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ABSTRACT 

Background: As artificial intelligence (AI) continues transforming the educational 

landscape, pre-service teachers must develop theoretical understanding and 

practical skills in AI integration. 

Objectives: This study explored the relationship between AI literacy and TPACK 

among 139 BEED pre-service teachers. 

Methods: Using descriptive statistics, Spearman's correlation, and multiple linear 

regression analysis, the study investigated how components of AI literacy relate to 

TPACK. 

Results: Results revealed that the pre-service teachers demonstrated high levels of 

AI literacy, particularly in ethical awareness and intrinsic motivation. Pre-service 

teachers expressed strong interest in AI's educational potential and a commitment 

to its responsible use. While their foundational AI knowledge was high, many 

reported moderate self-efficacy and lacked confidence in executing AI-related 

tasks. Gaps were also noted in applying AI concepts to real-world teaching 

scenarios and designing AI-driven solutions. Furthermore, the results showed high 

TPACK proficiency, with strength in pedagogical and technological knowledge, 

though weaknesses were observed in content areas like mathematics and technical 

troubleshooting. A moderate positive correlation (Spearman's ρ = 0.48, p < 0.05) 

between AI literacy and TPACK indicates a meaningful association. Regression 

analysis revealed that AI literacy components explained 25.5% of the variance in 

TPACK. Cognitive learning emerged as the only significant predictor. 

Conclusions: The findings underscore the need for teacher education programs to 

provide hands-on, cognitive-focused AI training. Hence, enhancing pre-service 

teachers' cognitive and practical skills is essential to thoroughly preparing them for 

AI-enhanced teaching environments' demands. 
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INTRODUCTION 

Artificial Intelligence (AI) has become a transformative force in education, and its 

integration into the classroom revolutionizes the teaching and learning processes. AI 

in education demonstrates great potential to enhance learning, teaching, assessment, 

and educational administration by providing students with opportunities for 

personalized and adaptive learning, which, as a result, fosters teachers' understanding 

of students' learning processes (Chiu et al., 2023). As AI continues to expand its role 

within the educational landscape, there is a growing need for educators to possess a 

solid foundational understanding of AI. Moreover, pre-service teachers must be 

equipped with fundamental knowledge, skills, and attitudes to maximize the 

potential uses of AI technologies in their pedagogical practices. 

Since the advancement of AI, academic communities have shown great interest 

in using AI for educational purposes (Chen et al., 2022). Even though applying AI in 

education is new among practitioners, it has a positive impact (Chiu et al., 2023). 

Thus, AI is becoming popular in various disciplines like science education (Gonzalez 

et al., 2017). Additionally, the study of Shaikh et al. (2024) indicates that ChatGPT, 

a generative AI, is an effective tool for English language learning. Shete, Khosti, & 

Pujari (2024) also revealed that using an AI-based customized learning system 

improved the academic achievement in math classes. AI has been a game changer, 

and acquiring AI-related skills can fully maximize AI's potential in the educational 

landscape. 

AI literacy has flourished with the increasing importance of technology. AI 

literacy is critical to understanding, evaluating, and engaging with AI technologies. 

It embraces multiple competencies: technical knowledge, ethical considerations, 

and using AI concepts in practice. Moreover, AI literacy can be enhanced through 

four core aspects: understanding AI, effectively using it, evaluating its applications, 

and managing ethical concerns. 

These dimensions align with traditional literacies while emphasizing the critical 

need for educators to develop the capacity to navigate the growing complexities of 

artificial intelligence. AI literacy encompasses the knowledge, skills, and attitudes 

necessary to engage meaningfully with AI technologies—preparing educators not 

only to integrate these tools into their practice but also to equip learners with 

competencies essential for thriving in the twenty-first-century workforce (Ng et al., 

2023). 

Hence, pre-service teachers must acquire strong AI literacy skills. The study of 

Anyanwale et al. (2024) stressed that when a person becomes knowledgeable about 

AI, it can yield positive results regarding application, detection, ethical concerns, and 

problem-solving. Moreover, they highlighted that this foundational AI knowledge 

among pre-service teachers will help them easily navigate technical and ethical 

concerns. This necessitates AI literacy among pre-service teachers so that they 

acquire skills in understanding, using, evaluating, and engaging with AI ethically.  

The findings of this study can contribute to teacher education institutions planning 

to integrate AI literacy into their curricula. Additionally, identifying the pre-service 

teachers' level of AI literacy helps institutions create training and seminars that 

successfully fill gaps and develop AI knowledge and skills crucial in today's 

educational landscape. 

Besides AI literacy level, pre-service teachers' Technological Pedagogical Content 

Knowledge (TPACK) was also explored. This is an important model for pre-service 
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teachers, as it provides an in-depth understanding of integrating technology, 

pedagogy, and content knowledge in the educational context. Teachers must 

recognize how these domains interact to improve teaching and learning outcomes 

(Mishra & Koehler, 2006). As pre-service teachers prepare for their future roles, 

developing TPACK is crucial for effective classroom technology integration (Sarı et 

al., 2016; Baran & Uygun, 2016). 

Given the limited research exploring the connection between AI literacy and 

TPACK, this discussion underscores the necessity of conducting the present study. 

For instance, Kong et al. (2024) developed an AI literacy framework based on a 14-

hour project-based course for senior secondary students, primarily measuring 

knowledge acquisition and problem-solving skills. However, it did not address how 

AI literacy connects to teachers' practical expertise in the classroom. Similarly, 

Carolus et al. (2023) introduced the Meta AI Literacy Scale (MAILS), a valuable tool 

for assessing various dimensions of AI literacy, including ethics and self-efficacy. 

However, its relevance to teachers or instructional design was not examined. 

Additionally, in their review of 124 studies, Gu and Ericson (2025) highlighted the 

presence of conceptual frameworks related to AI literacy but noted a significant lack 

of empirical research linking it to instructional effectiveness. 

Exploring the connection between TPACK and AI literacy is crucial in preparing 

pre-service teachers for modern classrooms. Teachers must know how to maximize 

the application of AI technologies by understanding how AI technologies interact 

with pedagogical and content knowledge in instructional activities. Research suggests 

that fostering AI literacy in pre-service teachers can improve their TPACK by 

equipping them with the necessary abilities to integrate AI into their content delivery 

and pedagogy (Ning, 2024). This may imply that pre-service teachers with higher 

levels of AI literacy may have a better degree of confidence in their ability to use their 

TPACK. Confidence is important since it can influence one's readiness to use 

technology in the classroom (Ng, 2023). Furthermore, the relationship between AI 

literacy and TPACK becomes clear when teachers modify their teaching strategies to 

incorporate AI tools to improve student engagement and learning outcomes 

(Velander et al., 2023; Yue, Jong, & Ng, 2024). 

Nowadays, the growth of AI and its widespread use in education necessitates 

teachers to gain a comprehensive understanding of AI literacy to enhance their 

teaching pedagogies. Therefore, studying the interplay between pre-service teachers' 

AI literacy and TPACK is imperative. This will help prepare future educators for the 

new normal of 21st-century teaching and learning. 

The present study explored the relationship between AI literacy and the 

Technological Pedagogical Content Knowledge (TPACK) of Bachelor of 

Elementary Education (BEED) pre-service teachers. It specifically sought to answer 

several key research questions. First, it investigated the level of AI literacy among 

BEED pre-service teachers. Second, it examined their level of TPACK. Third, the 

study aimed to determine whether a significant relationship exists between AI 

literacy and TPACK. Furthermore, it explored the extent to which the components 

of AI literacy—namely affective learning, behavioral learning, cognitive learning, 

and AI ethics—collectively predict the TPACK of BEED pre-service teachers. Lastly, 

the study identified which specific components of AI literacy significantly influence 

the TPACK of these future educators. 
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METHODS 

Study Design and Participants 

The study employed a quantitative, descriptive, correlational, and predictive 

research design to examine the relationship between AI literacy and Technological 

Pedagogical Content Knowledge among BEED pre-service teachers. It also aimed to 

determine the extent to which the components of AI literacy, affective, behavioral, 

cognitive, and ethical, predict TPACK levels.  In this context, the study aims not only 

to explain current relationships but also to forecast TPACK levels based on 

measurable constructs of AI literacy. 

The study's respondents were 139 students enrolled in the Bachelor of Elementary 

Education (BEED) program from Mindanao State University – General Santos, 

Philippines, who were purposely chosen. These students had taken subjects related 

to educational technology, mathematics, literacy, and teaching pedagogies, which 

were subject areas included in the TPACK questionnaire.  

Ethical approval statement 

     The College of Education Research Committee at Mindanao State University – 

General Santos reviewed and approved the study. 

     Participants provided informed consent after being fully briefed on the study's 

purpose, voluntary nature, and data confidentiality. No identifiable information was 

collected, and all responses were anonymized and securely stored. Additionally, the 

study was conducted in line with the ethical guidance of Purvis and Crawford (2024). 

Research Instruments 

Ng's (2023) AI literacy survey questionnaire was adopted for this study. Upon 

comprehensive review, the competencies included and surveyed through the items 

are fit for the respondents. Moreover, the questionnaire was pilot-tested on a small 

sample of pre-service teachers to check for any issues. Cronbach's alpha result was 

0.97, and the internal consistency was excellent. Hence, the questionnaire is 

acceptable and reliable for pre-service teachers. For the TPACK level of the pre-

service teachers, the TPACK Assessment instrument of Shmidt et al. (2009) for pre-

service teachers was adopted. 

Data Analysis 

Descriptive statistics, including the mean, were employed to summarize and 

interpret the collected data to obtain an in-depth insight regarding the AI literacy and 

TPACK level of the BEED pre-service teachers and their relationship.  The 

researchers utilized Spearman's correlation coefficient to explore the relationship 

between the respondents' levels of AI literacy and their TPACK level since the 

Shapiro-Wilk test indicated a significant deviation from normality, then performed 

multiple linear regression to determine the extent to which the specific components 

of AI literacy collectively and individually predict the respondents' TPACK. An 

ANOVA test was used to assess the overall significance of the regression model. 

RESULTS 

The results of the AI literacy survey, as illustrated in Figure 1, revealed the 

multilayered aspects of AI literacy to BEED pre-service teachers. These perspectives 

include their affective domains, behaviors, cognitive understanding, and ethical 
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considerations of AI, which resulted in an overall Mean of 3.73, classified as High. 

There is a positive interaction with AI's principles, tools, and applications. However, 

specific areas need focus and development. 

 
* The AI Literacy Questionnaire uses a 1-to-5 Likert scale, where 1 means 'strongly disagree' and 5 means 'strongly agree.' 

Figure 1. AI Literacy Level of BEED Pre-Service Teachers 

 
* The TPACK questionnaire uses a 1-to-5 Likert scale, with 1 as 'strongly disagree' and 5 as 'strongly agree,' to assess Pre-service 

teachers' self-reported knowledge in technology, pedagogy, and content. 

Figure 2. TPACK Level of BEED Pre-service Teachers 

Within the domain of Affective Learning, BEED pre-service teachers demonstrate 

high intrinsic motivation towards AI. They recognize the relevance of AI in their 

everyday lives and find learning AI interesting. Xie et al. (2023) claim that intrinsic 

motivation positively influences pre-service teachers' behavioral intention. However, 

their self-efficacy to succeed in AI-related tasks remains moderate. This suggests a 

gap between their interest in AI and their confidence in mastering AI knowledge and 

skills.  

In the Behavioral Learning category, BEED pre-service teachers firmly commit to 

staying engaged with AI technologies. In addition, they express intentions to 

continue using AI, keep updated with AI advancements, and explore new features of 

AI in the future. This supports the study of Karina (2024), illustrating how pre-service 

teachers leverage AI tools, enabling them to create more personalized and compelling 

learning experiences. However, their collaborative behavior is only moderate. This 

limited collaboration could restrict opportunities for shared learning and collective 

problem-solving among pre-service teachers. 

The results for Cognitive Learning show that pre-service teachers have a good 

foundational understanding of AI concepts. They are comfortable using AI tools like 

digital assistants and chatbots. However, their ability to apply, evaluate, and create 

AI solutions is more limited. Although they can apply basic AI applications to solve 
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problems, they struggle with creating more complex AI-driven solutions. The study 

of Chenqi et al. (2023) reported a similar case where pre-service teachers lack 

comprehensive mastery of AI knowledge.  

At a mean of 4.43, which is classified as Very High, BEED pre-service teachers 

have a good grasp of the ethical issues surrounding AI. They appreciate the 

significance of robust testing and ethical requirements for AI systems, and they can 

identify the dangers of AI misuse. Holden et al. (2023) state that upholding 

educational integrity entails acting with accountability, honesty, fairness, trust, and 

respect. 

The results, as shown in Figure 2, revealed that BEED pre-service teachers 

generally have a high level of proficiency in TPACK. BEED pre-service teachers are 

well-prepared to integrate technology into their pedagogy. The overall mean score of 

3.69 suggests that BEED pre-service teachers combine their knowledge of 

technology, pedagogy, and content to enhance their teaching strategies. 

Technological Knowledge (TK) has a high average rating, which implies that BEED 

pre-service teachers know how to keep up with the latest educational technologies. 

Diamah et al. (2022) pointed out that teachers with a strong TK foundation are well-

equipped to maximize technology to enhance student engagement and learning 

outcomes. However, BEED pre-service teachers report that they still lack skills in 

solving technical issues and do not have enough chances to work with different 

technologies. The overall mean score of 3.50 on the Content Knowledge (CK) 

indicates that BEED pre-service teachers have a good grasp of subject matter content. 

Literacy emerges as a strong area. However, Mathematics lags, and ratings fall under 

the "Moderate" range. Annazar (2023) points out that CK is a foundation for effective 

teaching as it enables teachers to connect concepts and encourage students' 

participation in activities requiring higher-order thinking.  

BEED pre-service teachers display strength in the Pedagogical Knowledge (PK) 

domain, with a mean of 3.80. They possess skills in adjusting their teaching methods 

and assessing student performance in various ways. Thus, these results highlight their 

preparedness to meet different learning needs and manage classrooms effectively. 

Koh and Divaharan (2011) argue that PK allows teachers to design learning 

experiences that accommodate diverse learning needs. Pedagogical Content 

Knowledge (PCK) reflects a good level of expertise. BEED pre-service teachers can 

guide students' thinking in literacy and social studies. However, mathematics receives 

a slightly lower score, suggesting a need to acquire content knowledge and teaching 

strategies specific to this subject. Technological Content Knowledge (TCK) results 

show that BEED pre-service teachers understand how technology can be used to 

teach literacy and science. In addition, they possess the necessary skills to apply 

digital tools to support different subjects. These attributes are important assets in 

today's technology-driven classrooms. The Technological Pedagogical Knowledge 

(TPK) category had the highest average score of 4.10. This infers that the BEED pre-

service teachers reflect critically on the role of technology in the classroom. The high 

scores in selecting technologies that enhance teaching and learning suggest a strong 

capacity to adapt digital tools.  

Lastly, the mean score of 3.74 of BEED pre-service teachers' Technological 

Pedagogical Content Knowledge (TPACK) shows that they can effectively combine 

content, pedagogy, and technology. Moreover, they confidently use technology to 

teach different subjects and improve their lessons. Additionally, while they are skilled 
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in using technology, they could further develop their ability to guide their peers in 

technology integration. 

Table 1. Relationship between AI Literacy Level and TPACK of BEED Pre-service 
Teachers 

      Spearman's rho p 

TPACK    AI 
Literacy 

 0.481  < .001 

 

As presented in Table 1, the study's finding indicates a significant and moderate 

positive relationship between AI literacy and TPACK among BEED pre-service 

teachers, with a coefficient of 0.481. As pre-service teachers become more 

knowledgeable about AI, their ability to integrate technology into teaching improves. 

The results also suggest that AI literacy is important in helping pre-service teachers 

learn how to use technology effectively in their teaching. Knowledge of AI can help 

these future educators better understand how to apply AI tools in the classroom and 

adjust their teaching methods to make the most of this technology. Moreover, AI 

literacy may be foundational for developing even more abstract technological 

pedagogical competencies. When teachers modify their teaching strategies to 

integrate AI tools, the relationship between TPACK and AI literacy becomes clear. 

Learning results and student engagement are enhanced (Velander et al., 2023; Yue, 

Jong, & Ng, 2024). The moderate strength of the correlation also indicates that while 

AI literacy is a very important factor in amplifying TPACK, it is not the only one. 

The findings indicate an important focus on AI literacy as part of teacher education 

programs since it is a key component in developing a holistic approach for pre-service 

teachers to integrate technology into education (Rutti-Joy, 2023). 

Table 2. Model Summary for the Regression Predicting TPACK 

Model R R² Adjusted R² RMSE 

M₀  0.000  0.000  0.000  0.378  

M₁  0.505  0.255  0.232  0.331  
Note. M₁ includes Affective Learning, Behavioral Learning, Cognitive Learning, AI Ethics 

As shown in Table 2, the regression model that includes all four AI literacy 

components explains 25.5% of the variance in TPACK. The adjusted R² of 0.232 

suggests that the model remains a good fit after accounting for the number of 

predictors. This indicates a moderate predictive capacity of AI literacy for TPACK, 

validating the relevance of digital literacy in teacher education.  

Similarly, Hava and Babayiğ it (2024) emphasized that digital proficiency 

significantly predicts teachers' AI-TPACK competencies, while Bautista et al. (2024) 

highlighted the influence of technological knowledge (TK, TPK, TCK) on pre-service 

teachers' TPACK. Furthermore, Pehlevan and Ünal (2024) confirmed that digital 

literacy significantly predicts TPACK. Given that AI literacy is an advanced form of 

digital literacy, the consistency among these studies reinforces the current findings. 

Table 3. ANOVA Results for the Regression Model Predicting TPACK 

Model   
Sum of 

Squares 
df 

Mean 

Square 
F p 

M₁  Regression  5.024  4  1.256  11.445  < .001  

   Residual  14.707  134  0.110       

   Total  19.732  138         
Note. M₁ includes Affective Learning, Behavioral Learning, Cognitive Learning, AI Ethics 

Note. The intercept model is omitted, as no meaningful information can be shown. 
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The ANOVA results in Table 3 confirm that the regression model is statistically 

significant (F (4, 134) = 11.445, p < .001). The results suggest that the combined 

influence of the AI literacy components meaningfully contributes to differences in 

TPACK scores among respondents.  

The results conform with prior studies stressing the role of digital and AI literacy 

in determining the understanding of Technological Pedagogical Content Knowledge 

(TPACK) among educators. Fazilla et al. (2022) revealed that pre-service teachers 

with strong digital literacy had a more in-depth understanding and ability to apply 

TPACK principles since these underpinned their technological competency, leading 

to pedagogical effectiveness. Ng et al. (2023), therefore, supported this research by 

developing an AI literacy framework that highlights cognitive, behavioral, and 

ethical dimensions and components akin to those in the current model, which show 

their relevance in improving professional teachers' pedagogical knowledge. 

Furthermore, integrating AI literacy into TPACK was advanced by Ning et al. 

(2024), who stressed the harmony between technological, pedagogical, and content 

knowledge in today's teaching practice. Kim (2024) also stated that educators who 

underwent structured AI-integrated training improved their TPACK competencies 

significantly. All these studies give empirical evidence in support of the present study, 

which confirms that AI literacy accounts for a substantial amount of variance in 

TPACK scores. 

Table 4. Regression Coefficients for AI Literacy Variables Predicting TPACK 

Model  Unstandardized 
Standard 

Error 
Standardized t p 

M₀  (Intercept) 
 

 
3.685 

 
0.032    114.901  < .001 

M₁  (Intercept) 
 

 
2.452 

 
0.227    10.813  < .001 

   Affective 

Learning 

 
0.069 

 
0.078  0.105  0.876  0.383 

   Behavioral 

Learning 

 
0.047 

 
0.063  0.092  0.740  0.461 

   Cognitive 

Learning 

 
0.168 

 
0.056  0.303  2.988  0.003 

   AI Ethics  0.059  0.059  0.093  1.009  0.315 

However, as detailed in Table 4, only cognitive learning showed a significant 

relationship with TPACK (β = 0.303, p = 0.003). This involves a basic understanding 

of AI concepts and higher-order skills like applying and creating with AI tools, such 

as designing chatbots or evaluating tools for classroom use. Teachers with strong 

cognitive skills in AI are better equipped to demonstrate higher TPACK, aligning 

with the framework's emphasis on deep integration of content, pedagogy, and 

technology. Meanwhile, affective (p = 0.469) and behavioral (p = 0.398) domains did 

not significantly predict TPACK, showing that motivation and frequent use alone is 

insufficient. Despite having the highest mean score (M = 4.436, see Table 4: 

Descriptives), AI ethics also lacked significance (p = 0.131), suggesting ethical 

awareness needs to be paired with cognitive mastery to impact pedagogical 

integration. 

These findings align with previous studies. Bautista et al. (2024) emphasized that 

pre-service teachers with a strong cognitive understanding of artificial intelligence 

and the ability to apply it in teaching, such as designing AI-based tools, demonstrated 
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higher levels of TPACK. Saharuddin et al. (2025) supported this by highlighting the 

importance of practical AI knowledge in effective classroom integration. 

On the other hand, affective and behavioral domains, including motivation, 

positive attitudes, and frequent AI use, were not significant predictors of TPACK. 

Runge et al. (2025) found that while AI-related training improved perceptions, these 

factors did not lead to actual classroom application. Similarly, Schubatzky et al. 

(2025) noted that self-confidence was less influential than cognitive mastery in 

determining how technology is applied in teaching. 

Moreover, although AI ethics received the highest mean score, it did not 

significantly influence TPACK. This corresponds to Celik (2023) and Bautista et al. 

(2024), who explained that ethical awareness alone is insufficient unless it is 

supported by strong content and pedagogical knowledge.  

These findings reinforce the TPACK framework and 21st-century education 

goals, emphasizing that deep cognitive engagement is essential in preparing future-

ready educators. This is consistent with the insights of Cangül (2022) and Aslan et 

al. (2025), who stressed the need for teachers capable of working effectively in 

complex digital learning environments. 

 

DISCUSSION 

The findings revealed that BEED pre-service teachers exhibit a generally high 

level of AI literacy and TPACK proficiency. According to Grosseck (2023), 

educators need to have the same knowledge of AI, and both teachers and students 

need to know the basics of AI. In the same way, Rutti-Joy (2023) explains that 

teaching teachers about AI should be a part of pre-service teacher education programs 

so that future teachers can acquire the necessary competencies to explore AI-

enhanced pedagogies. 

As shown by the moderately positive association (r = 0.485) between AI literacy 

and TPACK, pre-service teachers with good foundational knowledge about AI will 

likely better combine technology with effective teaching methods. This finding 

supports the idea that AI literacy helps build up a wider range of technology skills 

within the TPACK framework. Zhao et al. (2022) asserted that learning more about 

AI can improve working together and training. Because of this, teachers need to 

know how to use technology well and how to teach well to incorporate AI into their 

lessons effectively.  

One key finding that the AI literacy results show is that pre-service teachers are 

interested in and ethically aware of AI but do not think they can do well with AI 

projects. Pre-service teachers are scared and nervous about using new tools, making 

them doubt their abilities (Mauraji et al., 2021). The study by Ji et al. (2022) also 

shows that pre-service teachers often feel unprepared to deal with complicated 

modern technologies because of a lack of training. Because of this gap, future teacher 

training programs must include targeted AI learning experiences that can help build 

absolute confidence and basic knowledge. Also, BEED pre-service teachers must 

learn to handle AI well (Aglibot et al., 2024). According to Chou et al. (2023), using 

self-efficacy training with AI can also change how innovative pre-service teachers are 

and how helpful and usable AI is. 

Moreover, the high proficiency in Pedagogical Knowledge (PK) and 

Technological Pedagogical Knowledge (TPK) among BEED pre-service teachers 

indicates their readiness to adapt teaching strategies that integrate AI meaningfully. 
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This alignment reflects that AI literacy does not exist in isolation; rather, it 

complements the broader TPACK competencies, empowering pre-service teachers 

to choose and apply technology effectively across subjects. 

Additionally, moderate scores in areas like collaborative AI-related tasks and 

complex problem-solving applications suggest that while these teachers demonstrate 

foundational knowledge, further collaborative and applied learning development 

could strengthen their overall TPACK. Collaborative experiences, particularly in 

using AI tools to solve complex teaching scenarios, are essential for refining their 

Pedagogical Content Knowledge (PCK) and Technological Content Knowledge 

(TCK). Zakaria (2024) stresses the potential of AI in redesigning teaching pedagogies 

and learning outcomes. Hence, pre-service teachers should acquire the necessary AI 

skills. Furthermore, this perspective is echoed by Ghamrawi, Shal, & Ghamrawi 

(2024), who affirms the significance of technological skills, such as utilizing AI-

powered tools, in improving teaching practices. The ability to harness AI 

technologies enhances instructional strategies and prepares future educators to lead 

an increasingly digital world. 

The significance of cognitive learning suggests that knowledge-based and higher-

order AI skills, such as applying AI tools, evaluating their classroom fit, or designing 

basic AI-driven solutions, are essential for developing robust TPACK. In contrast, 

while important, affective and behavioral components did not significantly predict 

TPACK. 

The high level of ethical knowledge about AI supports the TPACK framework 

even more by stressing the importance of teaching teachers how to use technology 

responsibly as a key part of preparing them to deal with ethical issues. The ethical 

awareness of the BEED pre-service teachers fits with current educational trends that 

stress responsible AI integration. Ayanwale et al. (2024) emphasize that AI courses 

should clarify responsible use and ethical concerns. With the progress in the 

educational landscape, the only way forward is to embrace these new technologies 

and establish clear guidelines to mitigate potential misuse (Kamalov et al.,2023).  

The study's regression analysis revealed that the components of AI literacy 

collectively explained 25.5% of the variance in TPACK (R² = 0.255), and the model 

was statistically significant (F (4, 134) = 11.445, p < .001). However, among the 

predictors, only cognitive learning emerged as a significant factor influencing 

TPACK (β = 0.303, p = .003). This indicates that pre-service teachers with a deeper 

understanding and ability to apply, evaluate, and create AI tools are better equipped 

to effectively integrate technology into their teaching practices. However, it is 

important to note that this study is limited by its single-institution scope, reliance on 

self-reported data, and cross-sectional design, which may affect the generalizability 

and causality of the findings. 

Overall, findings collectively emphasize the need to foster AI literacy and TPACK 

in teacher education. The correlation suggests that AI literacy could be a vital skill 

that enhances TPACK competencies and contributes to a holistic approach to 

technology integration in teaching. Thus, adding organized, hands-on AI literacy 

programs to teacher training could make future teachers even more ready to use 

technology in ways that are good for teaching, moral, and adaptable to the changing 

needs of the digital age. To deal with problems in the classroom, teachers must 

always be learning new things. This includes choosing and using technologies that 

are improved with AI (Ng et al., 2023). 
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Limitations of the study 

While the results of this study offer valuable insights, it is important to recognize 

their limitations. The findings are based solely on self-reported perceptions from 

BEED pre-service teachers at a single institution, which may not fully reflect actual 

classroom practices or be generalizable to other settings. Additionally, the study's 

cross-sectional design limits the ability to determine causality. 

These limitations highlight the need for enhanced and future-ready teacher 

education approaches. Integrating AI literacy into teacher education programs is 

crucial for developing a comprehensive understanding of TPACK. Training 

emphasizing the relationship between AI literacy and TPACK can lead to more 

effective teaching practices as pre-service teachers learn to navigate the complexities 

of technology integration in their future classrooms (Mikeladze, 2024; Ning, 2024). 

 

CONCLUSIONS 

This study found that third-year BEED pre-service teachers demonstrate a high 

level of AI literacy regarding intrinsic motivation, ethical awareness, and 

fundamental knowledge of AI. They regard the responsible use of AI as relevant to 

their lives. However, a mismatch between their perceived interest in AI and their self-

efficacy seems to hinder their confidence in practical applications in acquiring 

knowledge. Moreover, they seem to lack the ability to design complex AI solutions 

and engage in collaborative sessions regarding AI, which could limit the possible 

shared learning experiences. 

In line with TPACK, the pre-service teachers demonstrated excellent 

technological, content, and pedagogical knowledge. However, weaknesses in specific 

areas, such as mathematics content and technical troubleshooting, highlight the need 

to improve teacher education programs in subject-specific and technical training. 

Moreover, AI literacy is moderately positively correlated with TPACK, which 

means that the stronger AI knowledge is, the greater the extent to which the 

individual can combine pedagogy and technology. During regression analysis, AI 

literacy components were found to jointly explain 25.5% of the variance in TPACK 

proficiency, with cognitive learning being the only significant predictor. This finding 

highlights deep cognitive engagement with AI as essential for developing effective 

technology-integrated teaching practices. 

In line with these observations, BEED pre-service teachers should engage 

themselves in activities where they develop different skills, such as using AI tools in 

teaching, while at the same time developing their ethical and reflective practices. It is 

also crucial to establish a peer collaboration setting that encourages professional 

development. Hence, teacher education institutions should provide targeted 

workshops that develop practical AI skills through experiential learning tasks, ethical 

discussions, and AI-based lesson design. Comprehensive and subject-specific 

TPACK training must prioritize the deeper integration of AI into the curriculum. 

Supporting this study, professional development for teachers on emerging AI tools 

and methodologies is essential. 

For future research, expanding this study in teacher education institutions is 

recommended, as well as adopting longitudinal approaches and designs and 
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observing classroom settings in integrating AI to gain more practical, valuable 

insights into AI literacy and TPACK relationships. 

 

ACKNOWLEDGMENTS 

The researchers extend their sincere gratitude to Bachelor of Elementary 

Education Department pre-service teachers for their invaluable support and 

participation, which were instrumental in the research process. 
 

DATA AVAILABILITY 

All data generated or examined during this study are available for sharing upon 

receiving an appropriate request directed to the corresponding author. 

 

FUNDING 

This research did not receive external funding. 

 

CONFLICT OF INTEREST 

The authors declare that they have no competing interests. 

 

REFERENCES 

Aglibot, K. A., Tomines, E. M., Talaman, J., Soguilon, J., Bongolto, R., & Abayon, 

R. M. (2024). Usability of ChatGPT in the english essay writing proficiency 

of the BEED students. Journal of Science and Education (JSE), 4(2), 163-177. 

https://doi.org/10.56003/jse.v4i2.338  

Annazar, M. F. Y., Firdaus, R., & Andra, D. (2023, May). Technology Pedagogical 

Content Knowledge (TPACK): An Analysis of Ability of Elementary School 

Teacher. In 4th International Conference on Progressive Education 2022 (ICOPE 

2022) (pp. 669-684). Atlantis Press. https://doi.org/10.2991/978-2-38476-

060-2_61  

Aslan, S., Alanoğ lu, M., & Karabatak, S. (2025). Enhancing 21st-century teaching 

competencies: The key role of digital literacy in connecting pre-service 

teachers’ TPACK. Information Development, 02666669251315841. 

https://doi.org/10.1177/02666669251315841  

Ayanwale, M. A., Adelana, O. P., Molefi, R. R., Adeeko, O., & Ishola, A. M. (2024). 

Examining artificial intelligence literacy among pre-service teachers for 

future classrooms. Computers and education open, 6, 100179. 

https://doi.org/10.1016/j.caeo.2024.100179 

Baran, E., & Uygun, E. (2016). Putting technological, pedagogical, and content 

knowledge (TPACK) in action: An integrated TPACK-design-based learning 

(DBL) approach. Australasian journal of educational technology, 32(2), 47-63. 

https://doi.org/10.14742/ajet.2551  

Bautista, A., Estrada, C., Jaravata, A.M., Mangaser, L.M., Narag, F., Soquila, R., 

& Asuncion, R.J. (2024). Preservice Teachers' Readiness Towards 

Integrating AI-Based Tools in Education: A TPACK Approach. Educational 

https://doi.org/10.56003/jaieli.v1i1.570
https://doi.org/10.56003/jse.v4i2.338
https://doi.org/10.2991/978-2-38476-060-2_61
https://doi.org/10.2991/978-2-38476-060-2_61
https://doi.org/10.1177/02666669251315841
https://doi.org/10.1016/j.caeo.2024.100179
https://doi.org/10.14742/ajet.2551


62/65 

 
Aglibot et al.; J. Artif. Intell. Educ. Learn. Innov. 2025; 1(1); 50-65. doi: 10.56003/jaieli.v1i1.570 

Process: International Journal, 13(3), 40-68. 

https://doi.org/10.22521/edupij.2024.133.3 

Cangül, H. A. (2022). Investigating the relationship between 21st-century skills and 

technological pedagogical content knowledge (TPACK) of in-service early childhood 

educators (Master's thesis, Middle East Technical University (Turkey)). 

https://hdl.handle.net/11511/99406  

Carolus, A., Koch, M. J., Straka, S., Latoschik, M. E., & Wienrich, C. (2023). 

MAILS-Meta AI literacy scale: Development and testing of an AI literacy 

questionnaire based on well-founded competency models and psychological 

change-and meta-competencies. Computers in Human Behavior: Artificial 

Humans, 1(2), 100014. https://doi.org/10.48550/arXiv.2302.09319 

Celik, I. (2023). Towards Intelligent-TPACK: An empirical study on teachers’ 

professional knowledge to ethically integrate artificial intelligence (AI)-based 

tools into education. Computers in human behavior, 138, 107468. 

https://doi.org/10.1016/j.chb.2022.107468  

Chen, X., Zou, D., Xie, H., Cheng, G., & Liu, C. (2022). Two Decades of Artificial 

Intelligence in Education: Contributors, Collaborations, Research Topics, 

Challenges, and Future Directions. Educational Technology & Society, 25(1), 

28–47. https://www.jstor.org/stable/48647028  

Chenqi, L., Guoqing, L., & Xiangchun, H. (2023, December). Measuring Artificial 

Intelligence Literacy of Pre-service Teachers at a University in Northwest 

China. In 2023 Twelfth International Conference of Educational Innovation through 

Technology (EITT) (pp. 100-105). IEEE. 

https://doi.org/10.1109/EITT61659.2023.00027  

Chiu, T. K., Xia, Q., Zhou, X., Chai, C. S., & Cheng, M. (2023). Systematic 

literature review on opportunities, challenges, and future research 

recommendations of artificial intelligence in education. Computers and 

Education: Artificial Intelligence, 4, 100118. 

https://doi.org/10.1016/j.caeai.2022.100118  

Chou, C.-M., Shen, T.-C., Shen, T.-C., Shen, C.-H., & Liu, T.-L. (2023). Promoting 

pre-service teachers’ AI-supported application of self-efficacy. 2023 IEEE 3rd 

International Conference on Software Engineering and Artificial Intelligence (SEAI), 

261–265. https://doi.org/10.1109/SEAI59139.2023.10217712 

Diamah, A., Rahmawati, Y., Paristiowati, M., Fitriani, E., Irwanto, I., Dobson, S., 

& Sevilla, D. (2022, August). Evaluating the effectiveness of technological 

pedagogical content knowledge-based training program in enhancing pre-

service teachers’ perceptions of technological pedagogical content 

knowledge. In Frontiers in Education (Vol. 7, p. 897447). Frontiers Media SA. 

https://doi.org/10.3389/feduc.2022.897447 

Fazilla, S., Yus, A., & Muthmainnah, M. (2022). Digital literacy and TPACK’s 

impact on preservice elementary teachers’ ability to develop science learning 

tools. Profesi Pendidikan Dasar, 9(1), 71-80. 

http://dx.doi.org/10.23917/ppd.v7i1.9652  

https://doi.org/10.56003/jaieli.v1i1.570
https://doi.org/10.22521/edupij.2024.133.3
https://hdl.handle.net/11511/99406
https://doi.org/10.48550/arXiv.2302.09319
https://doi.org/10.1016/j.chb.2022.107468
https://www.jstor.org/stable/48647028
https://doi.org/10.1109/EITT61659.2023.00027
https://doi.org/10.1016/j.caeai.2022.100118
https://doi.org/10.1109/SEAI59139.2023.10217712
https://doi.org/10.3389/feduc.2022.897447
http://dx.doi.org/10.23917/ppd.v7i1.9652


63/65 

 
Aglibot et al.; J. Artif. Intell. Educ. Learn. Innov. 2025; 1(1); 50-65. doi: 10.56003/jaieli.v1i1.570 

Ghamrawi, N., Shal, T., & Ghamrawi, N. A. (2024). School leadership 4.0: Are we 

ready?. In IoT, AI, and ICT for educational applications: Technologies to enable 

education for all (pp. 173-190). Cham: Springer Nature Switzerland. 

https://doi.org/10.1007/978-3-031-50139-5_9  

Gonzalez, A. J., Hollister, J. R., DeMara, R. F., Leigh, J., Lanman, B., Lee, S. Y., 

& Wilder, B. (2017). AI in informal science education: Bringing turing back 

to life to perform the turing test. International Journal of Artificial Intelligence in 

Education, 27, 353–384. https://doi.org/10.1007/s40593-017-0144-1  

Grosseck, G. (2023). Digital assessment: a survey of romanian higher education 

teachers’ practices and needs. Education Sciences, 14(1), 32. 

https://doi.org/10.3390/educsci14010032 

Gu, X., & Ericson, B. J. (2025). AI Literacy in K-12 and Higher Education in the 

Wake of Generative AI: An Integrative Review. arXiv preprint 

arXiv:2503.00079. https://doi.org/10.48550/arXiv.2503.00079 

Hava, K., & Babayiğ it, Ö. (2025). Exploring the relationship between teachers’ 

competencies in AI-TPACK and digital proficiency. Education and information 

technologies, 30(3), 3491-3508. https://doi.org/10.1007/s10639-024-12939-x 

Holden, O. L., Norris, M. E., & Kuhlmeier, V. A. (2021, July). Academic integrity 

in online assessment: A research review. In Frontiers in Education (Vol. 6, p. 

639814). Frontiers Media SA. 

https://doi.org/10.1109/ICICCS48265.2020.9120905  

Ji, Y., Oubibi, M., Chen, S., Yin, Y., & Zhou, Y. (2022). Pre-service teachers’ 

emotional experience: Characteristics, dynamics and sources amid the 

teaching practicum. Frontiers in Psychology, 13, 968513. 

https://doi.org/10.3389/fpsyg.2022.968513  

Kamalov, F., Calonge, D. S., & Gurrib, I. (2023). New era of Artificial intelligence 

in Education: Towards a sustainable Multifaceted Revolution. Sustainability, 

15(16), 12451. https://doi.org/10.3390/su151612451  

Karina, B. (2024). Pre-service english teachers’ lived experience in using ai in 

teaching preparation. Edunesia Jurnal Ilmiah Pendidikan, 5(1), 550-568. 

https://doi.org/10.51276/edu.v5i1.767  

Kim, S. W. (2024). Development of a TPACK Educational Program to Enhance Pre-

service Teachers' Teaching Expertise in Artificial Intelligence Convergence 

Education. International Journal on Advanced Science, Engineering & Information 

Technology, 14(1), 1-9. https://doi.org/10.18517/ijaseit.14.1.19552  

Koh, J. H., & Divaharan, H. (2011). Developing pre-service teachers' technology 

integration expertise through the TPACK-developing instructional 

model. Journal of Educational Computing Research, 44(1), 35-58. 

https://doi.org/10.2190/EC.44.1.c  

Kong, S. C., Cheung, M. Y. W., & Tsang, O. (2024). Developing an artificial 

intelligence literacy framework: Evaluation of a literacy course for senior 

secondary students using a project-based learning approach. Computers and 

Education: Artificial Intelligence, 6, 100214. 

https://doi.org/10.1016/j.caeai.2024.100214  

https://doi.org/10.56003/jaieli.v1i1.570
https://doi.org/10.1007/978-3-031-50139-5_9
https://doi.org/10.1007/s40593-017-0144-1
https://doi.org/10.3390/educsci14010032
https://doi.org/10.48550/arXiv.2503.00079
https://doi.org/10.1007/s10639-024-12939-x
https://doi.org/10.1109/ICICCS48265.2020.9120905
https://doi.org/10.3389/fpsyg.2022.968513
https://doi.org/10.3390/su151612451
https://doi.org/10.51276/edu.v5i1.767
https://doi.org/10.18517/ijaseit.14.1.19552
https://doi.org/10.2190/EC.44.1.c
https://doi.org/10.1016/j.caeai.2024.100214


64/65 

 
Aglibot et al.; J. Artif. Intell. Educ. Learn. Innov. 2025; 1(1); 50-65. doi: 10.56003/jaieli.v1i1.570 

Mauraji, I., Senam, S., & Wiyarsi, A. (2021). Profile of pre-service chemistry teacher 

self-efficacy: a case on rate of reaction topic.. 

https://doi.org/10.2991/assehr.k.210326.038 

Mikeladze, T., Meijer, P. C., & Verhoeff, R. P. (2024). A comprehensive exploration 

of artificial intelligence competence frameworks for educators: A critical 

review. European Journal of Education, 59(3), e12663. 

https://doi.org/10.1111/ejed.12663  

Mishra, P., & Koehler, M. J. (2006). Technological Pedagogical Content 

Knowledge: a framework for teacher knowledge. Teachers College Record the 

Voice of Scholarship in Education, 108(6), 1017–1054. 

https://doi.org/10.1111/j.1467-9620.2006.00684.x  

Ng, D. T. K., Leung, J. K. L., Su, J., Ng, R. C. W., & Chu, S. K. W. (2023). 

Teachers’ AI digital competencies and twenty-first century skills in the post-

pandemic world. Educational Technology Research and Development, 71(1), 137–

161. https://doi.org/10.1007/s11423-023-10203-6  

Ng, D. T. K., Wu, W., Leung, J. K. L., & Chu, S. K. W. (2023, July). Artificial 

intelligence (AI) literacy questionnaire with confirmatory factor analysis. In 

2023 IEEE International Conference on Advanced Learning Technologies (ICALT) 

(pp. 233-235). IEEE. https://doi.org/10.1109/ICALT58122.2023.00074  

Ning, Y. (2024). Teachers’ ai-tpack: exploring the relationship between knowledge 

elements. Sustainability, 16(3), 978. https://doi.org/10.3390/su16030978  

Pehlevan, İ ., & Ünal, B. (2024). Investigating the Relationship between Digital 

Literacy and TPACK Levels of Pre-Service English Teachers. Dil Eğitimi Ve 

Araştırmaları Dergisi, 10(1), 87–111. https://doi.org/10.31464/jlere.1432879 

Purvis, A. & Crawford, J. (2024). Ethical Standards in Educational Research and 

Publication. Journal of University Teaching and Learning Practice, 21(9). 

https://doi.org/10.53761/hqnqr710 

Runge, I., Hebibi, F., & Lazarides, R. (2025). Acceptance of Pre-Service Teachers 

Towards Artificial Intelligence (AI): The Role of AI-Related Teacher 

Training Courses and AI-TPACK Within the Technology Acceptance 

Model. Education Sciences, 15(2), 167. 

https://doi.org/10.3390/educsci15020167 

Rütti-Joy, O. (2023). Building ai literacy for sustainable teacher education. Zeitschrift 

Für Hochschulentwicklung, 18(4), 175-189. https://doi.org/10.21240/zfhe/18-

04/10  

Saharuddin, M. H., Nasir, M. K. M., & Mahmud, M. S. (2025). Exploring Teachers’ 

Technological Pedagogical Content Knowledge in Utilising Artificial 

Intelligence (AI) for Teaching. International Journal of Learning, Teaching and 

Educational Research, 24(1), 136-151. 

https://www.ijlter.org/index.php/ijlter/article/view/11509  

Sarı, A. A., Bilici, S. C., Baran, E., & Özbay, U. (2016). Farklı branşlardaki 

öğ retmenlerin teknolojik pedagojik alan bilgisi (TPAB) yeterlikleri ile bilgi ve 

iletişim teknolojilerine yönelik tutumları arasındaki ilişkinin 

https://doi.org/10.56003/jaieli.v1i1.570
https://doi.org/10.2991/assehr.k.210326.038
https://doi.org/10.1111/ejed.12663
https://doi.org/10.1111/j.1467-9620.2006.00684.x
https://doi.org/10.1007/s11423-023-10203-6
https://doi.org/10.1109/ICALT58122.2023.00074
https://doi.org/10.3390/su16030978
https://doi.org/10.31464/jlere.1432879
https://doi.org/10.53761/hqnqr710
https://doi.org/10.3390/educsci15020167
https://doi.org/10.21240/zfhe/18-04/10
https://doi.org/10.21240/zfhe/18-04/10
https://www.ijlter.org/index.php/ijlter/article/view/11509


65/65 

 
Aglibot et al.; J. Artif. Intell. Educ. Learn. Innov. 2025; 1(1); 50-65. doi: 10.56003/jaieli.v1i1.570 

incelenmesi. Eğitim Teknolojisi Kuram ve Uygulama, 6(1), 1-21. 

https://doi.org/10.17943/etku.11643 

Schmidt, D. A., Baran, E., Thompson, A. D., Mishra, P., Koehler, M. J., & Shin, T. 

S. (2009). Technological Pedagogical Content Knowledge (TPACK). Journal 

of Research on Technology in Education, 42(2), 123–149. 

https://doi.org/10.1080/15391523.2009.10782544  

Schubatzky, T., Burde, J. -P., Große-Heilmann, R., Lachner, A., Riese, J., & Weiler, 

D. (2025). From knowledge to intention: The role of TPACK and self-

efficacy in technology integration. Computers and Education Open, 8, 100246. 

https://doi.org/10.1016/j.caeo.2025.100246  

Shaikh, S., Yayilgan, S. Y., Klimova, B., & Pikhart, M. (2023). Assessing the 

usability of ChaTGPT for formal English language learning. European Journal 

of Investigation in Health Psychology and Education, 13(9), 1937–1960. 

https://doi.org/10.3390/ejihpe13090140  

Shete, S. G., Koshti, P., & Pujari, V. I. (2024, April). The Impact of AI-Powered 

Personalization on Academic Performance in Students. In 2024 5th 

International Conference on Recent Trends in Computer Science and Technology 

(ICRTCST) (pp. 295-301). IEEE. 

https://doi.org/10.1109/ICRTCST61793.2024.10578480  

Velander, J., Taiye, M., Otero, N., & Milrad, M. (2023). Artificial intelligence in k-

12 education: eliciting and reflecting on swedish teachers' understanding of 

ai and its implications for teaching &amp; learning. Education and Information 

Technologies, 29(4), 4085-4105. https://doi.org/10.1007/s10639-023-11990-4  

Xie, S., Chen, X., Peng, S., & Zhang, S. (2023). Pre-service teachers' behavioral 

intention for AI-integrated instruction: A path analysis of the Theory of 

Motivation-Opportunity-Ability (MOA). In 2023 5th International Conference 

on Computer Science and Technologies in Education (CSTE) (pp. 1-5). IEEE. 

https://doi.org/10.1109/CSTE59648.2023.00057 

Yue, M., Jong, M. S. Y., & Ng, D. T. K. (2024). Understanding K–12 teachers’ 

technological pedagogical content knowledge readiness and attitudes toward 

artificial intelligence education. Education and information technologies, 29, 

19505–19536.  https://doi.org/10.1007/s10639-024-12621-2  

Zakaria, N. (2024). Shaping the future of education: conceptualizing pre-service 

teachers' perspectives on artificial intelligence (ai) integration. International 

Journal of Academic Research in Business and Social Sciences, 14(5), 643-653. 

https://doi.org/10.6007/ijarbss/v14-i5/21584  

Zhao, L., Wu, X., & Luo, H. (2022). Developing ai literacy for primary and middle 

school teachers in china: based on a structural equation modeling analysis. 

Sustainability, 14(21), 14549. https://doi.org/10.3390/su142114549  

https://doi.org/10.56003/jaieli.v1i1.570
https://doi.org/10.17943/etku.11643
https://doi.org/10.1080/15391523.2009.10782544
https://doi.org/10.1016/j.caeo.2025.100246
https://doi.org/10.3390/ejihpe13090140
https://doi.org/10.1109/ICRTCST61793.2024.10578480
https://doi.org/10.1007/s10639-023-11990-4
https://doi.org/10.1109/CSTE59648.2023.00057
https://doi.org/10.1007/s10639-024-12621-2
https://doi.org/10.6007/ijarbss/v14-i5/21584
https://doi.org/10.3390/su142114549

