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ABSTRACT
Artificial Intelligence (AI) has become a catalyst for educational transformation, underscoring the need 
to increase teachers’ digital literacy to utilize technology pedagogically. Although important, AI literacy 
as a teacher’s competence is still rarely studied empirically, especially in Indonesia. This study maps the 
level of AI literacy of Indonesian teachers and its relationship with pedagogical readiness, using a survey 
of 220 teachers from various regions. The instrument covers three dimensions, namely Digital technical 
competence, Ethical and critical awareness, and AI-based pedagogical practices. This dimensional structure 
is used consistently throughout the study. The descriptive analysis showed that the highest average score 
was in the AI in Pedagogical Practice dimension (Mean = 4.33), followed by Digital Competence (Mean = 
4.29) and Ethical Awareness (Mean = 4.27). The correlation between Digital competence and Pedagogical 
practice was strong (r = 0.854). Multiple regression showed that digital competence significantly influenced 
pedagogical readiness (β = 0.7031, p < 0.001), accounting for 75.5% of the variance (R² = 0.755). SEM 
structural modeling showed good model fit (CFI = 0.946; RMSEA = 0.062). Two teacher clusters were 
successfully identified, namely the high (M ≥ 4.7) and medium (M ≈ 4.0) clusters. These results confirm the 
importance of AI literacy training that balances technical skills and ethical awareness in supporting teachers’ 
readiness for AI-based learning.
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INTRODUCTION
Digital literacy and Artificial Intelligence have become important pillars of 21st-century education. 
The integration of information technology in learning increases the accessibility and interactivity of the 
teaching and learning process, preparing students for the ever-evolving digital world (Akgun & Greenhow, 
2021; Sperling & Li, 2024). The post-pandemic era dramatically accelerated the shift to online learning, 
confirming the role of digital technology as a key need of modern education (Chan & Wong, 2025; Vachkova 
et al., 2022).In the midst of this transformation, teachers are required to have strong digital literacy to 
navigate technological changes and facilitate innovative learning experiences (Sahin et al., 2022; Schmidt 
& Borenstein, 2023). Digital literacy encompasses not only technical skills but also the capacity to adapt to 
emerging technologies such as Artificial Intelligence (AI) (Olari & Romeike, 2021). 
In particular, AI literacy for teachers is increasingly recognized as a crucial competency for today’s educators 
(Otto et al., 2025). AI offers great potential to improve quality from personalized learning to assessment 
automation, but its use requires exceptional understanding and skills from teachers (Zawacki-Richter 
et al., 2019). As is well known, various AI-based applications are gaining popularity in online learning 
environments to support students, but many teachers remain unfamiliar with these tools (S. Ng & Ho, 
2025; W. Ng & Nicholas, 2023). This condition indicates that teachers’ technical knowledge and skills 
related to AI remain limited, underscoring the need for targeted support to enable them to use and teach AI 
effectively in the classroom (Cowls et al., 2023; Cui et al., 2025). In fact, several global teacher competency 
frameworks are beginning to incorporate AI elements into digital literacy, confirming that the ability to use 
AI ethically and effectively is now recognized as a key competency for educators (Ignacio & Cruz, 2022; 
Kim & Choi, 2021). For example, the I-CRT (Inquiry-Culturally Responsive Teaching) model posits that 
AI competencies in teachers encompass various dimensions (e.g., pedagogical, technical, and ethical) that 
require professional training to improve AI literacy (Yuhanna et al., 2025).
Several frameworks and studies have examined teachers’ digital competence more generally, but few have 
specifically mapped teachers’ AI literacy levels in Indonesia (Drajati et al., 2025; Sonni et al., 2025). As a 
result, the picture of Indonesian teachers’ pedagogical readiness to face the AI era remains unclear (Delcker 
et al., 2024; Sari et al., 2025). This raises the question: to what extent are teachers in Indonesia AI-literate 
and ready to use it for learning? Answering this question is important for identifying and addressing skills 
gaps through appropriate interventions.
This study seeks to fill this gap by mapping digital literacy focused on AI among Indonesian teachers. The 
approach involves a comprehensive survey to measure teachers’ digital competence and AI literacy, drawing 
on the I-CRT learning model framework (Yuhanna et al., 2025). Through data analysis across various levels 
of teachers, this study is expected to reveal the level of teacher mastery in each component of AI literacy, as 
well as areas that remain weak. This study contributes by providing an AI literacy map of Indonesian teachers 
and insights into their pedagogical readiness, which can serve as a basis for formulating education policies 
and teacher training plans to address the era of AI-based learning.

METHODOLOGY
The research methodology, as shown in Figure 1, uses a descriptive, verifiable, quantitative approach to 
map the level of AI-based digital literacy among teachers and to identify its relationship with pedagogical 
readiness. The initial instrument design incorporated five theoretical constructs derived from the I-CRT 
framework, namely: AI knowledge and understanding, Technical digital competence, Ethical and critical 
awareness, AI in pedagogical practices, and Attitudes toward AI (Akman, 2025; Yuhanna et al., 2025). 
However, during empirical validation using confirmatory factor analysis (CFA), these five constructs were 
reduced into three statistically coherent dimensions: (1) Digital Competence / Technical Skills, (2) Ethical & 
Critical Awareness, and (3) AI in Pedagogical Practice. This higher-order structure aligns with prior literature 
suggesting integrated AI literacy models and is adopted consistently in subsequent sections (Delcker et al., 
2024; Olari & Romeike, 2021).
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Figure 1. Methodology

Furthermore, the questionnaire was developed and validated using a 1-5 Likert scale for each dimension, 
as shown in Table 1. Content validity was evaluated by education experts and tested with a limited number 
of teachers to ensure clarity of the items (Ally, 2019). Collected data was analyzed to assess the validity 
and reliability of the construct through Confirmatory Factor Analysis (CFA), as well as Cronbach’s Alpha 
and Composite Reliability (CR) testing. The Average Variance Extracted (AVE) value is used to ensure the 
convergent and discriminant validity between constructs.

Table 1. Questionnaire design and dimensions

 Q Question Dimension

Q1 I can use digital devices (laptops, smartphones, the internet) for 
learning. AI in Pedagogical Practice

Q2 I am accustomed to using digital learning platforms (Google 
Classroom, Moodle, etc.). Digital Competence / Technical Skills

Q3 I use AI applications to support the learning process. AI in Pedagogical Practice

Q4 I can distinguish between valid information and hoaxes on the 
internet. Ethical & Critical Awareness

Q5 I can evaluate the suitability of digital content for learning 
objectives. AI in Pedagogical Practice

Q6 I can analyze digital data (e.g., quiz results, surveys, and learning 
analytics). Digital Competence / Technical Skills

Q7 I create digital teaching materials (slides, modules, videos).  Digital Competence / Technical Skills

Q8 I use AI to design learning media. AI in Pedagogical Practice

Q9 I develop digital learning materials tailored to students’ local 
culture. AI in Pedagogical Practice

Q10 I collaborate with other teachers through digital platforms (Zoom, 
Google Docs, WhatsApp, etc.). Digital Competence / Technical Skills

Q11 I facilitate students working together using digital media. Digital Competence / Technical Skills

Q12 I understand the importance of maintaining personal data security 
in the digital world. Digital Competence / Technical Skills

Q13 I instill digital ethics in students. Ethical & Critical Awareness

Q14 I teach students the importance of anti-plagiarism and how to cite 
digital sources. Ethical & Critical Awareness

Q15 I adapt the use of digital technology to my students’ local cultural 
values. Digital Competence / Technical Skills
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The questionnaire was distributed online to 220 teachers across four regions: Yogyakarta, Ngawi, Madiun 
Regency, and Madiun City, as shown in Table 2. The sample size was determined based on feasibility and 
benchmarked against methodological recommendations for structural equation modeling (SEM). Several 
SEM experts recommend a minimum sample size of 150-200 respondents when models include multiple 
latent constructs with several observed indicators and moderate communalities (Hair, 2010; Kline & Little, 
2016). Our model consists of three latent constructs and 15 items, each with acceptable factor loadings, 
which supports adequate power and estimation reliability for SEM.
In addition, using Cochran’s (1977) standard sample size estimation for proportion-based surveys, a 
sample of 220 achieves a confidence level of approximately 90% with a margin of error of approximately 
6.5%, which is still within the acceptable range for exploratory studies in educational research (Cochran, 
1977). Due to logistical limitations, including constrained access across multiple districts and time-bound 
coordination with local institutions, expanding the sample beyond 220 respondents was not feasible during 
this study phase. This limitation is acknowledged in the Discussion section and will be addressed in future 
studies through broader coverage and stratified sampling approaches.
The tabulation results show that 77.8% of respondents were in the ‘Excellent’ category and 22.1% were in 
the ‘Good’ category, with no respondents in the ‘Fair’ or ‘Poor’ categories. This concentration of responses in 
the upper categories may indicate a ceiling effect or selection bias, particularly given that participation was 
voluntary and distributed online. As a result, the generalizability of the findings may be limited to digitally 
confident teachers or those already inclined toward technology adoption. This limitation is acknowledged 
and discussed further in the final section. The data were analyzed descriptively to describe the level of AI 
literacy across dimensions, followed by an analysis of relationships between dimensions using correlation 
and multiple regression to examine the effect of literacy on pedagogical readiness.

Table 2. Distribution of respondents

 City Respondents Very Good (%) Good (%) Fairly Good (%) Not very good (%)

Yogyakarta 55 65.5 34.5 0 0

Ngawi 65 80 20 0 0

Madiun Regency 50 72 28 0 0

Madiun City 50 94 6 0 0

Total 220 77.8 22.1 0 0

The final stage involves structural modeling using Structural Equation Modeling (SEM) to assess direct and 
indirect relationships among constructs, and cluster analysis to identify teacher profiles based on their AI 
literacy and pedagogical readiness (Solbes et al., 2025). The analysis results are then interpreted to provide 
recommendations for educational policy and teacher professional development, particularly regarding the 
ethical and effective integration of AI technology into the learning process.

FINDINGS
The analysis is presented using three empirically validated dimensions of AI literacy: Digital Competence/
Technical Skills, Ethical & Critical Awareness, and AI in Pedagogical Practice. These dimensions represent 
a consolidation of five initial theoretical constructs, refined through confirmatory factor analysis (CFA) 
based on responses from 220 teachers across four regions. Overall, the findings indicate that teachers possess 
a generally strong level of AI literacy, though some variation remains, particularly in ethical and critical 
awareness.
The distribution of average scores across dimensions shows that technical digital competence and AI 
knowledge have the highest scores. At the same time, the most significant variation occurs in ethics and 
critical awareness, as shown in Table 3. These results confirm that most teachers have mastered AI’s operational 
capabilities but still need reinforcement in the reflective and ethical aspects of using technology in learning.
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Table 3. Descriptive Statistics of Teacher AI Literacy Dimensions

Dimension Mean SD N SE CI95_low CI95_high

AI in Pedagogical Practice 4.330 0.438 220 0.030 4.272 4.388

Digital Competence / Technical Skills 4.289 0.425 220 0.029 4.233 4.345

Ethical & Critical Awareness 4.266 0.515 220 0.035 4.198 4.334

The relationships among the dimensions of teacher AI literacy, as determined through correlation analysis, 
are shown in Table 4. The highest correlation value was found between AI in Pedagogical Practice and Digital 
Competence/Technical Skills (r = 0.854), indicating that teachers’ technical abilities are closely related to the 
application of AI in learning. A moderate correlation between Ethical & Critical Awareness and the other 
two dimensions (r = 0.726-0.732) shows that ethical awareness also develops along with increased digital 
competence and pedagogical practice. Overall, the three dimensions have a strong positive relationship, 
reflecting the conceptual and practical integration of AI literacy that reinforces each other. 

Table 4. Correlations Between Dimensions

Predictor AI in Pedagogical 
Practice

Digital Competence / 
Technical Skills

Ethical & Critical 
Awareness

AI in Pedagogical Practice 1.0 0.854 0.732
Digital Competence / Technical Skills 0.854 1.0 0.726
Ethical & Critical Awareness 0.732 0.726 1.0

Table 5 presents the results of a regression analysis examining the influence of AI literacy dimensions on 
teachers’ pedagogical readiness. The highest coefficient was obtained for Digital Competence/Technical Skills 
(β = 0.7031, p < 0.001), indicating that digital skills make the most significant contribution to improving 
AI-based pedagogical readiness. The Ethical & Critical Awareness dimension also had a significant effect 
(β = 0.2011, p < 0.001), emphasizing the importance of ethical awareness in the application of learning 
technology. The values of R² = 0.755 and Adj. R² = 0.753 indicates that the model explains 75% of the 
variation in teachers’ pedagogical readiness, with strong and reliable effects.

Table 5. Relationship between AI Literacy Dimensions and Pedagogical Readiness

Variable Coef SE p
const 0.4569 0.1506 0.0027
Digital Competence / Technical Skills 0.7031 0.0504 0
Ethical & Critical Awareness 0.2011 0.0415 0
R2 0.7552
Adjusted R² 0.7529

Table 6 presents the results of the cluster analysis, which divides teachers into two groups based on their AI 
literacy and pedagogical readiness levels. Cluster 1 has higher scores in all dimensions of AI in Pedagogical 
Practice (4.75), Digital Competence/Technical Skills (4.72), and Ethical & Critical Awareness (4.70), 
indicating a group of teachers with high readiness and mature AI literacy. In contrast, cluster 0 shows a score 
of around 4.0, reflecting teachers with fairly good competence but still needing reinforcement in ethical 
awareness and pedagogical application. This pattern confirms that there are apparent differences among 
teachers in their readiness for AI integration.
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Table 6. Relationship between AI Literacy Dimensions and Pedagogical Readiness

Cluster AI in Pedagogical Practice Digital Competence / Technical Skills Ethical & Critical Awareness
0 4.05 4.00 3.97
1 4.75 4.72 4.70

Figure 2 presents the SEM analysis, which maps the relationships among the dimensions of teachers’ AI 
literacy. The DigitalComp construct has a strong influence on AIPedPrac (AI Pedagogical Practice), indicating 
that digital competence is a key determinant of pedagogical readiness in AI implementation. A significant 
relationship is also apparent between AIKnowledge and EthicalCrit, reflecting the interconnection between 
AI understanding and ethical awareness. Most indicators (Q1-Q15) showed high and statistically significant 
factor loadings (p < 0.05), indicating strong reliability of each construct in explaining teachers’ AI literacy. It 
should be noted that the reported loadings were based on unstandardized estimates, which can occasionally 
exceed 1.0 in SEM outputs. Standardized loadings for all items remained within acceptable bounds (≤ 1.0), 
and no negative error variances were detected, indicating no improper solutions in the model estimation.

Figure 2. SEM Model

Table 7 presents the results of composite reliability (CR) and convergent validity (AVE) tests for each 
construct of teacher AI literacy. The CR values for all constructs are above 0.80, indicating strong internal 
consistency. While the AVE values for AI in Pedagogical Practice (0.422) and Digital Competence/Technical 
Skills (0.431) fall below the commonly recommended threshold of 0.50 (Fornell & Larcker, 1981), these 
values are considered acceptable given their high CR, as supported by recent methodological literature. 
Fornell and Larcker suggest that if composite reliability exceeds 0.60, convergent validity can still be deemed 
adequate. Furthermore, item refinement was considered; however, removing items would have disrupted 
theoretical representation, particularly in relation to the I-CRT model (Yuhanna et al., 2025). Therefore, the 
current measurement structure was retained, with a recommendation for further refinement and testing in 
future research.
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Table 7. Composite Reliability (CR) and Average Variance Extracted (AVE)

Construct CR AVE sqrtAVE

AI in Pedagogical Practice 0.812 0.422 0.649

Digital Competence / Technical Skills 0.835 0.431 0.657

Ethical & Critical Awareness 0.503 0.339 0.582

Figure 3 shows the average Likert scores for each dimension of teachers’ AI literacy, along with the teachers’ 
confidence intervals. The AI in Pedagogical Practice dimension has the highest average of around 4.33, 
indicating strong pedagogical readiness to integrate AI into learning. Digital Competence/Technical Skills is 
slightly lower (≈4.29), but still shows good technical mastery. Meanwhile, Ethical & Critical Awareness has 
the lowest average (≈4.27) with a wider confidence range, indicating greater variation in ethical understanding 
among teachers. Overall, these results show a positive and relatively even level of AI literacy.

Figure 3. Average Scores per Dimension of Teacher AI Literacy

Figure 4 shows a heatmap of the correlations between the dimensions of teacher AI literacy. Lighter colors 
closer to yellow indicate stronger correlations, while darker colors indicate weaker relationships. The strongest 
relationship is seen between AI in Pedagogical Practice and Digital Competence/Technical Skills, reinforcing 
the finding that technical skills play an important role in the application of AI in learning. A moderate 
correlation also appears between Ethical & Critical Awareness and the other two dimensions, indicating that 
ethical awareness develops alongside increased digital and pedagogical competence. Overall, all dimensions 
are significantly positively correlated.
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Figure 4. Heatmap of correlations between dimensions of teacher AI literacy

Figure 5 shows silhouette scores to determine the optimal number of clusters for teacher grouping based 
on AI literacy. The highest value was obtained at k = 2 with a score of around 0.51, indicating that two 
clusters provided the most transparent and consistent separation between groups. The decrease in value at 
k ≥ 3 shows that dividing into more clusters actually reduces the clarity of the data structure. These results 
reinforce the selection of two main clusters as representations of teachers’ AI literacy levels and pedagogical 
readiness.

Figure 5. Silhouette Score for Cluster Determination

Figure 6 shows the average AI literacy scores of teachers based on two clusters. Graph (a) shows the cluster 
with medium literacy, with scores around 4.0 on all three dimensions, indicating fairly good but not yet 
optimal competence. In contrast, graph (b) illustrates the cluster with high literacy, where all dimensions 
achieve scores close to 4.8, reflecting strong mastery of AI in pedagogical, technical, and ethical contexts. The 
striking differences between clusters indicate varying levels of pedagogical readiness among teachers.
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(a) medium cluster

(b) high cluster

Figure 6. Average AI literacy score clusters among teachers

Overall, this study’s results indicate that teachers in Indonesia have good to excellent AI literacy, with digital 
competence as the primary driver of pedagogical readiness. The SEM model and clustering results confirm 
that strengthening AI literacy comprehensively, especially in the dimensions of ethics and critical awareness, 
is essential to ensure that AI use in learning is effective, responsible, and oriented towards improving the 
quality of education.

DISCUSSIONS 
This study reinforces the view that AI literacy is best conceptualized through an integrated model. Although 
initially grounded in five theoretical constructs, empirical validation supported a three-dimensional 
framework that reflects how digital, ethical, and pedagogical competencies interrelate in actual practice 
(Delcker et al., 2024; Olari & Romeike, 2021; Yuhanna et al., 2025). These findings indicate that training 
and exposure to digital technology in teaching practices have begun to have a positive impact on teachers’ 
readiness to integrate AI into learning. 
However, gaps in ethics and critical awareness indicate that understanding of professional responsibility, 
data privacy, and algorithmic bias has not kept pace with teachers’ technical progress (Anderson et al., 
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2025). This gap carries important practical implications. Without adequate ethical awareness, teachers may 
unknowingly expose student data to privacy risks, rely on AI-generated outputs without understanding 
embedded biases, or implement AI systems without considering issues of transparency and fairness. These 
concerns are especially critical as AI tools increasingly automate assessment, recommendation, and content 
delivery. Therefore, enhancing ethical literacy is not only a theoretical concern but a practical necessity to 
ensure that AI is used responsibly and equitably in educational settings.
The positive relationship between digital competence and pedagogical readiness confirms that technical 
skills are a key factor in effective AI adoption (Zhang & Aslan, 2021). Teachers who are skilled in using 
digital tools are better prepared to adapt AI tools innovatively to support data-driven learning and student 
personalization (Plak et al., 2023). However, the dominance of technical competence also indicates the risk 
that AI implementation may occur without adequate ethical reflection, particularly regarding algorithmic 
fairness and the protection of student information.
SEM modeling results show that AI literacy is a multidimensional construct that influences other, not just 
a collection of separate skills. This emphasizes the importance of a holistic approach in developing teachers’ 
abilities that not only focus on mastering technology but also foster reflective awareness of the social impact 
of AI in the context of education (Yuhanna et al., 2025).
The differences in teacher cluster profiles indicate disparities in AI literacy influenced by access to training, 
experience, and institutional support. Therefore, education policies should aim to develop AI literacy 
competencies evenly through teacher capacity-building programs that balance technical, ethical, and 
pedagogical aspects, enabling AI-based educational transformation to take place sustainably and responsibly.

CONCLUSION
This study focuses on mapping the level of AI literacy among teachers in Indonesia and identifying its 
contribution to pedagogical readiness in integrating AI-based technology. The results show that teachers have 
a good level of AI literacy, especially in terms of technical digital competence and pedagogical application, 
which are dominant factors in readiness for AI-based learning.
However, the ethical and critical awareness dimensions still need strengthening to ensure the use of AI in 
education is reflective and responsible. The structural model shows a significant correlation among technical 
abilities, conceptual understanding, and pedagogical readiness, reaffirming that AI literacy is an integrative, 
mutually supportive competency.
As a follow-up, further research is recommended to conduct comparative studies between education 
levels to assess the development of teachers’ AI literacy in line with the implementation of national digital 
education policies. The development of adaptive training models that combine technical, pedagogical, and 
ethical aspects, such as I-CRT, is also recommended to strengthen teachers’ readiness to face educational 
transformation.
This study also acknowledges a potential limitation related to sample distribution. The participants were 
recruited voluntarily and online, which may have resulted in a concentration of responses from digitally 
confident or motivated teachers. Consequently, the generalizability of the findings to the broader teacher 
population, particularly those less exposed to AI technologies, may be limited. Future research is encouraged 
to adopt stratified or random sampling methods to capture a more representative profile of teacher AI 
literacy across diverse regions and contexts.

Authors’ Note:	 This research was supported by a Research Grant, No. 0070/C3/AL.04/2025, from the 
Ministry of Education, Culture, Research, and Technology of the Republic of Indonesia.
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