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 The aim of the study is to evaluate science teachers’ use of artificial intelligence (AI) within the 

context of Technological Pedagogical Content Knowledge (TPACK). The study examines teachers’ 
AI Competence Self-Efficacy and their TPACK according to demographic variables, investigates 
the relationship between these two variables, and determines the predictive effect of AI 
competence self-efficacy on TPACK. Quantitative research method was used at research and 
relational survey model used. The sample of the study consists of 296 science teachers in 13 
different middle schools during the February–March 2025 period. Data were collected by Teacher 
AI Competency Self-Efficacy Scale (TAICS) and the AI Technological Pedagogical Content Knowledge (AI-
TPACK) Scale. For data analysis, Independent Samples t-test, ANOVA, Pearson Correlation Analysis, 
and Structural Equation Modeling (SEM) were used. According to the results, the overall mean 
scores of both AI-TPACK and TAICS were found to be medium level. According to gender analysis, 
female teachers scored higher than male teachers in the sub-dimensions of both AI-TPACK and 
TAICS. Teachers with fewer years of experience had higher scores in the technology-related 
components of AI-TPACK, whereas those with more teaching experience had higher averages in 
dimensions such as Pedagogical Knowledge (PK), Content Knowledge (CK), and Pedagogical 
Content Knowledge (PCK). In terms of TAICS, teachers with lower experience also had higher 
average scores. Overall, there were positive and significant correlations between the dimensions 
of TAICS and AI-TPACK. Finally, the TAICS construct significantly predicted AI-TPACK. Based on 
these findings, recommendations were given for future research to focus on the active use of AI 
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within the TPACK framework and to include qualitative research designs aimed at exploring the 
challenges encountered in the process of AI integration. 

Keywords: artificial intelligence in education, science teachers, technological pedagogical 
content knowledge, AI pedagogy, technology integration 

INTRODUCTION 

The rapid development of digital technologies today has directly affected educational practices and 
directed teachers to adopt new tools and approaches in their instructional processes. Among these 
technologies, artificial intelligence (AI) stands out as a transformative tool with the potential to personalize 
learning processes, support assessment practices, and enhance instructional strategies (Hewitt, 2008; Luckin 
et al., 2016). The effective integration of AI into educational process is not only to technical knowledge but 
also to pedagogical understanding and content knowledge (CK) (Maghsudi et al., 2021). Technological 
Pedagogical Content Knowledge (TPACK) framework is a highlighted model used to evaluate teachers’ ability 
to effectively integrate technology within their educational process (Chai et al., 2010; Fieding & Gilbert, 2006; 
Koehler & Mishra, 2009; Li et al., 2025). 

This study aims to examine science teachers’ use of AI within the context of TPACK, as they play a critical 
role in fostering scientific thinking and technological literacy. By investigating the relationship between 
teachers’ AI self-efficacy levels and their TPACK competencies, this research seeks to identify the factors that 
influence the effective integration of AI in science education. 

THEORETICAL FRAMEWORK 

TPACK and AI-TPACK 

The teachers’ role, who are directly engaged in the teaching process, on the education technology 
integration process is crucial. The issues primarily researched by educational researchers are; focused on 
different models. In this sense, models are placed under two general approaches, technology centered or 
pedagogy centered; technology centered models target teachers’ knowledge (Almithqal & John, 2025) and 
skills development for technological use, while pedagogy centered models address the integration of 
teachers’ use of technology with pedagogical knowledge (PK) in the teaching process (Chai et al., 2010; Koehler 
& Mishra, 2005; Koh et al., 2013; Sulistiani et al., 2024.). The foremost pedagogy focused model about the 
integration of technology in education is TPACK model. TPACK model has taken its final form by integrating 
“technology” dimension to Pedagogical Content Knowledge (PCK), which was a model addressing teachers’ 
ability to use their content and pedagogy knowledge together (Bwalya et al., 2024; Koehler & Mishra, 2009; 
Koh et al., 2010).  

TPACK model was considered within the framework of PCK model and two types of technology integration, 
namely integrative and transformative, were suggested (Lee & Tsai, 2010; Lim & Chai, 2008; Schmidt et al., 
2009) (Figure 1). Pierson (1999) explained TPACK in its simplest form as the combination of content 
knowledge, pedagogic knowledge, and technologic knowledge or the integration of technology. Following the 
TPACK definition of Pierson (2001), Keating and Evans (2001) developed a wider definition for TPACK, 
emphasizing that the technology used in the education process should also fit the content. According to 
Keating and Evans (2001) TPACK provide the opportunity to present content knowledge in the most suitable 
way by using technology. TPACK concept, which was defined as pedagogic content knowledge of technology 
by Margerum-Lays and Marks (2003), is expressed as an applicable knowledge, derived from teaching-
learning situation in which educational technology was used. According to the researchers, a teacher who 
owns this knowledge knows how to use particular technologies in education; how much time is required for 
performing the education with these technologies; how to solve students’ probable problems with particular 
technologies; and how to organize teaching and learning according to technologic facilities (Ay et al., 2015; 
Margerum-Lays & Marx, 2003). This teacher has the ability to use technology rationally and (s)he is aware of 
the impact of technology in learning the concepts that students have to. 
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With the increasing integration of artificial intelligence into educational processes, it is seen that new 
contexts are being loaded into the TPACK framework (Mishra & Koehler, 2006). In addition, the integration of 
AI technologies into the TPACK framework will lead to different innovations in teaching methods, learning 
environments and other educational variables (Ning et al., 2024). Determining the relationships between 
technology, pedagogical knowledge and content knowledge has brought about an original TPACK framework 
based on the age of AI. In this framework, technology is positioned as the most dynamic element compared 
to pedagogical and content knowledge elements. It can be said that as the knowledge and awareness levels 
of teachers about AI technology increase, these knowledge areas will also transform in parallel. In particular, 
TPK will transform into AI-TPK over time, and TCK will transform into AI-technological pedagogical knowledge 
(AI-TCK); lastly, TPACK evolved into AI Technological Pedagogical Content Knowledge (AI-TPACK), which 
includes cognitive components called AI literacy (Çelik, 2023). In this context, the new theoretical framework 
of AI-TPACK has been presented in Figure 2. 

The AI-TPACK represents a specific and detailed type of three core domains: CI (disciplinary expertise), PK 
(instructional methods and strategies), and TK specifically related to AI. This type of knowledge is different 
from the expertise of subject matter experts and AI technology experts. It composed teaching styles that 
involve the use of AI technology, which go beyond general pedagogical knowledge and take a specific 
approach to certain disciplines. AI-TPACK enables educators or AI tools that function as educators to have a 
level of knowledge comparable to human teachers. This knowledge enables them to carry out teaching tasks 
independently or collaboratively with human educators (Ning et al., 2024). 

 
Figure 1. TPACK framework (Source: Koehler et al., 2014 and https://tpack.org) 

 
Figure 2. AI-TPACK structural diagram (Source: Ning et al., 2024, p. 5) 

https://tpack.org/


 
Ibragimov et al. 

4 / 15 Online Journal of Communication and Media Technologies, 15(3), e202523 
 

This is important in the current AI era, where AI technology has moved beyond being merely a tool for 
teaching and learning. Instead, a new focus is emerging on how human teachers and AI tools (AI teachers) 
can effectively collaborate. This collaborative aspect forms an integral part of the AI-TPACK framework (Çelik, 
2023). Therefore, the interactive relationships between AI technology, subject content, and teaching methods 
are of critical importance in the AI-TPACK framework. These relationships form the core of AI-TPACK from the 
perspective of human-computer collaborative thinking. This perspective emphasizes the importance of 
integrating AI technology not only as a complementary tool but as an integral component of the teaching and 
learning process; thus, how educational content is presented and understood is being reshaped in the AI era 
(Ning et al., 2024). 

The integration of AI technology into the TPACK framework can revolutionize teaching methods, learning 
process, and other educational stakeholders. Therefore, the development of an AI-enriched TPACK model (AI-
TPACK) is becoming an important area of research and investigation. The AI-TPACK framework has had an 
impact on research and practice in the fields of teacher professional development, leading to extensive 
academic reviews and research. 

Teacher AI Competence 

Digital competence is the knowledge, skills, and dispositions required to use and interact with digital 
technology critically, creatively, and responsibly in a variety of contexts (Hatlevik et al., 2015; Janssen et al., 
2013). Individuals who possess high levels of digital competence possess a good understanding of the 
contribution of digital technology to society currently and a positive disposition towards the contribution of 
the technology. They can use technologies consciously, responsibly, and healthily (Ilomäki et al., 2016). 
Teacher digital competence refers to a teacher’s capacity to plan, organize, implement, and evaluate learning 
activities using digital technologies; the ability to develop students’ digital competences, and their 
participation in professional learning (Chiu et al., 2024). 

AI competence self-efficacy refers to individuals’ beliefs concerning their capability for successfully 
understanding, using, and implementing AI technologies in various scenarios. This skill entails problem-
solving confidence, confidence in decision-making, and utilizing AI in occupational or daily practices (Yılmaz et 
al., 2023). AI competence self-efficacy is the individual’s self-evaluation of human capacity to employ AI 
technologies. Following Bandura’s self-efficacy theory, this concept measures individuals’ belief in their 
capability to successfully perform certain tasks. Implementations of AI in learning, positive attitudes of 
educators towards their own AI capacities are central to the successful adoption of these technologies in the 
classroom (Bandura, 2005). 

TPACK can be thought of as a teacher’s capacity to make effective decisions when designing and 
implementing teaching and learning practices enhanced by digital tools. However, the framework doesn’t 
explicitly address the implications of emerging technologies such as AI, particularly concerning issues like 
disinformation, fake news, and ethical or moral considerations. But these aspects are essential for the 
responsible integration of modern digital Technologies which educators are expected to provide not only 
effective but also safe and healthy learning environments for their students (Chiu et al., 2024; Falloon, 2020). 
According to Angeli and Valanides (2009), defining the individual components of TPACK remains challenging 
due to the inherently blurred and ambiguous boundaries between its constructs. This issue is similarly evident 
in the literature related to AI-TPACK (Ning et al., 2024). 

The aim of the study is to explore how science teachers use AI within the framework of TPACK. The 
research investigates teachers’ levels of AI use and TPACK according to demographic variables, examines the 
relationship between these two constructs, and identifies how AI influences the integration of TPACK in 
educational practices. In line with this aim, the study seeks to answer the following research questions: 

1. What is the overall level of science teachers’ AI-TPACK proficiency? 
2. Do science teachers’ AI-TPACK scores change according to demographic characteristics? 
3. What is the level of science teachers’ AI competence self-efficacy? 
4. Do science teachers’ AI competence scores differ based on demographic characteristics? 
5. Is there a statistically significant relationship between science teachers’ AI-TPACK and AI competence 

self-efficacy scores? 
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6. To what extent do AI competence scores and components of AI-TPACK influence the overall AI-TPACK 
score?  

MATERIAL AND METHODS 

Research Design 

The research was organized according to the correlational method, which is one of the non-experimental 
quantitative research methods. Correlational model is the form of study where the researcher seeks a 
relationship between two or more variables that happen to interact with each other (McMillian & Schumacher, 
2004). The goal of the study is to obtain a decision or a model from a study of the relationship between 
variables. Thus, this study is built upon the Explanatory Correlational Design (Creswell, 2005). 

Participants 

This research was conducted with 319 Science teachers of 13 purposefully selected schools. The first 
requirement of the participants was teachers’ and schools’ willingness for management. The second was the 
number of variety students in class. And the third was the teachers’ variety class stages. The information 
gathered from 23 teachers are highly likely to adversely affect the validity of the study and were removed 
before the analysis (these teachers provided the same score to all of the items). Therefore, the information 
gathered from 296 participants was used in the study. Information about the demographic characteristics of 
the participant group is presented within Table 1. 

Data Collection Tools 

Teacher AI competence self-efficacy scale 

Teacher AI competency self-efficacy scale (TAICS) was used for teachers’ AI competence. The TAICS was 
developed by Chiu et al. (2025). The TAICS is a 24-item instrument designed to measure AI competency across 
six dimensions, with each dimension consisting of four items. The scale demonstrates high reliability, with 
Cronbach’s alpha values exceeding 0.87. Responses are collected using a 5-point Likert scale, ranging from 1 
(strongly disagree) to 5 (strongly agree). 

The first dimension, AI Knowledge (AIK), demonstrates teachers’ ability to differentiate between AI-based 
and traditional tools, ensuring effective integration into educational settings. AI Pedagogy (AIP) evaluates how 
teachers use AI tools to enhance both content delivery and student engagement. AI Assessment (AIA), third 
dimension, focuses on leveraging AI for student evaluations, enabling teachers to monitor progress and 
facilitate self-assessment. The fourth dimension, AI Ethics (AIE), examines teachers’ understanding of ethical 
considerations related to AI, such as privacy, security, and responsible AI use in educational environments. 
Human-Centered Education (HCE) emphasizes a critical approach to AI integration, assessing both its 
advantages and potential risks, including issues related to bias and equity. Lastly, Professional Engagement 
(PEN) measures teachers’ commitment to ongoing learning and collaboration in AI-driven education, including 
their participation in professional development activities. 

Table 1. Demographic data of the participants 
      Total 

Gender 
 Male Female    
Frequency (n) 123 173   296 
Percentage (%) 41.6 58.4   100 

Class stages 
 5. class 6. class 7. class 8. class  
Frequency (n) 3 4 3 3 13 
Percentage (%) 23.2 30.7 23.2 23.2 100 

Age range 
Year 21–30 31–40 41–50 51 or above  
Frequency (n) 80 104 82 30 296 
Percentage (%) 27.1 35.1 27.7 10.1 100 

Career year 
Year 1–10 11–20 21–30 31 or above  
Frequency (n) 121 76 68 31 296 
Percentage (%) 40.9 25.6 23.0 10.5 100 
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Teachers’ AI-TPACK scale  

The AI-TPACK scale was developed by Ning et al. (2024). The AI-TPACK scale was used for teachers’ AI based 
technological pedagogical content knowledge competence. The AI-TPACK scale is a 39-item instrument 
designed to AI-TPACK competency across seven dimensions. The AI-TPACK scale composes seven sub-
dimensions: PK, CK, AI-Technological Knowledge (AI-TK), PCK, AI-TCK, AI-Technological Content Knowledge (AI-
TPK), and AI-TPACK. Cronbach’s alpha values for the sub-dimensions ranged from 0.806 to 0.945, with an 
overall scale value of 0.957. The AI-TPACK scale which 5-point Likert scale, ranging from 1 (strongly non-
conformant) to 5 (strongly conformant). There are no negative items and high score demonstrate optimum 
AI based TPACK. 

Determining the Analysis Type 

In order to analyze the data, scales were initially transferred to Excel and then to IBM SPSS 25.0 program 
after appropriate coding. Skewness and kurtosis values were examined for the sub-dimensions of the TAICS 
and teachers’ AI-TPACK scale. The skewness and kurtosis values of the data collection tools and their sub-
dimensions were examined, and it was observed that the values were within the ±1.5 range. According to 
Sharma and Ojha (2019). data within this range can be considered normally distributed. For the analysis of 
the independent variables in terms of scale scores, independent sample t-test, one-way analysis of variance 
(ANOVA), and Tukey (Dunnett C if homogeneity not assumed) post-hoc test were utilized. A significance level 
of p < .05 was considered in the data analysis. The relationship between independent variables was examined 
using Pearson correlation coefficient (r). Structural equation modeling (SEM) is used for test causal relationship 
models. Table 2 shows the skewness and kurtosis values of tools. 

FINDINGS 

 This section presents the findings obtained from the analysis of the data. The findings related to the first 
research question, which aims to determine the AI-TPACK levels of science teachers, are presented in Table 3. 
According to Table 3, the AI-TPACK levels of science teachers, the highest mean score was observed in the PK 
dimension, with a value of 3.63. The lowest mean score was found in the PCK dimension, with a value of 3.37. 

Table 2. Skewness and kurtosis values of tools 

 
 Skewness Kurtosis 

N Statistic Standard error Statistic Standard error 
AI knowledge (AIK) 296 –.430 .172 –.930 .313 
AI pedagogy (AIP) 296 –.537 .172 –.605 .313 
AI assessment (AIA) 296 –.293 .172 –.892 .313 
AI ethics (AIE) 296 –.436 .172 –.593 .313 
Human-centered education (HCE) 296 –.430 .172 –.843 .313 
Professional engagement (PEN) 296 –.603 .172 –.580 .313 
TAICS total mean 296 –.598 .172 –.511 .313 
Pedagogical knowledge (PK) 296 –.641 .172 –.374 .313 
Content knowledge (CK) 296 –.467 .172 –.930 .313 
AI-technological knowledge (AI-TK) 296 –.430 .172 –.705 .313 
Pedagogical content knowledge (PCK) 296 –.725 .172 –.252 .313 
AI-technological pedagogical knowledge (AI-TCK) 296 –.364 .172 –.785 .313 
AI-technological content knowledge (AI-TPK) 296 –.610 .172 –.588 .313 
AI-TPACK 296 –.537 .172 –.605 .313 

 

Table 3. Science teachers’ AI-TPACK levels 
AI-TPACK N Mean Standard deviation 
PK 296 3.63 .897 
CK 296 3.42 1.17 
AI-TK 296 3.44 1.09 
PCK 296 3.37 1.02 
AI-TCK 296 3.40 1.05 
AI-TPK 296 3.42 1.08 
AI-TPACK 296 3.46 .878 
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The overall AI-TPACK mean was calculated as 3.46, indicating that the teachers’ integrated PK regarding AI is 
at a moderate level. 

According to the results of the independent samples t-test, the gender variable led to statistically 
significant differences across all sub-dimensions (Table 4). Female science teachers scored significantly higher 
than male teachers in PK [t(294) = 2.47, p = .014], CK [t(294) = 3.17, p = .002], AI-TK [t(294) = 3.40, p = .001], PCK 
[t(294) = 3.44, p = .001], AI-TCK [t(294) = 3.45, p = .001], AI-TPK [t(294) = 3.47, p = .001], and overall AI-TPACK 
scores [t(294) = 3.78, p < .001]. 

According to ANOVA test results, there are some differences in AI-TPACK and dimensions based on science 
teachers’ years of experience (Table 5). Significant differences were found in PK [F(3,292) = 4.46, p = .004], CK 
[F(3,292) = 3.76, p = .011], and PCK [F(3,292) = 2.98, p = .032], with scores increasing as teaching experience 

Table 4. AI-TPACK score differences of science teachers according to gender variable 
Variable Gender Mean Standard deviation df t p Direction of difference 

PK 
Female 3.72 .920 

294 2.47 .014* Female > male 
Male 3.45 .829 

CK 
Female 3.58 1.13 

294 3.17 .002* Female > male 
Male 3.13 1.19 

AI-TK 
Female 3.60 1.05 

294 3.40 .001* Female > male 
Male 3.15 1.11 

PCK 
Female 3.51 1.02 

294 3.44 .001* Female > male 
Male 3.09 .970 

AI-TCK 
Female 3.55 1.00 

294 3.45 .001* Female > male 
Male 3.12 1.07 

AI-TPK 
Female 3.58 1.03 

294 3.47 .001* Female > male 
Male 3.13 1.10 

AI-TPACK 
Female 3.60 .857 

294 3.78 .000* Female > male 
Male 3.21 .864 

 

Table 5. Science teachers’ AI-TPACK score differences according to seniority variable 

Variable Seniority N Mean Standard 
deviation F p Direction of difference 

PK 

1–10 year 76 3.46 .816 

4.46 .004* 
1–10 year < 21–30 year 
1–10 year < 31 year and 

above 

11–20 year 121 3.60 .954 
21–30 year 68 3.90 .884 
31 year and above 31 3.92 .689 

CK 

1–10 year 76 3.25 1,08 

3.76 .011* 
1–10 year < 31 year and 

above 
11–20 year 121 3.34 1,27 
21–30 year 68 3.72 1,14 
31 year and above 31 3.88 0,61 

AI-TK 

1–10 year 76 3.89 1,11 

3.14 .025* 
31 year and above <  

1–10 year 
11–20 year 121 3.68 1,13 
21–30 year 68 3.34 1.08 
31 year and above 31 3.29 .532 

PCK 

1–10 year 76 3.23 1.03 

2.98 .032* 
1–10 year < 21–30 year 
1–10 year < 31 year and 

above 

11–20 year 121 3.27 1.13 
21–30 year 68 3.60 .871 
31 year and above 31 3.74 .569 

AI-TCK 

1–10 year 76 3.77 1.11 

2.33 .075*  
11–20 year 121 3.53 1.13 
21–30 year 68 3.41 .860 
31 year and above 31 3.40 .589 

AI-TPK 

1–10 year 76 3.89 1.11 

2.36 .071*  
11–20 year 121 3.56 1.13 
21–30 year 68 3.44 .998 
31 year and above 31 3.38 .587 

AI-TPACK 

1–10 year 76 3.85 .849 

4.93 .002* 
31 year and above <  

1–10 year 
21–30 year < 1–10 year 

11–20 year 121 3.72 .940 
21–30 year 68 3.32 .812 
31 year and above 31 3.36 .405 
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grew. However, in AI-related sub-dimensions, significant differences were identified in AI-TK [F(3,292) = 3.14, 
p = .025] and the overall AI-TPACK score [F(3,292) = 4.93, p = .002], where teachers with 1–10 years of 
experience scored higher than with more than 21 years of experience. There are not any statistically 
significant differences in AI-TCK [F(3,292) = 2.33, p = .075] and AI-TPK [F(3,292) = 2.36, p = .071]. These findings 
suggest that early-career teachers demonstrate effective technology integration in AI-related dimensions, 
while more experienced teachers tend to perceive themselves as more competent in traditional pedagogical 
and CK domains. 

According to findings, science teachers’ highest TAICS score is PEN [mean (M)= 3.47, standard deviation 
(SD) = 1.03] and HCE (M = 3.45, SD = 1.06) dimensions (Table 6). These are followed by AIK (M = 3.43, SD = 
1.12), AIE (M = 3.38, SD = 1.02), AIP (M = 3.37, SD = 1.11) and AIA (M = 3.26, SD = 1.06) dimensions. Total TAICS 
score is calculated M = 3.39 (SD = .925). This result shows that teachers’ perceptions of TAICS components are 
at a medium level. 

When teachers’ TAICS levels were examined according to gender, there is a significant differences were 
found in favor of female teachers in terms of AIK [t(294) = 4.31, p = .000], AIP [t(294) = 2.41, p = .017], AIA 
[t(294) = 2.51, p = .012], PEN [t(294) = 2.87, p = .004] and TAICS total score [t(294) = 3.07, p = .002] (Table 7). 
However, there is no significant difference in terms of AIE [t(294) = 1.87, p = .062] and HCE [t(294) = 1.86, p = 
.064]. 

According to the seniority variable, teachers’ TAICS levels change significantly in the HCE [F(3, 292) = 5.31, 
p = .001], PEN [F(3, 292) = 2.75, p = .043] dimensions and TAICS total score [F(3, 292) = 2.99, p = .031] (Table 8). 
These differences indicate that teachers with 31 years or more of experience significantly lower score than 
with 1–10 years and 11–20 years of experience. However there is not significant differences according to 
another dimensions: AIK [F(3, 292) = 1.24, p = .293], AIP [F(3, 292) = 1.78, p = .150], AIA [F(3, 292) = 1.91, p = 
.128], and AIE [F(3, 292) = 2.51, p = .058] based on years of seniority.  

According to the correlation analysis, there are generally positive and significant relationships between 
TAICS and AI-TPACK. The highest correlation is between AI-TPK and AITK (r = .891**) and AI-TCK (r = .931**). 
While the lowest correlations are between PCK and AIP (r = .400**) and AIK and PCK (r = .441**). According to 
findings the relationship between composite structures containing AI components and TAICS dimensions is 
high (see Figure 3). 

Table 6. TAICS levels of science teachers 
TAICS N Mean Standard deviation 
AIK 296 3.43 1.12 
AIP 296 3.37 1.11 
AIA 296 3.26 1.06 
AIE 296 3.38 1.02 
HCE 296 3.45 1.06 
PEN 296 3.47 1.03 
TAICS total 296 3.39 .925 

 

Table 7. Analysis of science teachers’ TAICS levels in terms of gender variable 
Variable Gender Mean Standard deviation df t p Direction of difference 

AIK 
Female 3.63 1.03 

294 4.31 .000* Female > Male 
Male 3.06 1.18 

AIP 
Female 3.49 1.08 

294 2.41 .017* Female > Male 
Male 3.16 1.13 

AIA 
Female 3.37 1.02 

294 2.51 .012* Female > Male 
Male 3.05 1.11 

AIE 
Female 3.46 .980 

294 1.87 .062*  
Male 3.23 1.08 

HCE 
Female 3.54 1.01 

294 1.86 .064*  
Male 3.30 1,14 

PEN 
Female 3.60 .994 

294 2.87 .004* Female > Male 
Male 3.24 1,06 

TAICS total 
Female 3.51 .883 

294 3.07 .002* Female > Male 
Male 3.17 .964 
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LISREL software was used for SEM analysis and fit statistics were analyzed using maximum likelihood 
method. Based on the obtained result, the value that doesn’t exceed theoretical limits has been identified [χ2 
= 666.71, df = 362, p < .01] (Table 9). Moreover, other goodness of fit parameters (GFI = 0.92, AGFI = 0.89, PGFI 

Table 8. Analysis of science teachers’ TAICS levels in terms of seniority variable 
Variable Seniority N Mean Standard deviation F p Direction of difference 

AIK 

1–10 year 76 3.65 1.08 

1.24 .293  
11–20 year 121 3.60 1.12 
21–30 year 68 3.32 1.23 
31 year and above 31 3.41 .932 

AIP 

1–10 year 76 3.80 1.13 

1.78 .150  
11–20 year 121 3.49 1.11 
21–30 year 68 3.37 1.13 
31 year and above 31 3.25 .896 

AIA 

1–10 year 76 3.57 .994 

1.91 .128  
11–20 year 121 3.38 1.10 
21–30 year 68 3.11 1.13 
31 year and above 31 3.34 .845 

AIE 

1–10 year 76 3.75 1.02 

2.51 .058  
11–20 year 121 3.52 1.05 
21–30 year 68 3.43 1.01 
31 year and above 31 3.22 .702 

HCE 

1–10 year 76 3.87 .943 

5.31 .001* 

31 year and above <  
1–10 year 

31 year and above <  
11–20 year 

11–20 year 121 3.72 1.18 
21–30 year 68 3.61 .971 
31 year and above 31 3.19 .608 

PEN 

1–10 year 76 3.92 .941 

2.75 .043* 
31 year and above <  

1–10 year 
11–20 year 121 3.60 1.14 
21–30 year 68 3.52 .968 
31 year and above 31 3.32 .665 

TAICS total 

1–10 year 76 3.76 .835 

2.99 .031* 
31 year and above <  

1–10 year 
11–20 year 121 3.50 .993 
21–30 year 68 3.48 .931 
31 year and above 31 3.24 .581 

 

 
Figure 3. Correlation heat map (Source: Produced by the authors with analysis program) 
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= 0.85, RMSEA = 0.06, CFI= 0.90, NFI = 0.89) showed that the model proposed for the scale was appropriate. 
According to this result, it can be said that the analysis of the values obtained for the model under standard 
fit indices confirmed the modeled factor structure. It has been found that GFI, AGFI, CFI, and PGFI values 
varied between 0 and 1. Even though there is no consensus in the literature, obtaining a coefficient higher 
than 0.85 is accepted as a good fit (Anderson & Gerbing, 1984). 

Figure 4 shows the standardized coefficients of the SEM analysis result. AI-TPACK is significantly predicted 
by AI-TCK (β = 0.58), AI-TPK (β = 0.62) and PCK (β = 0.42) dimensions. PK (β = 0.63), CK (β = 0.46), and AI-TK (β 
= 0.32) make significant contributions to AI-TCK. Similarly, AI-TPK is affected by PK (β = 0.26) and AI-TK (β = 
0.78) dimensions. TAICS variable is a significant predictor of AI-TPACK (β = 0.53). The TAICS is highly 
represented by the sub-dimensions AIP (β = 0.89), AIA (β = 0.86), AIE (β = 0.79), HCE (β = 0.88), PEN (β = 0.83) 
and AIK (β = 0.82), respectively. Standardized coefficients obtained from SEM analysis, showing the relations 
of the variables with the items are between 0.32 and 0.89 (see Figure 4). 

DISCUSSION AND CONCLUSION 

In this study, the levels of science teachers’ AI-TPACK and TAICS were examined. The findings show that 
teachers have high competence especially in the PK dimension. This finding shows that teachers have 
pedagogical abilities such as instructional designs, material design, teaching methods, classroom 
management and evaluation (Graham, 2011). Teachers’ AI-TPACK is at a medium level which shows that 
teachers are in the development process of AI-based pedagogical integration. 

According to gender variable, there are significant differences in favor of female teachers in all sub-
dimensions of AI-TPACK. This finding shows that female teachers are more sensitive to technological 
developments and more familiar to adopt AI-based teaching practices. Similarly, in TAICS sub-dimensions, 
female teachers are higher levels of competence than male teachers in AIK, AIP, AIA, PEN, and TAICS Total 
mean scores. In the analyses conducted according to the professional seniority variable, it was determined 
that the levels of classical knowledge components, PK, CK and PCK, increased significantly as experience 
increased. This shows that teachers develop their teacher knowledge application with professional experience 

Table 9. Fit parameters of the SEM analysis 
Fit parameters Coefficient 
GFI .92 
AGFI .89 
PGFI .85 
RMSEA .06 
CFI .90 
NFI .89 
Df 362 
χ2 666.71 
χ2/df 1.84 

 

 
Figure 4. Path diagram (Source: Produced by the authors) 
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(Archambault & Barnett, 2010). However, the fact that teachers with less experience have higher scores in AI-
based components such as AI-TK and AI-TPACK shows that young teachers are more comfortable using digital 
technologies. Abbitt (2011) stated that the integration of technological, pedagogical and CK is affected by 
demographic variables. In addition, a study by Scherer et al. (2019) showed that teachers’ self-efficacy beliefs 
in technology use are strong predictors of their technology acceptance and integration behaviors. 

The findings according to TAICS scale show that teachers reached the highest averages in the PEN and 
HCE dimensions. This result reveals that teachers are willing to contribute to the cognitive development and 
learning processes of students in AI-based educational environments. The lowest average in the AIA 
dimension suggests that teachers are not yet sufficient to actively use AI in measurement-evaluation 
processes. When examined in terms of gender differences, significant differences were found in favor of 
female teachers in the AIP, AIA, PEN, and TAICS Total mean dimensions. However, there is the fact that there 
was no significant difference in the AIE and HCE dimensions. This result shows that ethical and student-
centered approaches are independent of gender. Analyses conducted according to the professional seniority 
variable show that teachers with 31 years of seniority and above have lower scores in HCE, PEN, and TAICS 
total mean. This result suggests that teachers with more experience are more reserved towards innovative 
practices. On the other hand, the lack of significant differences in the dimensions of AIK, AIP, AIA, and AIE 
shows that these dimensions are shaped by individual motivation and learning tendency rather than 
professional seniority. 

The study by Çelik (2023) shows that teachers are more successful in pedagogically integrating AI 
technologies. It does not replace traditional teacher roles but rather enhances student learning through 
personalized feedback and adaptive instruction. This is equal with the findings of Selwyn (2020). In addition, 
the study conducted by Zhang et al. (2023) is consistent with the significant positive relationships between 
teachers’ technology and AI acceptance. According to these studies, it reinforces the applicability of the TPACK 
and UTAUT models in understanding teachers’ acceptance and integration processes of AI technologies (Tram, 
2025). 

According to the results of correlation analyses, there are significant and positive relationships between 
AI-TPACK and TAICS dimensions. A high level of positive correlation was observed between AI-TPK and AI-TK 
and AI-TCK. This finding reveals the importance of considering technological knowledge and pedagogical 
integration together in terms of teacher competencies. On the other hand, lower-level relationships were 
observed between PCK and AIP and AIK. This result shows that the integration of classical knowledge-based 
competencies with AI-based approaches is limited. According to the SEM results, AI-TPACK structure is 
significantly predicted by AI-TCK, AI-TPK, and PCK. We can say that teachers need to have both technological 
knowledge and pedagogical and CK with a holistic approach in order to use AI technologies effectively in the 
classroom. The fact that AI-TPK is related to AI-TK and PK also emphasizes the need to combine pedagogical 
practices with technology. Lastly, TAICS structure significantly predicts AI-TPACK. This means that teachers’ 
acceptance levels of AI, pedagogical skills and cognitive awareness are effective in the development of AI-
TPACK competencies. TAICS strongly represents AI-TPACK reveals, so cognitive, pedagogical and technological 
competencies should be evaluated together in order for teachers to use AI technologies effectively. 

In the literature, there is not a definitive finding showing that the contribution of TK, CK and PK on TPACK 
is stronger than TPK, TCK, and PCK’s. Using regression analysis, Chai et al. (2010) proved that TK, CK and PK 
have a direct effect on TPACK and found that PK had the highest effect. Again, Chai et al. (2011) have 
researched the effect of TK, PK, CK and TPK on TPACK via SEM on Singapore teacher candidates and revealed 
that the effects of CK, PK and TK on TPACK were lower than TPK. In another study conducted on teachers in 
Singapore, the significant effect of TK, PK, TPK and TCK on TPACK was mentioned (Koh et al., 2013). The 
performed scale development and adaptation study has also revealed these relationships partially. According 
to the results the basic knowledge components CK, PK, and AI-TK have relatively less effect on teachers’ AI-
TPACK level (Ning et al., 2024). One of the most important findings is the explanatory power difference 
between technology-related and unrelated knowledge components. The results obtained showed that 
technology-based knowledge components (AI-TK, AI-TCK, and AI-TPK) included in the teacher AI-TPACK 
framework have a strong correlation with teachers’ AI-TPACK level and have high explanatory power. In 
contrast, the effect of non-technology components such as CK, PK and PCK on AI-TPACK remains weaker than. 
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This finding is consistent with Ning et al. (2024). Understanding the relationships between the analyzed data 
and knowledge components revealed the necessity of changing the traditional TPACK framework. 

Limitations and Recommendations of the Study 

There are some limitations of the study because of method and model of research. The research data 
were collected through self-reporting. The responses given by the participants based on their own 
perceptions may not exactly coincide with real practices. In addition, only quantitative data collection tools 
were used as a collecting data. A mixed-design study supported by qualitative data collection methods can 
provide the opportunity to analyze teachers’ mindset and experiences in technology use processes in more 
depth. It would be especially useful to evaluate teachers’ classroom practices by class observation. In this way, 
a more holistic and realistic understanding of the role of AI in education can be developed. The measurement 
tools used in the study may be limited in reflecting all AI-based teaching competencies; therefore, it would be 
useful to evaluate different dimensions with more comprehensive scales to be developed in future research. 

It is recommended that training programs be provided to school administrators and education policy 
makers to develop AI literacy and digital pedagogical competencies of older ages and more senior teachers. 
Awareness studies on the effective use of educational technologies should be increased and technical and 
pedagogical infrastructure should be provided to support teachers in using these technologies effectively in 
the classroom. In addition, identifying the difficulties teachers face in the integration of AI-based applications 
into the education process and developing solutions to these difficulties are of critical importance for a 
sustainable and effective digital transformation process. 
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