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Abstract: Artificial intelligence (Al) is having a significant impact on contemporary lives, especially in learning and instruction
design. The exploration of Al literacy in teacher education is an essential foundation for the redesign of instructional
approaches to enhance pre-service teachers’ Al literacy. This study aimed to develop the scale of Al literacy by employing
exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) to develop the items and validate a self-assessment
Al literacy scale for pre-service teachers for practical implementation for teacher development courses in undergraduate
curricula. In this study, Al literacy, synthesized from relevant studies and drawing on experts in educational technology,
includes four constructs: 1) recognition, 2) fundamental comprehension, 3) pedagogy, and 4) ethical use of Al, offering a
comprehensive and versatile instrument for the measurement of Al literacy in teaching professional development. The
instrument’s reliability and construct validity were confirmed using statistical analyses of data collected from 1,673
undergraduate pre-service students studying teaching and education at Thai universities, including both public and private
universities. The findings indicated that the four constructs proposed had a good fit and showed excellent internal
consistency (a = 0.94). The average variance extracted, and composite reliability (CR) values met the criteria for validity. In
the EFA, the items were reduced from 42 items to 39 items, which had a Kaiser-Meyer-Olkin of 0.993 and a significant test
of sphericity (p-value <.0001). The CFA results revealed a chi-Square value of 480 (p < 0.001), an RMSEA of 0.035, an SRMR
of 0.022, a comparative fit index (CFl) of 0.974, and a GFI of 0.974. Thus, the Al literacy scale for pre-service teachers
developed in this study is a valid and reliable instrument for assessing pre-service teachers’ Al literacy. Although it was not
yet implemented in classroom settings, the established validity and reliability of the scale provide a foundation for future
research and practical applications in teacher education.

Keywords: Al literacy for teacher, Al for teacher development, Al for education, Pre-Service teachers, Teacher education,
Confirmatory factor analysis

1. Introduction

The cutting-edge of digital technologies, in particular in the case of artificial intelligence (Al) technology, has
significant impacts on people’s means of working and designing instruction in the twenty-first century (Kanont,
et al., 2024; Ng, et al., 2021b; UNESCO, 2023; Wong, et al., 2020). Generative Al (Gen-Al) refers to artificial
intelligence which, capable of producing muti-type content such as text, images, audio, or video. Hence, the
widespread usage of Gen-Al applications among learners and instructors heavily plays a role in shifting
contemporary learning and teaching norms, including the opportunities, imperatives, and risks that are inherent
to the use of Gen-Al (Ajevski, et al., 2023; Bastani, et al., 2024; Oster, Henriksen and Mishra, 2024).
Consequently, the future of educators necessitates the design of learning and integration with digital technology
to align with the relevant and important needs of present society (Anders, 2023; Chen and Lin, 2023; Weston,
2023). Thus, pre-service teachers across multiple fields require the development of Al literacy, one of the future
digital competencies of the framework for educators (UNESCO, 2023; Vuorikari, Kluzer and Punie, 2022). In
addition, Al literacy is aligned with The National Al Action Plan for Thailand’s Development (2022-2027), which
is intended to develop human resource skills in Al for teachers, lecturers, and students, leading to improvements
in the economy and in quality of life of the people by 2027 (Ministry of Higher Education, 2023).

Recent research has endeavored to evaluate Al literacy and to develop key components of Al literacy, e.g., Dai,
et al. (2020), Ng, et al., (2021a), Davy Tsz Kit, et al. (2022), Wang, Rau and Yuan, (2022), Williams, et al. (2022)
Biagini, Cuomo and Ranieri (2023), and UNESCO (2024). Then, several studies presents Al literacy relates to the
recognition and distinguishing the content or systems that use Al using knowledge, concepts, and basic
understanding of Al technology, the ability to use Al in various contexts, and the critical evaluation and selection
of Al that is appropriate to a given issue or problem, under the ethical framework of the use of Al. However,
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while several researchers have studied Al Education, it was found that most research relates to the development
of K-12 Al curriculum, which refers to the formal methods, courses, and pedagogical strategies used to achieve
that goal (Eguchi, Okada and Muto, 2021; Jang, Jeon and Jung, 2022; G. Steinbauer, et al., 2021), while Al literacy
emphasize on critically aware, recognize, evaluate, communicate, collaborate with, and use Al technologies
responsibly in education.

To address this gap, the present study develops and validates an Al literacy scale for pre-service teachers to
capture their knowledge, attitudes, and readiness to integrate Al in educational contexts. The scale aims to
support teacher education programs in enhancing Al literacy and technology-enhanced learning practices. This
study draws upon recently introduced frameworks and instruments (Ng, Wu, et al., 2023; Zhao, Wu and Luo,
2022) designed to measure Al literacy across four dimensions: affective, behavioral, cognitive, and ethical.
Following these frameworks, the current study operationalized Al literacy using these four dimensions and
employed exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) to validate the structure of
the scale for pre-service teachers. Two research questions guided the study:

RQ1: What constructs and factors of an Al literacy scale for pre-service teachers?
RQ2: Is the Al literacy scale for pre-service teachers reliable and valid?

Overall, the findings of this study help support the development of an Al literacy scale that takes into account
recent Al developments and is relevant to undergraduate pre-service teachers and teacher education in higher
education. In addition, applications could be beneficial for developing learning, establishing, and integrating
practical Al methods of instruction, and implementing policies to improve Al abilities and support future Al
proficiency in pre-service teachers.

2. Literature Review
2.1 Alin Teacher Education

Al is widely utilized worldwide, in particular large language models (LLMs), which are the foundation of current
Gen-Al. LLMs have been applied in various industries to generate media and information to enhance user
productivity, such as consultation, learning, and decision-making in multiple fields (Burgsteiner, Kandlhofer and
Steinbauer, 2016; Ghallab, 2019; Ng, et al., 2021a). Recent studies and emerging trends show that Al for
education can assist teachers in teaching and learning, including in designing instruction, delivering lessons,
generating educational media, providing personalized feedback, and enhancing professional development
(Fernandez Jiménez, 2024; Kim, 2024; Younis, 2025). Al thus can process vast amounts of data and information
that go far beyond human capabilities. Al can learn and generate new content across various types of media,
identify patterns in data, and facilitate human decision-making with predictive analytics (Hwang, et al., 2020;
Ng, etal., 2021a; UNESCO, 2024). The integration of Al into teacher education will improve education and enable
new forms of teaching, learning, and educational management, enhancing learning experiences and supporting
teacher tasks. For instance, Al-driven adaptive learning systems can personalize educational content and make
it more suitable for student needs, increasing learning engagement and improving learning outcomes and skills
(Ahmad, et al., 2022; Davy Tsz Kit, et al., 2022; Sukkeewan, Songkram and Nasongkhla, 2024). In addition, Al
tools can help teachers develop professional competencies through the provision of real-time feedback,
analytics on student performance, and access to and generation of in-time educational resources, including
through edcafe.ai, ChatGPT, Fliki, DALL-E, Botnoi, Gemini Code Assist, etc. (Chaudhry and Kazim, 2022). At
present, Al, Gen-Al in particular is reshaping the educational landscape and redefining educators’ competencies.
As noted, a concerted effort is required to develop Al literacy in teacher education to ensure that teachers can
effectively integrate technologies into their pedagogical practices (Seo, et al., 2021). Understanding and
leveraging the capabilities of Al is becoming increasingly important for educators who intend to enhance
learning experiences for their students and prepare them for a future where Al plays a significant role
(Markauskaite, et al., 2022; Davy Tsz Kit, Ng et al., 2023).

2.2 Definitions and Components for Al Literacy in Pre-Service Teachers

Al literacy is increasingly being conceptualized as a multifaceted construct in teacher education that combines
a technical understanding of Al with practical and ethical competencies. On the one hand, Al literacy includes
technical knowledge, such as, the ability to explain how machine learning algorithm’s function and the ability to
understand the basic techniques and concepts behind the Al that is embedded in modern tools. This technical
perspective aligns with calls for teachers, especially teachers of computer skills or technology teachers, to grasp
what makes up Al and how it operates (Chiang and Yin, 2022; Kandlhofer, et al., 2016; Kong, Man-Yin Cheung
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and Zhang, 2023). In addition, Al literacy also entails having practical skills and ethical awareness, including the
use of Al-driven applications in the classroom and critical evaluation of Al outputs and impacts. Researchers
have shown that Al-literate educators should be able to leverage Al as a teaching assistant as well as recognizing
its limitations and adhering to principles of fairness, transparency, and responsibility. Thus, pre-service teachers
need to have a balance of both perspectives: a solid foundation in how Al works and sufficient discernment to
apply Al tools pedagogically and ethically (Hua Du, et al., 2024; Kong, Man-Yin Cheung and Zhang, 2021; Long,
Blunt and Magerko, 2021; Ng, et al., 2021a; Gerald Steinbauer, et al., 2021). In this study, the authors adopt a
definition of Al literacy that refers to its general applicability and specify it for teacher education. This includes
having fundamental knowledge and understanding of Al technology, critically and appropriately applying Al
technology in pedagogy, and remaining aware of its ethical impacts and its proper use in the present societal
and educational context, including ethical unitization (Hua Du, et al., 2024; Ng, et al., 2021a; Ng, et al., 20233;
UNESCO, 2024; Wilton, Sharma and Fan, 2022; Zhao, Wu and Luo, 2022). This concept is also suitable for
teaching professionals who are not involved in Al development and Al scientists who use Al as an educational
assistant tool.

The recently research on the components of Al literacy has shown that many researchers have proposed
different components for it in relation to various contexts and study objectives, including Al awareness, knowing
and understanding Al, using Al, evaluating and creating Al, and Al ethics (Davy Tsz Kit, et al., 2022; Ng, et al.,
2021a; Ng, et al., 2023b), which is based on the digital literary concept. While, several studies have examined
the structure of Al literacy, which involves several dimensions and definitions of Al literacy in various settings
through employing qualitative and quantitative methods (Pinski and Benlian, 2023; Yetisensoy and Rapoport,
2023; Zhao, Wu and Luo, 2022). In the other perspective UNESCO (2024) defines 15 competencies across five
domains, notably, Al foundations and applications, Al pedagogy, and the ethics of Al. These domains emphasize
that teachers must have a solid understanding of what Al is and how it works, strategies of integrating Al into
teaching practice, and a strong commitment to the ethical use of Al in education. This global policy perspective
validates the inclusion of Al recognition, Al fundamental comprehension, Al pedagogy, and Al ethical use as
crucial dimensions for the preparation of teachers. Moreover, Ng, et al. (2021c) and Ng, et al. (2023b) conducted
an exploratory review of the Al literacy literature, distilling four overarching aspects of Al literacy: knowing and
understanding Al, using and applying Al, evaluating and creating with Al, and addressing ethical issues. Similarly,
Wang, Rau and Yuan (2022). in the course of developing an Al literacy scale, partitioned Al literacy into four
factors: awareness of Al, practical skills in using Al, critical evaluation of Al outputs, and understanding Al ethics.
Celik (2023b) argued that to effectively integrate Al into education, teachers must go beyond developing
technological knowledge of Al to create pedagogical strategies for the use of Al, combined with the ability to
address ethical issues to do with Al. In that study, an Al literacy scale was developed to measure teachers’
knowledge for the instructional use of Al, extending Technological Pedagogical Content Knowledge (TPACK)
including explicit ethical considerations. The results of this process showed that greater knowledge of how to
interact with Al tools leads to a better understanding of Al pedagogical contributions, and pure technical
knowledge needed to be coupled with pedagogy to be meaningful.

The findings indicated that the authors were motivated to extend the existing framework through integrating
concepts of Al literacy (Ng, et al., 2021a; Ng, et al., 2021c; Wang, Rau and Yuan, 2022), the TPACK-AI framework
(Celik, 2023b; Kim, et al., 2021), and the Al competency (UNESCO, 2024); which emphasis muti-levels of Al
knowledge and skills based on human-centric, teacher development and responsibilities toward Al; for to
teacher education contexts, in particular in various field of study in pre-service contexts, including the
recognition, fundamental comprehension, pedagogy, and Al ethical use of Al. Hence, the researchers
synthesized and conceptualized four aspects of Al literacy for pre-service teachers identified from the reviews.

Al Recognition refers to the acknowledgment of the comprehensive potential and impact of Al in educational
settings. It involves an overview of the concept of Al processes in applications and services that critically
distinguishes between human- and Al-generated content and explains the reasons for these distinctions. Al
recognition entails a self-reflective process that occurs both before and after engagement with Al technology,
as highlighted in several studies (Celik, 2023a; Laupichler, et al., 2022; Lee, et al., 2021; Wang, Rau and Yuan,
2022; Yetisensoy and Rapoport, 2023). According to this process, learners can critically assess their recognition
of Al capabilities and limitations before its use. Before utilizing Al tools, learners contemplate the impact those
Al tools can have on learning design, teacher tasks, and the teaching profession. The postunitizing learner’s
reflection allows them to identify misconceptions, understand Al’s effects on their cognitive processes, and
make informed adjustments for the case of future interactions.
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Fundamental Comprehension of Al refers to the capacity to explain the essential workings of Al and classify
several types of Al that may be useful for educational management. This incorporates articulation of the
functions of specific Al technologies, reasoning concerning Al-generated content, identifying the advantages and
precautions that are associated with Al usage, and discussing Al-related issues that impact teaching and
education (Celik, 2023a; Davy Tsz Kit, et al., 2022; Laupichler, et al., 2022; Lee, et al., 2021; Ng, et al., 20213;
Williams, et al., 2022). This would include understanding such fundamental concepts as machine learning, the
basic techniques behind Al products and service processes, LLMs, and various types of Al in the educational
landscape. In line with this, Kim and Kwon (2023) emphasized that educators should have a basic understanding
of Al in the TPACK framework used for elementary teachers. Moreover, for computer science teachers, Kim, et
al. (2021) suggested that the requirements for K-12 teacher competencies in Al education should include the
ability to construct programming environments, use web or API-based online education platforms for use in Al
project education, and understand the fundamentals of Al, computer science, and applied mathematics,
together with Al ethics. These competencies ensure that teachers are sufficiently well-equipped to integrate Al
concepts into their curricula and guide students as they navigate the evolving technological landscape.

Al Pedagogy with reference to Al involves integration into teaching and learning to address educational
problems and enhance instructional outcomes. Such integration includes demonstration of the use of Al in
various educational contexts, the effective management of Al tools in both classroom and online environments,
and the promotion of practical and ethical Al usage in learners (Celik, 2023b; Dai, et al., 2020; Davy Tsz Kit, et
al., 2022; Kim, et al., 2021; Ng, et al., 2021a; Wang, Rau and Yuan, 2022; Williams, et al., 2022; Yetisensoy and
Rapoport, 2023). Moreover, Celik (2023b) and Kim, et al. (2021) suggested that the enhancement of Al
integration in pedagogy can be achieved through use of the AI-TPACK framework, which supports learners in its
use of and becoming familiar with Al technologies in their application in teaching practices and strategies. This
framework offers Al tools that are embedded in the learning ecosystem that enable educators to integrate Al
directly into the educational experience for enhanced learning outcomes.

Al Ethical Use of Al refers to acting in a way that is critically aware of and in adherence to ethical frameworks
that govern the use of Al in educational institutions, together with complying with government policies and
service provider guidelines. This includes the following terms of use for the use of Al-generated content and
management of data for Al processing without violating institutional regulations (Celik, 2023a; Kong, Man-Yin
Cheung and Tsang, 2022; Laupichler, et al., 2022; Ng, et al., 2021a; Wang, Rau and Yuan, 2022; Williams, et al.,
2022; Yetisensoy and Rapoport, 2023). Moreover, Khammarnia, et al. (2022) note that professional ethics
include commitment and conscientiousness toward an individual’s work, responsibilities, and commitments, as
influenced by knowledge, desire, capability, and attitudes. These ethical considerations relate to rational
thinking process that enables individuals to discern the values that should be preserved and disseminated in an
organization. In particular, H. Du, et al. (2024) showed that Al ethics, including transparency, responsibility,
justice, and sustainability, indirectly influence the behavioral intention to learn Al and directly affects teachers’
perceptions of the use of Al for social good. Further, pre-service teachers should learn that their professional
judgment and values are crucial for Al use. They need to understand the relevant ethical principles (e.g., fairness,
nondiscrimination, and privacy) and should be prepared to apply them in the use of Al tools (UNESCO, 2024).
Studies have found that teachers at present do not have sufficient training in these areas. In a recent study, pre-
service teachers voiced concerns regarding data privacy and algorithmic bias as critical issues (Kohnke, et al.,
2025). To respond to this, a large number of ethical principles or guidelines for teachers and educators have
been developed to promote the proper understanding and use of Al (Richards and Dignum, 2019; U.S.
Department of Education, 2023; UNESCO, 2023).

Previous findings have suggested that scholars were motivated to extend existing frameworks by integrating Al
literacy concepts (Ng, et al., 2021a; Wang, Rau and Yuan, 2022), TPACK-AI framework (Celik, 2023b; Kim, et al.,
2021), and the Al competency framework of UNESCO (2024) to teacher education contexts, in particular in
various fields of study in pre-service contexts, including 1) Al recognition, 2) Al fundamental comprehension, 3)
Al pedagogy, and 4) Al ethical use. Researchers have thereby developed four constructs for Al literacy for pre-
service teachers. The theorical definitions of the constructions are presented in Table 1. Following this, the
authors plan to validate these proposed constructs by assessing the reliability and validation of the Al literacy
scale serve as an instrument to measure preservice teachers’ Al literacy levels within teacher education.

While previous studies have proposed multiple frameworks and dimensions for Al literacy, this study focuses on
four key factors; Al Recognition, Al Fundamental Comprehension, Al Pedagogy, and Al Ethical Use; because these
dimensions consistently appear across the most influential frameworks (Ng et al., 2021a; Wang et al., 2022;
Celik, 2023b) and align with the professional competencies among pre-service teachers. The selection of these
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four factors reflects both theoretical parsimony and contextual relevance for pre-service teacher education.
Given that these constructs were conceptually derived from well-validated international frameworks, a
confirmatory rather than exploratory approach was employed to evaluate their applicability within this context.
The theoretical definitions of the constructions are presented in Table 1.

Table 1: Summary definitions of Al literacy for pre-service teachers

Al literacy

Definitions

Al recognition (RECO)

(Celik, 2023a; Laupichler, et al., 2022;
Lee, et al.,, 2021; Wang, Rau and
Yuan, 2022; Yetisensoy and Rapoport,
2023)

Ability to recognize the potential and scope of Al that can be beneficial,
understand its impacts, and appreciate its importance in general and
educational scope. This includes identifying the fundamental processes of Al
technology when using applications or services derived from Al
implementation, critically distinguishing between content created by humans
and that generated by Al, providing reasons for such distinctions.

Al fundamental comprehension
(COMP)

(Celik, 2023a; Davy Tsz Kit, et al.,
2022; Laupichler, et al., 2022; Lee, et
al., 2021; Ng, et al., 2021a; Williams, et
al., 2022).

The capability to explain the basic working processes of Al and classify the
types of Al that can be utilized in educational management. This would involve
stating the functions that specific Al technologies can perform, offering
reasoning when observing content produced by Al, identifying the advantages
and precautions of Al usage for others, and discussing issues related to Al that
affect teaching management and educational settings.

Al pedagogy (PEDA)

(Celik, 2023b; Dai, et al., 2020; Davy
Tsz Kit, et al., 2022; Kim, et al., 2021;
Ng, et al., 2021a; Wang, Rau and
Yuan, 2022; Williams, et al., 2022;
Yetisensoy and Rapoport, 2023).

The ability to proceed through the process of integrating Al into the design or
solution to problems in teaching and learning management. This includes
demonstrating examples of using Al in various educational contexts, managing,
and controlling the use of Al in both classroom and online learning
environments, and promoting practical and ethical Al usage among learners.

Al ethical use (ETHIC)

(Celik, 2023a; Kong, Man-Yin Cheung
and Tsang, 2022; Laupichler, et al.,
2022; Ng, et al., 2021a; Wang, Rau
and Yuan, 2022; Williams, et al., 2022;
Yetisensoy and Rapoport, 2023)

The ability to employ Al morally, fairly, and transparently in full compliance with
institutional regulations, government policies, and any usage restrictions
imposed by Al service-providers while actively detecting and mitigating
algorithmic bias, safeguarding privacy, and copyright, and retaining clear
human accountability for Al-driven decisions. This requires teachers to observe
formal terms-of-use (e.g., data-handling, academic-integrity, and content
guidelines), to interrogate Al outputs for potential inequities or harms, and to

ensure that all students benefit equitably from Al under explicit human
oversight.

3. Method

In this study, the authors applied the scale development and validation research approach presented by Boateng
et al. (2018) to develop an Al literacy scale for students in education. The approach consists of four phases:
Phase 1: item development, to define domain boundaries, generate suitable questions, and evaluate item
representativeness for the target population; Phase 2: questionnaire implementation, to ensure accurate data
collection and data availability for scale validation; Phase 3: item reduction, to identify the optimal factor
structure for the item set; and Phase 4: construct validity, to examine latent structures and relationships among
items.

The population of this study comprised pre-service teachers enrolled in teacher education programs across
universities in Thailand. A stratified random sampling method was used to ensure representation from the from
four groups of universities in Thailand. The target sample size was calculated using the Soper (2022) online
calculator, with the following parameters: anticipated effect size = 0.1, desired statistical power level = 0.8,
number of latent variables = 5, number of observed variables = 14, and probability level = 0.05. The calculation
yielded a recommended minimum sample size of 1,599 participants.

In this research, data were analyzed using SPSS V.29.0 and Jamovi V.2.3 to explore descriptive and factor
analyses. Factors were analyzed using EFA, and structural validity was established using confirmatory factor
analysis (CFA). The Goodness of Fit Index (GFI) was assessed in this study, along with Root Mean Square Error of
Approximation (RMSEA), comparative fit index (CFl), and Adjusted Goodness-of-Fit Index (AGFI). As literature
indicates, when a model’s CFl, GFl, and AGFI values are more than 0.95, this represents an excellent fit. Likewise,
the value for RMSEA, which was below 0.05, also indicated an excellent fit. (Fan, Thompson and Wang, 1999;
Hair, et al., 2018; Joreskog and Sérbom, 1986; MacCallum, Browne and Sugawara, 1996; Tabachnick and Fidell,
2013). The research procedures and results for each research phase were presented as follows.
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3.1 Results
3.1.1 Phase 1: Item development

In this phrase, all of the Al literacy scale items were created through synthesizing the educational technology
literature, international organization reports, and relevant research in both international and national contexts,
and then they were adjusted by the researchers according to the theoretical definitions for each construct (Table
1) and all of the items are listed in the Appendix. Eight experts in the field of educational technology and
communications then reviewed the items for their wording and quality of the items to minimize misperceptions.
The experts also assessed the items’ content validity to align with the theoretical definitions. Then, the authors
have reviewed and edited Al literacy scale items as the experts recommend. Following this, the researchers
conducted a pilot test of the measurement instrument in a sample of 30 students to verify the items’ clarity and
make appropriate adjustments to align with the context of pre-service teachers studying in Thailand. Cronbach’s
alpha coefficients were calculated for each construct, which helped verify the items’ internal consistency, where
values above 0.7 were considered acceptable and ready for next phase implementation. Cronbach’s alpha values
for internal consistency and reliability obtained from the data analysis for each construct were as follows: Al
recognition = 0.941, Al fundamental comprehension =0.971, Al pedagogy = 0.962, and Al ethical use = 0.966.

The research instrument used was an online survey questionnaire administered using JotForm. This instrument
was designed to gather data for the study and was divided into two parts. Part 1 focused on the collection of
demographic information from the sample, and Part 2 focused on the collection of Al literacy items. These were
42 items formatted to the 7-point level of agreement on a Likert scale ranging from "totally disagree" (1) to
"totally agree" (7). (Likert, 1932; Vagias, 2006). A 7-point Likert scale was used to provide finer distinctions in
participants’ perceptions and enhance measurement reliability (Preston, C., and Colman, A., 2000). In the initial
scale, there were 9 items for Al recognition, 12 items for Al fundamental comprehension, 9 items for Al
pedagogy, and 12 items for Al ethical use, total were 42 items.

3.1.2  Phase 2: Questionnaire implementation

As the results, Between Q3 and Q4 of 2024, the research team distributed digital questionnaires to pre-service
teachers across universities in various regions of Thailand. The survey was shared through selected academic
units or departmental contacts within each university or faulty. Within these units, students were invited to
participate on a voluntary basis, and responses were collected from those who chose to complete the
guestionnaire. Before conducting the analysis, data cleaning procedures were applied to identify missing values,
and remove inconsistent responses by examining straight-lining behavior. The results are 1,673 higher education
students studying in education departments or faculty across the from four groups of universities in Thailand,
concentrating in the following areas: 1) global and frontier research, 2) technology development and innovation,
3) area-based and community engagement, and 4) private and other. Among these samples, 570 were men
(34.07%), and 1,103 were women (65.93%); 487 (29.11%) were first-year students, 654 (39.09%) were
sophomores, 312 (18.65%) were juniors, and 220 (73.33%) were seniors. Most participants were studying at
area-based and community engagement universities (n = 776, 46.38%), technology development and innovation
universities (n = 464, 27.73%), global and frontier research universities (n = 276, 16.50%), and private and other
universities (n = 157, 9.38%).

3.1.3  Phase 3: Item reduction

Item reduction was designed to ensure that sufficient items representing the four Al literacy constructs were
retained, providing evidence of construct validity (Hinkin, 1998). A reduction in the number of items can also
enhance the usability of the scale in various contexts, such as in the teaching profession. For this, we conducted
an EFA. EFA is used to uncover fundamental structures in multivariate observed variables and to address
dimensionality reduction. Thus, EFA can condense a set of variables that show complex interrelationships into a
few core factors. We calculated item-total correlations to select the most appropriate items for the four
constructs.

We initially evaluated the suitability of the data for factor analysis using the Kaiser-Meyer-Olkin (KMO) test,
which produced a sampling adequacy measure of 0.993. This value exceeds the recommended threshold of 0.95,
thereby confirming that the data were appropriate for use in EFA. Moreover, Bartlett's test of sphericity found
significant differences from an identity matrix (p-value < .0001), and the cumulative value was 73.786, which
shows a greater than 60% share of the total variance explained by the factors (Hair, 1998). Therefore, we
conducted four-factor EFA utilizing maximum likelihood estimation and varimax rotation with Kaiser
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normalization. This procedure was intended to verify that the items corresponded with the theoretical
framework for each construct and to detect any items loaded on multiple factors. The results revealed that three
items (PEDA 9, RECO 9, and PEDA 1) loaded on multiple factors. The three cross-loaded items showed semantic
overlap across constructs, indicating conceptual rather than data issues; prior studies did not specify their
original loadings.The outcomes of the EFA are presented in Table 2.

Table 2: Results of exploratory factor analysis

ETHIC COMP RECO PEDA ETHIC COMP RECO PEDA

ETHIC 7 0.721 RECO 7 0.502
ETHIC 6 0.712 RECO 3 0.655

ETHIC 10 0.692 RECO 1 0.648

ETHIC 11 0.687 RECO 2 0.642
ETHIC 4 0.680 RECO 5 0.603
ETHIC 3 0.675 RECO 6 0.588

ETHIC 12 0.668 RECO 4 0.570
ETHIC 5 0.665 RECO 8 0.525
ETHIC 2 0.662 PEDA 7 0.571
ETHIC 8 0.643 PEDA 4 0.556
ETHIC 9 0.635 PEDA 5 0.553
ETHIC 1 0.601 PEDA 3 0.553
PEDA 9 0.519 PEDA 2 0.538
COMP 3 0.729 PEDA 6 0.534
COMP 5 0.684 PEDA 8 0.522
COMP 6 0.682 PEDA 1 0.472
COMP 9 0.678
COMP 8 0.673
COMP 4 0.671
COMP 7 0.668
COMP 2 0.654
COMP 1 0.581

COMP 12 0.576

COMP 11 0.567

COMP 10 0.527
RECO 9 0.524

Note. Extraction Method: Maximum Likelihood. Rotation Method: Varimax with Kaiser Normalization.

Bartlett's Test of Sphericity; p < .0001, Model Fit Measures; root mean square error of approximation (RMSEA) is 0.0333,

Next, the authors used CFA, which leverages sample data to validate a hypothesized factor structure that is
based on a theoretical framework. In CFA, the factor structure that was established in existing theories enables
us to create an estimated covariance matrix. The researchers performed CFA on each subscale to assess the
factor loadings that are associated with their respective constructs. In addition, we calculated item-total
correlations, seeking to identify items deviating from the overall response patterns. Factor loadings and item-
total correlation coefficients for each of the four constructs are presented in Table 3. We selected items using
the following criteria: (a) factor loadings in EFA exceeding 0.50 within their factor group, (b) factor loadings in
CFA greater than 0.30 (Costello and Osborne, 2005), and (c) item-total correlation coefficients above 0.60 (Hair,
1998). The researchers thereby eliminated three items that did not meet the criteria and were loaded with
multiple constructs. We then refined the scale to exclude three items from constructs, resulting in 39 items as
the revised scales selected from the 42 initial items.
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Table 3: Descriptive statistics and principal factor analysis results

Mean |(S.D. a Loading ::s:;g:?;n Mean |S.D. a Loading ::ts:?:lgt?;n
RECO 1 5.64 1.343 0.954 0.741 0.706|PEDA 1 5.53 1.364 0.937 0.730 0.695
RECO 2 5.44 1.346 0.952 0.771 0.732|PEDA 2 5.37 1.314 0.934 0.792 0.754
RECO 3 5.66 1.355 0.952 0.768 0.728|PEDA 3 5.40 1.315 0.932 0.818 0.776
RECO 4 5.29 1.387 0.953 0.794 0.754|PEDA 4 5.39 1.356 0.933 0.808 0.763
RECO 5 5.40 1.341 0.952 0.807 0.763|PEDA 5 5.41 1.372 0.931 0.837 0.795
RECO 6 5.38 1.371 0.952 0.791 0.751|PEDA 6 5.41 1.333 0.934 0.792 0.757
RECO 7 5.32 1.411 0.952 0.797 0.763|PEDA 7 5.38 1.385 0.933 0.804 0.757
RECO 8 5.40 1.380 0.952 0.792 0.756|PEDA 8 5.35 1.360 0.932 0.822 0.783
RECO 9 5.38 1.396 0.952 0.800 0.773|PEDA 9 5.47 1.325 0.935 0.785 0.754
COMP 1 5.32 1.427 0.954 0.765 0.740|ETHIC 1 5.44 1.419 0.953 0.779 0.757
COMP 2 5.18 1.379 0.952 0.810 0.775|ETHIC 2 5.43 1.370 0.952 0.807 0.761
COMP 3 5.15 1.464 0.952 0.802 0.748|ETHIC 3 5.47 1.349 0.951 0.818 0.771
COMP 4 5.26 1.385 0.953 0.788 0.746|ETHIC 4 5.45 1.306 0.952 0.812 0.765
COMP 5 5.23 1.390 0.952 0.825 0.785|ETHIC 5 5.41 1.354 0.952 0.814 0.777
COMP 6 5.22 1.397 0.952 0.805 0.756|ETHIC 6 5.50 1.342 0.952 0.791 0.732
COMP 7 5.33 1.396 0.952 0.819 0.784|ETHIC 7 5.47 1.360 0.951 0.822 0.766
COMP 8 5.26 1.384 0.952 0.807 0.764|ETHIC 8 5.45 1.359 0.952 0.798 0.765
COMP 9 5.28 1.407 0.952 0.816 0.770|/ETHIC 9 5.42 1.361 0.952 0.803 0.764
COMP 10 5.41 1.325 0.953 0.778 0.766|ETHIC 10 5.49 1.387 0.952 0.801 0.742
COMP 11 5.40 1.364 0.952 0.812 0.792|ETHIC 11 5.47 1.330 0.952 0.798 0.746
COMP 12 5.39 1.391 0.952 0.811 0.797|ETHIC 12 5.57 1.342 0.952 0.785 0.737

3.1.4  Phase 4: Construct validity

In our assessment of our measurement model, all the factors had high correlations that were above 0.8, as
shown in Table 4. The constructs presented varying degrees of fit. Al recognition showed a satisfactory fit, with
chi-square = 144, df = 27, p < 0.001, RMSEA = 0.064, and SRMR = 0.021, along with good fit indices, including CFI
=0.981, GFl = 0.996, and AGFI = 0.992. Al fundamental comprehension constructs also indicated good model
fits, with chi-square = 203, df = 54, p < 0.001, RMSEA = 0.051, and SRMR = 0.017, along with good fit indices,
including CFl = 0.985, GFI = 0.995, and AGFI = 0.991. Al pedagogy showed a satisfactory fit, with a chi-square =
65, df =14, p < 0.001, RMSEA = 0.059, SRMR = 0.014, and good fit indices, including CFl = 0.990, GFI = 0.998, and
AGFI = 0.996. Al ethical use showed a satisfactory fit, with a chi-square =199, df = 54, p < 0.001, RMSEA = 0.051,
SRMR =0.017, and good fit indices including CFI = 0.985, GFI = 0.995, and AGFI = 0.992.

Table 4: Descriptive statistics and Pearson correlations among factors

Mean SD |IAware Know Apply Ethic
RECO 5.66 0.993 .
COMP 5.58 1.011 0.858 .
PEDA 5.62 0.986 0.820 0.866 .
ETHIC 5.70 0.969 0.840 0.827] 0.838] E

Table 4 presents convergent and divergent validity assessed using CFA with the measurement model, and CA
and composite reliability (CR) tests were performed to assess reliability. CA measured the internal consistency
among items, as seen in Table 5, and CR was used to describe the extent to which a train of items could represent
potential constructs. The CR values ranged from 0.956 to 0.931, the factor loading ranged from 0.924 to 0.955,
and, finally, the AVE values for the variables ranged from 0.616 to 0.658. DeVellis (2012); Fornell and Larcker
(1981) suggested that, where AVE is above 0.50 and CR is above 0.70, the convergent validity of the construct is
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satisfactory. The values of Cronbach’s alpha for these findings for the four constructs were Al Recognition (RECO)
=0.928, Al Fundamental Comprehension (COMP) = 0.956, Al Pedagogy (PEDA) = 0.931, and Al Ethical Use (ETHIC)
= 0.956, respectively. Although each of the four constructs exhibited a reliability of more than 0.70, the
instrument itself had a value above 0.80, indicating that the instrument was more reliable than the separate
constructs.

Table 5: Results of the measurement model

Latent Observed Mean | SD b(SE) B z p R? (e CR AVE
RECO RECO 1 5.87 1.204 | 0.000] 0.747 0.558  0.920
RECO 2 5.58 1.219 | 0.041] 0.775 25.900 <.001 0.600 0.918,
RECO 3 5.78 1.194 | 0.040] 0.772] 25.800] <.001 0.596) 0.918
RECO 4 5.56 1.265 | 0.042] 0.796] 26.700 <.001 0.633]  0.917,
RECO 5 5.63 1.197 | 0.040[ 0.808] 27.200] <.001 0.654) 0.916
RECO 6 5.60 1.226 | 0.041] 0.795 26.700 <.001 0.632 0.917,
RECO 7 5.62 1.232 | 0.041] 0.795 26.700 <.001 0.632] 0.918
RECO 8 5.65 1.218 | 0.040] 0.787| 26.400 <.001 0.619 0.918
COMP _ |COMP 1 5.61 1.269 | 0.000] 0.764 0.584| 0.954
COMP 2 5.43 1.233 | 0.036 0.810] 28.500] <.001 0.656] 0.952
COMP 3 5.50 1.302 | 0.038 0.803] 28.100 <.001 0.644) 0.952
COMP 4 5.56 1.216 | 0.036] 0.788 27.500 <.001 0.622] 0.953
COMP 5 5.51 1.245 | 0.036 0.825 29.100 <.001 0.681] 0.952
COMP 6 5.53 1.219 | 0.036] 0.806| 28.300] <.001 0.649 0.952
COMP 7 5.63 1.251 | 0.037| 0.819 28.800] <.001 0.671] 0.952
COMP 8 5.55 1.226 | 0.036] 0.807| 28.300 <.001 0.652] 0.952
COMP 9 5.59 1.235 | 0.036 0.816| 28.700 <.001 0.665 0.952
COMP 10 5.67 1.170 | 0.035 0.778 27.100] <.001 0.606] 0.953
COMP 11 5.68 1.193 | 0.035 0.812] 28.500] <.001 0.659 0.952
COMP 12 5.69 1.217 | 0.036] 0.810] 28.500 <.001 0.656] 0.952
PEDA PEDA 2 5.57 1.127 | 0.000] 0.790 0.624) 0.922
PEDA 3 5.61 1.157 | 0.036 0.815 29.700 <.001 0.664| 0.920
PEDA 4 5.65 1.177 | 0.036] 0.811] 29.600 <.001 0.658  0.920
PEDA 5 5.64 1.199 | 0.037| 0.835 30.700 <.001 0.697| 0.918
PEDA 6 5.63 1.164 | 0.036] 0.795 28.800 <.001 0.632] 0.922
PEDA 7 5.63 1.193 | 0.037| 0.808] 29.400 <.001 0.652]  0.920
PEDA 8 5.60 1.193 | 0.037| 0.821] 30.000 <.001 0.674) 0.919
ETHIC  [ETHIC 1 5.71 1.260 | 0.000] 0.778 0.606] 0.953
ETHIC 2 5.65 1.195 | 0.034] 0.807| 29.000 <.001 0.652] 0.952
ETHIC 3 5.70 1.170 | 0.033 0.818 29.500 <.001 0.670]  0.951
ETHIC 4 5.67 1.128 | 0.032] 0.812] 29.200] <.001 0.659 0.952
ETHIC 5 5.63 1.207 | 0.034] 0.814] 29.300 <.001 0.662] 0.952
ETHIC 6 5.71 1.170 | 0.033 0.792] 28.300 <.001 0.627] 0.952
ETHIC 7 5.69 1.188 | 0.034] 0.822] 29.700 <.001 0.675 0.951
ETHIC 8 5.70 1.191 | 0.034] 0.798 28.600 <.001 0.637] 0.952
ETHIC 9 5.69 1.186 | 0.034] 0.803| 28.800] <.001 0.645 0.952
ETHIC 10 5.71 1.205 | 0.034] 0.802] 28.800] <.001 0.643  0.952
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Latent Observed Mean | SD b(SE) B p R? (e CR IAVE
ETHIC 11 5.71 1.140 | 0.033] 0.798 28.600] <.001 0.636] 0.952
ETHIC 12 5.83 1.126 | 0.032] 0.785 28.000] <.001 0.616] 0.952
Al Literacy RECO 5.66 0.993 | 0.000] 0.949 0.900] 0.928 0.928 0.616]
COMP 5.58 1.011 | 0.046] 0.955 23.900] <.001 0.912] 0.956 0.956 0.646]
PEDA 5.62 0.986 | 0.041] 0.952 24.500 <.001 0.906] 0.931 0.931 0.658]
ETHIC 5.70 0.969 | 0.045 0.924] 23.700 <.001 0.853] 0.956] 0.956 0.644]

First, the overall model fit was the theoretical model that was used for Al literacy was acceptable for the fit
indicators assessed using multiple fit criteria: seven indices were used, including chi-square/degrees of freedom
(df), GFI, AGFI, CFl, and root mean square residual. SEM analysis showed that the goodness of fit statistics of the
theoretical framework in Table 6 represented good fit (chi-square = 1,610, df =698, p < 0.001, x2 /df = 2.30, GFI
=0.974, AGFI = 0.969, CFl = 0.974, RMSEA = 0.035, SRMR = 0.022).

Table 6: Model fit statistics

Results _[Fit Criteria Result Reference
X2 1,610% p < 0.001] Acceptable (Hair, et al., 2018)
X2 /df 2.30 2-5 Acceptable (Hooper, Coughlan and Mullen,
2007)
RMSEA 0.035 < .05 Acceptable (MacCallum, et al., 1996)
SRMR 0.022 < .05 Acceptable (Hair, et al., 2018)
Comparative Fit Index (CFI) 0.974 > .90 Acceptable (Fan, Thompson and Wang, 1999)
Goodness of Fit Index (GFI) 0.974 > .90 Acceptable (Tabachnick and Fidell, 2013)
Adjusted Goodness of Fit Index (AGFI) 0.969 > .90 Acceptable (Hair, et al., 2018)

The effect was obtained in the research constructs, and the results were as follows: Al recognition (B = 0.949),
Al fundamental comprehension (B = 0.955), Al pedagogy (B = 0.952), and Al ethical use (B = 0.924) significantly
positively to Al Literacy, as shown in Figure 1.
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Figure 1: Result of the Confirmatory factor Analysis model
4. Discussion

This study examined Al literacy factors within the context of the teaching profession to develop a measurement
instrument for use as a learning progression and self-assessment tool for Al literacy in pre-service teachers and
teacher development. This Al literacy in this study includes Al recognition, fundamental Al comprehension, Al
pedagogy, and ethical Al use, while other Al literacy scales have generally addressed broader Al literacy or digital
skills. The Al literacy factors explicitly integrate pedagogical knowledge and ethical dimensions essential for pre-
service teachers and curriculum design for enhancing Al literacy in courses or training (Celik, 2023a, 2023b;
Khlaisang and Koraneekij, 2019; UNESCO, 2024; Wang, Rau and Yuan, 2022; Wilson, Scalise and Gochyyev, 2015).
The results establish the reliability and validity of the Al literacy scale for both pre-service and in-service
teachers. The findings showed that the significant results of the theoretical model comprised four characteristic
constructs for the most appropriate conceptualization for Al literacy for teaching and learning. The author would
like to present the discussions with the research questions as follows:
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RQ1: What constructs and factors of an Al literacy scale for pre-service teachers?

The EFA value for RQ1 revealed a four-factor structure of Al literacy for pre-service teachers: Al recognition, Al
fundamental comprehension, Al pedagogy, and Al ethical use, which collectively explained 73.786% of the
variance in the data. KMO had an exceptionally high value (0.993), and Bartlett’s test of sphericity indicated
significant differences (p < 0.0001), confirming that the data were suitable for factor analysis. Thus, the scale
captures four constructs of Al literacy among pre-service teachers. Each factor represents a different aspect of
the ways that pre-service teachers understand and engage with Al. 1) Al recognition and 2) Al fundamental
comprehension closely corresponds to the core knowledge and awareness components of Al literacy that have
been presented in prior research. During factor analysis, three items were excluded due to overlapping
conceptual constructs. The items initially designed to assess Al recognition and Al pedagogy were found to
overlap significantly with items on Al ethical use, Al fundamental comprehension, and Al ethical use indicating
a need for clearer differentiation in future studies.

This alignment is evident in the comparison of our findings to existing Al literacy frameworks, which commonly
include awareness of Al systems and the ability to understand or evaluate Al functionalities (Laupichler, et al.,
2023; Wang, Rau and Yuan, 2022). In our findings, Al recognition reflects the teacher’s awareness of Al in
educational tools and teaching and learning (e.g., recognizing Al applications and their use in educational
context), while Al fundamental comprehension reflects a fundamental understanding of Al principles and
concepts (e.g., how machine learning works at a basic level). Al pedagogy is a distinct domain that is uniquely
important for educators. This factor includes the knowledge and skills that are required to integrate Al into
teaching practice and to instruct others concerning Al. From this, it is clear that pre-service teachers recognize
that being Al literate goes beyond knowing what Al is or how it works to knowing how to teach with and about
Al. These findings are related to existing frameworks of educational technology. It resonates with the concept
of TPACK adapted for Al, according to which teachers must blend Al knowledge with pedagogy that can
effectively facilitate learning (Kim, et al., 2022). Thus, Al ethical use, indicating that ethical considerations form
a key pillar of Al literacy for pre-service teachers, captures an understanding of responsible and principled uses
for Al, including questions of fairness, privacy, bias, and social impact in educational settings. This indicates that
pre-service teachers are aware of adopting Al in the classroom comes is accompanied by the duty to take moral
and safety implications into account.

RQ2: Is the Al literacy scale for pre-service teachers reliable and valid?

CFA was used to address RQ2, producing straightforward evidence that the identified Al literacy constructs are
reliably and effectively measured with the developed scale. The factor analyses indicated that the values for AVE
and CR values met the thresholds for convergent and construct validity in the measurement model. The
reliability for each factor is supported by the high internal consistency, indicated by Cronbach’s alpha values well
above 0.80. Moreover, the fit statistics of the research model show a good fit: chi-square = 1,610, df =698, p <
0.001, x2/df = 2.30, GFI = 0.974, AGFl = 0.969, CFl = 0.974, RMSEA = 0.035, and SRMR = 0.022.

The results of the analyses produce one of the most striking findings in this study, namely, the positive
significance shown by all Al literacy constructs as tools as the measurement and learning progress to curriculum
or course that integrated Al for education for teacher development. The findings show that teacher preparation
programs should adopt a well-rounded, comprehensive approach in incorporating Al into the curriculum, course,
or workshop. Instead of treating Al applications as a single skill, learning programs should include several
dimensions: raising awareness of Al technologies and their presence, building a basic comprehensive of Al
principles, training teachers in the pedagogical application of Al in classrooms, and fostering a strong sense of
ethics and responsibility in Al use. Moreover, in designing ethical learning concerning Al, the findings show that
blended ethical knowledge, as part of the substantive design of instructional design for Al literacy learning, plays
an essential role in the effective utilization of Al (Chan, 2023). To illustrate the result practices from each
construct, Al recognition might involve pre-service teachers critically identifying and thinking of Al-generated
content and Al-driven tools and used to enhance student engagement, such as adaptive feedback for speech
recognition applications. Al fundamental comprehension could manifest as teachers clearly explain to students
how recommendation pattern recognition by machine operation and awareness of Al overuse. Al pedagogy
might be seen in lessons integrating Al-driven assessments to personalize feedback or using Al-generated
content as learning multimedia. Finally, Al ethical use could include teachers facilitating classroom discussions
about privacy concerns and critically stimulating students about Al awareness in bias and creative thinking.
Furthermore, the validated factor structure provides a framework for the development of Al for education
interventions. For instance, if assessment using this scale shows that pre-service teachers, on average, have high
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ethical awareness but weaker pedagogical skills with Al, educators could design specific learning modules to
enhance pedagogical strategies for the use of Al. Likewise, if the Al recognition rate is low, this could indicate a
need to expose teachers to a broader range of examples and cases of Al applications in education. Hence, the
scale can diagnose specific strengths and weaknesses, allowing for tailored instructional responses in teacher
training. Likewise, Luo et al. (2024) designed Al literacy learning activities that they suggest can be supported
with scaffolding tasks that enabled cognitively challenging and emotionally engaging feedback as well as
enabling distributed cognition.

5. Conclusions

This study introduced and validated a four-factor model to measure Al literacy among pre-service teachers,
providing a theoretically grounded and empirically supported framework for understanding teachers’ readiness
to integrate Al in education. The developed instrument enables instructional designers, teacher educators, and
researchers to systematically assess and enhance Al literacy in teacher preparation programs. Beyond Thailand,
the model offers a basis for cross-cultural comparisons and curriculum design that promotes equitable Al
competence among future educators. Nevertheless, this study was limited to pre-service teachers in selected
institutions, and future research should validate the instrument across broader educational levels and cultural
contexts. By moving from conceptual discussions of Al literacy to a validated, evidence-based scale, this research
contributes to advancing both theory and practice in Al-integrated teacher education.

5.1 Limitations and Recommendations

The results of this research provide opportunities for researcher to study Al literacy in education or relevant
domains for future studies, such as in quantifying baseline Al literacy levels in teacher cohorts, comparing
subgroups (e.g., comparing science and technology with humanities and language pre-service teachers),
developing comprehensive instructional models for teaching Al literacy for the redesign of courses or curricula
in institutions of higher education, and evaluating the impact of new training programs or curricular changes on
each aspect of Al literacy. The uses of or scale are not limited to Thailand or to pre-service teachers; it can be
adapted and validated for use in other teacher training contexts or with in-service teachers to explore how the
construct may vary or hold constant elsewhere.

This study has certain limitations that temper the interpretation of the results. First, the research focused on a
single demographic group, which could limit the generalizability of the findings. Then, the data that were
collected drew on a cross-sectional design. This means that our results provide a snapshot of Al literacy to
participants but do not capture how such competencies could develop or change with additional training or over
the course of a teacher’s career. Despite these limitations, the design of the study design and our cautious,
descriptive interpretation of the scale can ensure that our conclusions are credible and applicable within the
stated context.
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Appendix

These revised components and items of Al literacy for pre-service teachers in the following table were translated
from Thai to English.

Items

Al Recognition (8 items):

1. | believe that using Al in services or products enhances my study and works more efficiently.

. | think the current Al stimulates learners to adapt their methods of learning various subjects.

. | believe that Al technology will become a part of future teaching and learning management.

. | can provide reasons for the current use of Al in education.

. | can clarify the reasons and necessity for integrating Al as a tool in teaching and learning management.

. | can explain the benefits of Al that should be considered for their impact on teaching and learning management.

. | can state the limitations and conditions of the use of various forms of Al.

0 N O |00 | (W N

. | thoroughly check the results or information developed with Al before publishing or utilizing them.

Al Fundamental Comprehension (12 items):

1. I can explain the basic functioning of Al (e.g., social media and e-commerce platforms) in digital services and
applications.

2. | can describe the processing work of Gen-Al from the information students read or listen to generated by Gen-Al
processing.

3. | can specify the working characteristics of each type of Al (e.g., text-based, image-based, video-based).

4. | can point out the differences between the content generated by Al and the content created by humans.

5. | can classify the information | have read or heard according to each Al working type.

6. | can identify guidelines for selecting Al usage according to Al capability levels (e.g., specialized Gen-Al and multimodal
Gen-Al).

7. | can explain why | chose particular Al services or tools as the assistance for designing a course’s learning and
teaching assistants.

8. | can identify observation points to distinguish the content parts resulting from Al usage.

9. | can clearly explain the reasons to confirm that the perceived content comes from Al.

10. | scrutinize the appropriateness before using Al in the learning design.

11. | can share knowledge about Al applications that can be used in educational contexts.

12. | explain the benefits and limitations of using Al to support usage and learning management.
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Items

Al Pedagogy (7 items):

1. | can design learning activities including Al as a teaching aid.

. | can organize and evaluate learning activities that use Al to promote learners’ knowledge and skills.

. | can demonstrate the steps of using Al to students, teachers, and fellow students.

. | demonstrate Al usage while incorporating cautions, usage options, and all possible outcomes from its use.

. | can design an Al usage agreement framework for learners in my course.

2
3
4. | can show how to use Al to support learners’ learning in my subjects.
5
6
7

. | can explain the reasons for setting Al usage boundaries to the learners.

Al Ethical Use (12 items):

1. | consider the ethical aspects of Al when deciding to use information that it has processed.

2. | am aware of the information processed by Al may infringe copyright.

3. | thoroughly account for the use of Al-generated information to ensure that it aligns with the institution’s rules and
agreements.

4. | filter and check data characteristics before inputting them into the Al for processing to ensure that personal and
institutional data are secure.

5. | recognize that Al usage data in Al services will be used under the provider’s conditions.

6. | am aware of the consequences of unethical Al usage and intellectual property violations.

7. 1 use Al considering the educational institution’s regulations, requirements, or Al usage frameworks.

8. | inform stakeholders in professional teaching practices when using Al-generated data to design learning, lesson plans,
learning activities, or portfolios.

9. | guide, supervise, and monitor learners’ and others’ Al usage to ensure compliance with rules, frameworks, and usage
conditions.

10. | consider the necessity of using Al before doing so.

11. I try to think and search for answers thoroughly to solve problems or find information before using Al to help address
those issues.

12. 1 use Al critically, applying my skills and independent thinking.
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