) is higher than those focusing on student outcomes
(n ="T). However, in both dimensions, the positive impacts of DBDM on instructional practices and the
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high impact of the interventions on student outcomes were more commonly found than neutral/moderate
or negative/low impacts. Moreover, most of the reviewed studies evaluated the impact of a DBDM
intervention on one of the two dimensions; studies that explored the effect of DBDM interventions on
both teachers and students were less common (i.e., Curry et al., 2016; Hebbecker et al., 2022; Peters et
al., 2021; van der Scheer et al., 2016).

Discussion and Implications

This scoping review offers a comprehensive examination of the landscape of DBDM use by
teachers in the K-12 context, which addresses geographical and temporal concentrations, educational
settings, and the impact of DBDM interventions. This discussion is based on the review of all 45
articles, providing an in-depth analysis of the current state of the field.

Temporal and Geographical Patterns in Research Distribution

Temporal and geographical patterns in research distribution on DBDM shed light on global
variations in how teachers engage with data for instructional purposes. Temporal trends reveal how
research on teacher engagement aligns with shifts in policies, technologies, and educational reforms,
while geographical patterns highlight disparities driven by contextual factors such as access to resources
or institutional support (Christman et al., 2016; Curry et al., 2016; Farrell & Marsh, 2016a, 2016b;
Michaud, 2016; Park & Datnow, 2017). By comparing regions and time periods, we can identify factors
that contributed to DBDM adoption for instructional purposes by teachers at the classroom level.
Additionally, gaps in research across certain areas or periods can guide future studies to explore
underrepresented contexts, offering a more comprehensive understanding of DBDM’s global impact.

The observed concentration of studies in the United States and the Netherlands found in this
review aligns with the existing literature, which highlights these countries’ significant efforts in
implementing and studying DBDM. The initial surge in articles during 2016-2017 coincides with
pivotal policy reforms in the United States (Park & Datnow, 2017) and the Netherlands (Schildkamp et
al., 2017), which aimed to reshape the educational landscape, particularly concerning data use and
DBDM. Subsequently, a resurgence of research interest appears in the literature during 2020-2022. This
period saw an increased focus on technology and computer-based assessment incorporation, which
placed DBDM at the forefront of educational change.

First Period (2016-2017)

Signed in 2015, the Every Student Succeeds Act marked a shift in US education policy, moving
away from high-stakes testing under No Child Left Behind. This Act introduced flexible accountability
measures, reduced the emphasis on standardized tests, and encouraged data use for instructional
improvement (Shirely, 2017). Research from this period focused on how educators utilized diverse data
forms to enhance teaching (e.g., Curry et al., 2016; Park & Datnow, 2017). Similarly, declining student
performance in international assessments prompted the adoption of DBDM policies in the Netherlands.
Initiatives such as the ‘Focus’ intervention equipped educators with skills to monitor progress and tailor
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their instruction according to students’ needs, which resulted in improvement in teaching practices and
student outcomes (Faber et al., 2018; Schildkamp et al., 2017).

Second Period (2020-2022)

Studies published during this period show that teachers started to incorporate technology such as
learning analytics and computer-based assessments to collect and analyze data, which reshaped and
eased the use of DBDM to support learning (Admiraal et al., 2020; Campos et al., 2021; Truckenmiller
et al., 2022). Although the Netherlands saw a decline in research during this period, the DBDM
frameworks developed for Dutch schools, such as the Data Teams framework (Schildkamp et al., 2016)
and the DBDM process model (van Geel et al., 2016), created the foundation for subsequent studies.
These frameworks have been successfully adopted in various international contexts, including Denmark
(e.g., Andersen, 2020), the United States (e.g., Datnow et al., 2018; Michaud, 2016; Ylimaki &
Brunderman, 2019), New Zealand (e.g., Lai et al., 2014; Lai & McNaughton, 2016), and Germany (e.g.,
Hebbecker et al., 2022). However, there is notable limited research on teacher use of DBDM at the
classroom level in Canada, with only one relevant study (Copp, 2017) addressing policy incentives and
data use across Canadian schools.

Educational Settings

The exploration of educational settings in which DBDM is implemented demonstrates that there
is a predominant focus on in-person teaching at the primary/elementary level in the reviewed studies
(e.g., Staman et al., 2017; van der Scheer & Visscher, 2017); this raises questions about the extent to
which DBDM practices can be adapted to secondary education settings and different learning
modalities. Addressing these complexities requires further study to understand the transferability and
effectiveness of DBDM strategies at higher grade levels. Moreover, existing literature on online
education emphasizes the potential of learning analytics and real-time data to inform personalized
instruction (e.g., Behrens et al., 2018; Campos et al., 2021). However, no studies explore how educators
can leverage data effectively in an online-learning environment. Thus, there is a need for research that
examines the practical integration of DBDM in these educational settings.

Examining the Impact of DBDM Interventions

The findings underscore the importance of tailored interventions and ongoing professional
development for effective DBDM implementation. This aligns with Schildkamp et al.’s (2017) DBDM
Determinant Model, which highlights three key factors for successful DBDM interventions:
organizational context, data characteristics, and user characteristics (Figure 6).
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Figure 6
Determinant Model
Organization Data User
e Vision and e Accessibility e Knowledge and
Enablers norms of timely skills
and e Leadership data e Dispositions to
barriers e Support e Usability use data
e Collabora- e Quality of
tion the data

Note. Schildkamp et al. (2017, p. 244).

Organizational Context: Effective DBDM requires strong leadership support, collaboration,
and a clear vision, as Schildkamp et al. (2017) emphasize. Studies in this review address some aspects,
such as coaching support (Andersen, 2020), collaboration through communities of practice (Marsh et al.,
2015; Keuning et al., 2016), and leadership (Copp, 2017; Ylimaki & Brunderman, 2019). However, they
often overlook the ‘vision and norms’ of institutions.

Data Characteristics: High-quality, timely, and usable data are crucial for DBDM. While many
studies focus on assessment and standardized test data, there is a growing recognition of the need for
diverse data sources. Researchers such as Curry et al. (2016), Dunn et al. (2013), and Ebbeler et al.
(2016) advocate for a multifaceted data approach, emphasizing that diverse data sources enhance the
impact on student outcomes. Even studies focusing on assessment data, such as Datnow et al. (2021) and
Faber et al. (2018), highlight the importance of incorporating diverse sources of data.

User Characteristics: The predominant focus in the literature is on enhancing teachers’ data
literacy and positive attitudes toward data use (e.g., Ebbeler et al., 2016; Staman et al., 2014; van der
Scheer & Visscher, 2017). Effective training can improve these characteristics, with longitudinal, well-
designed professional development showing positive effects on both teacher practices and student
achievement (e.g., Andersen, 2020; Campos et al., 2021; Christman et al., 2016). However, Hebbecker
et al. (2022) suggest that even short professional development sessions, combined with practical support
and resources, can be sufficient for implementing DBDM effectively.

Although DBDM interventions have been found helpful in altering teacher practices and
improving student outcomes, there remains a need for more sustainable and ongoing support to enhance
DBDM implementation (Abdusyakur & Poortman, 2019; Admiraal et al., 2020; Staman et al., 2017).
Short-term interventions or training programs, although effective in the short term, may not fully address
the complexities of integrating DBDM into daily teaching practices (Andersen, 2020; van den Bosch et
al., 2017). To ensure lasting change, interventions must prioritize building systemic capacity through
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continued professional learning opportunities, access to high-quality resources, and institutional support
structures (Farley-Ripple et al., 2019; Rodriguez-Martinez et al., 2023). These efforts would enable
teachers to embed data use more deeply into their instructional practices, thereby fostering sustained
improvements in both teaching and learning outcomes.

Conclusion

This scoping review enhances understanding of DBDM in K-12 schools by examining how
teachers use student data to guide their pedagogical and instructional practices. It highlights shifts from
using DBDM for accountability to improving instruction (Kempf, 2015; Schildkamp & Ehren, 2013),
and identifies gaps such as the need for research at the secondary/high school level and in online-
learning contexts. The review also explores the impact of DBDM interventions on teacher practices and
student outcomes (Hebbecker et al., 2022; Peters et al., 2021; Rodriguez-Martinez et al., 2023). As
educational practices evolve, further research is needed to address gaps in secondary education, online
learning, and under-represented geographical areas, aiming for a broader, more global understanding of
DBDM trends. By addressing existing research gaps and fostering discussions on its implications, future
studies can contribute to a more global and nuanced understanding of DBDM. Such efforts are essential
for ensuring that data use in education translates into improved instructional practices and better
outcomes for students across diverse contexts.
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Résumé

La capacité a résoudre des problémes de manicre collaborative constitue une compétence
fondamentale pour les éléves du primaire. Les travaux de recherche se sont majoritairement focalisés sur
I’analyse et 1’évaluation de cette compétence chez les éléves du primaire. Cependant, peu d’attention a
été portée au processus de conception des taches visant a favoriser le développement de la résolution
collaborative de problémes chez ces ¢éléves. Pourtant, la résolution collaborative de problémes ne peut
émerger de manicre pertinente que si les taches sont congues de maniere a encourager les ¢éléves a
collaborer. Cette recherche se concentre spécifiquement sur le processus de conception des taches liées a
la robotique pédagogique et utilise, comme cadre théorique, la théorie de I’activité d’Engestrom. Les
participants, composés d’enseignants du primaire et de conseillers pédagogiques, ont répondu a un
questionnaire portant sur leur démarche de conception de taches et ont participé a deux entrevues de
groupes. Les résultats soulignent que la conception des tiches de robotique pédagogique, qui vise a
développer la résolution collaborative de problémes chez les éleves, est tributaire des habiletés
technologiques et de conception de tiches en robotique pédagogique de la personne conceptrice. Les
régles régissant la conception des taches de robotique pédagogique incluent le temps nécessaire a leur
mise en place et le travail d’équipe.

Mots-clés : conception des taches, formation des enseignants, résolution collaborative de problémes,
robotique pédagogique, théorie de 1’activité
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Abstract

A fundamental skill for primary school students is the ability to solve problems collaboratively.
Most research has focused on the analysis and assessment of this skill in primary school students.
However, little attention has been paid to the process of designing tasks to foster the development of
collaborative problem-solving in these students. Furthermore, collaborative problem-solving can only
emerge in a meaningful way if the tasks are designed in such a way as to encourage students to
collaborate. This research focuses specifically on the process of designing tasks related to educational
robotics, using the theoretical framework of Engestrom’s activity theory. Participants, made up of
primary school teachers and educational consultants, completed a questionnaire about their task design
process and took part in two group interviews. The results highlight that the design of educational
robotics tasks, aimed at developing collaborative problem-solving in students, is dependent on the
technological and educational robotics task design skills of the designer. The rules governing the design
of educational robotics tasks include the time needed to set them up and teamwork.

Keywords: activity theory, collaborative problem-solving, educational robotics, task design, teacher
education

Introduction

La résolution collaborative de problémes attire de plus en plus I’attention tant au niveau national
qu’international (Bergner et al., 2016; Dindar et al., 2022; Kamga, 2019; OCDE, 2013). Cette
compétence revet une importance cruciale pour les éléves du primaire en les préparant a collaborer
efficacement avec leurs pairs ou membres de leur famille pour surmonter des défis quotidiens. Elle revét
¢galement une importance significative dans leur vie quotidienne, afin qu’ils puissent par la suite
évoluer dans un monde saturé d’informations, ainsi que sur le plan professionnel, en lien avec de
nombreux emplois exigeant la résolution de problémes complexes au sein d’équipes (Siddiq & Scherer,
2017).

Bien que la recherche se soit penchée sur le développement de la compétence de résolution
collaborative de problémes chez les éléves du primaire (Avry et al., 2018), elle accorde peu d’attention
au processus de conception des taches favorisant cette compétence. De plus, les articles qui décrivent les
taches pouvant développer la résolution collaborative de problémes se concentrent principalement sur
des simulations (Care et al., 2015; Warneken et al., 2014) ou effectuent une analyse théorique des taches
de robotique pédagogique (Kamga et al., 2017). Par ailleurs, les taches analysées dans les études
consultées ne sont pas systématiquement réalisées en classe avec des éléves, mais plutdt en contexte
parascolaire (Romero & DeBlois, 2022). Ces recherches n’intégrent pas le point de vue des concepteurs
de taches de robotique pédagogique, ne se penchent pas sur le processus de conception de ces taches et
les facteurs susceptibles de les influencer.

Dans cet article, en nous basant sur le retour d’expérience des concepteurs de tiches de robotique
pédagogique, nous présentons les facteurs qui influent sur le processus de conception des taches visant a
développer la résolution collaborative de problémes chez les éléves du primaire en contexte scolaire.
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Résolution collaborative de problémes

La résolution collaborative de probléme est une compétence mobilisant la collaboration et de la
résolution de problémes (Unal & Cakir, 2021). Son développement implique 1’engagement d’un groupe
d’apprenants dans la résolution d’un probleme (OCDE, 2013). Ainsi, la résolution collaborative de
problémes sollicite chez I’individu des habiletés cognitives et sociales (Care et al., 2015; Hesse et al.,
2015; Zhang et al., 2022). Selon Hesse et al. (2015), les habiletés cognitives sont celles reliées a la
résolution de problémes tandis que les habiletés sociales sont associées a la collaboration. Les habiletés
cognitives sont caractérisées par la construction des connaissances et la régulation de la tache et de
I’apprentissage. Quant aux habiletés sociales, elles sont dimensionnées par la régulation sociale, la
participation et la prise de perspective.

Diverses ¢études ont exploré la résolution collaborative de problémes, certaines la considérant
comme une méthode d’apprentissage et d’enseignement (Unal & Cakir, 2021; Yin et al., 2011), d’autres
comme une compétence a développer (Dindar et al., 2022; Graesser et al., 2018; Hesse et al., 2015;
OCDE, 2013; Song, 2018). Notre étude s’inscrit dans la perspective de la considérer comme une
compétence a développer. Les recherches précédentes sur le développement de cette compétence ont
exploré sa mesure et son évaluation (Rojas et al., 2021; Zhang et al., 2022), la charge cognitive des
participants de 1’équipe (Kolfschoten et al., 2014), sa modélisation (Bergner et al., 2016), et les
caractéristiques des taches qui favorisent son développement (Care et al., 2015; Kamga et al., 2017;
Nieminen et al., 2022; Warneken et al., 2014). Ainsi, ces études se sont principalement concentrées sur
la compréhension de la compétence ou sur les aspects spécifiques des taches. Les taches visant a
développer la résolution collaborative de problémes doivent étre ouvertes (Nieminen et al., 2022), mal
structurées (Unal & Cakir, 2021), complexes (Graesser et al., 2017, 2018) et authentiques, reproduisant
ainsi des expériences de la vie réelle (Siddiq & Scherer, 2017).

Conception des tiches et résolution collaborative de problémes

La conception des tdches d’apprentissage a fait I’objet de plusieurs recherches en éducation
(Cevikbas & Kaiser, 2021; De Hei et al., 2016; Oliver & Higgins, 2023). Selon Watson et Ohtani
(2015), la conception de la tache proposée aux éleéves peut améliorer leurs apprentissages et la qualité de
leur expérience envers la discipline. Il existe plusieurs facteurs qui peuvent influencer la conception des
taches d’apprentissage. Selon Sullivan et al. (2015) dans le cadre des apprentissages de la mathématique,
la conception de la tache peut dépendre de la pédagogie prévue par I’enseignant, de ses connaissances
dans I’enseignement de la discipline, de son role et de son niveau d’autonomie dans le processus de
conception et de réalisation de la tache, de la culture du milieu et celle de la salle de classe. Ces facteurs
abordent soit la dimension « enseignant » ou celle de la classe, mais ne présentent pas les
caractéristiques intrinséques de la tiche. Dans le cadre de la conception des taches qui impliquent la
collaboration, I’é¢tude de De Hei et al. (2016) souligne cinq caractéristiques des taches a utiliser en
classe : significative pour les éleves, utilisant un matériel authentique, stimulante pour les éléves, inciter
les éleves a discuter et a échanger des idées et expériences, et favorisant le travail collaboratif. Ces
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caractéristiques ont ét¢ mentionnées par les enseignants et ne concernent que les facteurs liés a 1’éléve.
Bien que plusieurs études aient abordé la conception des taches, il est pertinent d’accroitre les
connaissances scientifiques spécifiques a la conception de taches permettant la résolution collaborative
de problémes. Cependant, la conception des taches liées a 1’utilisation par les éléves d’objets
technologiques tels que les robots pédagogiques n’est pas abordée.

Robotique pédagogique et résolution collaborative de problemes

Introduite par Papert (1980) et ancrée dans le concept de constructionnisme, 1’utilisation de la
robotique pédagogique représente ’'une des premiéres incursions du numérique dans le domaine
éducatif. Depuis son introduction par Papert (1980) dans le contexte éducatif, les usages de la robotique
pédagogique ont évolué, car ils étaient initialement axés sur le développement du raisonnement
mathématique des éleéves. La robotique pédagogique se définit comme la conception ou la
programmation d’un robot éducatif dans le but d’atteindre des objectifs d’apprentissage spécifiques ou
d’acquérir des compétences particulieres (Kamga, 2019). Les robots éducatifs, prenant diverses formes
telles que des machines industrielles, des représentations humaines ou animales (Atman Uslu et al.,
2022), sont de plus en plus intégrés dans les environnements scolaires. Les taches de robotique
pédagogique offrent la possibilité de mobiliser des concepts issus de plusieurs disciplines, notamment
les mathématiques, les sciences, la technologie et I’ingénierie (Atman Uslu et al., 2022; Leroy &
Romero, 2022).

Ces taches sont aussi intégrées dans I’enseignement afin de favoriser le développement de la
pensée informatique (Chen et al., 2017; Papadakis & Kalogiannakis, 2022), de stimuler la créativité
(Leroy & Romero, 2022), et d’encourager la résolution collaborative de problémes chez les éléves
(Kamga et al., 2017; Socratous & loannou, 2022; Taylor & Baek, 2018). Les recherches ont souligné la
contribution positive de la robotique pédagogique au développement de la résolution collaborative de
problémes (Atman Uslu et al., 2022). Néanmoins, ces études ne se penchent pas sur la phase de
conception des tiches de robotique pédagogique utilisées dans les classes du primaire, et qui ont pour
objectif de promouvoir le développement de la résolution collaborative chez les ¢léves. Notre étude a
pour but de contribuer a la compréhension des facteurs qui peuvent influencer la conception des taches
de robotique pédagogique destinées a la résolution collaborative de problémes par les éléves.

Théorie de I’activité

Le cadre théorique de cette recherche repose sur la théorie de 1’activité. Sachant qu’une activité
de conception de la tache pourrait tenir compte de la personne qui congoit, du contexte culturel et social
dans lequel elle va se réaliser et potentiellement de plusieurs autres dimensions, la théorie de I’activité
est pertinente pour cette recherche. Cette théorie a été développée dans les travaux d’Engestrom et
utilisée par plusieurs études en éducation (Engestrom, 1999; Engestrom & Pyo6rélé, 2021; Sannino,
2015). De maniére générale, cette théorie offre une perspective éclairante sur 1’activité humaine, et plus
spécifiquement sur notre étude portant sur la conception des taches de robotique pédagogique. Elle la
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considére comme ancrée dans un contexte socio-culturel, caractérisé et explicable par un systéme
d’activité (DeVane et Squire, 2012; Engestrom & Pyorilé, 2021). Ce systeme d’activité se compose de
sept éléments fondamentaux : le sujet, les outils, 1’objet, les régles, la division du travail, la communauté
et le résultat.

Le sujet représente une personne ou une collectivité engagée dans 1’activité, tandis que 1’objet en
est I’¢lément déterminant et orientant, permettant de distinguer une activité d’une autre. Les outils,
¢galement appelés artefacts, agissent en tant que médiateurs de I’activité et sont utilisés par le sujet. La
communauté désigne I’ensemble des individus impliqués dans 1’activité, entre lesquels le travail est
réparti. La division du travail offre des indications sur le role de chaque membre de la communauté et
sur la structure de celle-ci. Le résultat représente 1’état désiré de I’objet de 1’activité lorsqu’il est
transformé par cette derniere. La figure 1 ci-dessous illustre le systéme d’activité (Engestrom, 1987).

Figure 1

Systeme d’activité

Outil
i abjes_ Résultat
Regles Communauté Division du travail

Note. Engestrom, 1987.

Ce systéme d’activité permet une compréhension multidimensionnelle de 1’activité en examinant
les perspectives du sujet, des outils, de I’objet, de la communauté, des régles et de la division du travail.
Cette représentation triangulaire englobe a la fois la médiation individuelle par les outils et les éléments
associés a la médiation socio-culturelle, a savoir les regles et la division du travail au sein de la
communauté participant a I’activité (Engestrom, 1987).

Dans le cadre de la présente recherche, le systéme d’activité sera mobilisé pour explorer les
différentes dimensions mentionnées afin d’identifier les facteurs impliqués dans la conception des tiches
de robotique pédagogique permettant le développement de la résolution collaborative de problémes chez
les éleves du primaire.
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Questions de recherche

Cette étude est articulée autour de quatre questions de recherche spécifiques (QR), qui se
structurent comme suit :

1. Quelles sont les caractéristiques individuelles des concepteurs qui sont susceptibles d’influencer
la conception d’une tache de robotique pédagogique visant le développement de la résolution
collaborative de problémes chez les éléves de I’enseignement primaire (QR1)?

2. Quels sont les outils qui peuvent influencer la conception d’une tache de robotique pédagogique
visant le développement de la résolution collaborative de problémes par des éleves de
I’enseignement primaire (QR2)?

3. Quelles sont les reégles qui peuvent influencer la conception d’une tiche de robotique
pédagogique visant le développement de la résolution collaborative de problémes pour des éleves
de I’enseignement primaire (QR3)?

4. Quelles sont les caractéristiques propres aux éleves qui peuvent influencer la conception d’une
tache de robotique pédagogique visant le développement de la résolution collaborative de
problémes par des €leves de 1’enseignement primaire (QR4)?

Méthodologie de recherche

Participants

Les participants engagés dans cette étude se composent d’enseignants ainsi que de conseillers
pédagogiques exergant dans le domaine de I’enseignement primaire. L’échantillonnage a été déterminé
par une condition préalable unique : chaque participant devait avoir préalablement modifi¢ ou congu une
tache de robotique pédagogique visant a favoriser le développement de la résolution collaborative de
problémes chez les éléves du primaire. Cette condition implique que les participants posseédent une
expertise techno-pédagogique spécifique en ce qui concerne 1’intégration de la robotique pédagogique
dans leur pratique éducative.

Un total de 25 participants ont pris part a notre enquéte, dont 8 enseignants et 17 conseillers
pédagogiques. Le tableau 1 présente les caractéristiques des participants.

Tableau 1

Caracteéristiques des participants

Caractéristiques des participants Effectif
Niveau de maitrise des habiletés technologique Débutant 5 25
d’intégration de la robotique pédagogique Intermédiaire 6
Avancé 7
Facteurs qui influencent la conception des taches de robotique pédagogique soutenant la résolution 6
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Caractéristiques des participants Effectif

Pas de réponse 7
Nombre d’années d’expérience en conception ou De 0 a 3ans 7 25
modification des activités de robotique pédagogique De 447 ans 6

8 ans et plus 12

Pas de réponse 0

Processus de collecte de données

La collecte de données s’est effectuée au moyen d’un questionnaire élaboré par 1’équipe de
recherche, complété par deux séances d’entrevue de groupe. Ce questionnaire, majoritairement constitué
de questions ouvertes, comportait une section relative a I’expérience des participants dans le domaine de
I’enseignement et de la conception des taches de robotique pédagogique. D’autres sections du
questionnaire étaient structurées conformément aux axes du systéme d’activité (sujet, outils, objet de
I’activité, division du travail, communauté et régles). Par exemple, il y avait des questions qui
demandaient aux participants de décrire les caractéristiques des robots, des éléves, de la salle de classe,
de la communauté, qui étaient susceptibles d’influencer leur conception des taches de robotique
pédagogique. L’équipe de recherche estimait que le temps nécessaire pour y répondre était d’environ
30 minutes. Les participants avaient acces au questionnaire via la plateforme LimeSurvey. Parmi les
17 conseillers pédagogiques, 9 ont répondu a I’intégralité des questions posées, tandis que parmi les
8 enseignants, seuls 2 1’ont fait.

A I’issue de la phase du questionnaire, deux enseignantes et trois conseilléres pédagogiques ont
consenti a poursuivre leur participation au projet en s’engageant dans une série de deux entretiens de
groupe. Les résultats de I’analyse des réponses au questionnaire ont été exploités et présentés aux
participants afin de diriger les discussions lors de la premicre séance d’entretien de groupe. Quant a la
seconde séance d’entretien de groupe, elle a été orientée par les résultats issus de 1’analyse des
transcriptions vidéo de la premicre séance.

Méthodologie d’analyse de données

La méthodologie d’analyse de données adoptée dans cette étude repose sur I’analyse de contenu,
conformément aux principes énoncés par Barma (2008) et L’Ecuyer (1990). Bien que les grandes
catégories aient été préalablement déterminées en tant que poles du systéme d’activité, les éléments
constitutifs de ces catégories ont été obtenus par une analyse émergente. Cette derniére a consisté en
I’organisation des ¢éléments caractérisant chaque catégorie, réalisée par un membre expérimenté de
I’équipe de recherche (C1).

Dans un second temps, un autre membre de 1’équipe (C2) a été chargé de confirmer ou
d’infirmer les résultats obtenus lors de la premicre analyse. Ceci a conduit a une deuxiéme version des
résultats. Une réunion entre ces deux membres de 1’équipe (C1 & C2) et un troisiéme membre plus
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expérimenté (C3) a permis d’obtenir la troisiéme version des résultats. La quatriéme version des
résultats a été établie au cours d’une ultime réunion impliquant C3 et trois autres membres de 1’équipe
(C4, C5, & C6). Cette quatrieme version a fait ’objet d’une confrontation aupres des participants lors de
la premicre séance d’entretien de groupe. L’analyse des données issues de la transcription de cette
premicre séance d’entretien de groupe a conduit a I’obtention d’une cinqui¢me version des systemes
d’activité. Cette cinquieme version a ét¢ soumise aux mémes participants lors de la deuxieme séance
d’entretien de groupe. L’analyse des transcriptions de la deuxiéme séance d’entretien de groupe a permis
d’obtenir la sixiéme et derniére version des résultats. C’est cette dernicre version des résultats qui est
présentée dans cet article.

Résultats

Nous présentons les résultats conformément aux questions de recherche spécifiques énoncées
dans la section prévue a cet effet.

Résultats 1 : caractéristiques individuelles des concepteurs

Nous débutons en réitérant la question de recherche QR1 : « Quelles sont les “caractéristiques
individuelles des concepteurs” susceptibles d’influencer la conception d’une tache de robotique
pédagogique visant le développement de la résolution collaborative de problémes chez les éléves de
I’enseignement primaire (QR1)? »

Les résultats a cette question indiquent deux caractéristiques individuelles susceptibles d’exercer
une influence sur la conception d’une tache de robotique pédagogique visant le développement de la
résolution collaborative de problémes chez les éleves du primaire : 1) habileté a créer les taches et
2) niveaux de connaissances en robotique (habiletés technologiques en robotique pédagogique).

Habiletés a créer les taches

Cette caractéristique a été exclusivement relevée par les enseignants. En effet, d’apres leur
perspective, leur compétence a concevoir des taches influence la maniere dont ils créent celles liées a la
robotique pédagogique. Selon leur témoignage, « cette aptitude s ’accroit avec les années et joue un role
crucial dans le degré d’ouverture des tdches élaborées ». Cette observation peut s’expliquer par le fait
que plusieurs enseignants, au début de leur carriere ou lors de I’intégration initiale d’un nouvel outil
pédagogique, optent pour ’utilisation de taches déja existantes.

Niveau de connaissances en robotique (habileté technologique en robotique pédagogique)

Les conseillers pédagogiques ont mis en exergue I’importance de leur niveau de connaissances
spécifiques a la robotique. En d’autres termes, leurs compétences technologiques dans le domaine de la
robotique pédagogique guideront le processus de conception des taches visant a développer la résolution
collaborative de problemes chez les éléves du primaire. Selon les conseillers pédagogiques, leur niveau
de connaissances du robot leur confére la capacité de concevoir des taches plus variées, voire nécessitant
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des programmes informatiques plus complexes, comme en témoigne 1’extrait suivant : « [...] le niveau
de maitrise permet de créer des taches plus variées ».

Résultats 2 : artefacts ou outils qui peuvent influencer la conception d’une tiche de robotique
pédagogique

La seconde question spécifique de recherche (QR2) porte sur les « artefacts » qui peuvent
influencer la conception d’une tache de robotique pédagogique visant le développement de la résolution
collaborative de problémes chez les éléves du primaire. Les résultats de 1’étude mettent en lumiére cinq
artefacts qui peuvent influencer la conception de ces taches : le curriculum scolaire, le robot
pédagogique, 1’espace physique de la classe, le logiciel de programmation, ainsi que la pédagogie
prévue par le concepteur de la tache.

Le curriculum scolaire

La conception d’une tache de robotique pédagogique visant a favoriser le développement de la
résolution collaborative de problémes au sein d’un contexte de classe requiert I’intégration des éléments
du curriculum scolaire. En effet, ces éléments offrent une orientation précieuse au concepteur de la tache
en identifiant les notions disciplinaires a mobiliser par les ¢éléves, ainsi que le niveau de difficulté qu’ils
peuvent rencontrer. De plus, le curriculum permet d’assurer que la tache proposée est en cohérence avec
les attentes scolaires. L extrait du verbatim de la deuxieme séance d’entretien de groupes le souligne :

Et on juge que plus [’activité est bien planifié¢e, plus on a anticipé les différents obstacles, plus on va étre
capable de bien répondre a notre intention pédagogique, car on a vraiment ciblé quelque chose de précis.
Donc au lieu d’aller essayer d’intégrer tout le multidisciplinaire [...].

Le robot pédagogique

Les enseignants et les conseillers pédagogiques ont mis en exergue que le choix du robot
pédagogique a utiliser dans une tache de robotique exerce une influence sur la conception de ladite
tache. Lors du processus de conception, ils veillent a ce que le robot envisagé soit disponible au sein des
écoles ou qu’il présente un colit raisonnable. Outre le prix et la disponibilité du robot a intégrer dans la
tache a concevoir, ils tiennent compte de la facilité d’utilisation du robot, ainsi que de ses
caractéristiques physiques et technologiques. Ces dernic¢res englobent des aspects tels que la taille et la
robustesse des composants du robot, I’autonomie et I’accessibilité de la batterie, la solidité et les
possibilités d’utilisation offertes par le robot. Les deux extraits ci-dessous du verbatim de la premicre
séance d’entretien de groupe le soulignent.

Je pense que ¢a ressort en pensant a ce qu’il faut que je connaisse quelles sont les caractéristiques du
robot pour pouvoir me positionner avec mon intention pédagogique |...].

[...] bien quand on ne sait pas ce que le robot est en mesure de faire, c’est extrémement difficile d’aller
concevoir des problémes qui vont aller chercher différentes options |[...].
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L’espace physique

Les taches de robotique pédagogique visant le développement de la compétence de résolution
collaborative de problémes des éléves du primaire qui sont congues pour étre réalisées en classe
dépendent de I’espace physique disponible. Les participants a cette recherche mettent en exergue la
relation entre la taille du robot, la tdche congue et I’espace physique disponible en classe pour la
réalisation de la tache. Cet extrait de la premicre séance de 1’entrevue en témoigne :

Puis, j’ajouterai également [’environnement physique. Est-ce que notre classe est assez spacieuse pour
qu’on puisse mettre en place des activités? Des fois on a une toute petite classe, beaucoup d’éleves et
Jjuste pas possible. Alors ¢a, c’est quelque chose que j ajouterai pour les enseignants.

En fait, pour pallier la limite de I’espace physique disponible dans la salle de classe, les
participants soulignent la possibilité de considérer le corridor et les gymnases de 1’école dans la
conception de la tache ou alors d’avoir recours a des robots de petite taille. Ce qui peut influencer la
tache de robotique pédagogique a concevoir.

Le logiciel de programmation

Le logiciel de programmation qui sera utilisé pour donner des instructions au robot joue un role
important lors de la conception des taches de robotique pédagogique. Le langage de programmation du
logiciel (environnement de programmation) peut permettre de complexifier la tache de robotique
pédagogique. La langue utilisée par le logiciel de programmation est considérée par les participants
comme étant une caractéristique du logiciel qui influence la conception de la tdche. Par exemple, dans
un contexte francophone, I’utilisation d’un logiciel de programmation de langue anglaise augmenterait
la complexité de la tiche pour les éléves. En plus de toutes ces caractéristiques du logiciel de
programmation, les participants ont souligné les aspects éthiques relatifs au logiciel de programmation
du robot. Ce dernier ¢élément est pertinent pour les concepteurs, car la tiche proposée doit tenir compte
de la protection des données des éléves telles que les adresses courriel, noms et ages. L extrait de la
premigére s€¢ance des entrevues de groupe souligne ces aspects éthiques.

Concernant les enseignants, je suis vraiment d’accord avec ¢a. [...] on a vraiment été sensibilisé
également aux enjeux éthiques, a la protection des données des éleves. [...] Donc je pense que c’est un
élement important a ajouter; enjeux éthiques des logiciels de programmation.

La pédagogie prévue du concepteur de la tiche de robotique pédagogique

La pédagogie prévue par les conseillers pédagogiques ou par les enseignants influence la
conception de la tache de robotique pédagogique visant le développement de la résolution collaborative
de problémes. Elle permet a 1’enseignant de structurer la tiche de robotique pédagogique pour faciliter la
résolution collaborative de problémes par les éleves. En effet, dans I’exemple d’une pédagogie mettant
en avant la différenciation pédagogique, les participants soulignent qu’ils créent des taches avec
plusieurs niveaux de complexités croissantes. Dans le cas ou la pédagogie intégre I’interdisciplinarité, la
tache créée mobilisera les notions de plusieurs disciplines comme en témoigne cet extrait de la premicre
séance de I’entrevue : « Puis je crois beaucoup a la pédagogie STEAM comme science, technologie,
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ingénierie, mathématiques. Je pense que ¢a nous permet d’aborder la résolution des problemes en
intégrant différentes matieres. »

Résultats 3 : Régles qui peuvent influencer la conception d’une tiache de robotique pédagogique

La troisieme question spécifique de recherche porte sur « les régles » qui peuvent influencer la
conception d’une tache de robotique pédagogique visant le développement de la résolution collaborative
de problemes chez les ¢leéves de I’enseignement primaire (QR3)?

L’analyse des données a révélé deux régles pouvant exercer une influence sur la conception des
taches de robotique pédagogique visant a développer la résolution collaborative de problémes chez les
¢leves du primaire. Les enseignants et les conseillers pédagogiques ont tous deux souligné ces deux
regles : le travail en équipe et la durée de I’activité.

Travail d’équipe

Lors de la conception des taches de robotique pédagogique visant le développement de la
résolution collaborative de problémes chez les éleves du primaire, les enseignants et les conseillers
pédagogiques établissent comme régle que la tiche doit étre réalisée en équipe d’éléves. La structuration
ou la modification des rdles des ¢léves dépendrait donc de la complexité des taches. L’extrait suivant de
la deuxiéme séance d’entrevue le démontre :

Lorsque je congois une activité d’apprentissage, la formation de mes équipes va étre drdolement
importante. [...] le fait de former les équipes avec des profils d’éleéves qui sont homogenes, va favoriser
beaucoup au niveau de la collaboration et le travail dans la zone proximale de développement |...].

Durée de activité

Le développement de la compétence de résolution collaborative de problémes requiert du temps.
Les enseignants et les conseillers pédagogiques reconnaissent I’importance de la durée allouée a la
réalisation de la tache en classe. En effet, la conception de la tiche de robotique pédagogique doit
prendre en considération le temps nécessaire pour le rangement, la mise en place, et la gestion des outils
robotiques, ainsi que celui accordé a sa réalisation effective. Il est important de considérer la durée de
’activité de robotique pédagogique a réaliser. L’extrait de la premiére séance d’entrevue le mentionne :
«[...] donc lorsqu’on planifie ’activité, on devrait vraiment s assurer d’avoir un temps de réserver a
chacune des étapes. Donc, a l’étape de la préparation, [...] un moment pour vivre l’activité, mais
vraiment de se réserver une période de qualité [...] ».

Résultats 4 : caractéristiques propres aux éléves qui peuvent influencer la conception d’une tache
de robotique pédagogique

La quatrieme question spécifique de recherche aborde les « caractéristiques propres aux éléves »
qui peuvent influencer la conception d’une tiche de robotique pédagogique visant le développement de
la résolution collaborative de problémes des éléves de I’enseignement primaire (QR4)?

Facteurs qui influencent la conception des taches de robotique pédagogique soutenant la résolution 11
collaborative de problemes



CJLT/RCAT Vol. 50 (3)

Les enseignants et les conseillers pédagogiques ont souligné que la conception des taches de
robotique pédagogique peut étre influencée par deux caractéristiques propres aux éleves : la zone
proximale de développement et I’intérét des éleves.

Zone proximale de développement des éléves

Les conseillers pédagogiques et les enseignants ont souligné la zone proximale de
développement des éléves comme étant importante pour cibler la complexité adéquate de la tache a
concevoir. La différence d’approche entre enseignants et conseillers pédagogiques réside dans la
méthode d’identification de cette zone proximale de développement. Lors de la conception de I’activité,
les conseillers pédagogiques se fondent sur leur expérience pour déterminer ce qui pourrait constituer la
zone proximale de développement des éléves, sans cibler spécifiquement un groupe d’¢éléves dans un
contexte bien défini. Par exemple, la tdche sera destinée aux ¢éléves de troisieme année du primaire en
général plutdt qu’a ceux de troisiéme année d’une classe en particulier. A I’inverse, lorsqu’ils
congoivent la tache, les enseignants tiennent compte de la zone proximale de développement des éleéves
auxquels ils enseignent. Ainsi, la tiche est davantage adaptée aux éleéves spécifiques de la classe de
I’enseignant. L’extrait suivant, tiré¢ du verbatim de la séance 2, souligne I’importance de la zone
proximale de développement des éleves lors de la conception des taches de robotique pédagogique :

Donc par rapport a ces capacités, par rapport a son bagage. Je ne sais pas, a mon sens a moi, le fait
ce qu’il va devoir apprendre nécessite la collaboration ou si c’est carrément la-dessus qu’on mise.
Bien oui il faut en tenir compte de sa zone proximale de développement.

Interét des éleves

Cette caractéristique est exclusivement mise en avant par les enseignants. Du fait de leur
proximité et de leurs interactions fréquentes avec leurs éléves, les enseignants ont une connaissance
approfondie des centres d’intérét de ces derniers. En conséquence, ils sont en mesure de concevoir des
taches qui résonnent de manicre significative avec leurs ¢léves. Comme le dit I’enseignante dans cet
extrait de verbatim de la premiére séance d’entrevue, « premiérement déja quand on congoit une tdche,
on regarde aussi les intéréts, [...] donc on y va avec les intéréts des éleves. [...] Donc je dois mettre des
elements pour susciter leur intérét. » Le tableau 2 présente la synthése des résultats.

Tableau 2

Synthese des résultats

Questions de recherche Résultats

Quelles sont les caractéristiques individuelles des * Habiletés a créer les taches

concepteurs qui sont susceptibles d’influencer la
conception d’une tache de robotique pédagogique (QR1)?

e Niveau de connaissances du robot
(habileté technologique en robotique

pédagogique)
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Questions de recherche Résultats

. . . . ° i i
Quels sont les outils qui peuvent influencer la conception Curriculum scolaire

d’une tache de robotique pédagogique (QR2)? * Robot pédagogique

e Espace physique de la classe
e Logiciel de programmation
e Pédagogie prévue par le concepteur

Quelles sont les regles qui peuvent influencer la *  Travail en équipe

conception d’une tache de robotique pédagogique (QR3)? ¢  Durée de l'activité

Quelles sont les caractéristiques propres aux €léves qui *  Zone proximale de développement

peuvent influencer la conception d’une tache de robotique
pédagogique (QR4)?

e Intérét des éléves

Discussion

Cette section est structurée autour des différentes questions de recherche abordées dans ce texte
et interprete les résultats a la lumicre de la théorie de ’activité (Engestrom, 1987, 1999) et des études
précédentes.

Caractéristiques individuelles des concepteurs

Selon la théorie de I’activité, les caractéristiques individuelles du sujet sont importantes dans la
réalisation d’une activité (Engestrom, 1987, 1999). Nos sujets dans cette étude sont les enseignants et les
conseillers pédagogiques. Les résultats de recherche soulignent que les caractéristiques individuelles des
enseignants susceptibles d’influencer la conception des taches de robotique pédagogiques visant la
résolution collaborative de problémes par les éleves sont différentes de celles des conseillers
pédagogiques. Dans le cas des enseignants, il faut considérer les habiletés a créer les taches de robotique
pédagogique, alors que dans celui des conseillers pédagogiques, ce sont les habiletés technologiques. La
caractéristique identifiée chez les enseignants est en accord avec les études de Sullivan et al. (2015) dans
le cadre des taches de mathématiques. Quant a celle décelée chez les conseillers pédagogiques, elles sont
une contribution de notre étude. L aisance a créer les tiches demandées dans le cas des enseignants
s’expliquerait par leurs années d’expérience en enseignement. Quant aux conseillers pédagogiques
mobilisés dans cette étude, ils possédent de nombreuses années d’expérience en enseignement, et la
nature de leur role a I’école les positionne comme des experts en mobilisation pédagogique du
numérique aupres des enseignants.

Pour une meilleure conception des taches de robotique pédagogique visant la résolution
collaborative de probleémes, il serait pertinent de mobiliser les enseignants et les conseillers
pédagogiques pour faire la co-conception ou d’améliorer les habiletés des enseignants a créer des taches
de robotique pédagogique.

Facteurs qui influencent la conception des taches de robotique pédagogique soutenant la résolution 13
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Artefacts qui peuvent influencer la conception d’une tache

L’activité du sujet est médiatisée par les artefacts (Engestrom & Pyorild, 2021). Les résultats de
cette étude présentent plusieurs artefacts dont certains sont directement liés au robot : les caractéristiques
du robot pédagogique et son logiciel de programmation. Les autres artefacts identifiés sont propres a
I’enseignement (la pédagogique mise en place et le curriculum scolaire) et a I’environnement physique
de I’enseignant (espace physique de la classe). Les études de Sullivan et al. (2015) ont aussi souligné la
pertinence de considérer les outils dans la conception des taches. En fait, comme le mentionne I’étude de
Sullivan et al. (2015), il n’est pas possible de séparer la conception de la tache de la pédagogie de
I’enseignant. Selon ces auteurs, la prise de décision concernant la pédagogie a implémenter constitue un
¢lément central dans la conception de la tiche. En effet, en fonction de la pédagogie que le concepteur
prévoit de mettre en ceuvre, il va anticiper la réaction des éleves relative a la tache. L’étude de
Tissenbaum et al. (2012) mentionne la pertinence de considérer les caractéristiques de I’environnement
de la classe. En fait, I’environnement de la classe peut encourager les interactions entre les éleves,
notamment par 1’organisation de 1’espace et des outils pédagogiques tels que des tables, la présence
d’écrans ou d’autres technologies visant a faciliter I’orchestration de I’activité. Les résultats de cette
¢tude, en plus d’étre en accord avec celles de Sullivan et al. (2015) et de Tissenbaum et al. (2012),
soulignent qu’il n’est pas non plus possible de séparer la conception d’une tache de robotique
pédagogique du robot pédagogique et du curriculum scolaire, dans le cadre de la résolution collaborative
de problemes.

Régles qui peuvent influencer la conception d’une tache

Les résultats de cette ¢tude ont permis de définir les deux reégles que sont le travail d’équipe et la
durée de I’activité. Par définition, la résolution collaborative de problémes implique que plusieurs
personnes doivent travailler ensemble pour proposer des solutions (Hesse et al., 2015; OCDE, 2013;
Zhang et al., 2022). Ainsi, les résultats de cette étude ont souligné la pertinence de considérer
I’organisation de la classe en équipe. En particulier, il s’agit de déterminer le nombre d’équipes, la
structuration de chacune d’elles et le role de chaque ¢€léve dans celles-ci, qui pourraient dépendre de la
complexité de la tiche. Ces résultats corroborent ceux de 1’étude menée par Hall (2014). Cette derniere
met 1’accent sur le fait que les roles doivent étre clairement définis pour offrir aux éléves la possibilité
de permuter durant la réalisation de la tache.

La durée prévue pour la réalisation de la tache est un facteur pertinent pour permettre le
développement de la résolution collaborative de problémes par les €léves. Ainsi, lors de la conception de
la tache, en plus de considérer cette durée, il faudrait prévoir la durée de gestion et d’installation du
matériel.

Caractéristiques propres aux éléves

Les résultats de cette étude soulignent que deux caractéristiques des éléves sont a considérer :
leur zone proximale de développement et leur intérét vis-a-vis de la tache. Ces résultats sont en accord
avec ceux des travaux de Watson et Ohtani (2015). Toutefois, il n’est pas aisé pour les enseignants
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d’évaluer la zone proximale de développement de chaque éleéve. Ceci est encore plus difficile pour les
conseillers pédagogiques qui congoivent des tAches qui ne sont pas destinées a des éléves en particulier.

Conclusion

L’objectif de cette étude était de définir les facteurs influengant la conception des taches de
robotique pédagogique visant le développement de la compétence de résolution collaborative de
problémes chez les ¢léves du primaire.

Cette étude a mis au jour plusieurs facteurs influengant la conception d’une tache de robotique
pédagogique, notamment les habiletés technologiques et pédagogiques du concepteur, les
caractéristiques des robots et logiciels utilisés, la pédagogie prévue, ainsi que les spécificités des éleves
ciblés par la tiche. Toute comme 1’étude de Sullivan et al. (2015) qui a été réalisée dans le cadre de la
conception des tiches de mathématique, notre étude souligne que la conception d’une tache de robotique
pédagogique visant la résolution collaborative de problémes est multidimensionnelle. Les résultats de
cette étude nous amenent a recommander une co-conception de tiche de robotique pédagogique
impliquant personnes enseignantes et personnes conseilléres pédagogiques pour améliorer la qualité des
taches qui visent a développer la résolution collaborative de problémes chez les éleves du primaire. En
fait, les personnes enseignantes possédent une meilleure connaissance des spécificités de leurs éleves, de
leurs besoins et des contraintes réelles en classe alors que les conseilléres pédagogiques apportent une
vision plus large des stratégies pédagogiques de mobilisation des robots en classe.

La principale limite de cette étude est le nombre limité des participants et dans le fait qu’elle
repose sur les pratiques déclarées par ces derniers. Toutefois, cette étude ouvre de nouvelles perspectives
de recherche en suggérant de mobiliser des approches telles que 1’observation directe des participants
pendant la conception des taches de robotique pédagogique. Il serait également pertinent d’explorer
I’effet de la co-conception des taches par des bindmes personne enseignante/personne conseillére
pédagogique sur la qualité et I’efficacité de la résolution collaborative de problémes.

Facteurs qui influencent la conception des taches de robotique pédagogique soutenant la résolution 15
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Abstract

Online higher education provides exceptional flexibility in learning but demands high self-
regulated learning skills. The deficiency of self-regulated learning skills in many students highlights the
need for support. This study introduces a confidence-based adaptive practicing system as an intelligent
assessment and tutoring solution to enhance self-regulated learning in STEM disciplines. Unlike
conventional intelligent tutoring systems that depend entirely on machine control, confidence-based
adaptive practicing integrates learner confidence and control options into the Al-based adaptive
mechanism to improve learning autonomy and model efficiency, establishing an Al-learner shared
control approach. Based on Vygotsky’s zone of proximal development (ZPD) concept, an innovative
knowledge tracing framework and model called ZPD-KT was designed and implemented in the
confidence-based adaptive practicing system. To evaluate the effectiveness of the ZPD-KT model, a
simulation of confidence-based adaptive practicing was conducted. Findings showed that ZPD-KT
significantly improves the accuracy of knowledge tracing compared to the standard Bayesian
Knowledge Tracing model. Also, interviews with experts in the field underlined the potential of the
confidence-based adaptive practicing system in facilitating self-regulated learning and the
interpretability of the ZPD-KT model. This study also sheds light on a new way of keeping humans
apprised of adaptive learning implementation.

Keywords: adaptive practicing, confidence-based assessment, knowledge tracing, question sequencing,
self-regulated learning, wheel-spinning

Résumé

L’enseignement supérieur en ligne offre une flexibilité exceptionnelle dans I’apprentissage, mais
il exige des compétences élevées en termes d’apprentissage autorégulé. Le manque de compétences
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d’apprentissage autorégulé chez de nombreuses personnes étudiantes met en évidence la nécessité du
soutien. Cette étude présente un systéme de pratique adaptative basé sur la confiance en tant que
solution intelligente d’évaluation et de tutorat pour améliorer 1’apprentissage autorégulée dans les
disciplines STIM. Contrairement aux systémes de tutorat intelligents conventionnels qui dépendent
enti¢rement du controle de la machine, la pratique adaptative basée sur la confiance intégre la confiance
de la personne apprenante et les options de contrdle dans le mécanisme adaptatif basé sur I’intelligence
artificielle (IA) pour améliorer I’autonomie d’apprentissage et I’efficacité du modele, établissant ainsi
une approche de controle partagé entre I'IA et la personne apprenante. Basés sur le concept de zone de
développement proximal de Vygotsky (ZPD), un cadre et un modele innovant de tragage des
connaissances appelé ZPD-KT ont été congus et mis en ceuvre dans le systeme de pratique adaptative
basé sur la confiance. Pour évaluer 1’efficacité du modele ZPD-KT, une simulation de pratique
adaptative basée sur la confiance a été effectuée. Les résultats ont démontré que le modele ZPD-KT a
considérablement amélioré la précision de la tracabilité des connaissances par rapport au modele
traditionnel de tragage des connaissances bayésiennes. De plus, les entrevues avec des experts dans le
domaine ont souligné le potentiel du systeme de pratique adaptative pour faciliter I’apprentissage
autorégulé et I’interprétabilité du modele ZPD-KT. Cette étude a également mis en lumiére une nouvelle
facon de tenir les humains informés de la mise en ceuvre de 1’apprentissage adaptatif.

Mots-cles : apprentissage autorégulé, évaluation basée sur la confiance, pratique adaptative, rouet,
séquence de questions, tracage des connaissances

Introduction

Online education has become an important educational paradigm in the field of higher education.
Self-paced online learning provides increased flexibility because learners can study anywhere, anytime,
and at their own pace. Yet, self-paced online learning faces inherent challenges due to reduced
synchronous interaction when learners study independently and asynchronously (Yan et al., 2020).
Disciplines such as science, technology, engineering, and mathematics (STEM) demand high self-
regulated learning (SRL) skills so that learners are able to self-monitor their learning progress, evaluate
their knowledge proficiency, identify learning gaps, regulate learning efforts, and seek targeted support
(Nuryadin et al., 2024; Schunk & DiBenedetto, 2020).

Previous research has identified a significant positive relationship between SRL strategies and
online academic success (Broadbent & Poon, 2015; Nuryadin et al., 2024; Wong et al., 2019). Self-
regulated learning skills become even more critical for self-paced online learning, which requires high
levels of learner autonomy and has low levels of teacher presence (Lehmann et al., 2014). However, not
every learner has adequate SRL skills. Learners are generally inaccurate when monitoring their learning
without additional instruction (Viberg et al., 2020). In higher education, researchers have found that
instructors tend to focus on course content, providing limited opportunities for scaffolding SRL
(Broadbent, 2017; Jansen et al., 2019; Zimmerman, 2020). Hence, it is imperative to provide learners
with a means to facilitate their SRL in self-paced online STEM higher education. Yan et al. (2022)
argued that adaptive practicing could be an effective tool to meet this need. As a type of formative
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assessment, adaptive practicing selects exercise questions based on individuals’ knowledge states.
Hence, it can assess learners’ knowledge levels, identify learning weaknesses, and provide instructive
feedback and remedial materials for learning.

Adaptive practicing can use computed algorithms (Manouselis et al., 2011) to realize two core
functions: knowledge tracing and question sequencing. Knowledge tracing estimates and tracks learners’
knowledge proficiency based on their responses to questions. Question sequencing decides the optimal
knowledge component and the exercise to practice with each time to obtain the maximum learning gain.

One limitation of previous knowledge tracing models is that they mainly rely on the answer
correctness collected during the assessment (Clement et al., 2015; Pelanek, 2017). However, if certain
question types such as multiple-choice are used for assessment, it is hard to discern learners who guess
correctly from those who actually know the answer (Novacek, 2013). As Clement et al. (2015) pointed
out, answer correctness alone may not tell whether an exercise is effective, but with certain side
information, it could. Regarding side information, Holstein et al. (2020) stated that humans may have
relevant information to which adaptive learning systems are likely blind. Thus, these researchers have
posited that considering learners’ subjective feelings of knowledge in adaptive learning systems can
more efficiently determine whether their answers reflect actual knowledge levels. For example, Novacek
(2013) suggested a confidence-based assessment in which learners select the answers they believe are
correct and indicate their confidence in their selections.

Another limitation of previous adaptive learning systems is that instructional sequencing usually
assumes exclusive machine control but seldom considers learner control. In the context of adaptive
practicing, learners usually do not have any control over which knowledge component or question they
should practice with next time. Learner control is related to the earlier conceptual development of self-
directed learning in distance education, stressing learning autonomy and personal responsibility for the
learning process (Sorgenfrei & Smolnik, 2016). According to self-determination theory (Deci et al.,
1991), learner control can enhance learning motivation by strengthening the human need for
autonomy—the desire to self-initiate, self-control one’s behaviour, control activities, and freely pursue
one’s decisions. Research has demonstrated the importance of learners’ perceived autonomy to their
motivation and academic performance (Hsu et al., 2019; Luo et al., 2021; Sorgenfrei & Smolnik, 2016).

Thus, considering learner inputs on knowledge judgement and question sequencing in the
adaptive practicing model could increase model effectiveness and promote learning autonomy and
engagement. Despite these potential advantages, few studies have explored how these learner inputs are
factored into the Al agent’s decision-making. To the best of our knowledge, studies have not sufficiently
investigated how learner control could be considered in an adaptive practicing model design. As noted
by Doroudi et al. (2019) in a review paper, Al agents could consider learner judgements and control
during decision-making, but such a form of shared control has not been investigated in the context of
instructional sequencing because it is challenging to address the subjectivity of learner judgement and
control. To fill this research gap, our study investigated how to incorporate learner confidence in the
adaptive practicing mechanism to design an Al-learner shared control model. Through simulation,
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significant improvement was found in the effectiveness of such an Al-learner shared control model
compared to the standard Bayesian Knowledge Tracing (BKT) model (Corbett & Anderson, 1994).

This paper begins by reviewing previous work related to human-AlI collaboration approaches and
confidence-based assessment. Then we discuss how we designed a confidence-based adaptive practicing
system and a ZPD-based knowledge tracing framework and model which were built in response to the
research gaps identified by our literature review. We then present the findings of the evaluation of our
model which was conducted through a simulation exploring the effectiveness of the model. Finally, the
advantages and limitations of the model design are discussed.

Related Work

First, we reviewed what has been done regarding human-AlI collaboration approaches designed
for adaptive learning. Then, past studies investigating how learners’ confidence is incorporated into
assessment were examined.

Human-AlI Collaboration Approaches

Human-Al collaboration stresses that humans and Al are partners in achieving the overall goal,
and each party contributes according to its strengths and weaknesses (Brusilovsky, 2024). The general
ideas of learner control have been extensively explored in the educational field and have formed one of
the foundations of SRL (Bjork et al., 2013). In the context of online learning system design, learner
control refers to certain learning process features, such as control over the path, sequence, flow, and so
forth (Sorgenfrei & Smolnik, 2016). Sorgenfrei and Smolnik’s analysis demonstrated that learner control
over variables such as time, pace, navigation, and design is associated with improved learning outcomes.

Some studies have considered how to keep humans in the loop of Al-based adaptive learning.
Brusilovsky (2024) summarized four approaches of Al-learner shared control for adaptive content
selection. One approach is through the editable learner model (Weber & Brusilovsky, 2001). In Weber
and Brusilovsky’s ELM-ART system, the Al determines the state of learner knowledge and displays it to
the learner, while the learner has a chance to correct obvious errors. The second approach is called
ranking-based human-Al collaboration (Rahdari et al., 2022), whereby Al does the work of careful
selection and ranking, but the learner has the final say in selecting the most relevant content item. A
third approach is adaptive navigation support (Brusilovsky, 2007) where Al works in the background to
decide the best links to appropriate content, but Al advice is provided in a less direct form, and the final
control is in learners’ hands. The fourth approach is that learner control is enabled during the decision-
making process. For example, the system can allow the user to choose one of the available content
selection algorithms (Ekstrand, 2015) or let the learner control some parameters of the recommendation
process (Papousek & Pelanek, 2017).

These approaches show some possibilities of how Al-learner shared control can be realized in
adaptive learning. However, as Brusilovsky (2024) pointed out, content selection in the first three
approaches is mainly done by Al agents alone, while learners are only involved at the beginning for
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learner model adjustment or at the end for selecting content from what is recommended by Al agents.
The fourth approach requires extensive knowledge of learners in computing algorithms and adds
extraneous cognitive load for learning. The limitations of previous approaches call for a more
straightforward and effective Al-learner shared control model for adaptive practicing.

Confidence-Based Assessment

Multiple-choice questions remain prevalent in traditional assessments, but their reliance on
binary scoring (correct/incorrect) fails to distinguish between mastered knowledge and guesswork, a
limitation widely acknowledged in current pedagogical research (Preheim et al., 2023). To address this,
confidence-based assessment techniques combine the answer selection with learners’ perceived certainty
levels (e.g., not sure, partly sure, and sure), enabling a nuanced evaluation of knowledge mastery
(Gardner-Medwin & Curtin, 2007; Remesal et al., 2023). For instance, Smrkolj et al. (2022)
demonstrated that this approach improves the reliability of assessments by penalizing confidence errors
and rewarding accurate self-awareness. Inspired by this confidence-based assessment technique, we
proposed integrating learners’ confidence in the adaptive practicing model to improve the knowledge
tracing efficiency.

Our Approach to an Al-Learner Shared Control Model Design

To design an Al-learner shared control model, we first determined what learner inputs should be
considered in the adaptive practicing model. We then describe the theories that supported our model
design.

Learner Input

The idea of increasing interaction between humans and machine-learning algorithms is to make
machine learning more accurate or to obtain the desired accuracy faster through learning with humans
(Mosqueira-Rey et al., 2023). Inspired by confidence-based assessment techniques, we realized that
answer responses combined with learners’ perception of their knowledge levels (e.g., confidence or
difficulty rating) could potentially make knowledge tracing more efficient. For example, if learners skip
a question and indicate it is too easy, or if a learner answers a question correctly and indicates full
confidence, this learner likely has mastered the knowledge. The integration of such learner inputs could
be an algorithmic advantage compared to the traditional knowledge tracing models, such as the BKT
model (Corbett & Anderson, 1994), which typically needs many questions to train the model because of
the parameters of guessing and slipping (careless mistakes) considerations. Therefore, we included
confidence rating and question skipping as learner inputs in the adaptive practicing model.

Confidence Rating

After learners selected an answer to a multiple-choice question, they could indicate their
confidence level on a scale ranging from no confidence to full confidence, with intermediate levels of
low, moderate, and high confidence.
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Question Skipping

Our model gave learners the option to skip a question if they felt it was too easy or too hard.
Learners’ question-skipping choice could override the system’s decision on question selection to avoid
boredom or frustration. Also, time would be saved by skipping ineffective exercises. We argue that
question-skipping is also based on learner confidence in the knowledge tested by the question.

Supporting Theories for the Model Design

The design of our adaptive practicing model was based on the following learning theories.

Knowledge Space Theory

Knowledge space theory (Doignon & Falmagne, 1999) is a theoretical framework which
proposes that every knowledge domain can be represented in terms of a set of knowledge components
(KCs). Knowledge states represent the subset of KCs a learner has mastered or learned. Each KC is
assessed by a set of questions. The KCs in a knowledge domain usually are interrelated or have
prerequisite relationships. Our study treated course learning outcomes as the KCs. So, the adaptive
practicing model considered the prerequisite relationships among learning outcomes when selecting the
optimal questions for practicing.

Zone of Proximal Development

The concept of zone of proximal development (ZPD) by Lev Vygotsky refers to a zone where a
learner can complete tasks with assistance but not independently (Vygotsky, 1978). According to
Vygotsky, concrete growth can only occur in the ZPD, and learning is most effective when timely
support is provided. Traditional self-assessment usually contains a set of exercises without any adaptive
mechanism. With such a one-size-fits-all assessment approach, some learners may feel under-challenged
or bored, while others may feel over-challenged or frustrated. According to Vygotsky’s theory, this
problem stems from the fact that each learner has a different ZPD at any given time (Vainas et al.,
2019). The adaptive practicing model in this study attempted to mitigate this problem by tracking
learners’ ZPD and keep them practicing in their ZPD. As a well-known and vastly researched concept in
educational psychology, ZPD has laid the foundation for personalized learning, and some ZPD-based
learning tools have been developed to sequence instructional content (Vainas et al., 2019).

Dynamic Difficulty Adjustment

Dynamic difficulty adjustment is a technique often used in video games to automatically adjust
the game’s difficulty level in real time based on the player’s ability (Zohaib, 2018). In the field of
education, this technique can be borrowed to adjust the difficulty of learning materials based on
learners’ skill levels to keep them engaged. This technique can be instrumental in online environments
where it is difficult to provide personalized feedback and support to individual learners. Inspired by this
technique, adaptive practicing can be realized through different adaptive methods such as modifying the
difficulty level of the exercises, changing the sequence of the questions, or adjusting the pace of the
practice.
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A New Adaptive Practicing System and Its Model Design

This study investigated a confidence-based adaptive practicing (CAP) system and a ZPD
Knowledge Tracing (ZPD-KT) model design. Inspired by the Intelligent Tutoring System’s four-
component structure (Nkambou et al., 2010), a six-module architecture for CAP design was developed
(Figure 1). The six modules included the user interface, domain model, knowledge tracing, question
sequencing, wheel-spinning detection, and system self-learning.

Figure 1
The Architecture of the Confidence-Based Adaptive Practicing System
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The user interface of CAP consists of essential components such as question body, options,
feedback, and buttons for navigation and responding (Figure 2). Unlike conventional practicing systems,
the CAP interface includes two unique components: (a) a question skip option, along with answer
options whereby if a question is too hard or too easy, a learner could choose to skip it, and (b) a learner
confidence rating, which allows learners to select their confidence level in the answer. After selecting an
answer, learners are asked to rate their confidence using a Likert scale (1 = no confidence to 5 = full
confidence).

User Interface Module
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Figure 2

Example of the Learner Interface of the Confidence-Based Adaptive Practicing System

Introduction to Programming m
Unit: Fundamentals of JavaScript

I Learning Outcome: LO1 - Understand basic programming concepts

Question 1

What is a variable in programming?

A fixed value that cannot be changed Skip this question -

A container for storing data

Too Easy / Mastered
A type of loop

A mathematical operation Too Hard / Stuck
Your confidence in the answer:
No Low Moderate High Full

Incorrect. Variables are not mathematical operations; they can store the results of operations.
Explanation: A variable is a container for storing data that can be modified during program execution.

«— Previous Save & Exit

Domain Model

As illustrated in Figure 1, the CAP system was built on the domain model which describes four
types of information: (a) the KCs covered by the practicing, (b) the knowledge learning paths from the
initial state to the final state (Figure 3), (c) the dependencies among those KCs, and (d) the exercises
(including question item, options, correct answer, and feedback) corresponding to each KC. In higher
education, learning outcomes are generally the competencies that learners should master, typically
expressed in Bloom’s taxonomy. For the purposes of this study, learning outcomes were regarded as

KCs.
Knowledge Tracing Module

The knowledge tracing module detects a learner’s knowledge state and tracks their changes
during practicing. Relative to the ZPD, four cognitive statuses on a KC were defined in this study:

. mastered: a KC has been learned (above the ZPD)

Adaptive Practicing Design to Facilitate Self-Regulated Learning 8



CJLT/RCAT Vol. 50 (3)

. in-learning: a KC is being learned (in the ZPD)
. unlearnable: beyond a learner’s ability (below the ZPD)
. wheel-spinning: stuck or unproductive struggle

Wheel-spinning is a learning phenomenon analogic to a car stuck in snow or mud—the wheels will spin
without getting anywhere despite devoting effort to moving (Beck & Gong, 2013).

Figure 3 shows one example of a learner’s knowledge states at a given time during practice for
learning a topic. There are nine learning outcomes (LOs) in this topic: A, B, C, D, E, F, G, H, and I, each
mapping to an exercise set (i.e., exercises a, b, ¢, d, e, f, g, h, and 1). Some prerequisite relationships exit.
For example, LO-B is a prerequisite for LO-E, which is a prerequisite for LO-F and LO-G.

In Figure 3, the KCs in green (A, B, C, D, and E) are mastered; KCs in yellow (G and H) are in-
learning; the KC in grey (I) is unlearnable; and the KC in red (F) indicates wheel-spinning.
Figure 3

An Example of a Learner’s Knowledge States

[ Initial State (State_0) ]

E-c E-d

Exercise-a
1 1

E-b
E-e
\ 4 A 4
[ State_C-D (State_1) ]
E-f E-g

E-h

1
A 4 A 4

€ -

[ State_F-G-H (State_2) ] Learning Status
E-i In-learning
Wheel-spinning
Unlearnable
1
A 4
[ Final State_A-| (State_3) ]

Note. Letters A through I in the figure indicate learning outcomes for this topic. Letters E-a through E-i indicate the sets of
exercises that map to the respective learning outcomes.
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Learners’ ZPD usually move to higher levels as they learn or practice. Figure 4 shows an
example of how a learner’s ZPD moved from one level to the next, demonstrating an increase in ability.
Since learning is a dynamic process, the knowledge tracing module needed to track learners’ ZPD based
on their responses in order to present optimal questions for maximum practice effectiveness. That is why
we chose a ZPD-KT framework and model.

Figure 4

Example of a Learner’s Changing Zones of Proximal Development as Determined by Practice Iteration
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Note. L1 is Level-1; L2 is Level-2; L3 is Level-3; T1 is Time-1, T2 is Time-2; T3 is Time-3.

Zone of Proximal Development Knowledge Tracing Framework

To use the ZPD concept for knowledge tracing purposes, nine ZPD levels corresponding to
learners’ answer correctness and confidence rating were defined. These nine ZPD levels include: above,
ceiling, upper, mid-upper, mid, mid-lower, lower, flooring, and below. Each ZPD level is associated
with a range of mastery values. Table 1 depicts the mapping relationships between learner responses and
the ZPD levels. For example, if the answer was correct and the confidence was rated high, the learner’s
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ZPD level would fall under ceiling and the mastery value would be in the high range [0.80-0.95]. It is
important to note that the ZPD level determined by learners’ responses and confidence rating comes
with some subjectivity due to reliance on learners’ reported perceptions rather than objective measures.

Table 1

Learner ZPD Categorized by Correct Answers, Confidence Rating, and Mastery

Zone Answer correctness ~ Confidence rating ~ Mastery range ~ Midpoint mastery
Above ZPD! True Full 0.95-1.00 0.975
Ceiling ZPD True High 0.80-0.94 0.875
Upper ZPD True Moderate 0.65-0.79 0.725
Mid-upper ZPD True Low 0.55-0.64 0.600
Mid ZPD True/False No 0.45-0.54 0.500
Mid-lower ZPD False Low 0.35-0.44 0.400
Lower ZPD False Moderate 0.20-0.34 0.275
Floor ZPD False High 0.05-0.19 0.125
Below ZPD? False Full 0.00-0.04 0.025

Note. ZPD = zone of proximal development. 'If a question was skipped because it was too easy or mastered, the question also
fell into the category of above ZPD. 2If a question was skipped because it was too hard or the learner got stuck, the question
also fell into the category of below ZPD.

Zone of Proximal Development Knowledge Tracing Algorithm

Based on the ZPD-KT framework, a ZPD-based knowledge tracing algorithm was created. The
algorithm first examines a learner’s response to a question (answer correctness and confidence rating),
and then determines the ZPD level (Table 1). The midpoint of the mastery range of that ZPD level is
then used as the newly observed mastery value (denoted in Equation 1 as masteryZPD). Because of the
subjectivity of the confidence rating, we decided it would be more reliable to consider the historical
trend of the mastery values. Therefore, the current estimated mastery value is calculated as shown in
Equation 1: the average of the previously predicted mastery value and the current observed mastery
value. Then, since the practicing system provides learners with feedback or remedial materials, a
learner’s mastery value is predicted to increase by a learning rate (LR), as formulated in Equation 2.

masteryEstimated[¢] = (masteryPredicted[z-/] + masteryZPD[¢]) / 2 (1)
masteryPredicted[/] = masteryEstimated[f] + (1 - masteryEstimated[¢]) x LR (2)

The ZPD-KT model is more transparent and interpretable to educators than some machine
learning-based knowledge tracing models (e.g., BKT). Therefore, there would be a higher likelihood of
it being adopted in a real-world teaching context.
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Wheel-Spinning Detecting Module

The wheel-spinning detecting module was designed to detect a learning situation where learners
struggled unproductively with a KC. When feedback and remedial materials provided in the adaptive
practicing could not help learners move forward, this module would alert the learners of wheel-spinning
and suggest they ask for help from other sources, such as academic experts. Wheel-spinning happens
when a learner keeps spending time on an unlearnable KC. Given that prerequisite relationships among
KCs exist, a KC may be unlearnable because its prerequisite KCs have not yet been mastered. In such
cases, the learner should be directed to the prerequisite KCs for practicing first. A learner is wheel-
spinning on a KC if the following two conditions are met: (a) a KC is detected unlearnable; and, (b) all
its prerequisite KCs have been mastered.

Question Sequencing Module

The question sequencing module provides individual learners with the optimal question sequence
to obtain the maximum learning gain at each practice opportunity. The optimal question presented to a
learner is based on the learner’s knowledge state predicted in the knowledge tracing module. In the CAP
system, question sequencing consists of two steps: (a) select the optimal KC from all KCs that are not
mastered yet for practicing, and (b) select the optimal question from a question pool corresponding to
the KC. The optimal KC selection is determined by three factors: (a) prerequisite relationships among
KCs (the prerequisite KC should be practiced first); (b) the mastery level of each KC (the KC with a
mastery level closer to upper ZPD should be practiced first in the CAP system); and (c) the Bloom’s
taxonomy level of each KC (the KC with lower level should be practiced first). Equation 3 formulates
the optimal score calculation for KCs by summing the score of each factor with a certain weight,
expressed in the equations as kcScore. After a KC is selected, a question is chosen from a question pool
corresponding to the selected KC by checking their difficulties against the KC mastery level and their
practice history (as shown in Equation 4). The weights were initially set based on experts’ experience.

kcScore = wl x prerequisteScore + w2 x masteryLevelScore + w3 x BloomScore 3)

questionScore = w4 x difficultyMatchScore + w5 x practiceHistoryScore 4)

System Self-Learning Module

Learning is a complex process. In the environment of adaptive practicing, there are many
additional uncertainties. First, the learner confidence rating is somewhat subjective. For example,
learners may be overconfident or underconfident in their knowledge level. Second, the prerequisite
relationships among KCs could be hard or soft and sometimes challenging to quantify. In addition, the
effectiveness of exercise questions for a particular KC can vary widely. Therefore, the cognitive status
deduced by learners’ responses reflects a likelihood rather than certainty. For example, if learners
answer a question correctly and indicate full confidence, it is likely that learners have mastered the
knowledge, but it is still possible that this is not the case. To avert the subjectivity of learner confidence
and improve the accuracy of knowledge tracing in the CAP, a system self-learning module was
designed. This module aimed to optimize the LR (as shown in Equation 2) by analyzing learning data
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continuously collected from the system. The expectation-maximization technique was used in the
system self-learning module to find the maximum likelihood of the parameter, in this case, the LR.

Module Evaluation

It is crucial to evaluate the CAP system and the ZPD-KT model design for their effectiveness in
tracing learners’ knowledge, selecting optimal exercise questions, and detecting wheel-spinning. Two
evaluation phases were conducted: (a) interviews with experts to gain insights into the strengths and
weaknesses of the model design, and (b) simulation of the model to test its effectiveness.

Interview

In the first phase, feedback was gathered by interviewing four experts: three in the field of
computing for education and one in physics. These experts work at an online university and teach self-
paced courses in STEM disciplines. During the interview, we explained the purpose of this research
project, demonstrated the CAP system, and explained the ZPD-KT model. All interviewees indicated
they had already realized the SRL-related challenges in self-paced online education, and agreed that:

(a) embedding such adaptive practicing activities in courses could be an effective solution to address this
challenge for STEM disciplines; (b) the ZPD-based knowledge tracing framework and algorithm are
easy to understand and make sense; and (c) incorporating learner confidence and learner control could
help improve learner engagement and learning autonomy. The experts also offered some suggestions for
design improvement. For example, some wondered whether the large language model Al technology
could help instructors create exercise questions to reduce their workload, whether different question
difficulty levels should be considered, whether the learning rates should be personalized for individual
learners, and so forth. Based on this feedback, the model design was refined.

Simulation

In the second phase, a simulation of the CAP system and the ZPD-KT model was conducted.
Running a simulation allows for thorough testing of its functionality before implementation. Simulating
various scenarios allows potential flaws and issues to be identified and addressed in the design stage. By
testing the system with different data inputs and user behaviours, it is possible to optimize the
algorithms to make the design more effective, accurate, and robust.

Simulation Setup

The simulation was created in JavaScript for a web application. We simulated a computer
science course with five learning outcomes (KCs) at different Bloom’s taxonomy levels (i.e., remember,
understand, apply, analyze, evaluate, or create). Certain prerequisite relationships were set up for these
learning outcomes. Each learning outcome mapped to a pool of exercise questions with different
difficulty levels. A total of 8,000 learners were simulated. The main goal of the simulation was to find
out how well the ZPD-KT predicted the mastery value at each practicing opportunity, or how much the
prediction error would be. Therefore, these learners were randomly assigned an initial estimated mastery
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value for each learning outcome following a normal distribution. A learning rate was specified for
predicting the new mastery value. Also, these learners were randomly assigned an initial actual mastery
value for each learning outcome. A random value between 0.1 and 0.3 was drawn as the actual learning
increment at each practice opportunity. The ZPD-KT model needed to track the changing knowledge
levels of all learners who had different initial actual mastery values and learning increments. To do this,
we also simulated the standard Bayesian Knowledge Tracing (stdBKT) model as the baseline for
comparison.

Findings

First, the simulation helped refine the ZPD-based knowledge tracing algorithm. Also, it showed
that the ZPD-KT model has significantly higher prediction accuracy than the stdBKT model.

Zone of Proximal Development Knowledge Tracing Algorithm Improvement

By experimenting through simulation, we discovered that the prediction accuracy could be
improved significantly if the learning rate was adjusted for each practicing opportunity based on their
mastery values (Equation 5).

LR = baseLLR x masteryZPD[¢] x [1 + (masteryZPD|[¢] — masteryPredicted[z-/])] (5)

By running the system self-learning module, we identified that the optimal base learning rate (baseLR)
is 0.517.

Prediction Accuracy

The simulated practicing data for both ZPD-KT and stdBKT models were compared for
prediction accuracy. Figure 5 shows each model’s average prediction deviation for each learning
outcome. Figure 6 shows an example of the knowledge tracing progression on a learning outcome for a
student comparing the two models.

The average prediction deviation is calculated as shown in Equation 6:

YI_1(Pt—Ar)
T

t = practice time

(6)

T = the total number of practices
P; = the predicted mastery value at time t

+ = the actual mastery value at time t
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Figure 5

Prediction Deviation Comparison Between the Two Research Models
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Note. stdBKT = standard Bayesian Knowledge Tracing; ZPD-KT = zone of proximal development knowledge tracing;
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Figure 6
An Example of Knowledge Tracing Progression of ZPD-KT vs. stdBKT
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Note. stdBKT = standard Bayesian Knowledge Tracing; ZPD-KT = zone of proximal development knowledge tracing;
LO = learning outcome.
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Table 2 shows two comparison metrics for all learning outcomes and all students: (a) the average
prediction deviation from the actual mastery value and (b) the accuracy of predicted mastered status.

Table 2
Overall Comparison Between ZPD-KT and stdBKT Model

Metric stdBKT ZPD-KT stdBKT vs. ZPD-KT ¢ p
Average prediction deviation 0.174999 0.116735 26.05 <.0001
Accuracy of predicted mastered 82.83% 88.29% -24.41 <.0001

Note. stdBKT = standard Bayesian Knowledge Tracing; ZPD-KT = zone of proximal development knowledge tracing.

With a learner sample size of 8,000 and total trials of around 20,000, the statistical comparison
between stdBKT and ZPD-KT reveals significant differences in both metrics. For average prediction
deviation, the #-statistic is 26.05, indicating a highly significant difference favouring ZPD-KT’s lower
deviation. The accuracy of predicted mastered again shows a significant difference in favour of ZPD-
KT’s higher accuracy. These results strongly suggest that ZPD-KT outperforms stdBKT in both
prediction accuracy and mastery identification, with the large sample size providing robust statistical
evidence for these conclusions.

Discussion

Traditionally, higher education courses mainly focus on instructional content. As more educators
realize that SRL can be a critical factor for online learning success, they are using formative assessment
to permit learners to self-check their knowledge proficiencies and weaknesses. Nevertheless,
Ebbinghaus’ (1913) forgetting curve reminds us that retrieval practice is essential. Also, learners need to
consolidate interrelated concepts and skills covered across units or entire courses. In some cases,
learners may need to identify the root cause of the academic difficulties they are experiencing, such as
struggling with a concept or skill.

Unlike traditional self-assessments that rely on predetermined questions, adaptive practicing
systems trace learners’ knowledge levels as they keep changing. This study designed a CAP system for
learning autonomy and efficient adaptivity. As an Al-learner shared control model, ZPD-KT effectively
embeds learner confidence and learner control in the model design.

The ZPD-KT model tested significantly increased prediction accuracy compared to the stdBKT
model through simulation, but it still has great potential for improvement. For example, the mastery
ranges specified in the ZPD-KT framework shown in Table 1 and the weights used for question
sequencing as shown in Equations 3 and 4 are all based on educators’ experience and therefore are
somewhat arbitrary. They could be further optimized by analyzing learners’ practicing data through
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machine learning technology. This optimization process could be integrated into the system self-learning
module.

Although the CAP system is designed with STEM courses in mind, it could be used for any
discipline. Since CAP carefully considers the prerequisite relationships among KCs, it has a tremendous
advantage when dealing with subjects that have complex learning topics and hierarchical structures.
However, the CAP system does not consider the forgetting factor during the practicing process. To
address this issue, we plan to embed the spaced practice principle in the future, which could especially
benefit learning outcomes at the lower levels of Bloom’s taxonomy.

Additionally, the ZPD-KT model does not require training with massive historical data, so it
eliminates the cold start problem and reduces potential biases caused by training data. While initially
designed for self-paced online higher education, CAP could be used in many other online learning
environments. However, further research and experiments are needed to validate such hypotheses.

Conclusion

Facilitating self-regulated learning skills is critical for success in education. To do this, an Al-
learner shared control model (ZPD-KT) for a confidence-based adaptive practicing (CAP) system for
self-paced online STEM courses was designed. Through a simulation, the model design was refined and
its effectiveness was tested. In practical terms, the comparison shown in Table 2 suggests that ZPD-KT
is substantially more effective than the stdBKT model. This improvement could lead to more
personalized and efficient experiences for learners when implemented in educational technology
systems.

Although designed to facilitate self-regulated learning, adaptive practicing could also reduce
instructor workload for academic support in self-paced online learning. By exploring integrating learner
confidence and control in the adaptive practicing system, this study can shed light on researching a new
way of keeping human learners in the loop of Al-based adaptive learning.

So far, this study has only investigated confidence rating and question skipping in the Al-learner
shared control model. Future research could investigate how other side information is included in the
model. For example, learners’ affective states (e.g., confusion, engagement, frustration, and distraction)
also indicate learning performance and could be considered in the adaptive practicing model design. At
this stage, a simulation was conducted to evaluate the effectiveness of the CAP system and the ZPD-KT
model. However, an experiment with real-world courses is planned to evaluate how learners react to the
interaction design of the CAP, such as how they feel about the options provided for the confidence
rating and question skipping.
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Abstract

Previous research has identified a considerable amount of variability in how healthcare
professionals are taught to recognize, assess, and manage concussions. Responding to these findings, an
innovative applied learning technology tool, the Athletic Therapy Interactive Concussion Educational
(AT-ICE) Tool, was developed to help teach athletic therapy students how to recognize, assess, and
manage concussions. The purpose of this research was to employ an interpretivist conceptual framework
to explore athletic therapy students’ perceptions of this tool. A questionnaire was used to identify
individual factors that impacted student perceptions of AT-ICE and how it could be integrated into the
classroom. Overall, participants enjoyed using AT-ICE and felt it helped to stimulate their critical
thinking about the entire continuum of concussion care. Several important themes emerged including the
importance of detailed scenarios, sharing lived experiences, and integrating anatomy within assessment
and management scenarios. Findings suggest that AT-ICE was an effective educational technology that
stimulated critical thought throughout the entire continuum of concussion care. Future research could
continue to investigate the effectiveness of the tool or explore different ways to implement it in formal
athletic therapy educational settings.

Keywords: applied learning technology, athletic therapy education, concussion care

Résumé

Des recherches antérieures ont identifi¢ une variabilité considérable dans la maniére dont les
personnes professionnelles de la santé apprennent a reconnaitre, évaluer et gérer les commotions
cérébrales. En réponse a ces résultats, nous avons développé un outil techno pédagogique
d’apprentissage appliqué novateur, 1’outil éducatif interactif sur les commotions cérébrales en thérapie
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sportive (AT-ICE), pour aider a enseigner aux personnes ¢tudiantes en thérapie sportive comment
reconnaitre, évaluer et gérer les commotions cérébrales. Le but de cette recherche était d’utiliser un
cadre conceptuel interprétatif pour explorer les perceptions des personnes étudiantes en thérapie sportive
a I’égard de cet outil. Un questionnaire a ét¢ utilisé pour identifier les facteurs individuels qui ont eu un
impact sur les perceptions des personnes étudiantes a I’égard de 1'outil AT-ICE et sur la maniére dont il
pourrait étre intégré dans le cours. Dans I’ensemble, les personnes participantes ont apprécié 1’utilisation
de I’outil AT-ICE et ont estimé qu’il les aidait a stimuler leur réflexion critique sur I’ensemble du
continuum des soins des commotions cérébrales. Plusieurs themes importants ont également émergé,
notamment l'importance de scénarios détaillés, du partage d'expériences vécues et de l'intégration de
l'anatomie dans les scénarios d'évaluation et de gestion. Les résultats suggerent que 1'outil AT-ICE était
une technologie éducative efficace qui stimulait la pensée critique tout au long du continuum des soins
des commotions cérébrales. Les recherches futures pourraient continuer d'étudier 1'efficacité de I'outil
tout en explorant différentes fagons de le mettre en ceuvre dans des contextes éducatifs formels de
thérapie sportive.

Mots-clés : éducation en thérapie sportive, soins des commotions cérébrales, technologie
d’apprentissage appliqué

Introduction

Concussions have the potential to become a burden for the public health care system when not
immediately recognized (Damji & Babul, 2018). Previous research has identified a considerable amount
of variability within healthcare professional education regarding the recognition, assessment, and
management of concussions (Haider et al., 2018; Mann et al., 2017; Yorke et al., 2016), which has the
potential to contribute to challenges in consistently identifying such injuries. Youth and adolescent
concussions reported to hospital emergency departments saw a four-fold increase over the 11-year
period of 2003-2013 (Zemek et al., 2017) with sport participation being the most common mechanism
of injury (Iverson et al., 2023; Zemek at al., 2017). Certified athletic therapists/trainers (ATs) are unique
in that they are typically one of the only health care providers managing concussions from initial injury
identification through full recovery. In many sporting environments, ATs are the first responders on site
to recognize and identify athletes with suspected concussions (Broglio et al., 2014). With a growing
need to recognize potential concussions early and prevent long term sequalae (D. King et al., 2014), it is
critical for ATs to have training and a comprehensive background in concussion recognition,
assessment, and management.

The Sport Concussion Assessment Tool™ 6 (SCAT6) recognizes ATs as members of the sport-
related concussion network with expertise in diagnostic assessments, clinical evaluations, and treatment
interventions for sport-related concussions (Echemendia et al., 2023). While many ATs have used the
evolving SCAT tools since the first International Conference on Concussion in Sport in 2001, a study by
Lempke et al. (2020) showed that 40.1% of AT participants were not familiar with the SCATS. SCATS
was the most current protocol at the time of their publication, as recommended by the consensus
statement on concussion in sport (McCrory et al., 2017). The Lempke et al. (2020) finding may be
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because there was and continues to be no defined minimum standard for concussion recognition,
assessment, and management within the AT profession. Despite the unique healthcare training of ATs,
variability exists in the educational approaches to concussions (Lempke et al., 2020).

In addition to the availability of concussion assessment tools and consensus statements related to
concussion management and best-practice guidelines, there is a need for educators of aspiring ATs to
provide more consistent training and greater opportunities for learning the entire continuum of
concussion care, being recognition, assessment, and management. While variability exists within each
accredited institution for teaching AT in Canada, current concussion education about the recognition,
assessment, and management of concussions is delivered through didactic theory in the traditional
classroom setting, skill practice during guided laboratory settings, and experientially through various
placements with teams and in clinical settings throughout students’ respective programs (C. D. King &
Hynes, 2021). However, due to the nature of student placements in most healthcare professions, each
student is not guaranteed to follow concussions across the entire continuum from point of injury to
return to sport. While theoretical and practical education are valuable, they do not guarantee that
students will obtain the confidence to manage concussions upon graduation (Yorke et al., 2016). Hunt et
al. (2017) discovered unique perspectives from students about effective concussion education and
concluded that AT educators should explore different educational techniques that encourage higher-level
thinking and implementation, instead of focusing on traditional didactic education. Simulation education
is one method that can help foster higher order thinking with physical skill response and has been shown
to improve the learners’ confidence in the absence of lived experience in student placements (Miller et
al., 2018). Unfortunately, this method of learning and skill development is not always accessible to
students across all academic institutions due to the cost and space availability to house such equipment.

To provide the most optimal educational experience that imparts strong foundational knowledge
coupled with confidence in the execution of practical skills, educators are encouraged to reflect on the
scope of practice of their respective profession, the unique characteristics of their educational context,
and effective pedagogical strategies for improving the ways that health professionals learn about
recognizing, assessing, and managing concussions. In response to this need, we have developed the
Athletic Therapy Interactive Concussion Educational (AT-ICE) Tool, an online applied learning
technology designed to engage students in realistic and interactive concussion scenarios to help to bridge
the gap between classroom activities and real-world situations.

Method

Conceptual Theoretical Framework

The purpose of this project was to explore student perceptions of the learning technology tool
called AT-ICE. The decision was made to employ an interpretivist conceptual framework to guide the
design of this study instead of exploring the tool’s effectiveness solely through a statistical positivist
lens (Ashley & Orenstein, 2005). Following this interpretivist epistemology allowed us to explore some
of the individual factors that impacted students’ perceptions of AT-ICE and how it could be integrated
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into the classroom, an important aspect to consider when designing educational interventions (Dean,
2018). Generalizability of findings is not a tenet of interpretivist inquiry (Stenfors-Hayes et al., 2013).
Readers can compare their unique educational contexts to those described in this study, before
determining if this or a similar tool would be beneficial to use within their specific context.

Participants

University research ethics approval was granted by each of the Canadian Athletic Therapists
Association (CATA) accredited institutions prior to data collection. There were nine CATA institutions
at the time of the study. Recruitment emails were sent through the program directors to the graduating
student cohorts from each institution. A total of 35 students responded, although 13 responses were
removed from the sample due to being incomplete. Complete responses were provided by 22
participants (20.7+1.2 years; 14 females, 8 males), representing five CATA accredited institutions.

Instrumentation

Athletic Therapy Interactive Concussion Educational Tool

Prior to completing the questionnaire, participants were first asked to independently review AT-
ICE. It is an online learning technology tool designed to engage students in realistic, contextually
authentic concussion scenarios by integrating the knowledge and practical skills required to effectively
recognize, assess, and manage concussions (C. D. King & Hynes, 2022). The AT-ICE guides students
through complete situational experiences covering the entire continuum of concussion care, starting with
on-field recognition of a potential injury, all the way through the concussion management process.
During the development process, AT experts were engaged to help define the minimum standard/level
of competence that should be expected of entry-level ATs (C. D. King & Hynes, 2022). Various
technologies and pedagogical strategies were incorporated into each component of the online tool to
engage students in the various types of knowledge, skills, and reflection required for effective
concussion care.

Figure 1 shows AT-ICE Injury Scenario #1 as an exemplar of the template used for each
concussion scenario within AT-ICE. The template consists of: 1) an introductory section that sets up the
initial scenario; 2) the initial on-field assessment; 3) further on-field assessment; 4) off-field sideline
assessment; 5) anatomy section; 6) initial concussion management; and 7) reflection questions section.
To organize the different types of questions, each section in the template was further divided into three
subsections, incorporating different pedagogical strategies, activities, and technologies.

Student Perceptions of the Athletic Therapy Interactive Concussion Educational (AT-ICE) Tool 4



CJLT/RCAT Vol. 50 (3)

Figure 1
AT-ICE Injury Scenario #1
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The first subsection labeled Brain Storm (Figure 2) included content knowledge questions using
multiple-choice, matching, and open-ended questions, which provided further critical thinking
opportunities for students. The second subsection, Brain Share, involved structured peer activities that
engaged students in essential physical assessment psychomotor skills required to demonstrate
competence in concussion care. This subsection encouraged the use of technology by asking students to
video themselves performing specific concussion tests and uploading them with their submission. By
videoing their skills, each student could critically reflect on their performance, retake the video until it
met their satisfaction, and then they could upload a final version to be evaluated by their instructor.
Brain Share activities helped to structure peer-assisted learning by prompting students to discuss with a
partner their experiences about a particular situation (such as “With a partner, discuss how you would
rule out each of the injuries included in the answer above”). The final subsection, Brain Tease, included
critical thinking questions that asked students to think about how they would respond to a particular
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situation (such as, “You are completing your on-field assessment and a referee comes over asking you to
hurry up and get the athlete off the field. How would you handle this situation?”).
Figure 2

Brain Storm Section Example
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Brain Storm

Match each video to the name of the
cranial nerve or VOMS test from the

list below.

Video 1:

Questionnaire

A custom questionnaire was designed using the Acadia University Online Survey system, to
explore student perceptions about using technology for learning, and about using AT-ICE (Appendix).
The questionnaire statements about using technology for learning were important to gauge participants’
initial predisposition to technology, because, as Hart and Sutcliffe (2019) wrote, if students were
intimidated by, or had initial negative attitudes towards using technology for learning, then those
perceptions could impact the overall findings of the study. The questionnaire also included open-ended
questions asking students to reflect on improvements for the tool and potential ways to implement such a
tool within formal academic settings. The questionnaire was initially field-tested with two teachers from
CATA accredited programs, and with two AT students who were not eligible to participate in the study,
because they were not in the graduating year of their program. During this review process, the
questionnaire was reorganized and grammar was corrected.
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Procedure

A recruitment email was sent to all program directors of the nine CATA accredited institutions
(Acadia University, Camosun College, Concordia University, Mount Royal University, Sheridan
College, Université du Québec a Trois-Rivieres, University of Manitoba, University of Winnipeg, and
York University) and asked to be distributed to the graduating student cohorts from each institution. The
recruitment email included the links for the consent form, AT-ICE (www.at-ice.ca), and the online
questionnaire. After providing consent, participants were instructed to review AT-ICE first, before
responding to the online questionnaire. Program directors were sent a reminder email two weeks after
the initial communication. It was explained to all students that participation was voluntary and not a
mandated part of their academic program. Additionally, program directors were not provided
information as to who decided to participate in the research project.

Data Analysis and Trustworthiness

As seen in Appendix, the questionnaire asked participants to report their level of agreement with
16 statements by selecting a single response on a 5-point Likert scale ranging from 1 = strongly disagree
with the statement to 5 = strongly agree with the statement. Since there were 22 completed
questionnaires, each descriptive statistic reported in Table 1 has an N-value of 22. These responses were
aggregated, and descriptive statistics (means + standard deviations) were calculated in Microsoft
Excel®. The three open-ended responses were analyzed for emergent themes by the two researchers.
After separate analyses were conducted, the researchers met to discuss any themes until consensus was
reached.

Results

Descriptive Statistical Analysis

Table 1

Responses to Questionnaire Statements 5 to 20
Questionnaire Statement M SD
5. I enjoyed using this educational tool 4.67 0.49
6. I feel that technology, when used the right way, can empower student learning 4.67 0.49
7. The educational tool came with clear instructions about how to follow the scenarios 4.40 0.51
8. The concussion scenarios were presented in an understandable format 4.73 0.46
9. The concussion scenarios were easy to navigate 4.27 0.88
10. The concussion scenarios helped to stimulate student critical thinking 4.80 0.41
11. I have used text-based cases while studying before 4.67 0.62
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Questionnaire Statement M SD
12. The anatomy animation clips were difficult to use 3.20 1.26
13. The detail of the anatomy animations allowed me to accurately give additional 2.07 0.96

context to the scenarios

14. The anatomy animations were an adequate substitute for hands-on anatomy 4.47 0.52
models
15. The concussion scenarios did not provide enough information to carry out an 2.13 1.16

accurate assessment

16. The concussion scenarios did not provide enough information to make a decision ~ 2.07 0.96
regarding the most appropriate management plan

17. The concussion scenarios were too difficult for my current knowledge base 2.13 0.83

18. I think that using technology to present scenarios is more motivational than using ~ 4.27 0.70
text-based cases

19. The level of analysis required in the scenarios was too difficult 2.00 0.76

20. Using technology to learn is distracting 1.80 0.77

Using Technology for Learning

When exploring the impact of any form of educational technology, it is important to consider
participants’ initial predispositions to technology use. This is important because if an individual has
negative attitudes about using technology for education, then these negative attitudes may be reflected in
their responses to any form of educational technology, regardless of differences in design (Asscher &
Glikson, 2023). Negative predispositions towards technology would make it difficult to interpret if
negative responses were about a specific educational technology or general negative attitudes about
technology use (Hart & Stufcliffe, 2019).

The findings from this study suggest that the participants enjoyed using technology for their
learning and were not intimidated by its use. Participants reported a strong level of agreement with the
questionnaire statement: I feel that technology, when used the right way, can empower student learning
(4.67+0.49). Additionally, participants disagreed with the statement: using technology to learn is
distracting (1.80+0.77). Based on these findings, there were no initial negative predispositions to using
technology found in the sample.

General Perception of AT-ICE

Overall, the participants felt that AT-ICE was easy to use and was more motivational to their
learning than using text-based cases (4.27+0.70). This finding was further supported by the participants
agreeing with the following questionnaire statements: the educational tool came with clear instructions
about how to follow the scenario (4.40+0.51), the concussion scenarios were presented in an
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understandable format (4.73+0.46), and the concussion scenarios were easy to navigate (4.27+0.88). A
more neutral response (3.20+1.26) emerged for the statement: the anatomy animation clips were difficult
to use. This finding made sense since the anatomy animations were not embedded directly into the tool,
as students were provided with a specific list of YouTube links to watch anatomy animations from
different content areas (e.g., cranial nerves and vascular anatomy).

Perception of Impact of AT-ICE on Learning

The main purpose of this project was to explore the students’ perception of impact of AT-ICE on
learning. Participants appeared to enjoy using AT-ICE, strongly agreeing with statement number 5 from
the questionnaire (4.67+0.49). Participants felt that the tool helped to simulate their critical thinking
(4.80+0.41), while helping them to learn and guide the practice of skills required to carry out appropriate
concussion recognition, assessment, and management plan selection. To ensure that participants were
reading statements and not selecting all the same responses on the Likert scale, ten of the statements
were written in the affirmative and six in the negative. The negative statements were numbered 12, 15,
16, 17, 19, and 20. Participants disagreed with the following negative questionnaire statements: the
concussion scenarios did not provide enough information to carry out an accurate assessment
(2.13+1.16), the concussion scenarios did not provide enough information to make a decision regarding
the most appropriate management plan (2.07+0.96), and the level of analysis required in the scenarios
was too difficult (2.00+0.76).

Thematic Analysis of Open-Ended Questions

Within the open-ended questions, participants were asked to reflect and explore the individual
factors that impacted their perceptions of AT-ICE. When asked to describe the areas that they enjoyed
most about AT-ICE, several themes emerged from the participant responses: the importance of detailed
scenarios, sharing lived experiences, and integrating anatomy within assessment and management
scenarios.

Detailed Scenarios

The first theme was described as the importance of having organized scenarios with sufficient
details to be able to have a better appreciation for what is being asked. Fifteen participants described the
importance of having structured scenarios that included real-time videos to demonstrate the mechanisms
of injury. These participants commented that oftentimes during simulated practical scenarios, they
needed to make assumptions about what actually happened to the athlete based on using only a written
text description. The mechanism of injury videos in AT-ICE scenarios ensured that all students were
evaluating the exact same situation and able to observe what happened, how the athlete responded to the
injury, what the therapist saw when they arrived on scene, etc. As one participant described:

I liked how there were real sport videos to analyze instead of reading a block of text. I think it’s
better to practice watching videos because it helps me practice looking for differential diagnoses
while watching the injury happening in real time. (AT-Stu 2)
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Sharing Lived Experiences

Another theme that emerged was related to participants’ personal experiences during structured
peer activities within the Brain Share sections. Twelve participants provided comments about the
importance of embedding these types of questions into educational tools so that the students have the
opportunity to learn from one another. This was illustrated by one participant who said:

Asking for our personal experiences is important because we may have specific examples that
can help each other. Maybe I saw more incidents in my sport (rugby) and can help others with
what I saw, how the athlete appeared, what they complained about, etc. We all don’t get to see
the same number of concussions in our placements and if we do, they are not always the same.
(AT-Stu 12)

Integrating Anatomy Within Assessment and Management Scenarios

The third theme that emerged was related to the integration of anatomy knowledge into the
assessment and management scenario. Seven participants provided commentary about the anatomy
sections and thought it was an important area that is often forgotten about in these types of educational
tools. As one participant described:

Usually when we work through case scenarios in class, we are not asked much about the
anatomy. We often just focus on the assessment piece or the rehab piece and not really get back
in-depth to the anatomy we covered. I liked how the tool had all aspects of it. The assessment,
the anatomy, and the management. (AT-Stu 3)

Another participant added:

I had confidence that the anatomy videos provided were accepted by an academic institute and
can be trusted- there are so many YouTube videos for anatomy and assessment skills that it is
difficult to know if you are getting the right information on your own. (AT-Stu 7)

Improvements for AT-ICE

Participants were asked to suggest any improvements to AT-ICE. Most of the feedback provided
was related to the technical functions of the tool itself. For example, seven participants described the
desire to have the ability to edit their responses before submitting the final version, and five participants
suggested having correct answers show up after the final submission with explanations and rationale for
the correct responses. The only other theme that emerged from this question was to have more scenarios
built within the tool with differing levels of complexity for each scenario. As one participant said, “More
scenarios would be useful so we can practice the easier straight forward ones but also to challenge
ourselves with something more complex that we often see in concussion cases” (AT-Stu 21). Another
participant added, “The management piece was pretty easy. I would suggest adding more complicated
scenarios that have us making decisions based on what symptoms someone reports. That would be very
useful and interesting to work through” (AT-Stu 14).
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Implementing AT-ICE Within Teaching and Learning

The final question on the questionnaire asked participants to describe how they could use AT-
ICE as part of their learning about concussion care. Originally, AT-ICE was designed to be used as a
supplementary tool for AT educators, and not as a standalone tool that replaces in-person learning about
concussions (C. D. King & Hynes, 2022). Participant responses overwhelmingly supported the notion of
using this tool as a supplement to help guide their learning about concussion care. Within the responses,
10 participants described a form of flipped classroom (Ak¢ayir & Akgayir, 2018), without actually using
the specific term. As one participant suggested:

This would be useful to educators as a small homework assignment to do before the on-hands lab
time. The students do one section, such as on-field management, before coming to class and the
instructor then goes through the entire section with them to demonstrate the new skills and
provide corrections and answer questions. This way, the students can apply their skills to each
new case in a self-directed way with guidelines to keep them on task, and the instructor does not
simply give the answers away. (AT-Stu 12)

Similarly, another participant replied:

Our professors have so much to add to this topic that we don’t get in a textbook. They can
provide us with their real-world experiences as to what to expect. How difficult it is to actually
assess concussions a lot of the time. To share with us what they saw, what they experienced
because as we know, not every concussion injury follows the textbook case. (AT-Stu 1)

Seven participants felt that AT-ICE could be used by their teacher to guide their learning in a
classroom setting, by completing sections individually and then taking part in a wider class discussion.
According to AT-Stu 10, AT-ICE “could be presented to complete individually/in pairs and then open a
classroom discussion afterwards in which students can ask questions/share stories to facilitate a more in-
depth learning experience from peers and professors.”

Discussion

Proposed Teaching Plan for AT-ICE

When implementing any form of educational technology into the classroom, educators need to
think about how to use that particular technology in pedagogically meaningful ways (Mishra & Koehler,
2006). By following this approach, research has shown that educators can improve their delivery of
instruction by using diverse pedagogical strategies to provide more valuable learning experiences
(Fawns, 2022; Rapanta et al., 2021). As described by participants in the current study, we propose that
AT educators consider using the flipped classroom model when using AT-ICE.

The flipped classroom model has long been recognized as an innovative and effective
instructional approach in higher education, especially when integrating educational technologies
(Baytiyeh, 2017; Hwang et al., 2015; Lo, 2018). This instructional approach allows for more in-class
time being spent on interactive learning activities, as the traditional content delivery component (e.g.,
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lecturing) is shifted outside of the classroom through instructional videos and directed readings (Lo,
2018). However, effective use of this method requires purposeful in-class learning designs and activities
that help connect student learning across at-home and in-school contexts (Hwang et al., 2015).

Study participants described examples of how their teachers could use AT-ICE in pedagogically
meaningful ways, by guiding students to actively think and discuss the different aspects of concussion
care as they work through the various sections of the tool. Figure 3 provides a proposed teaching plan of
how an AT educator could use the flipped classroom model to structure their use of AT-ICE.
Additionally, educators could allow for time to provide professional feedback, share their experiences,
and provide advice of what they would do in a similar situation (Hwang et al., 2015). In these types of
interactions, the student plays the role of the active learner, whereas the teacher plays the role of the
facilitator as opposed to the traditional lecturer or instructor (Baytiyeh, 2017).

Figure 3
Proposed Teaching Plan for AT-ICE

. ; N
eStudents review course notes and concussion assessment and management resources (e.g., 6th
Consensus Statement on Concussion in Sport)
Befi Cl q ; .
breparation | *Students independenly complete Brain Storm sections of AT-ICE )
N
eTeacher reviews questions and answers from Brain Storm sections
In-Class eStudents complete Brain Share sections with a partner(s)
Activities )
N
eStudents finalize and submit Brain Share sections
preparation | ®Students complete Brain Tease sections (idependently or with a partner)
for Next Class )
N
eTeacher reviews questions and answers from Brain Share and Brain Tease sections
Next In-Class | ®Teacher provides professional experiences and advice
Activities )

Additional pedagogical approaches could be beneficial when implementing AT-ICE, as we are
not advocating for a rigid teaching model that must be adapted by all educators in the exact same
manner. Effective learning technology integration does not advocate for or against a particular
technology or pedagogy because what has been shown to be effective and innovative today can quickly
become outdated (Kopcha et al., 2020). Instead, we are advocating for educators to take a critical stance
when deciding to use an educational tool like AT-ICE, and with the position of Viitdja and Ruokamo
(2021), to think about how a tool can be implemented in pedagogically meaningful ways within a unique
educational context.
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Limitations

Two limitations within this study were noted. One limitation was related to the academic level of
students who volunteered for this study. Since we did not ask about grade point averages, we do not
know the academic level of students who responded. Acknowledging that the participants self-selected,
it is possible that the sample may be composed of predominantly academically strong students, because
top students often like to be challenged and may prefer these learner-centred, self-directed approaches
whereas other students may share different opinions. Future research could consider these potential
differences and explore whether these tools are beneficial to an academically wide range of students, not
just those who are engaged, motivated, and active learners. Another limitation was that we were
successful in recruiting participants from only five of the nine CATA accredited institutions, meaning
our sample is not representational of all nine accredited institutions.

Future Research Directions

The findings described herein highlight the potential for the online applied learning technology
tool AT-ICE to enhance concussion care education for AT students. Future research could explore both
student and teacher perspectives of these types of innovative educational tools. Formal pre and post
learning assessments could be completed to explore the effectiveness of the tool. Future studies could
explore the impact of AT-ICE on student self-efficacy and confidence in their abilities to recognize,
assess, and manage concussions. Additionally, a follow-up study could investigate AT teachers’
perceptions of AT-ICE, the proposed teaching plan, and other ways that these types of applied learning
technologies can be integrated in pedagogically meaningful ways within AT classrooms.

Conclusion

The findings from this study demonstrated that AT-ICE was perceived positively by AT student
participants as a learning technology tool that can be used to teach AT students about all aspects of
concussion care. The tool was designed to stimulate student critical thinking, provide structured
independent critical reflection opportunities, and guide peer-assisted learning to practice the skills
required to carry out comprehensive concussion recognition, assessment, and management plans.
Feedback from the participants was used to design a flipped classroom teaching plan that could be used
by Athletic Therapy educators to implement the Athletic Therapy Interactive Concussion Educational
tool in a pedagogically meaningful way.
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Appendix
Student Questionnaire

The following questionnaire has been designed in an effort to collect valuable feedback while exploring
the effectiveness of using the Athletic Therapy Interactive Concussion Educational Tool in athletic
therapy accredited institutions.

Thank you for your participation.

1. Gender

a. Female

b. Male

c. Other

d. Wish Not to Disclose
2. Age

3. Year in Athletic Therapy Program
4. Accredited Institution

a. Sheridan College

b. York University

c. Concordia University

d. University of Winnipeg

e. University of Manitoba

f.  Mount Royal University
g. Camosun College
h. UQTR

i.  Acadia University

After reviewing the Athletic Therapy Interactive Concussion Educational Tool, please answer the
following questions by placing an “x” by a single number on the Likert Scale that best represents your
answers. Answers will be scored on a scale with a value of 1 assigned to strongly disagree, all the way to
5 for strongly agree.

5. I enjoyed using this educational tool.
() 1 Strongly Disagree () 2 Disagree () 3 Neutral ()4 Agree Strongly ()5 Agree
6. I feel that technology, when used the right way, can empower student learning.

() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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The educational tool came with clear instructions about how to follow the scenario.

() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree
The concussion scenarios were presented in an understandable format.

() 1 Strongly Disagree () 2 Disagree () 3 Neutral ()4 Agree Strongly ()5 Agree
The concussion scenarios were easy to navigate.

() 1 Strongly Disagree () 2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree 5
The concussion scenarios helped to stimulate student critical thinking.

() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree
I have used text-based cases while studying before.

() 1 Strongly Disagree () 2 Disagree () 3 Neutral ()4 Agree Strongly ()5 Agree
The anatomy animation clips were difficult to use.

() 1 Strongly Disagree () 2 Disagree () 3 Neutral ()4 Agree Strongly ()5 Agree

The detail of the anatomy animations allowed me to accurately give additional context to the
scenarios.

() 1 Strongly Disagree () 2 Disagree () 3 Neutral ()4 Agree Strongly ()5 Agree

The anatomy animations were an adequate substitute for hands-on anatomy models.

() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree

The concussion scenarios did not provide enough information to carry out an accurate assessment.
() 1 Strongly Disagree () 2 Disagree () 3 Neutral ()4 Agree Strongly ()5 Agree

The concussion scenarios did not provide enough information to make a decision regarding the
most appropriate management plan.

() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree

The concussion scenarios were too difficult for my current knowledge base.

() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree

I think that using technology to present scenarios is more motivational than using text-based cases.
() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree

The level of analysis required in the scenarios was too difficult.

() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree

Using technology to learn is distracting.

() 1 Strongly Disagree ()2 Disagree ()3 Neutral ()4 Agree Strongly ()5 Agree
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21. What were two things that you enjoyed the most about the AT-ICE?
22. What are some improvements that you would suggest for the AT-ICE?

23. Describe how you could use the AT-ICE as a part of your learning about concussion care.
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Abstract

The rapid rise of artificial intelligence (Al), exemplified by ChatGPT, has transformed
education. However, few studies have examined the factors influencing its adoption in higher education,
especially among Mathematics student teachers. This study investigates factors that influence the
behavioural intentions of Mathematics student teachers regarding using ChatGPT. Guided by the
Unified Theory of Acceptance and Use of Technology (UTAUT) model, data were collected through a
questionnaire of 24 items across six factors on a 5-point Likert scale. Using multiple linear regression
analysis with RStudio, the findings reveal that Intrinsic Motivation, Performance Expectancy, Social
Influence, and Perceived Trust positively affect behavioural intentions to adopt ChatGPT. The study
emphasizes implications for developers and educators to enhance Al integration in education, thereby
supporting personalized and engaging learning experiences.

Keywords: artificial intelligence, behavioural intention, ChatGPT, Mathematics student teacher

Résumé

L’essor rapide de I’intelligence artificielle (IA), illustré par ChatGPT, a transformé I’éducation.
Cependant, peu d’études ont examing les facteurs influengant son adoption dans I’enseignement
supérieur, en particulier parmi les stagiaires en mathématiques. Cette étude examine les facteurs qui
influencent les intentions comportementales des stagiaires en mathématiques concernant 1’utilisation de
ChatGPT. Guidés par le modele de la théorie unifiée de 1’acceptation et de 1’utilisation des technologies
(UTAUT), les données ont été collectées au moyen d’un questionnaire de 24 éléments portant sur six
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facteurs sur une échelle de Likert 4 5 points. A 1’aide d’une analyse de régression linéaire multiple avec
RStudio, les résultats révelent que la motivation intrinséque, les attentes en matiere de performance,
I’influence sociale et la confiance percue affectent positivement les intentions comportementales
d’adopter ChatGPT. L’étude met I’accent sur les implications pour les personnes développeuses et
enseignantes d’améliorer 1’intégration de I’IA dans I’éducation, soutenant ainsi des expériences
d’apprentissage personnalisées et engageantes.

Mot-clés: ChatGPT, intelligence artificielle, intentions comportementales, stagiaires en mathématiques

Introduction

Artificial intelligence (Al) has emerged as a social phenomenon appearing in many fields. One
prominent Al tool today is ChatGPT, developed by OpenAl. With the release of version 4.0, which is
more complete compared to previous versions, and equipped with a vast source of information and data
from the Internet, along with the ability to learn and converse in a way that mimics human interaction,
ChatGPT has garnered significant attention for its advanced features, pushing the boundaries of what
chatbots can achieve (Jo, 2023). Additionally, its accessibility from any device and OpenAl’s free use
policy via personal email registration have enhanced its popularity.

Regardless of accuracy and source information, ChatGPT is a versatile tool for students’
educational purposes. It provides text replies, offers translations, and helps with writing tasks. It also
facilitates calculations, assists in solving mathematical problems, and supports understanding of
complex mathematical concepts for those studying Mathematics.

Since its public release in 2022, ChatGPT has generated significant interest across various
sectors, notably research in understanding ChatGPT adoption. Research on behavioural intentions
concerning ChatGPT and the factors impacting it continues to grow (Bernabei et al., 2023; Duong et al.,
2023; Lai et al., 2023; Ma & Huo, 2023; Menon & Shilpa, 2023; Strzelecki, 2023).

Studies underscore the need for education to adapt and equip individuals with the skills and
knowledge necessary to thrive via the integration of rapidly evolving technology into education (Firat &
Koksal, 2019; Kale, 2018; Keengwe & Bhargava, 2013; Voogt et al., 2012). However, as Montenegro-
Rueda et al. (2023) pointed out, scientific research on using ChatGPT in education is still scarce, likely
due to its recent emergence. Nevertheless, the limited existing research highlights a growing interest and
signals an emerging trend of broader adoption of ChatGPT. For example, Kabudi (2022), Lo (2023), and
Sullivan et al. (2023) indicate that an increasing number of teachers and students are adopting ChatGPT,
drawn to its potential to enhance learning experiences. Similarly, Talan and Kalinkara (2023) report its
broad integration into higher education, emphasizing its appeal. Even so, as Montenegro-Rueda et al.
(2023) stress, not enough studies have been conducted to address the specific use of ChatGPT in higher
education. Given that educational technology, including ChatGPT, is an evolving field, its
implementation in higher education remains relatively new and underexplored compared with other
educational levels.
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Albion et al. (2010) argue that teacher quality is crucial for student success, with Teo and
Milutinovic (2015) emphasizing teachers’ key role in effectively integrating technology into education.
Szymkowiak et al. (2021) further highlight that students often emulate teachers who use modern
technologies in their teaching. These findings underscore that the use of technology integration in
teaching largely depends on teachers (Marshall & Cox, 2008) and technology integration should focus
on achieving pedagogical goals rather than being driven by technology itself (Angeli & Valanides, 2009;
Enochsson, 2009). Therefore, teachers must thoughtfully and purposefully adopt technology to shape its
effective use in education. Marshall and Cox (2008) and Teo and Milutinovic (2015) emphasize that the
training period is a critical time for teachers to develop proficiency in using technology for teaching.
Early preparation ensures that future teachers can effectively integrate technological tools into their
classrooms (Agyei & Voogt, 2011; Drent & Meelissen, 2008). Student teachers are pivotal to this
process as they represent the next generation of educators who will shape how emerging technologies
such as ChatGPT are adopted and utilized in education. Consequently, there is a need for comprehensive
research into the factors influencing student teachers’ behavioural intentions of using ChatGPT.

Mathematics requires a high degree of precision both in logical reasoning and in resultant
outcomes. Notwithstanding its capacity to enhance mathematical education, ChatGPT often delivers
inaccurate or irrelevant responses, particularly to complex problems or those necessitating a
comprehensive understanding of mathematical principles (Lo, 2023; Wardat et al., 2023). Furthermore,
it may generate solutions that surpass students’ cognitive abilities or the expectations of educational
programs (Egara & Mosimege, 2024). This dichotomy—between the significant potential of ChatGPT in
Mathematics education and its propensity for errors in a domain that demands the highest level of
precision—renders the behavioural intentions of Mathematics student teachers unique, potentially
setting them apart from their peers in other disciplines.

Given this context, this research aims to identify the factors influencing Mathematics student
teachers’ behavioural intention toward ChatGPT. The article’s primary objective is to address the
question: What factors influence Mathematics student teachers’ behavioural intention of using ChatGPT
for educational purposes at university?

Addressing this research gap will help us better understand how student teachers actively
embrace ChatGPT to enhance their learning experiences and academic success, starting with future
Mathematics educators. This will provide foundational insights that could offer valuable guidance for
the strategic implementation of Al tools in education. Ultimately, these insights could inform broader
educational strategies and future research in curriculum development, teacher training, and Al tool
refinement.

Theoretical Framework

To investigate the determinants influencing Behavioural Intention (BI) towards the utilization of
ChatGPT thoroughly, we employed a modified iteration of the Unified Theory of Acceptance and Use of
Technology (UTAUT) model posited by Venkatesh et al. (2003), which has garnered extensive
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validation within the realm of technology acceptance research. The sample consisted of Mathematics
student teachers from a university of education. Given the constraints associated with accessing this
demographic, we engaged a Mathematics educator and four student teachers to ascertain pivotal
variables (factors) likely to exert the most significant influence on BI. Following this preliminary
analysis, we retained three fundamental variables from the original UTAUT model—Performance
Expectancy (PE), Social Influence (SI), and Effort Expectancy (EE)—due to their consistent affirmation
in prior empirical studies. Furthermore, the Facilitating Conditions factor in the UTAUT model was
excluded as it has been determined that Vietnamese student teachers typically possess adequate access to
ChatGPT through the web platform (www.chatgpt.com). Additionally, OpenAl provides free versions of
ChatGPT, enabling users to access and utilize it for basic purposes. To enhance the study’s contextual
applicability, we integrated two variables: Perceived Trust (PT), as informed by Rahim et al. (2022) —
which addresses issues of integrity, ethics, and privacy in the context of Al-based chatbot usage — and
Intrinsic Motivation (IM), sourced from Davis et al. (1992) — which captures the distinct enthusiasm and
engaged involvement of younger users (ages 18—22) with emerging technologies (Table 1).

Table 1

Definitions of Factors

Factor Definition (in the case of ChatGPT) Reference
BI The level of the strength of the user’s intention to use a ChatGPT. ?1]9276171)(2020)’ Fishbein & Ajzen
EE The level of ease associated with using ChatGPT. Duong et al. (2023), Rahim et al.

(2022), Venkatesh et al. (2003)

M Refers to the internal drive to engage in using ChatGPT for the Davis et al. (1992)
inherent satisfaction it brings instead of external rewards or
pressures. This includes the fun, enjoyment, pleasantness, and
interest that interacting with ChatGPT brings.

PE The level to which the user perceives that using ChatGPT will Nikolopoulou et al. (2021),
help them to attain gains in study performance. Venkatesh et al. (2003)

PT The level of user’s perceptions about the expected reliability, Menon & Shilpa (2023), Rahim et
integrity, and privacy of ChatGPT. al. (2022)

SI The level to which the user perceives that significant others Venkatesh et al. (2003)

believe he or she should use ChatGPT.

Note. Bl is Behavioural Intention; EE is Effort Expectancy; IM is Intrinsic Motivation; PE is Performance Expectation; PT is
Perceived Trust; SI is Social Influence.

The following hypotheses are suggested (Figure 1):
H1: Performance Expectancy is positively correlated with Behavioural Intention to use ChatGPT.

H2: Effort Expectancy is positively correlated with Behavioural Intention to use ChatGPT.
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H3: Social Influence is positively correlated with Behavioural Intention to use ChatGPT.
H4: Perceived Trust is positively correlated with Behavioural Intention to use ChatGPT.

HS5: Intrinsic Motivation is positively correlated with Behavioural Intention to use ChatGPT.

Figure 1
Hypotheses Suggested
Performance Expectancy (PE)
H1
Effort Expectancy (EE)
H2
H3 N\
Social Influence (SI) Behavioural Intention (BI)
H4
Perceived Trust (PT) g H5 ~
Intrinsic Motivation (IM)
Methods

Design

To test the hypotheses, a quantitative approach was used to explore the factors influencing BI
according to the UTAUT model.

Participants and Data Collection

First year to fourth year student teachers in the Department of Mathematics at a university of
education in Vietnam were surveyed. We visited classrooms and had student teachers scan a QR code to
participate in the survey through Google Forms. Participants were informed that their participation was
voluntary, and their responses would be confidential and used solely for academic purposes. The survey
was carried out from January 21, 2024, to March 29, 2024.
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Criteria by Hair et al. (2018) were used to estimate the total sample size needed for Exploratory
Factor Analysis (EFA). Specifically, the minimum sample size is 50, but a size of 100 or more is
preferred. Additionally, the number of valid responses (excluding those who had never heard of
ChatGPT or student teachers in their fifth year or beyond) should be at least five times the number of
survey questions. Since there were 24 survey questions, a minimum of 120 valid responses were needed.
Additionally, Green (1991) suggests that if the purpose is to evaluate factors from each independent
variable, such as #-tests or testing the regression coefficient, the minimum sample size for a regression
analysis should be 104 + m (where m is the number of independent variables). Out of 281 responses
received, 274 were deemed valid. Non-serious answers like selecting the same level for all items, were
removed. Thus, this sample size was considered suitable for EFA.

Table 2 shows the general and demographic characteristics of the study sample after the data
were cleaned. Notably, only 16.4% of student teachers answered Never to the question Frequency of
ChatGPT use, indicating that ChatGPT usage had become relatively common. However, with only
15.3% of student teachers responding Frequently, it can be concluded that ChatGPT had not yet been
widely adopted in their daily lives.

Table 2
Participant Demographics (N = 274)

Variable N %
Gender Male 163 59.5
Female 111 40.5
Grade First 88 32.1
Second 76 27.7
Third 65 23.7
Fourth 45 16.4
Frequency of ChatGPT use Frequently 42 15.3
Sometimes 187 68.2
Never 45 16.4

Instrument

Participants were asked to provide demographic information and respond to a questionnaire
consisting of 24 items structured into six factors (PE, EE, SI, PT, IM, and BI) with four items in each
factor (Table 1). All items were adapted from existing studies and modified to fit the survey context
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among Mathematics student teachers and scored using a 5-point Likert scale, ranging from 1 (strongly
disagree) to 5 (strongly agree).

Data Analysis

RStudio software was used to process the cleaned data, following these analytical steps:
(1) testing factors and measuring scales, (2) testing the factors affecting behavioural intention to use
ChatGPT, (3) conducting multiple linear regression analysis, and (4) investigating the influence of
moderator variables on the model (Figure 2).

Figure 2
Steps of Data Analysis

Testing factors (PE, EE, SI, PT, IM, Bl) and measuring scales

Cronbach’s Alpha Corrected ltem - Total Correlation

A 4

Testing the factors affecting behavioural intention to use ChatGPT (by EFA)

KMO test Bartlett test Rotated Component matrix

A 4

Conducting multiple linear regression analysis

Multiple linear regression model Testing five assumptions of the model

A 4

Investigating the influence of moderator variables (Gender/Grade) on the model

t-test

Note. Bl = Behavioural Intention, EE = Effort Expectancy, EFA = Exploratory Factor Analysis, IM = Intrinsic Motivation,
KMO = Kaiser-Meyer-Olkin, PE = Performance Expectancy, PT = Perceived Trust, and SI = Social Influence.

Testing Factors and Measuring Scales

Cronbach’s Alpha (or coefficient alpha) measures reliability or internal consistency. The term
Reliability refers to how a survey (or questionnaire) measures what it is supposed to measure. This study
used Cronbach’s Alpha to verify the survey reliability based on the Likert scale with multiple questions.
A high Cronbach’s Alpha result of a factor indicates that the listed observed variables are closely
related, accurately reflecting the characteristics of the parent factor. Conversely, a low result suggests
that the observed variables might be measuring something else or not measuring anything at all. In the
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statistics results, the following indices were considered: Overall Alpha (raw_alpha) of the factors,
Coefficient Alpha of each observed variable in the raw_alpha column in the Reliability if an item is
dropped table, and Corrected Item — Total Correlation coefficient in the r.drop column of the Item
statistics table.

According to Henseler et al. (2009) and Hair et al. (2018), a suitable scale should have an
Overall Alpha greater than 0.7. Further, Hoang and Chu Nguyen (2008) suggest that the Cronbach’s
Alpha coefficient values are as follows: if Coefficient Alpha is between 0.8 and 1.0, the scale is very
good; if Coefficient Alpha is between 0.7 and 0.8, the scale is good; if Coefficient Alpha is greater than
0.6, the scale is acceptable.

For the Reliability if an item is dropped table, each row refers to each observed variable and the
Coefficient Alpha if the item is dropped. This value will be evaluated with the Corrected Item — Total
Correlation coefficient in the Item statistics table. A good scale will have a Corrected Item — Total
Correlation coefficient greater than 0.3 (Cristobal et al., 2007). If the Coefficient Alpha after dropping
an item is greater than the Overall Alpha, and the Corrected Item — Total Correlation coefficient of that
variable is less than 0.3, the observed variable will be removed to increase the scale’s reliability. If the
Coefficient Alpha after dropping an item is slightly higher than the following Overall Alpha (the
difference is less than 0.1) but the Corrected Item — Total Correlation coefficient of that variable is
greater than 0.3, we consider keeping it.

Testing the Factors Affecting Behavioural Intention to Use ChatGPT

In this study many items generated by the questionnaire can be interrelated, complicating the
interpretation and analysis of data. Exploratory factor analysis was used to group variables that were
correlated with each other into more general underlying factors, thereby providing a clearer view of the
data by reducing the original list of variables to fewer easily interpretable common factors.

Before conducting EFA, the Kaiser-Meyer-Olkin (KMO) test and the Bartlett test were used to
confirm that the dataset were suitable for this type of analysis. According to Kaiser (1974), a KMO
value greater than 0.5 and a p-value less than 0.05 indicate that the correlation among observed variables
is sufficient for EFA. For the Bartlett test, if the p-value is less than 0.05, it suggests that the observed
variables within the factor are correlated.

Parallel analysis was used to determine the number of factors to extract from the data for EFA.
Next, we assessed the scale’s values through EFA, where two essential values were considered:
convergent validity and discriminant validity. According to Hair et al. (2018), in the rotation matrix
table, if the factor loading of an observed variable within a factor is at least 0.5, the observed variable is
good quality. According to Pituch and Stevens (2015), a factor is considered reliable if it comprises
more than three measuring variables. For convergent validity, observed variables of the same nature
converge towards the same factor; when displayed in the Rotated Component matrix, these variables
will be in the same column. For discriminant validity, observed variables converge towards this factor
and must be distinct from observed variables converging on other factors; when displayed in the Rotated
Component matrix, each group of variables will separate out into distinct columns.
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After removing observed variables with factor loading of less than 0.5, we rearranged our factors
and conducted a second round of EFA analysis for these new variables.
Multiple Linear Regression Analysis to Examine the Impact of the Factors in the Model

The factors were entered into the regression model. We used multiple linear regression analysis
to examine the hypotheses about the impact of the new factors on BI in the model, thereby testing five
proposed hypotheses with statistical significance at the level of 5%.

After the analysis we tested five of the assumptions of the multiple linear regression model to
ensure that our model was statistically meaningful.

Assumption 1: Normal distribution of the model’s residuals.

+ The residuals are normally distributed when the p-value of the Anderson-Darling test is less than 0.05,
or the Normal Q-Q Plot of residuals has all points concentrated around the line y = x.

+ The residuals have a mean of zero if the p-value of the #-test is greater than 0.05.

+ The residuals have constant variance: We can check this with the Goldfeld-Quandt test if the p-value
is greater than 0.05 or using the Scatter Plot of Standardized Residuals and Standardized Fitted Values if
the standardized residuals are randomly distributed around the line y = 0.

Assumption 2: Linear relationship between the dependent and independent variables.
This assumption can be tested using the partial residual plot method. If the purple line is closer to the
blue line, then the relationship between the dependent and independent variables is linear.

Assumption 3: No autocorrelation of the residual series. This assumption can be tested
using the Durbin-Watson test. If the value d of this test is between 1.5 and 2.5, there is no
autocorrelation.

Assumption 4: No significant outliers or highly influential points.
+ A point is an outlier if, in the Q-Q Plot, it does not lie too far from the line y = x.
+ A point may be an influential point if its Cook’s distance value is greater than 0.5.

Assumption 5: No multicollinearity. Multicollinearity occurs when the Variance Inflation
Factor (VIF) is greater than 5 (Frost, 2019). Additionally, if the absolute value of the Pearson correlation
coefficient is greater than 0.8, multicollinearity is likely to exist (Young, 2017).

Next, we evaluated the importance of each independent variable to the dependent variable based on the
coefficient of determination Multiple R? by Lindeman et al.’s (1980) method.
Investigating the Influence of Moderator Variables on the Models

The moderator variables Gender and Grade were considered to emphasize the importance of
demographics when studying participants’ BI in using ChatGPT. Specifically, we examined the impact
of the moderator variables Gender and Grade on the linear regression models for the hypotheses. The
metric used to test this impact was the p-value from the #-test, with a statistical significance of 5%.
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For the moderator variable Gender, when assessing the impact of each variable X; (EE, IM, PE,
PT, SI) on the variable BI, two variables — the moderator variable Male and the interaction variable
XiMale — were added to the linear regression model. We concluded that there is an influence of the
Gender variable on the original linear regression model if the value of the interaction variable X; Male is
less than 0.05, even when the Male variable individually has a p-value greater than 0.05. According to
James et al. (2021), “The hierarchical principle states that if we include an interaction in a model, we
should also include the main effects, even if the p-values associated with their coefficients are
insignificant.” (p. 89). For the moderator variable Grade, we used a similar statistics analysis process.

Results

Testing Factors and Measuring Scales

To check survey reliability, based on the Likert scale with multiple questions, the Cronbach’s
Alpha reliability test was used to ascertain whether the observed variables could represent the parent
factor’s characteristics. This tool helped to determine which observed variables were appropriate and
which were not suitable for inclusion in the scale. The test outcomes are shown in Table 3.

Table 3
Reliability Estimates
Construct Internal reliability Item Cronbach’s Alpha, if  Corrected item — total
Cronbach’s Alpha an item is dropped correlation
BI 0.88 BI1 0.83 0.80
BI2 0.84 0.79
BI3 0.87 0.70
BI4 0.87 0.71
EE 0.87 EEI 0.81 0.75
EE2 0.81 0.76
EE3 0.80 0.79
EE4 0.89 0.57
M 0.90 IM1 0.87 0.79
IM2 0.88 0.77
IM3 0.88 0.77
M4 0.87 0.79
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Construct Internal reliability Item Cronbach’s Alpha, if  Corrected item — total
Cronbach’s Alpha an item is dropped correlation
PE 0.89 PE1 0.85 0.77
PE2 0.85 0.77
PE3 0.86 0.75
PE4 0.87 0.73
PT 0.82 PT1 0.77 0.65
PT2 0.77 0.67
PT3 0.75 0.70
PT4 0.81 0.57
SI 0.86 SI1 0.81 0.74
SI12 0.81 0.74
S13 0.82 0.72
S14 0.85 0.63

Note. Bl is Behavioural Intention; EE is Effort Expectancy; IM is Intrinsic Motivation; PE is Performance Expectation; PT is
Perceived Trust; SI is Social Influence.

Referencing Table 3, we noted that the Internal Reliability Cronbach’s Alpha of the parent
factors ranged from 0.82 to 0.9, which satisfied the reliability threshold (greater than 0.7). Each row in
the Cronbach’s Alpha if an item is dropped column referred to the Overall Alpha if the corresponding
observed variable is dropped. The findings revealed that all observed variables contributed
meaningfully, except for EE4. Regarding the Corrected Item — Total Correlation coefficient column, all
values exceed 0.3, signifying a robust correlation between each observed variable and the remaining
variables within the scale. Based on these insights, we deduced that the factor scale possessed adequate
reliability and exhibited strong consistency. Moreover, we considered the exclusion of the observed
variable EE4 to enhance the scale’s reliability. In the EFA test phase, relying on the Rotated Component
matrix, we excluded the observed variable EE4.

Testing the Factors Affecting Behavioural Intention to Use ChatGPT

Exploratory factor analysis was utilized to examine the factors influencing the intention to use
ChatGPT among Mathematics student teachers. According to the initial hypothesis, there were six
factors (24 observed variables). Hair et al. (2018) and Nguyen (2014) stated that separate EFA analyses
were required for the independent and the dependent variables.
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Exploratory Factor Analysis For the Independent Variables

For the EFA suitability test, a KMO value of 0.92 indicated that the dataset were appropriate for
exploratory factor analysis (i.e., > 0.5). The result of Barlett’s test with a p-value less than 0.05 showed
that the correlation among the variables was sufficiently significant to conduct EFA.

Parallel analysis indicated that five factors needed to be extracted for the independent variables.
The results from the Rotated Component matrix revealed that the variable EE4, with a factor loading
below 0.5, was excluded from the model. The remaining variables, each with a factor loading greater
than 0.5, were organized into five factors.

A second EFA was conducted, satisfying the criteria of the KMO test (KMO value = 0.92),
Barlett’s test (p-value < 0.05), and parallel analysis (five factors extracted from the data). The results
from the Rotated Component matrix indicated that 19 observed variables were divided into five factors,
all of which had factor loading of at least 0.5 (Table 4). These five factors explained 66% of the variance
in the data of the 19 observed variables involved in the EFA.

Table 4

Rotated Component Matrix (second round)

Construct Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

PEI 0.74

PE2 0.80

PE3 0.69

PE4 0.66

PTI 0.66

PT2 0.65

PT3 0.79

PT4 0.50

EE1 0.83

EE2 0.83

EE3 0.70

SI1 0.77
SI2 0.85
SI3 0.57
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Construct Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Si4 0.52
IM1 0.67
IM2 0.55
IM3 0.61
IM4 0.65

Note. Bl is Behavioural Intention; EE is Effort Expectancy; IM is Intrinsic Motivation; PE is Performance Expectation; PT is
Perceived Trust; SI is Social Influence.

Exploratory Factor Analysis For the Dependent Variable

The dependent variable was conducted using a process similar to that of the independent
variable. For the EFA suitability test, a KMO value of 0.83 indicated that the dataset were suitable for
exploratory factor analysis. The result of Bartlett’s test with a p-value less than 0.05 indicated that the
correlation among the variables was sufficiently significant to conduct EFA.

Parallel analysis showed that one factor needed to be extracted for the dependent variable. The
factor loadings for BI1, BI2, BI3, and BI4 were 0.88, 0.87, 0.75, and 0.75, respectively. These factors
explained 66% of the variance in the data from the four observed variables involved in the EFA.
Multiple Regression Analysis

After conducting the EFA, the observed variables were reorganized and subsequently included in
the multiple linear regression model (Table 5).

Table S

Revised Factors and Variables

Factors Observed Variables Variable Type
X1 (PE) PE1, PE2, PE3, PE4 Independent
Xz (EE) EE1, EE2, EE3 Independent
Xz (SI) SI1, SI2, SI3, SI4 Independent
X4 (PT) PT1, PT2, PT3, PT4 Independent
X5 (IM) IM1, IM2, IM3, IM4 Independent
Y (BI) BI1, BI2, BI3, BI4 Dependent

Note. Bl is Behavioural Intention; EE is Effort Expectancy; IM is Intrinsic Motivation; PE is Performance Expectation; PT is
Perceived Trust; SI is Social Influence.
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According to Table 5, we had the analysis model: Y = f{X1, X2, X3, Xa, X5). By performing
multiple regression analysis, we observed that the impact of the variable X> (EE) on the dependent
variable Y (BI) was not statistically significant, as the p-value of the #-test was 0.879, which is greater
than 0.05. The remaining variables all positively impacted the dependent variable Y (BI). Therefore, the
variable X> (EE) was removed from the model.

Figure 3
The Resulting Linear Regression Model

Performance Expectancy (PE)

e

4&8)

Social Influence (SI) — 01789q

~—» Behavioural Intention (BI)

0.20904

Perceived Trust (PT) 1
e

N

Intrinsic Motivation (IM)

After removing the variable EE, the resulting linear regression model is:
Y=0.12299 + 0.24887X1 + 0.17899X5 + 0.20904.X4 + 0.33375Xs + ¢ (*)
where ¢ represented the residuals of the linear regression model (Figure 3).

We evaluated the fit of the multiple linear regression model through the Adjusted R?, which
reflects the extent to which the independent variables in the regression model explain the dependent
variable. The Adjusted R? is 66.99, indicating that the independent variables IM, PE, PT, and SI explain
66.99% of the variance in the dependent variable BI, and factors outside the research model explain the
remaining 33.01% of the BI variance. The F-test is 139.5 with a rejection probability of less than 0.05,
which was sufficient to conclude that the multiple linear regression model is appropriate for the dataset
under study.

Next, we proceeded to test the assumptions of the multiple regression model.

Assumption 1: Normal distribution of the model’s residuals. The Anderson-Darling test
yielded a p-value = 0.03535 < 0.05, combined with the Normal Q-Q Plot (Figure 4), confirming that the
model’s residuals were normally distributed.
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Figure 4
Normal Q-Q Plot
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Note. Figure generated from the data processing software.

The #-test resulted in a p-value = 0.9998 > 0.05, indicating that the residuals had a zero mean.

Based on the Scatter Plot of Standardized Residuals and Standardized Fitted Values (Figure 5) and a p-
value from the Goldfeld-Quandt test greater than 0.05, we concluded that the residuals had constant
variance.
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Figure 5
Standardized Residuals and Standardized Fitted Values
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Note. Figure generated from the data processing software.

Assumption 2: Linear relationship between the dependent and independent variables.
Figure 6 demonstrates a linear relationship between the dependent and independent variables.
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Figure 6
Partial Residual Plots
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Note. Figure generated from the data processing software.

Assumption 3: No autocorrelation of the residual series. The Durbin-Watson test produces
d=2.1071 in the interval 1.5 and 2.5. Hence, we concluded that there was no autocorrelation of the
residual series.

Assumption 4: No significant outliers or highly influential points. Figure 7 demonstrates
that the model had nearly no significant outliers or highly influential points.
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Figure 7
O-Q Plot and Cook’s Distance (x2) Plot
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Note. Figure generated from the data processing software.

Assumption 5: No multicollinearity. The results showed that the independent variables had
VIFs less than 2.5, and the absolute values of the Pearson correlation coefficients were less than 0.7
(Figure 8), indicating that no multicollinearity occurs.

The test results indicated that our model satisfied all five assumptions. Therefore, we concluded

that the independent variables IM, PE, PT, and SI positively impact the dependent variable BI. The
regression equation (*) was statistically significant.

Next, we assessed the importance of each predictor variable to the dependent variable using the
“Img” method (Lindeman et al., 1980). The findings showed that the R? of the model is 67.47%, with the
variables SI, PT, PE, and IM having R? values of 13.93%, 14.63%, 17.18%, and 21.73%, respectively.
Consequently, IM had the most significant influence on the dependent variable BI, whereas SI had the
most minor influence.
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Figure 8
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The Influence of Moderator Variables on the Models

We tested the impact of the moderator variables Gender and Grade on the linear regression
models of hypotheses H1, H3, H4, and H5 based on the p-value of the #-test for the coefficients of the
moderator variables and the interaction variables added. The results showed that these p-values were all
greater than the 5% significance level. This indicates that the differences are insufficient to conclude that
the moderator variables Gender and Grade influence the models.

Discussions

Factors Influencing the Behavioural Intention

This study deepens understanding of Mathematics student teachers’ perceptions of ChatGPT in
educational contexts, addressing a significant research gap. Utilizing the UTAUT scale, findings
identified key factors influencing their BI toward ChatGPT, which is essential for Al integration
discussions in education. Results showed that IM, PE, PT, and SI positively impacted BI, with IM being
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the most significant. However, SI had a low impact on BI. This research underscored the varied
influences of UTAUT constructs on the acceptance and use of ChatGPT among student teachers.

Intrinsic Motivation was observed to be the most substantial positive influence on the BI of
Mathematics student teachers towards using ChatGPT. This finding aligns with recent studies
emphasizing the central role of IM in adopting technological aids in educational contexts, which pointed
out a positive correlation between IM and BI (Hsu & Lin, 2021). In the context of ChatGPT, Lai et al.
(2023) found that IM was a critical factor for Hong Kong undergraduates’ use of ChatGPT, primarily
driven by the pleasure and satisfaction derived from its use in addressing academic questions. Therefore,
our findings indicated that if student teachers find ChatGPT interesting to interact with, they will have a
greater intention to use it. Moreover, our findings supported those of Li and Yanagisawa (2021), who
identified IM as a significant motivator in virtual assistant interactions.

In our research, PE was identified as a crucial predictor of BI to use ChatGPT among
Mathematics student teachers, ranking second in importance. Our data indicated that student teachers
with higher levels of PE were more inclined to integrate ChatGPT into their learning processes. This
observation aligns with previous research in the domain of ChatGPT within educational settings,
including studies by Alshammari and Alshammari (2024), Duong et al. (2023), Foroughi et al. (2023),
and Strzelecki (2023), and extends to chatbot research, as seen in Rahim et al. (2022) and Tian et al.
(2024). This may be due to the nature of math, where students need to find precise solutions to advanced
math problems, explain complex math concepts, or develop activities appropriate to teaching in the
context of Mathematics.

This study discovered that PT had a positive but moderate influence on the BI of Mathematics
student teachers towards using ChatGPT. This aligns with Rahim et al. (2022), who found a direct
relationship between PT and BI among postgraduate students within the context of ChatGPT, and with
Cheng and Jiang (2020) and De Cosmo et al. (2021) in chatbot research. This indicated that if student
teachers’ trust issues are not a concern, they will likely prefer using ChatGPT. However, Menon and
Shilpa (2023) indicated that although most respondents admitted to being aware that their interactions
and information with ChatGPT are not confidential, they still found it safe and secure.

In addition, our study unveiled that SI had a low impact on the BI of Mathematics student
teachers to use ChatGPT, aligning with findings in similar ChatGPT research by Strzelecki (2023) and
in chatbot studies by Rahim et al. (2022) and Tian et al. (2024). Alshammari and Alshammari (2024)
and Foroughi et al. (2023) even found no impact of SI on BI within the context of ChatGPT. This
demonstrates SI’s indirect influence on students’ behavioural intentions regarding using ChatGPT for
the educational purposes of university student teachers. However, this contrasts with studies by Singh et
al. (2020) on mobile wallet services and Terblanche and Kidd (2022) on chatbots, where users were
concerned with the opinions of their family, friends, and colleagues regarding using a chatbot.

Contrary to our initial hypothesis, EE did not significantly impact Mathematics student teachers’
BI to use ChatGPT, aligning with findings from Alshammari and Alshammari (2024) and Strzelecki
(2023) on ChatGPT, and Rahim et al. (2022) and Tian et al. (2024) on chatbots. This reveals that student
teachers do not perceive difficulties with using ChatGPT, suggesting minimal effort is required to utilize
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this technology in higher education, hence its negligible influence on BI. This may be due to the recent
development of information technology applications in teaching, especially in Mathematics teaching,
which has made student teachers accustomed to accessing new technologies.

Implications

This study provides valuable insights into how Mathematics student teachers perceive and intend
to use ChatGPT, offering practical guidance for developers, educational institutions, and educators to
optimize its integration into educational settings.

Given that Intrinsic Motivation (IM) significantly influences Behavioural Intention (BI), it is
essential to organize workshops that illustrate the capabilities of ChatGPT in fostering creativity within
the educational field. These workshops could exemplify the generation of lesson plans, engaging
activities, and real-world applications of Mathematics. Additionally, the pedagogical insights and
recommendations offered by ChatGPT present innovative resources and persuasive solutions to the
diverse challenges and inquiries faced by student teachers.

In light of Performance Expectancy (PE), it is crucial for different stakeholders to enhance
ChatGPT’s effectiveness in the educational sphere. Developers should focus on refining the accuracy
and relevance of responses (Getenet, 2024; Pham et al., 2024), particularly in challenging areas like
advanced mathematics and abstract concepts, ensuring alignment with curriculum standards. Institutions
need to offer training that highlight how ChatGPT can bolster teaching outcomes, such as developing
differentiated instruction plans and supporting diverse learners through tailored problem-solving
strategies. Educators should consider integrating ChatGPT into their teaching methods, using it not only
to supplement traditional approaches but also to provide alternative explanations and facilitate complex
problem-solving.

To enhance Social Influence (SI) within educational institutions, fostering collaboration among
student teachers is essential. By encouraging future educators to work together, they can share insights
and experiences on using ChatGPT effectively. This collaborative approach will help cultivate a culture
where technology integration is recognized as valuable and aligns seamlessly with established
professional teaching practices. By modeling the appropriate use of ChatGPT, student teachers can pave
the way for its acceptance and effective classroom implementation.

To foster Perceived Trust (PT) in ChatGPT, developers must prioritize transparency by
addressing effectively users’ concerns regarding reliability, integrity, and privacy. This involves
implementing clear disclaimers, robust privacy protections, and easily accessible mechanisms for
reporting inaccuracies. Institutions can further bolster confidence in ChatGPT by educating users about
its strengths and limitations, framing it as a supportive tool rather than a complete replacement for
traditional methods. Additionally, educators play a crucial role by modeling responsible usage; they
should verify ChatGPT’s outputs, promote critical evaluation among students, and discuss
constructively any potential errors in the classroom setting, thereby nurturing a balanced approach to
technology in learning environments.
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Limitations and Future Research

This study was conducted in Vietnam, a developing country, which may limit the
generalizability of our findings to other regions with different technological and cultural contexts. The
participant pool was confined to Mathematics students from a teacher training institution. Future
research could be broadened to include all university students and faculty or extended to other
institutions. Moreover, given the rapid advancements in Al, some aspects of our research need to be
updated quickly. Therefore, future studies should explore ChatGPT’s use in more diverse and novel
contexts.

This study was limited to specific variables influencing Behavioural Intention (BI), as outlined in
the Theoretical Framework section. Although the selected factors provided valuable insights, broader
external variables such as educational policies, access, or institutional support also play a critical role in
shaping learning outcomes. These factors may influence significantly the adoption of ChatGPT among
student teachers. Future research should examine these external influences to develop a more
comprehensive understanding of the multifaceted elements impacting BI in educational contexts,
particularly in regions where access to technology and institutional frameworks vary significantly.

Additionally, our focus on utilizing ChatGPT for general educational purposes at the university
level limited our capacity to provide nuanced insights into its integration, specifically within
Mathematics education. Future inquiries should explore how ChatGPT can be adapted to fulfill the
distinctive requirements of Mathematics education, including resolving complex problems, enhancing
conceptual understanding, and creating engaging instructional activities. Such research could offer
guidelines for integrating ChatGPT into preservice teacher training programs, ultimately equipping
future educators with the competencies necessary to effectively incorporate Al technologies into their
instructional practices.

Conclusion

Our study applied the Unified Theory of Acceptance and Use of Technology (UTAUT) model to
explore factors that influence the intention of Mathematics student teachers to use ChatGPT. We found
that Performance Expectancy (PE), Perceived Trust (PT), Intrinsic Motivation (IM), and Social
Influence (SI) positively affected students’ intentions to use ChatGPT, whereas Effort Expectancy (EE)
did not. These findings demonstrate ChatGPT’s potential as an effective teaching and learning support
tool. A focus on raising perception of the usefulness and performance of ChatGPT can promote its
adoption in educational settings, especially in the context of current digital transformation. The research
results provide important information for the development of teacher training programs, helping them to
become familiar with and effectively use Al technologies such as ChatGPT in the future. At the same
time, the research also contributes to the development and improvement of Al tools, especially in the
educational field, by identifying important factors that influence user acceptance. These insights suggest
future research on the cross-cultural applicability and expanded demographic inclusion, underlining its
implications for curriculum development, teacher training, and Al tool refinement.
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Appendix
Glossary of Key Statistics Terms

Bartlett Test: A statistical test to check whether the variables in the dataset are related enough to
perform EFA. A p-value less than 0.05 means the variables are sufficiently correlated.

Coefficient of Determination (R?): A value that explains how much of the variation in the dependent
variable can be explained by the independent variables. Higher values indicate a better fit for the model.

Cronbach’s Alpha: A measure of how consistent the items in a survey or questionnaire are. Higher
values (above 0.7) indicate that the survey items are reliable and measure the same concept.

Durbin-Watson Test: A test to check if residuals are independent or autocorrelated (they should not
follow a pattern). A value between 1.5 and 2.5 indicates no autocorrelation.

Exploratory Factor Analysis (EFA): A statistical method to group related survey items into broader
factors. This helps to simplify data and identify underlying relationships between variables.

Factor Loading: A number that shows how strongly an item is associated with a factor. Values above
0.5 are considered good.

Goldfeld-Quandt Test: A test used to check if the residuals have constant variance, which is an
assumption for a valid regression model.

Interaction Variable: A term used in regression analysis to capture the combined effect of two
variables (e.g., trust and gender) on the dependent variable.

Kaiser-Meyer-Olkin (KMO) Test: A test to determine if the data suits EFA. A value above 0.5
indicates that the data are adequate for this type of analysis.

Moderator Variable: A variable influencing the relationship between independent and dependent
variables. For example, gender might affect how trust influences behavioural intention.

Multiple Linear Regression Analysis: A statistical method used to examine how several independent
variables (e.g., motivations, trust) affect a dependent variable (e.g., behavioural intention).

Normal Q-Q Plot: A graphical tool to check if residuals follow a normal distribution (a key assumption
for regression analysis).

p-value: A number that shows the probability of a result occurring by chance. A value below 0.05 is
usually considered statistically significant.

Residuals: The differences between the observed values and those predicted by the regression model.
They help assess the accuracy of the model.

Variance Inflation Factor (VIF): A measure to check if independent variables are highly correlated
with each other (multicollinearity). Values above 5 indicate potential issues.

Mathematics Student Teachers’ Behavioural Intention Using ChatGPT 28



CJLT/RCAT Vol. 50 (3)

Authors

Tang Minh Dung, PhD, earned his doctorate in Mathematics - Informatics from Université Grenoble
Alpes in France. He is a lecturer in the Department of Mathematics and Informatics at Ho Chi Minh City
University of Education in Vietnam. His research focuses on teacher education and technology-
enhanced mathematics education. Email: dungtm@hcmue.edu.vn ORCID: https://orcid.org/0000-0001-
5401-1395

Vo Khoi Nguyen is a senior mathematics education student at the Department of Mathematics and
Informatics, Ho Chi Minh City University of Education in Vietnam. His research focuses on harmonic
analysis and teacher education. Email: 4701101107 @student.hcmue.edu.vn

ORCID: https://orcid.org/0009-0009-3738-6967

Doan Cao Minh Tri is a senior mathematics education student at the Department of Mathematics and
Informatics, Ho Chi Minh City University of Education in Vietnam. His research focuses on
representation theory, number theory, and mathematics teaching methodology.

Email: minhtridoancao06@gmail.com ORCID: https://orcid.org/0009-0001-7783-1393

Phu Luong Chi Quoc is a senior mathematics education student at the Department of Mathematics and
Informatics, Ho Chi Minh University of Education in Vietnam. His research focuses on technology-
enhanced mathematics education. Email: chiquocphuluong26012002@gmail.com

ORCID: https://orcid.org/0009-0009-4151-954X

Bui Hoang Dieu Ban is a senior mathematics education student at the Department of Mathematics and
Informatics, Ho Chi Minh University of Education in Vietnam. Her research focuses on technology-
enhanced mathematics education and mathematics teaching methodology.

Email: buihoangdieuban12012003 @gmail.com ORCID: https://orcid.org/0009-0008-1696-1195

© 2024 Tang Minh Dung, Vo Khoi Nguyen, Doan Cao Minh Tri, Phu Luong Chi

@ @ Quoc, Bui Hoang Dieu Ban
This work is licensed under a Creative Commons Attribution-NonCommercial

CC-BY-NC 4.0 International license.

Mathematics Student Teachers’ Behavioural Intention Using ChatGPT 29


mailto:dungtm@hcmue.edu.vn
https://orcid.org/0000-0001-5401-1395
https://orcid.org/0000-0001-5401-1395
mailto:4701101107@student.hcmue.edu.vn
https://orcid.org/0009-0009-3738-6967
mailto:minhtridoancao06@gmail.com
https://orcid.org/0009-0001-7783-1393
mailto:chiquocphuluong26012002@gmail.com
https://orcid.org/0009-0009-4151-954X
mailto:buihoangdieuban12012003@gmail.com
https://orcid.org/0009-0008-1696-1195

	Editorial, Volume 50 Issue 3
	Ally and Mishra
	Tayem and Bourgeois
	Kamga et al.
	Yan et al.
	King and Hynes
	Minh Dung et al.

