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Abstract

The accelerating transformation of the education system toward generative artificial 
intelligence (AI) imposes an urgent need to enhance teachers’ AI educational literacy. It is 
crucial to systematically clarify its influencing factors and action mechanisms to support 
the profound transformation of intelligent education. This study identifies the core factors 
influencing teachers’ AI educational literacy. A structural equation model is developed 
and validated to examine such factors across three dimensions: the internal structure 
of AI educational literacy, teachers’ individual characteristics, and external school 
environment. This study finds that for internal structure, AI educational mindset positively 
affects AI educational ethics, foundations and applications, and pedagogy. AI educational 
foundations and applications positively affect AI pedagogy. Both factors contribute to 
AI for professional development, with AI pedagogy serving as a mediating variable. 
Among individual characteristic factors, AI self-efficacy and educational trust impact AI 
educational literacy via AI educational mindset, while AI application behavioral intention 
directly affects AI for professional development. In terms of the school environment 
factors, AI leadership of principals positively affects AI educational ethics and pedagogy. 
Additionally, AI infrastructure and school organizational climate interact synergistically to 
build an external environment that supports the development of teachers’ AI educational 
literacy. Accordingly, this study proposes systematic strategies to promote coordinated 
development of various dimensions of AI education literacy for primary and secondary 
school teachers to optimize literacy structure, to empower individual teachers, and to 
enhance the supportive school environment.

Keywords　artifitial intelligence (AI) educational literacy; individual characteristics; 
school environment

1　Introduction
Generative artificial intelligence (AI) is propelling traditional instructional interactions 
toward a novel paradigm centered on the tripartite collaboration of teacher‒student‒machine. 
This transition poses challenges, including the proliferation of technological ethical risks 
and the attenuation of teachers’ agency (Cheng et al., 2020). Systematically enhancing 
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teachers’ AI educational literacy has emerged as an urgent priority for global education 
systems, given the impact of technological leaps on educational practices and the rights and 
interests of teachers and students. The AI Competency Framework for Teachers, issued by 
the United Nations Educational, Scientific and Cultural Organization (UNESCO), provides 
authoritative guidance for the systematic assessment and cultivation of AI educational literacy 
worldwide (Miao & Cukurova, 2024). China’s Guidelines for the Use of Generative Artificial 
Intelligence by Primary and Secondary School Students (2025 Edition) explicitly incorporates 
the improvement of teachers’ AI educational literacy into mandatory policy requirements 
(Ministry of Education of the People’s Republic of China, 2025).

Although cultivating AI educational literacy has been integrated into the core strategies 
of teacher professional development across various countries, an empirical study indicates 
that teachers generally exhibit issues such as insufficient cognitive identification, significant 
application anxiety, weak ethical awareness, inadequate knowledge foundation, unfamiliarity 
with technical operations, and ineffective pedagogical integration (Zheng et al., 2023). 
Furthermore, relevant learning courses and resources lack structured design, failing to 
effectively accommodate the synergistic development and dynamic interrelations among the 
various dimensions of AI educational literacy (Jiang & Jiang, 2023). This study elucidates 
the impact mechanism underlying the development of teachers’ AI educational literacy 
by analyzing its multiple influencing factors and their interactive pathways. Therefore, it 
provides theoretical support and practical evidence for constructing professional development 
pathways suitable for teachers in China, and subsequently facilitates the high-quality and 
sustainable development of AI-empowered education.

2　Theoretical Foundation and Research Hypotheses
2.1　Connotation Structure
2.1.1　Connotation and Composition

The connotation of teachers’ AI educational literacy is undergoing a profound paradigm 
shift from being tool-oriented to subject-oriented, yet academia has not reached a consensus 
on its definition. Searle (1980) categorizes AI into artificial narrow intelligence (lacking 
self-awareness) and artificial general intelligence (capable of autonomous thinking). 
Artificial narrow intelligence has entered the educational field in the role of a technological 
proxy. Long and Magerko (2020) define AI literacy as the capacity to utilize AI as a tool, 
collaborate with it effectively, and evaluate it critically. Such definitions predominantly 
emphasize technical knowledge and application, paying scant attention to the value of 
teachers’ agency.

With breakthroughs in the subjective initiative of technology, the role of AI applications in 
education has transitioned from external tools to participants characterized by generativity 
and unpredictability. It is capable of deeply intervening in or even challenging teachers’ 
instructional decision-making processes. Therefore, safeguarding teachers’ agency and 
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stimulating their professional initiative have emerged as urgent demands in the educational 
sphere (Wang et al., 2025). The international community pays considerable attention to 
this paradigm shift. UNESCO underscores the safeguarding of humanistic values and 
teachers’ rights and interests (Miao, 2024). The Office of Educational Technology of the 
U.S. Department of Education advocates for teachers to achieve vital evolution within the 
human‒machine symbiotic cycle (Cardona et al., 2023). The European Union posits that 
AI applications in education should accomplish a paradigm shift from being technology-
centric to teacher-centric (Bollmann, 2024). Academia is increasingly incorporating 
teachers’ educational philosophy, sense of agency, and ethical responsibility into the literacy 
framework. Additionally, the identification and mitigation of potential ethical issues has 
become an indispensable dimension of teachers’ AI educational literacy (Ng et al., 2021). 
An assessment framework for AI educational awareness, knowledge, capabilities, and 
ethical thinking has been constructed (Zheng & Song, 2023). Hu and Xu (2021) propose a 
comprehensive literacy model integrating knowledge, capabilities, thinking, and cultural 
practices. Lan et al. (2025) distill core developmental principles anchored in human judgment 
and justice.

The core essence of teachers’ AI educational literacy is supposed to be anchored in 
human subjectivity and professional agency. It indicates a coherent system of literacy 
required for teachers to effectively apply technologies, critically reflect, and engage in 
ethical decision-making within AI-enabled educational environments, encompassing 
conceptual understanding, ethical norms, technical skills, instructional practices, and 
professional development. On this basis, this study incorporates UNESCO’s AI Competency 
Framework for Teachers and relevant standards to deconstruct the system of teachers’ 
AI educational literacy across five interrelated and intrinsically unified dimensions. AI 
educational mindset (AIEM) denotes the learner-centered educational value orientations, 
belief systems, and cognitive patterns emphasizing humanistic care that teachers uphold 
when applying AI technologies. AI educational ethics (AIEE) represents teachers’ ability to 
comprehend and adhere to ethical principles, data privacy, algorithmic fairness, and legal 
regulations regarding AI educational applications, as well as their awareness to proactively 
identify, evaluate, and mitigate associated risks. AI foundations and applications (AIFA) 
refers to teachers’ mastery of fundamental technical operations and their capacity to 
effectively select, apply, and innovatively design AI tools to accommodate instructional 
demands. AI pedagogy (AIP) signifies teachers’ literacy to effectively integrate AI into 
instruction, embedding it within pedagogical strategies to facilitate instructional design, 
classroom organization, teacher–student interaction, and learning assessment. AI for teacher 
professional development (AIPD) indicates teachers’ capability to utilize AI technologies 
for lifelong learning, establish interdisciplinary and inter-school teaching and research 
communities, and proactively explore pathways for role transformation and professional 
advancement (Miao & Cukurova, 2024).
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2.1.2　Hypotheses on Internal Structure

The primary research question of this study is to elucidate the interconnections, internal 
operational mechanisms, and degrees of impact among the various dimensions of teachers’ AI 
educational literacy.

AI educational mindset serves as a pivotal element of teachers’ AI educational literacy, 
reflecting its underlying foundation and value orientation (Zhu et al., 2021). Ding et al. 
(2023) regard teachers’ attitudes toward, understanding of, and value judgments regarding AI 
education as value fulcrums. The formation of literacy is fundamentally a dynamic process 
of mutual construction between knowledge and thinking, wherein the AI educational mindset 
plays a foundational role in the unified development of teachers’ internal cognition (Zhong 
et al., 2024). Drawing upon the aforementioned perspectives, this study proposes hypotheses 
H1a–H1d: AI educational mindset positively impacts the other four core dimensions.

AI educational ethics manifests as constraints on and feedback for technology application. 
Existing theories have yet to adequately demonstrate that the ethical dimension is able to 
directly drive or significantly facilitate the enhancement of other teachers’ literacy. Existing 
research suggests that the ethical governance framework regulates the application boundaries 
of AI throughout the entire educational process, and education itself also assumes a pivotal 
function in fostering ethical cognition through reverse empowerment (Miao, 2022). The core 
value of technology ethics lies in ensuring the sustainability of technological applications 
(Chen & Zhang, 2023). Yu et al. (2025) emphasize that enhancing teachers’ ethical 
awareness contributes to their better adherence to norms during technology application, 
thereby preserving the autonomy and independence of educational activities. Furthermore, 
Nguyen et al. (2023) corroborate that AI ethics possesses the efficacy to standardize teachers’ 
pedagogical selections and practical trajectories. Therefore, this study asserts that within the 
developmental framework of teachers’ AI educational literacy, ethical elements primarily 
function as safeguards and constraints. Their operational mechanisms are predominantly 
oriented toward escorting the holistic and coordinated development of literacy, rather than 
establishing direct paths of influence. Therefore, no direct impact of ethics on other elements 
of teachers’ literacy is presupposed.

AI foundations and applications serve as a pivotal linkage within the system of teachers’ AI 
educational literacy (Sengsri & Khunratchasana, 2024; Stolpe & Hallström, 2024). Mastering 
foundational AI knowledge and skills constitutes a prerequisite for teachers to effectively 
conduct educational applications and underpins their sustained professional development 
(Wang, 2025). Han and Li (2025) indicate that teachers are capable of effectively fulfilling 
their educational responsibilities and driving professional advancement once they master 
the relevant technologies and tools by deeply integrating AI into the core elements of 
education and the instructional process. Therefore, this study proposes hypotheses H1e and 
H1f: AI foundations and applications positively impact AI pedagogy and AI for professional 
development.

Teachers’ professional development is affected by teaching practices, the essence of which 
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lies in the improvement of educational practices driven by teachers’ intrinsic motivation 
(Chang et al., 2017). Huang et al. (2025) construct an AI-enhanced model for teachers’ 
professional development, viewing AI-driven teaching innovation and transformation as the 
crucial factor facilitating the transition of teachers’ professional development to a higher 
stage. Wang et al. (2024) indicate that the effective integration of AI and pedagogy represents 
a creative transformation of educational mindset and technology application, which inherently 
constitutes the core of teachers’ professional literacy and serves as a vital force driving 
teachers to realize their self-worth. Therefore, this study proposes research hypothesis H1g: 
AI pedagogy positively impacts AI for professional development.

2.2　Influencing Factors
This study systematically reviews the influencing factors by drawing on research findings 
related to teachers’ information literacy and digital literacy, considering the commonalities 
in the developmental mechanisms of various educational technology literacies. The social 
cognitive theory proposed by Bandura and Walters (1977) and the field theory introduced by 
Lewin (1951) have been widely applied to predict teachers’ technology literacy. According 
to the social cognitive theory, agency refers to an individual’s active and selective behavioral 
responses in a social environment, which is influenced by the interaction between individual 
traits and the external environment. The field theory highlights that individual behavior results 
from the combined effect of internal dynamics and the external environment within a specific 
field (Sun & Zhang, 2016). The formation of teachers’ AI educational literacy is influenced 
by both individual internal characteristics and the external environment (Burnes & Cooke, 
2013). Research indicates the paramount importance of strengthening teachers’ subjectivity 
and constructing intelligent learning communities, highlighting the core role of value 
guidance, practical training, and application governance in the cultivation of teachers’ literacy 
(Zhou & Yu, 2025). Moreover, scholars argue that the development of teachers’ literacy in 
the AI era is required to break through traditional linear thinking. It is recommended to attach 
importance to establishing a cognitive system and value orientation for AI education, as well 
as promoting a multi-party collaborative school governance approach, in addition to focusing 
on the enhancement of technology integration capabilities (Luo, 2025). Evidently, individual 
characteristics and external environment play a crucial role in the development of teachers’ AI 
educational literacy from a theoretical perspective. This study aims to systematically review 
and extract these key influencing factors, construct path hypotheses, and conduct structural 
model tests.

2.2.1　Individual Characteristics

Teachers’ individual characteristics serve as the crucial internal driving force propelling the 
development of their educational practice capabilities and professional literacy, encompassing 
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practical motivation and technology application behavioral intention. This reflects an 
endogenous driving logic that progressively advances from cognition and motivation to 
practice. At the level of individual characteristics, the theory of reasoned action, social 
cognitive theory, and technology acceptance model are frequently adopted as theoretical 
frameworks to explain and predict the performance of teachers’ technology literacy. For 
instance, some scholars have verified that teachers’ behavioral intention is the antecedent of 
their AI learning based on the theory of reasoned action (Chai et al., 2021; Coban & Atasoy, 
2019; Du et al., 2024). Furthermore, some scholars consider agency as the driving force of 
individual behavior from the perspective of social cognitive theory, verifying that teachers 
with high intrinsic motivations, such as value alignment and self-efficacy, exhibit a stronger 
inclination to accomplish challenging tasks (Cui et al., 2025; Joo et al., 2018; Yeşilyurt et 
al., 2016). Additionally, other scholars indicate that teachers’ confidence in utilizing AI and 
their perceived risks (technology anxiety) affect their acceptance of AI and the behavioral 
transformation of innovative teaching from the perspective of the technology acceptance 
model (Baroni et al., 2022; Davis, 1989; Qu et al., 2024; Tekin, 2023). Overall, this study 
summarizes the key variables of teachers’ individual characteristics as AI value alignment 
(AIVA), AI self-efficacy (AISE), AI educational trust (AIET), and AI application behavioral 
intention (AIBI). This study aims to investigate the paths of influence and effect strength of 
teachers’ individual characteristics on AI educational literacy, constructing and proposing 
eight research hypotheses based on theories including reasoned action, social cognition, and 
technology acceptance (see Table 1).

Table 1 
Path Hypotheses of Influencing Factors on Teachers’ AI Educational Literacy

S/N Hypothesis content Path of influence

H1a AI educational mindset positively impacts AI educational ethics. AIEM —> AIEE

H1b AI educational mindset positively impacts AI foundations and applications. AIEM —> AIFA

H1c AI educational mindset positively impacts AI pedagogy. AIEM —> AIP

H1d AI educational mindset positively impacts AI for professional development. AIEM —> AIPD

H1e AI foundations and applications positively impact AI pedagogy. AIFA —> AIP

H1f AI foundations and applications positively impact AI for professional 
development.

AIFA —> AIPD

H1g AI pedagogy positively impacts AI for professional development. AIP —> AIPD

H2a AI value alignment positively impacts AI educational mindset. AIVA —> AIEM

H2b AI self-efficacy positively impacts AI educational mindset. AISE —>AIEM

H2c AI educational trust positively impacts AI educational mindset. AIET —> AIEM

H2d AI educational trust positively impacts AI educational ethics. AIET —> AIEE

(To be continued)
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S/N Hypothesis content Path of influence

H2e AI application behavioral intention positively impacts AI educational 
mindset.

AIBI —> AIEM

H2f AI application behavioral intention positively impacts AI foundations and 
applications.

AIBI —> AIFA

H2g AI application behavioral intention positively impacts AI pedagogy. AIBI —> AIP

H2h AI application behavioral intention positively impacts AI for professional 
development.

AIBI —> AIPD

H3a AI infrastructure positively impacts AI educational mindset. AII —> AIEM

H3b AI infrastructure positively impacts AI foundations and applications. AII —> AIFA

H3c AI leadership of principals positively impacts AI educational mindset. AILP —> AIEM

H3d AI leadership of principals positively impacts AI educational ethics. AILP —> AIEE

H3e AI leadership of principals positively impacts AI foundations and 
applications.

AILP —> AIFA

H3f AI leadership of principals positively impacts AI pedagogy. AILP —> AIP

H3g AI leadership of principals positively impacts AI for professional 
development.

AILP —> AIPD

H3h School organizational climate positively impacts AI educational mindset. SOC —> AIEM

H3i School organizational climate positively impacts AI educational ethics. SOC —> AIEE

H3j School organizational climate positively impacts AI foundations and 
applications.

SOC —> AIFA

H3k School organizational climate positively impacts AI pedagogy. SOC —> AIP

H3l School organizational climate positively impacts AI for professional 
development.

SOC —> AIPD

Teachers’ AI value alignment denotes the positive and affirmative attitudes they hold 
regarding the functions and potential of AI applications in education. The theory of reasoned 
action posits that attitudes impact the initiative and persistence of literacy development (Guo 
et al., 2025). An empirical study reveals that teachers tend to reject AI recommendations 
conflicting with their own values (Yilmaz & Bayraktar, 2014). Li and Gu (2021) confirm that 
teachers’ psychological motivation to actively experiment with AI technology can be stimulated 
when they identify with its value. Based on the aforementioned findings, this study proposes 
Hypothesis H2a: Teachers’ AI value alignment positively impacts AI educational mindset.

AI self-efficacy denotes teachers’ beliefs in their capabilities to effectively integrate AI 
into pedagogical practices, impacting their professional development from psychological 
and cognitive perspectives (Hazzan-Bishara et al., 2025), and serves as a direct determinant 
of their adoption of AI (Du et al., 2024; Sperling et al., 2024). Wang et al. (2004) indicate 
that teachers possessing high AI self-efficacy tend to integrate technology into instruction. 
Moreover, teachers’ technological efficacy significantly facilitates their attitudes toward 

(Continued)
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pedagogical applications (Yeşilyurt et al., 2016). This study hypothesizes that AI self-efficacy 
positively impacts AI educational mindset (H2b).

AI educational trust refers to teachers’ perceptions of the reliability, fairness, and security 
regarding AI educational technologies (Choung et al., 2023), as well as their levels of reliance 
(Shen & Wang, 2019). Ghimire et al. (2024) verify that risk perception exerts a negative 
impact on teachers’ behavioral intentions, prompting withdrawal or even aversion. In other 
words, the likelihood of implementing AI educational practices decreases as risk perception 
increases. Therefore, this study proposes the hypotheses that AI educational trust positively 
impacts AI educational mindset (H2c) and AI educational ethics (H2d).

Teachers’ behavioral intention to apply AI denotes their propensities to actively adopt 
AI technologies in educational and pedagogical practices. Existing research identifies AI 
application behavioral intention, a core variable in models such as the technology acceptance 
model, the unified theory of acceptance and use of technology, and the theory of planned behavior, 
as a key driver for the development of teachers’ AI educational literacy (Bae et al., 2024). 
Moreover, scholars reveal that teachers with a strong willingness exhibit a greater inclination to 
attempt AI-empowered differentiated task design, demonstrating superior innovation capabilities 
in intelligent teaching (Dong et al., 2023). Accordingly, this study hypothesizes that application 
behavioral intention positively impacts AI educational mindset (H2e), AI foundations and 
applications (H2f), AI pedagogy (H2g), and AI for professional development (H2h).

2.2.2　School Environment

The school environment provides practical arenas and resource support for teachers’ 
professional development, interacting with their intrinsic individual characteristics to 
form a co-constructive mechanism. The third research question of this study investigates 
the pathways through which the school environment affects teachers’ AI educational 
literacy, along with the intensity of these effects. Empirical studies predominantly adopt the 
technology‒organization‒environment framework. For instance, some scholars indicate that 
the completeness of a school’s technological infrastructure, an incentivizing organizational 
culture, and managerial support collectively shape teachers’ value perception of and 
application behavioral intention toward AI technologies (Feng & Du, 2025; Zhang & Gu, 
2023; Zheng et al., 2023). On this basis, this study categorizes the school environment into 
three dimensions: AI infrastructure (AII), AI leadership of principals (AILP), and school 
organizational climate (SOC), formulating 12 path hypotheses regarding the influence of 
school environmental factors on teachers’ AI educational literacy (see Table 1).

AI infrastructure encompasses intelligent teaching tools, platforms, and resources. 
Technological resources exert a positive impact on teachers’ perceptions of AI (Benitti, 
2012). Moreover, school AI infrastructure serves as a practical arena to facilitate teachers’ 
technological internalization via environmental immersion (Xiao, 2023). Therefore, this study 
hypothesizes that AI infrastructure positively impacts AI educational mindset (H3a) and AI 



207A Study of the Mechanisms Influencing the Development of Teachers’ AI Educational Literacy

foundations and applications (H3b).
AI leadership of principals serves as the practical manifestation of a principal’s guidance 

in the development of school AI education. Representing a deepening of informatization 
leadership or digital leadership (Li & Gu, 2022), it directly impacts the practical quality of AI 
education within schools. A survey conducted by Sunu (2022) shows that principals providing 
various forms of technical support are able to motivate teachers to apply technology, 
revealing a significant positive correlation between principals’ digital leadership and teachers’ 
attitudes toward and utilization of technology. Zhong (2022) verifies the positive impact of 
principals’ informatization leadership on teachers’ information planning, management, and 
evaluation. On this basis, this study hypothesizes that AI leadership of principals is conducive 
to holistically promoting the development of teachers’ AI educational literacy, exerting a 
significant positive impact on all its dimensions (H3c–H3g).

School organizational climate refers to the characteristics and conditions manifested 
within the internal environment of a school. School culture, structure, and interpersonal 
relationships determine the behavioral patterns of members by influencing their perceptions 
and attitudes (Hoy et al., 1992). School organizational climate exerts a significant influence 
on teachers’ technological integration capabilities (Maipita et al., 2023). Furthermore, an open 
organizational climate facilitates teachers’ self-directed learning by enhancing their autonomy, 
thereby improving their AI literacy (Wang, 2016). Research conducted by Sari (2024) also 
verifies the promotive role of organizational factors in teachers’ professional development. 
Therefore, this study hypothesizes that school organizational climate positively impacts all 
dimensions of teachers’ AI educational literacy (H3h–H3l).

Evidently, based on the three core research questions and 27 research hypotheses, this study 
constructs a path model diagram illustrating the influencing factors of teachers’ AI educational 
literacy (see Figure 1).

3　Research Design
This study employs a questionnaire survey method and conducts path analysis via structural 
equation modeling to verify the internal influencing factors of teachers’ AI educational 
literacy, as well as the impacts of teachers’ individual characteristics and school environments. 
This approach is intended to elucidate the mechanisms underlying the development of 
teachers’ AI educational literacy.

3.1　Assessment Instruments
The research instruments utilized in this study are either referenced from authoritative 
frameworks or adapted from established scales, employing a five-point Likert scale for 
assessment. The scale comprises four sections: teachers’ basic information, teachers’ AI 
educational literacy, teachers’ individual characteristics, and school environment. Specifically, 



GONG Lingling, LI Baomin, QU Manqi208

the questionnaire on teachers’ AI educational literacy refers to UNESCO’s AI Competency 
Framework for Teachers. The teachers’ individual characteristics section is compiled by 
comprehensively referring to scales measuring teachers’ technological identity, efficacy, trust, 
anxiety, and acceptance (Li & Huang, 2020; Qu et al., 2024; Venkatesh et al., 2003; Wang & 
Chuang, 2024). The school environment section is adapted with comprehensive reference to 
the technology‒organization‒environment model (Tornatzky et al., 1990) and the Principal’s 
AI Leadership Scale formulated by Li and Gu (2022). Following the development of the scale, 
two rounds of iterative revisions are conducted by three doctoral students and a professor, 
accompanied by a pilot test to optimize the structure and wording of the questionnaire.

3.2　Research Subjects and Data Collection
This study employs a convenience sampling method to survey 784 primary and secondary 
school teachers across Shanghai, Yunnan, Anhui, and Guangdong provincial-level regions. 
All participating teachers possess experience in the educational application and learning 
of AI. Questionnaires are distributed and collected by the researchers through face-to-face 
dissemination of the Sojump online questionnaire link, with all participating teachers being 
fully informed and participating voluntarily. Following data cleaning, 777 valid questionnaires 
are obtained, indicating an effective rate of 99.11%. Among the participants, males account 
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for 51.48% and females for 48.52%. Elementary, junior high, and senior high school teachers 
constitute 53.28%, 31.27%, and 15.44%, respectively. Subject teachers represent 66.15%, 
middle-level administrators 24.97%, informationization administrators 7.98%, and principals 
0.90%. The majority hold a bachelor’s degree (85.97%). The distribution across various 
teaching experience brackets is relatively even, predominantly comprising novice teachers 
(24.45%). Overall, the sample demonstrates strong representativeness.

3.3　Measurement Model Validation
Reliability guarantees the consistency of the assessment, whereas validity reflects the extent 
to which the measurement tool accurately investigates the latent traits (various factors). This 
study utilizes SPSS Version 25.0 and Mplus Version 8.0 to verify the reliability and validity 
of the measurement model, thereby ensuring the assessment quality.

Cronbach’s α coefficient is adopted to evaluate the internal consistency reliability. The 
Cronbach’s α coefficients for the overall scale (0.971), teachers’ AI educational literacy (0.964), 
individual teacher characteristic factors (0.935), and school environment factors (0.964) are all 
above 0.9, indicating good internal consistency and stability of the assessment instrument.

Construct validity is evaluated through exploratory factor analysis (EFA), while convergent 
and discriminant validities are verified via confirmatory factor analysis (CFA) (see Table 2). 
The EFA results indicate that the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy 
for each section exceeds 0.7, and the chi-square values of Bartlett’s test of sphericity are 
significant, demonstrating the suitability of the scale for factor analysis. Moreover, the EFA 
reveals that the factor loadings corresponding to all items are greater than 0.5, illustrating 
favorable construct validity of the measurement model. The CFA results demonstrate that 
regarding the convergent validity of each factor in the scale, the composite reliability (CR) 
values are uniformly above 0.8, and the average variance extracted (AVE) values exceed 0.6. 
This indicates an ideal convergent validity where each factor is effectively assessed by its 
observed variables, along with well-established operational definitions.

Table 2 
Construct Validity Verification of Each Section

Dimension Factor Cronbach’s 
α

KMO 
value

Bartlett’s χ2 Factor loading CR AVE

Judgement criteria > 0.9 > 0.7 p < 0.05 > 0.5 > 0.8 > 0.5

AI educational 
literacy

AIEM 0.964 0.956 10544.319*** 0.611–0.797 0.853 0.659

AIEE 0.666–0.777 0.860 0.673

AIFA 0.582–0.758 0.912 0.721

AIP 0.589–0.751 0.943 0.732

AIPD 0.710–0.767 0.916 0.784

(To be continued)
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Dimension Factor Cronbach’s 
α

KMO 
value

Bartlett’s χ2 Factor loading CR AVE

Individual 
characteristics

AIVA 0.935 0.926 4825.997*** 0.954–0.958 0.998 0.993

AISE 0.516–0.867 0.928 0.815

AIET 0.709–0.826 0.961 0.891

AIBI 0.696–0.830 0.933 0.778

School 
environment

AII 0.964 0.942 7682.967*** 0.813–0.868 0.937 0.833

AILP 0.514–0.730 0.924 0.753

SOC 0.764–0.866 0.880 0.712

*** p < 0.001.

The AVE is utilized to examine whether the AVE of each factor exceeds the squared 
correlation coefficients between latent factors. The results reveal that the AVE values for all 
pairwise factors are greater than the squared correlation coefficients (see Table 3), indicating 
that different factors measure distinct dimensions, thereby demonstrating satisfactory 
discriminant validity between the factors of the assessment instrument.

Table 3 
AVE of Each Factor and Squared Correlation Coefficients between Factors

AIEM AIEE AIFA AIP AIPD AIVA AISE AIET AIBI AII AILP SOC

AIEM 0.659

AIEE 0.560 0.673

AIFA 0.396 0.506 0.721

AIP 0.417 0.475 0.686 0.732

AIPD 0.365 0.419 0.553 0.708 0.784

AIVA 0.172 0.224 0.253 0.305 0.324 0.993

AISE 0.222 0.187 0.160 0.216 0.254 0.236 0.815

AIET 0.256 0.276 0.198 0.251 0.298 0.243 0.535 0.891

AIBI 0.196 0.198 0.149 0.180 0.243 0.202 0.598 0.657 0.778

AII 0.171 0.202 0.291 0.369 0.309 0.225 0.120 0.121 0.089 0.833

AILP 0.168 0.205 0.270 0.345 0.285 0.239 0.141 0.138 0.099 0.746 0.753

SOC 0.171 0.169 0.184 0.273 0.261 0.211 0.177 0.184 0.154 0.533 0.690 0.712

Note. The diagonal data represent the AVE of each factor, while the lower triangular matrix displays the squared 
correlation coefficients between the factors.

(Continued)
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4　Hypothesis Testing and Path Analysis
4.1　Model Fit Assessment
Mplus Version 8.0 is employed to assess the structural equation model fit established based 
on the hypotheses. The results indicate a favorable model fit: The chi-square to degrees of 
freedom ratio (df ) is 2.084, which is below 5; the standardized root mean square residual 
(SRMR) is 0.040, which is below 0.06; the root mean square error of approximation (RMSEA 
[90% CI]) is 0.037, with a confidence interval (CI) of [0.034, 0.040], which is below 0.08 and 
statistically significant; the Tucker-Lewis Index (TLI) is 0.968, which is above 0.9; and the 
comparative fit index (CFI) is 0.961, which is above 0.9.

4.2　Direct Effect Test
As presented in Table 4, the direct effect test results of the research hypotheses indicate 
that all hypotheses regarding the internal structure of teachers’ AI educational literacy are 
supported, with the exception of H1d and H1f. Specifically, neither teachers’ AI educational 
mindset nor their AI foundations and applications exert a significant direct impact on AI for 
professional development.

Table 4
Direct Effect Results

Hypothesis Hypothesized path β SE t-value p-value Result

H1a AIEM —> AIEE 0.794 0.051 15.556 *** Supported

H1b AIEM —> AIFA 0.595 0.054 10.890 *** Supported

H1c AIEM —> AIP 0.173 0.046 3.773 *** Supported

H1d AIEM —> AIPD 0.006 0.046 0.123 0.902 Not supported

H1e AIFA —> AIP 0.650 0.049 13.302 *** Supported

H1f AIFA —> AIPD −0.060 0.095 −0.629 0.529 Not supported

H1g AIP —> AIPD 0.903 0.103 8.791 *** Supported

H2a AIVA —> AIEM 0.091 0.053 1.725 0.085 Not supported

H2b AISE —> AIEM 0.418 0.142 2.937 *** Supported

H2c AIET —> AIEM 0.500 0.162 3.088 *** Supported

H2d AIET —> AIEE 0.116 0.047 2.450 ** Supported

H2e AIBI —> AIEM −0.439 0.181 −2.423 ** Not supported

H2f AIBI —> AIFA 0.056 0.051 1.106 0.269 Not supported

H2g AIBI —> AIP 0.049 0.026 1.963 0.057 Not supported

H2h AIBI —> AIPD 0.141 0.028 4.993 *** Supported

H3a AII —> AIEM 0.252 0.199 1.267 0.205 Not supported

(To be continued)
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Hypothesis Hypothesized path β SE t-value p-value Result

H3b AII —> AIFA 0.014 0.319 0.043 0.966 Not supported

H3c AILP —> AIEM −0.247 0.363 −0.680 0.496 Not supported

H3d AILP —> AIEE 0.350 0.170 2.054 * Supported

H3e AILP —> AIFA 0.748 0.593 1.261 0.207 Not supported

H3f AILP —> AIP 0.174 0.090 1.923 * Supported

H3g AILP —> AIPD −0.041 0.084 −0.492 0.622 Not supported

H3h SOC —> AIEM 0.210 0.204 1.032 0.302 Not supported

H3i SOC —> AIEE −0.309 0.160 −1.933 0.053 Not supported

H3j SOC —> AIFA −0.514 −1.647 −1.647 0.100 Not supported

H3k SOC —> AIP 0.009 0.084 0.109 0.913 Not supported

H3l SOC —> AIPD 0.030 0.078 0.379 0.704 Not supported

Note. Bold values represent supported hypotheses.
*** p < 0.001, ** p < 0.01, * p < 0.05.

Regarding the impact of teachers’ individual characteristics on the development of AI 
educational literacy, teachers’ AI self-efficacy and educational trust positively impact their 
AI educational mindset (H2b and H2c are supported); AI educational trust positively impacts AI 
educational ethics (H2d is supported); and AI application behavioral intention exerts a significant 
positive impact exclusively on AI for professional development (H2h is supported).

Regarding the impact of school environment on the development of AI educational literacy, 
AI leadership of principals positively impacts AI educational ethics (H3d is supported) and AI 
pedagogy (H3f is supported), whereas the remaining hypotheses are not supported.

Indirect effects may underlie certain pathways that do not exhibit a significant impact, 
given the complexity of the internal structure and developmental mechanisms of teachers’ AI 
educational literacy, which necessitates subsequent verification.

4.3　Correlation Effect Test
The aforementioned hypothesis verification results indicate that all other influencing factors 
positively impact teachers’ AI educational literacy, with the exception of the individual 
characteristic of value alignment, as well as the AI infrastructure and school organizational 
climate. To investigate the indirect effects induced by the correlations within the model, 
this study validates the results of the relevant variables. The results demonstrate significant 
correlations between value alignment and individual characteristics such as AI self-efficacy  
(r = 0.525), AI educational trust (r = 0.524), and AI application behavioral intention (r = 0.457), 
as well as among AI infrastructure (r = 0.938), school organizational climate (r = 0.912), and 
AI leadership of principals.

(Continued)
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4.4　Mediating Effect Test
Given the complex relationships among the multiple variables, this study validates the 
potential mediating relationships within the hypothesized paths. The indirect effect estimation 
method is adopted to address the relationship where the direct effect between the independent 
and dependent variables is insignificant, and the mediating variable plays a full mediating 
role between them. Research hypothesis H1f, namely, the impact of AI foundations and 
applications on AI for professional development, is not supported. However, AI foundations 
and applications positively impact AI pedagogy (H1e: AIFA —> AIP), which subsequently 
positively impacts AI for professional development (H1g: AIP —> AIPD). Therefore, AI 
pedagogy may function as a mediating factor, enabling AI foundations and applications to exert 
an indirect impact on AI for professional development. This study necessitates the validation 
of the path relationship AIFA —> AIP —> AIPD. A direct impact exists between these two 
factors, yet their impact effect may be mediated by a third factor. Therefore, this study employs 
the multi-stage causality method. The direct effect results demonstrate that AI educational trust 
(an individual characteristic) positively impacts teachers’ AI educational ethics (H2d: AIET —>  
AIEE) and positively impacts teachers’ AI educational mindset (H2c: AIET —> AIEM), while 
teachers’ AI educational mindset positively impacts AI educational ethics (H1a: AIEM —> 
AIEE). Therefore, this study validates the path relationship AIET —> AIEM —> AIEE.

The findings reveal four mediating paths (see Table 5). In the internal structure path, teachers’ 
AI educational mindset exerts a direct impact on the integration of AI pedagogy while 
producing a partial mediating effect by influencing AI foundations and applications (AIEM —>  
AIFA —> AIP). Moreover, teachers’ AI educational mindset impacts AI for professional 
development via the mediator of AI pedagogy (AIEM —> AIP —> AIPD). Similarly, teachers’ AI 
foundations and applications affect AI for professional development through the mediator of AI 
pedagogy (AIFA —> AIP —> AIPD). Among individual characteristics, teachers’ AI educational 
trust impacts their AI educational ethics and yields a partial mediating effect by shaping their AI 
educational mindset (AIET —> AIEM —> AIEE).

Table 5
Results of Mediating Effect Test

Path Effect SE t-Value
(significance)

Mediation
type

Internal 
structure

AIEM —> AIFA 
—> AIP

Direct effect 0.173 3.773*** Partial mediation

Indirect effect 0.386 8.237***

Total effect 0.559 11.070***

AIEM —> AIP 
—> AIPD

Direct effect 0.006 0.123 Full mediation

Indirect effect 0.469 8.903***

Total effect 0.475 9.074***

(To be continued)
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Path Effect SE t-Value
(significance)

Mediation
type

Internal 
structure

AIFA —> AIP 
—> AIPD

Direct effect −0.060 −0.629 Full mediation

Indirect effect 0.587 7.673***

Total effect 0.527 8.557***

Individual 
characteristics

AIET —> AIEM 
—> AIEE

Direct effect 0.116 2.450** Partial mediation

Indirect effect 0.397 2.997**

Total effect 0.513 3.947***

School 
environment

AILP —> AIP 
—> AIPD

Direct effect −0.041 −0.492 No mediation

Indirect effect 0.433 1.578

Total effect 0.392 1.331

*** p < 0.001, ** p < 0.01.

4.5　Summary of the Path Model
By conducting hypothesis testing and path analysis, this study formulates the influence 
mechanism model of teachers’ AI educational literacy (see Figure 2). Specifically, teachers’ 
AI educational mindset possesses high individual internality and is positively impacted by 
teachers’ AI self-efficacy (AISE —> AIEM) and educational trust (AIET —> AIEM), with the 
standardized regression coefficients β of the direct effects being 0.418 and 0.500, respectively. AI 
educational ethics is primarily and positively influenced by AI educational mindset (AIEM —>  
AIEE, β = 0.794), followed by AI leadership of principals within the school environment 
section (AILP —> AIEE, β = 0.350). Furthermore, educational trust, an individual teacher 
characteristic, exerts a direct impact on AI educational ethics (AIET —> AIEE, β =  
0.116) and an indirect impact by affecting AI educational mindset (AIET —> AIEM —> 
AIEE, β = 0.397). The decisive factor influencing teachers’ AI foundations and applications is 
AI educational mindset (AIEM —> AIFA, β = 0.595). AI pedagogy is most directly impacted 
by AI foundations and applications (AIFA —> AIP, β = 0.650), followed by AI educational 
mindset (total effect β = 0.599). The latter exerts its effect through the mediator of AI 
foundations and applications (AIEM —> AIFA —> AIP, β = 0.386) while maintaining a direct 
impact (AIEM —> AIP, β = 0.173). In addition, AI leadership of principals directly impacts AI 
pedagogy (AILP —> AIP, β = 0.174). Teachers’ AI for professional development is primarily 
and directly influenced by AI pedagogy (AIP —> AIPD, β = 0.903), with AI application  
behavioral intention also exerting a direct impact (AIBI —> AIPD, β = 0.141). Moreover, 
both AI educational mindset (AIEM —> AIP —> AIPD, β = 0.469) and AI foundations and 
applications (AIFA —> AIP —> AIPD, β = 0.587) generate mediating effects on it via the 
mediator of AI pedagogy. Although teachers’ value alignment with AI education and the 
school’s AI infrastructure and organizational climate do not directly impact teachers’ AI 

(Continued)
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educational literacy, they show close correlations with its influencing factors, as evidenced by 
correlation results generated from the model.

Figure 2 
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5　Strategies and Recommendations
Drawing upon the path validation results, this study proposes developmental strategies 
and recommendations for teachers’ AI educational literacy from three dimensions: internal 
structural relationships, teachers’ individual characteristics, and school environment.

5.1　Internal Structure
5.1.1　AI Educational Mindset Acts as the Root Driver of Teachers’ AI Educational Literacy 

Development

AI educational mindset constitutes the core of teachers’ AI educational literacy and exerts 
significant impact on AI educational ethics. This indicates that belief shaping is crucial 
for the development of teachers’ AI educational ethics, providing directions and principles 
for resolving ethical issues (Yu & Yu, 2023). Only by recognizing the core principle that 
AI is human-directed and forming a contractual awareness of human accountability can 
teachers internalize relevant ethical rules during educational applications, thereby enhancing 
their capacity to avert risks and safeguard the rights and interests of teachers and students. 
Educational mindset equally guides the iteration of skills. Teachers are expected to gain 
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a thorough comprehension of the objectives, benefits, and limitations concerning the 
educational application of AI instruments. This comprehension facilitates breaking away 
from passive compliance and rigid routine use regarding AI instruments, thereby stimulating 
proactivity in AI knowledge acquisition and instrument application (Wang, 2022). In terms 
of pedagogical practice, educational mindset facilitates teachers in clarifying the essence of 
education in the AI era, awakening their consciousness of educational values, and driving 
the upgrade and transformation of educational modes. Regarding teacher professional 
development, AI educational mindset exerts an indirect influence via the mediating variable 
of AI pedagogy. A study verifies that upgrading AI educational cognition and perceptions 
constitutes a process of mindset transformation. Enhancing teachers’ comprehension and 
critical thinking capacity regarding AI technology and its educational applications contributes 
to propelling them to utilize technology more effectively for professional development (Zhang 
et al., 2025).

It is challenging for traditional lecture-based training to effectively reach teachers’ 
underlying beliefs. Therefore, the shaping of AI educational mindset is recommended to 
permeate teachers’ daily instruction, enabling dynamic generation and evolution through 
practice and reflection. This shifts the paradigm from spoon-fed input to embedded nurturing, 
realizing continuous iterative development characterized by the unity of knowledge and action 
(Xue et al., 2024). Additionally, training is supposed to guide teachers to focus on dilemmas 
in authentic educational scenarios, such as how to define the academic integrity boundaries 
for students using AI to assist in completing assignments. This enables teachers to personally 
experience the subject principle of human-centeredness, transforming abstract value concepts 
into concrete practical guidance, thereby enhancing literacy across various dimensions.

5.1.2　AI Foundations and Applications Function as the Bridge Linking AI Mindset and 

Pedagogical Practice Transformation

AI foundations and applications function as a bridge connecting philosophy and practice, 
exerting a substantial promoting effect on teachers’ implementation of AI pedagogical 
integration and innovation and the empowerment of professional development (Ng et al., 
2023). The essence of technology serves as an instrument to attain a predetermined objective. 
Yang (2021) proposes two practical modalities of AI-empowered education: “redomaining” 
from education to AI and “standard engineering” from AI to education. “Redomaining” 
represents the technical realization of philosophy, clarifying the foundation and framework 
of educational practice. “Standard engineering” refers to intelligent solutions for educational 
issues, denoting the application of technology to educational practice. Evidently, technical 
knowledge and skills dictate the articulation and realization of educational objectives, while 
reflecting the synergy between human and technological evolution. Existing research indicates 
that AI resources and instruments have catalyzed the ecological transformation of teacher 
development, acting as instruments for the composition of teachers’ professional knowledge 
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and professional practice, which are capable of effectively facilitating teachers’ professional 
development (Zhou & Yu, 2025).

To perfect the training mechanism for teachers’ AI foundations and applications, it is 
primarily advised to break free from the shackles of mere instrumental rationality, averting the 
overexaggeration of technological functions and the imposition of its instrumental attributes 
upon teachers (Zhang et al., 2022). Technical operation training is required to achieve demand 
orientation and precise supply. Establishing practical workshops driven by teaching tasks 
situates skill acquisition within authentic pedagogical contexts, permitting teachers to master 
AI foundations and applications during the problem-solving process and eliminating the 
disconnection between learning and application.

5.1.3　Symbiotic and Interactive Development between AI Pedagogical Practice Innovation and 

Teacher Professional Development

Proactive pedagogical reflection and practice constitute essential characteristics of teacher 
development (Shulman & Shulman, 2004). Research conducted by Feng et al. (2025) regards 
teacher learning as a process of practice and experience revolving around teacher identity, 
highlighting the functional value that teaching possesses in professional development. 
Pedagogical practice is a direct manifestation of teachers integrating AI and pedagogy, 
which is also the core of teacher professional development, reflecting the characteristics 
of synergistic symbiosis and interactive integration between occupational growth and 
personal value. With reference to the conceptual model of teacher professional development 
(McChesney & Aldridge, 2021), the effective implementation of AI pedagogy and AI for 
professional development is predominantly embodied in two stages: application and exerting 
positive impacts on students.

AI pedagogy and AI for teacher professional development are expected to advance in 
tandem. Teacher professional development activities are supposed to be oriented toward 
classroom practice, assisting teachers in implementing literacy-based pedagogical innovations 
within authentic teaching contexts. Moreover, the activities are expected to facilitate the 
transformation of AI-enabled teaching models, the innovation of assessment methods, and 
the exploitation of educational resources, thereby contributing to the mutual development of 
teachers and students. Additionally, schools are advised to empower teachers’ professional 
development, encouraging them to apply AI technologies in activities such as instructional 
planning, collaborative learning, teaching reflection, and scientific research practices. These 
efforts are anticipated to cultivate an AI-enabled ecosystem for professional development. 
It can precisely address teachers’ individualized development needs and facilitate their 
transition from passive recipients to self-directed learners, reflective practitioners, and 
active constructors of their professional development based on individual teaching and 
developmental requirements.
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5.2　Individual Characteristics
5.2.1　Strengthening AI Self-Efficacy to Facilitate the Internalization of Teachers’ Concepts of AI 

Education

Self-efficacy serves as a prerequisite for teachers to formulate beliefs regarding educational 
practices and to stimulate positive behaviors. The internalization of teachers’ AI concepts 
essentially entails transforming external challenges and literacy requirements into values and 
behavioral norms personally endorsed by individuals. With the comprehensive permeation 
of AI in education, it is imperative for teachers to proactively respond to technological 
transformations. AI self-efficacy is capable of being enhanced by lowering initial technical 
barriers and task difficulty, providing emotional support, offering immediate feedback, and 
establishing peer motivation. Alternatively, providing targeted solutions to potential technical 
obstacles, classroom management issues, or effectiveness skepticism that teachers might encounter 
during the educational application of AI is recommended. These measures facilitate teachers in 
transforming the belief that “AI education is useful and that I am capable of utilizing it” effectively 
into the intrinsic motivation for continuous exploration and practice.

5.2.2　Establishing AI Educational Trust to Solidify the Cognitive Core of Teachers on AI Education

AI educational trust consolidates teachers’ fundamental cognitive and behavioral adaptation 
by alleviating their anxiety toward technological uncertainty and enhancing their agency 
(Louis & Elazab, 2023). During the strong AI stage, the black-box effect and machine 
hallucinations of AI lead teachers to doubt the reliability of AI-generated content and its 
instructional applications, thereby engendering technological alienation. Teachers’ concerns 
regarding emotional interactions and subject rights in novel interpersonal relationships are 
prone to induce defensive technological avoidance (Zhao et al., 2022). Similarly, a trust 
dilemma exists in the ethical dimension. It is manifested in the challenges to teachers’ agency, 
necessitating the adherence to a humanistic stance. Additionally, it originates from teachers’ 
trepidation regarding the substantial ethical and moral risks embedded in technologies such as 
generative AI. 

Teachers’ AI educational trust functions as a psychological safeguard to consolidate their 
concepts. The key to establishing trust lies in translating the slogan of safety and reliability 
into institutional regulations, verifiable technologies, and actionable guidelines that teachers 
are able to adhere to in their daily routines. The governance level is advised to refine AI 
regulations and policies, strengthen supervision and accountability, and alleviate teachers’ 
defensiveness and trepidation. The technical level is expected to optimize the legitimacy of 
algorithms, the transparency of decision-making, and the alignment of values, as well as to 
strengthen data privacy protection to mitigate risks in the technological environment (Dai & 
Zhu, 2024). The practical level is supposed to focus on the review and recommendation of 
authoritative tools, alongside guidance for scenario-based applications, enabling teachers’ AI 
teaching practices to be risk-controllable, operation-reliant, and effect-visible.
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5.2.3　Enhancing AI Application Behavioral Intention to Support Teachers in Utilizing AI for 

Strengthened Professional Development

AI application behavioral intention is the sole individual characteristic that exerts a direct 
impact on AI for teacher professional development without undergoing transformation 
through other literacy. This indicates that teachers’ intrinsic inclination to adopt AI 
technologies serves as a crucial driving factor for their professional development trajectories 
(Lu et al., 2024), thereby highlighting the fundamental role of teachers’ subjective agency 
in profound professional transformations. Fully accommodating teachers’ subjectivity is 
essential to enhance their application of behavioral intention, which is capable of being 
achieved through the synergistic implementation of psychological and technological 
empowerment. Psychological empowerment emphasizes enhancing teachers’ participation 
in decision-making, supporting them in collaboratively developing regulations and programs 
for integrating AI into classrooms or teaching and research, and reinforcing their roles as 
designers rather than passive recipients of AI applications. Technical empowerment entails 
optimizing instrument usability and providing support systems, aiming to reduce teachers’ 
learning costs and operational steps, lower behavioral barriers, facilitate teachers’ learning and 
adaptation to AI technology, and shape a long-term mechanism for autonomous development.

5.2.4　Enhancing Value Alignment Contributes to Strengthening Teachers’ Individual Cognitive 

Characteristics Regarding AI Usage

Although the dimension of value alignment does not directly influence teachers’ AI educational 
literacy, it exhibits a significant positive correlation with individual characteristics. This indicates 
that teachers with a high degree of value alignment are more inclined to acquire AI knowledge, 
demonstrating reduced technological anxiety (Lucas et al., 2024). The integration of AI 
and education needs to be predicated on the renewal and reshaping of teachers’ ideological 
concepts, particularly assisting them in clarifying the numerous controversies surrounding 
the educational applications of generative AI. Additionally, human‒machine collaboration 
is advocated to fully enable and guide teachers’ value infusion. For instance, teachers can 
conduct value-oriented reviews, evaluations, and annotations of collaborative outcomes, 
participate in regulating the application direction of educational AI, and strengthen their 
individual cognitive characteristics.

5.3　School Environment
5.3.1　Enhancing AI Leadership of Principals to Promote and Safeguard Teachers’ AI Teaching 

Innovations

AI leadership of principals is pivotal in advancing school-based AI education and serves as a 
direct driver for the construction of school-based AI infrastructure and organizational climate 
(Cao, 2023). Principals are advised to integrate AI educational innovation into the school’s 
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development vision during the process of school intelligent development, safeguarding its 
implementation from vision to teaching practice (Gabitanan, 2024). Furthermore, principals 
are supposed to effectively assist teachers in leveraging AI technology to break through 
pedagogical bottlenecks (Liswati et al., 2023), subsequently integrating AI with pedagogy.

5.3.2　Promoting the Synergistic Linkage among School-Based AI Infrastructure, School 

Organizational Climate, and AI Leadership of Principals

External environment serves as a crucial condition for integrating AI and education. Although 
it does not directly intervene in the development of teachers’ AI educational literacy, it exerts 
a significant impact on teachers’ technology adoption, behavioral motivation, and collective 
efficacy (Fousiani et al., 2024). Infrastructure exerts an effect on literacy only through 
principals’ resource allocation and learning support. In the absence of leadership promotion, 
hardware investments are prone to degenerating into mere technological shells. Moreover, 
school organizational climate largely depends on principals’ facilitation, which subsequently 
influences teacher behavior (Zhang & Zhang, 2022). Principals are recommended to act 
proactively to optimize school-based AI infrastructure, cultivate teaching paradigms, and 
construct communities of practice, thereby fostering a campus culture that encourages 
teachers to conduct AI teaching innovations. Additionally, optimized infrastructure and 
a positive organizational climate have the potential to in turn drive a leap in principals’ 
leadership, thereby synergistically activating teachers to improve their AI educational literacy.

Acknowledgments　This study was funded by the general project in Education of National Social Science 
Fund 2023, “Research on the Construction and Application of a Human–Machine Collaborative Diagnostic 
Model for Classroom Teaching Video Analysis” (No. BHA230123).

References

Bae, H., Hur, J., Park, J., Choi, G. W., & Moon, J. (2024). Pre-service teachers’ dual perspectives on generative 
AI: Benefits, challenges, and integration into their teaching and learning. Online Learning, 28(3), 131–156.

Bandura, A., & Walters, R. H. (1977). Social learning theory. Prentice Hall.
Baroni, I., Calegari, G. R., Scandolari, D., & Celino, I. (2022). AI-TAM: A model to investigate user acceptance 

and collaborative intention in human-in-the-loop AI applications. Human Computation, 9(1), 1–21.
Benitti, F. B. V. (2012). Exploring the educational potential of robotics in schools: A systematic review. 

Computers & Education, 58(3), 978–988.
Bollmann, U. (2024). Artificial intelligence and education: A teacher-centered approach to safety and health. 

European Agency for Safety and Health at Work.
Burnes, B., & Cooke, B. (2013). Kurt Lewin’s field theory: A review and reevaluation. International Journal of 

Management Reviews, 15(4), 408–425.
Cao, P. J. (2023). 面向教育数字化转型的校长领导力重构 [Restructuring principals’ leadership for educational 

digital transformation]. 中小学管理  [School Administration], (1), 9–12.
Cardona, M. A., Rodríguez, R. J., & Ishmael, K. (2023). Artificial intelligence and the future of teaching and 

learning: Insights and recommendations. Office of Educational Technology, U.S.
Chai, C. S., Lin, P. Y., Jong, M. S. Y., Dai, Y., Chiu, T. K., & Qin, J. (2021). Perceptions of and behavioral 

intentions toward learning artificial intelligence among primary school students. Educational Technology & 



221A Study of the Mechanisms Influencing the Development of Teachers’ AI Educational Literacy

Society, 24(3), 89–101.
Chang, D. F., Chen, S. N., & Chou, W. C. (2017). Investigating the major effect of principal’s change leadership 

on school teachers’ professional development. IAFOR Journal of Education, 3(5), 139–154.
Chen, Q. Q., & Zhang, L. X. (2023). 教育人工智能的伦理审思: 现象剖析与愿景构建—基于“人机协同”的分析

视角 [Ethical thinking on educational artificial intelligence: Phenomenon analysis and vision construction: 
Based on the analysis perspective of “human‒machine collaboration”]. 远程教育杂志  [Journal of Distance 
Education], (3), 104–112.

Cheng, X., Sun, J., & Zarifis, A. (2020). Artificial intelligence and deep learning in educational technology 
research and practice. British Journal of Educational Technology, 51(5), 1653–1656.

Choung, H., David, P., & Ross, A. (2023). Trust in AI and its role in the acceptance of AI technologies. 
International Journal of Human–Computer Interaction, 39(9), 1727–1739.

Coban, O., & Atasoy, R. (2019). An examination of the relationship between teachers’ self-efficacy perceptions 
regarding ICT and their attitudes toward the use of ICT in the classroom. Cypriot Journal of Educational 

Sciences, 14(1), 136–145.
Cui, X., Gao, P., & Zhou, Z. (2025). AIGC嵌入场域下用户信息搜寻行为意向触发因素模型构建—基于创新扩散

理论五维框架的分析 [Construction of trigger factor model of user information search behavior intention in 
AIGC embedded field: Analysis based on five-dimensional framework of innovation diffusion theory]. 图书

馆  [Library], (6), 13–23.
Dai, L., & Zhu, Z. T. (2024). 教育人工智能伦理与道德风险治理: 问题廓清与精准施策 [Ethics of educational AI 

and governance of moral risks: Clarifying issues and implementing targeted measures]. 中国教育学刊  
[Journal of the Chinese Society of Education], (12), 31–37.

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information technology. 
MIS Quarterly, 13(3), 319–340.

Ding, S. Q., Ma, X., & Wei, Y. J. (2023). 中小学人工智能教师专业素养框架研究 [Research on the framework 
of professional quality of artificial intelligence teachers in primary and secondary schools]. 电化教育研究  
[e-Education Research], (6), 120–128.

Dong, H., Liu, X., Zhou, X. Y., & Li, Y. T. (2023). 教师智能教育素养的概念、框架与发展策略 [The concept, 
framework, and development strategy of teachers’ intelligent education literacy]. 杭州师范大学学报(社会

科学版) [Journal of Hangzhou Normal University (Social Sciences Edition)], (4), 79–87.
Du, H., Sun, Y., Jiang, H., Islam, A. Y. M., & Gu, X. (2024). Exploring the effects of AI literacy in teacher 

learning: An empirical study. Humanities and Social Sciences Communications, 11(1), 1–10.
Feng, C. D., Shen, Y. J., & Zheng, X. L. (2025). 内外应合和合相生: 内生性教师发展何以可能—一项基于伊

列雷斯学习理论的探索性研究 [Internal and external harmony and resonance: A exploratory study on 
endogenous teacher development based on Illeris learning theory]. 教育发展研究  [Research in Educational 
Development], (10), 58–66.

Feng, K. R., & Du, J. (2025). 数字化赋能教师专业发展的国际经验与本土行动: 基于TOE理论框架 [International 
experiences and local actions of digitally empowering teachers’ professional development: Based on the 
theoretical framework of TOE]. 教育科学研究  [Educational Science Research], (4), 20–27.

Fousiani, K., Michelakis, G., Minnigh, P. A., & de Jonge, K. M. (2024). Competitive organizational climate 
and artificial intelligence (AI) acceptance: The moderating role of leaders’ power construal. Frontiers in 

Psychology, 5(15), 1–16.
Gabitanan, C. G. C. (2024). Technology leadership techniques and competencies and the teaching 

effectiveness of the new millennium. International Journal of Research Publications, 148(1), 26–26.
Ghimire, A., Imran, M. A. U., Biswas, B., Tiwari, A., & Saha, S. (2024). Behavioral intention to adopt artificial 

intelligence in educational institutions: A hybrid modeling approach. Journal of Computer Science & 

Technology Studies, 6(3), 56–64.
Guo, S., Shi, L., & Zhai, X. (2025). Developing and validating an instrument for teachers’ acceptance of artificial 



GONG Lingling, LI Baomin, QU Manqi222

intelligence in education. Education and Information Technologies, 30(15), 13439–13461.
Han, X. B., & Li, M. (2025). 智能时代教师教学能力进阶: 从技术使用到人机共生 [The advancement of teacher 

teaching competence in the era of intelligence: From technology use to human‒AI symbiosis]. 国家教育行

政学院学报  [Journal of National Academy of Education Administration], (3), 31–38.
Hazzan-Bishara, A., Kol, O., & Levy, S. (2025). The factors affecting teachers’ adoption of AI technologies: 

A unified model of external and internal determinants. Education and Information Technologies, 30(11), 
15043–15069.

Hoy, W. K., Tarter, C. J., & Kottkamp, R. B. (1992). Open schools/healthy schools: Measuring organizational 

climate. Sage Publications.
Hu, X. Y., & Xu, H. Y. (2021). 面向K-12教师的智能教育素养框架构建 [Research on intelligent education literacy 

framework for K-12 teachers]. 开放教育研究  [Open Education Research], (4), 59–70.
Huang, T., Huang, W. J., & Zhang, Z. M. (2025). 人工智能何以赋能教师专业发展: 理论模型与实践路向 

[Empowering teacher professional development with artificial intelligence: A theoretical model and 
practical directions]. 现代远程教育研究  [Modern Distance Education Research], (1), 35–44.

Jiang, J., & Jiang, H. Z. (2023). “双新”背景下新教师在角色适应过程中面临的挑战与对策 [The challenges novice 
teachers encounter when adapting to their roles and countermeasures under the background of “Double 
New”]. 教师教育研究  [Teacher Education Research], (5), 60–66.

Joo, Y. J., Park, S., & Lim, E. (2018). Factors influencing pre-service teachers’ intention to use technology: 
TPACK, teacher self-efficacy, and the technology acceptance model. Journal of Educational Technology & 

Society, 21(3), 48–59.
Lan, G. S., Xiao, Q., Song, F., Du, S. L., & Ding, L. L. (2025). 全球视角下教育者人工智能素养框架: 内容架构、

实践示例和应用策略 [A framework for AI literacy in educators: Content structure, practical examples, and 
implementation strategies from a global perspective]. 开放教育研究  [Open Education Research], (2), 55–

66.
Lewin, K. (1951). Field theory in social science. Harper and Brothers Publishers.
Li, J., & Huang, J. S. (2020). Dimensions of artificial intelligence anxiety based on the integrated fear 

acquisition theory. Technology in Society, 63(9), 101410.
Li, S. J., & Gu, X. Q. (2021). 中小学教师对人工智能教育接受度的影响因素研究 [Research on the influencing 

factors of primary and secondary school teachers’ acceptance of artificial intelligence education]. 现代远距

离教育  [Modern Distance Education], (4), 66–75.
Li, S. J., & Gu, X. Q. (2022). 革故鼎新的校长智能化领导力: 内涵结构、发展现状与提升路径 [Revolutionary 

intelligent leadership of principals: Connotation structure, development status and improvement path]. 远
程教育杂志  [Journal of Distance Education], (5), 72–82.

Liswati, T. W., Hariyati, N., & Uulaa, R. F. R. (2023). Actualization of principal’s visionary leadership in improving 
teacher skills in managing learning innovations in senior high schools. Journal of Educational and Social 

Research, 13(1), 45–56.
Long, D., & Magerko, B. (2020). What is AI literacy? Competencies and design considerations. Proceedings of 

the 2020 CHI Conference on Human Factors in Computing Systems (pp. 1–16). Association for Computing 
Machinery.

Louis, M., & Elazab, M. (2023). The future of teaching and learning in the artificial intelligence era (part Ⅱ). 
International Journal of Internet Education, 22(2), 1–8.

Lu, H., He, L., Yu, H., Pan, T., & Fu, K. (2024). A study on teachers’ willingness to use generative AI technology 
and its influencing factors: Based on an integrated model. Sustainability, 16(16), 7216.

Lucas, M., Zhang, Y., Bem-haja, P., & Vicente, P. N. (2024). The interplay between teachers’ trust in artificial 
intelligence and digital competence. Education and Information Technologies, 29(17), 22991–23010.

Luo, S. Q. (2025). 教师教育的数字化转型图景 [A vision for the digital transformation of teacher education]. 教
育发展研究  [Research in Educational Development], (4), 3.



223A Study of the Mechanisms Influencing the Development of Teachers’ AI Educational Literacy

Maipita, I., Rahman, D. F., Husrizal, S. D., & Sagala, G. H. (2023). TPACK, organizational support, and 
technostress in explaining teacher performance during fully online learning. Journal of Information 

Technology Education: Research, 22, 41–70.
McChesney, K., & Aldridge, J. M. (2021). What gets in the way? A new conceptual model for the trajectory 

from teacher professional development to impact. Professional Development in Education, 47(5), 834–

852.
Miao, F. C. (2022). 教育人工智能伦理的解析与治理—《人工智能伦理问题建议书》的教育解读 [The analysis and 

governance of the ethics of AI in education: Educational overview of Recommendation on the Ethics of 
Artificial Intelligence]. 中国电化教育  [China Educational Technology], (6), 22–36.

Miao, F. C. (2024). 基于教师权益的自主人工智能应用—对联合国教科文组织《教师人工智能能力框架》的解

读 [Rights-based autonomous use of AI in education: The interpretation of UNESCO AI competency 

framework for teachers]. 开放教育研究  [Open Education Research], (5), 4–16.
Miao, F. C., & Cukurova, M. (2024). AI competency framework for teachers. UNESCO.
Ministry of Education of the People’s Republic of China. (2025). 中小学生成式人工智能使用指南(2025年版)

[Guidelines for the use of GenAI by primary and secondary school students (2025 edition)].
Ng, D. T. K., Leung, J. K. L., Chu, S. K. W., & Qiao, M. S. (2021). Conceptualizing AI literacy: An exploratory 

review. Computers and Education: Artificial Intelligence, 2, 1–11.
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.
Nguyen, A., Ngo, H. N., Hong, Y., Dang, B., & Nguyen, B. P. T. (2023). Ethical principles for artificial intelligence 

in education. Educational and Information Technologies, 28(4), 4221–4241.
Qu, M. Q., Yu, X., & Li, B. M. (2024). 创新变革还是信心缺失?—中小学教师对生成式人工智能技术的接受度影响

因素研究 [Innovative change or lack of confidence? A study of factors influencing elementary and middle 
school teachers’ acceptance of generative artificial intelligence technology]. 基础教育  [Journal of Schooling 
Studies], (2), 103–112.

Sari, S. M. (2024). The influence of organizational climate and work motivation on the performance of basic 
education teachers. Indonesian Journal of Instructional Media and Model, 6(1), 49–58.

Searle, J. R. (1980). Minds, brains, and programs. Readings in Cognitive Science, 3(3), 417–424.
Sengsri, S., & Khunratchasana, K. (2024). Artificial intelligence competence: A crucial skill for digital citizens. 

International Education Studies, 17(3), 75–83.
Shen, Y., & Wang, Q. (2019). 人工智能在教育中应用的伦理考量—从教育视角解读欧盟《可信赖的人工智能伦

理准则》 [Ethical arguments of AI in education: An analysis of the EU’s Ethics guidelines for trustworthy AI 
from an educational perspective]. 北京大学教育评论  [Peking University Education Review], (4), 18–34,

Shulman, L. S., & Shulman, J. H. (2004). How and what teachers learn: A shifting perspective. Journal of 

Curriculum Studies, 36(2), 257–271.
Sperling, K., Stenberg, C. J., McGrath, C., Akerfeldt, A., Heintz, F., & Stenliden, L. (2024). In search of artificial 

intelligence (AI) literacy in teacher education: A scoping review. Computers and Education Open, 6(1), 
100169.

Stolpe, K., & Hallström, J. (2024). Artificial intelligence literacy for technology education. Computers and 

Education Open, 6(3), 1–8.
Sun, Z. X., & Zhang, D. Q. (2016). 教师信息化领导力生成动力研究—借助场动力理论的分析 [Study on generating 

mechanism about teachers’ informatization leadership: Based on analysis of field dynamics theory]. 远程

教育杂志  [Journal of Distance Education], (5), 105–112.
Sunu, I. G. K. A. (2022). The impact of digital leadership on teachers’ acceptance and use of digital 

technologies. Mimbar I1mu, 27(2), 311–320.
Tekin, O. (2023). The mediating role of teacher self-efficacy in predicting teachers’ research attitudes. Teacher 



GONG Lingling, LI Baomin, QU Manqi224

Development, 27(3), 314–332.
Tornatzky, L. G., Fleischer, M., & Chakrabarti, A. K. (1990). The processes of technological innovation. 

Lexington Books.
Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User acceptance of information technology: 

Toward a unified view. MIS Quarterly, 40(5), 425–478.
Wang, D. (2022). 人工智能视域下教师智能教育素养研究: 内涵、挑战与培养策略 [Research on teachers’ literacy 

in intelligent education in the context of AI: Connotations, challenges, and development strategies]. 中国教

育学刊  [Journal of the Chinese Society of Education], (3), 91–96.
Wang, K., Long, H. Y., Xu, X. Y., & Guo, J. W. (2025). 生成式人工智能应用于教师教育的价值对齐困境与超越 

[The value alignment dilemma and transcendence of applying generative artificial intelligence in teacher 
education]. 开放教育研究  [Open Education Research], (3), 84–91.

Wang, L., Ertmer, P. A., & Newby, T. J. (2004). Increasing preservice teachers’ self-efficacy beliefs for 
technology integration. Journal of Research on Technology in Education, 36(3), 231–250.

Wang, S. (2016). 学校的组织氛围、自我导向学习对教师专业发展的影响研究 [Research on the impact of school 
organizational climate and self-directed learning on teachers’ professional development]. 教学与管理  
[Teaching & Administration], (6), 55–59.

Wang, S., Wang, F., Zhu, Z., Wang, J., Tran, T., & Du, Z. (2024). Artificial intelligence in education: A systematic 
literature review. Expert Systems with Applications, 252(4), 124167.

Wang, Y. (2025). 教师人工智能素养框架构建的国际经验与本土建议 [International experience and local 
suggestions on the construction of teachers’ artificial intelligence literacy framework]. 外国教育研究  
[Studies in Foreign Education], (4), 39–53.

Wang, Y. Y., & Chuang, Y. W. (2024). Artificial intelligence self-efficacy: Scale development and validation. 
Education and Information Technologies, 29(4), 4785–4808.

Xiao, C. (2023). Research status and prospects of artificial intelligence education in primary and secondary 
schools. 2023 2nd International Conference on Educational Innovation and Multimedia Technology (pp. 
615–622), Atlantis Press.

Xue, S., Yan, Y., & Xu, M. (2024). 教师AI素养: 人工智能时代的教师准备—基于UNESCO“AI CFT”框架和7份

政策文本的分析 [AI literacy for teachers: Teacher preparing for the AI era: Analysis based on UNESCO’s 
“AI CFT” Framework and seven policy texts]. 教师教育研究  [Teacher Education Research], (4),  
105–113.

Yang, X. (2021). 人工智能立场中的智慧教育: 理据、内涵与特征 [Smart education in the position of artificial 
intelligence: Rationale, connotation and characteristics]. 现代教育技术  [Modern Educational Technology], 
(4), 5–12.

Yeşilyurt, E., Ulaş, A. H., & Akan, D. (2016). Teacher self-efficacy, academic self-efficacy, and computer self-
efficacy as predictors of attitude toward applying computer-supported education. Computers in Human 

Behavior, 64, 591–601.
Yilmaz, O., & Bayraktar, D. M. (2014). Teachers’ attitudes toward the use of educational technologies and their 

individual innovativeness categories. Procedia—Social and Behavioral Sciences, 116, 3458–3461.
Yu, L., Deng, S., & Zhang, X. (2025). 人工智能技术赋能教育的演进脉络、内在逻辑和发展趋势 [The evolutionary 

trajectory, internal logic, and development trends of education empowered by artificial intelligence 
technology]. 电化教育研究  [e-Education Research], (6), 13–20.

Yu, L., & Yu, Z. (2023). Qualitative and quantitative analyses of artificial intelligence ethics in education using 
VOSviewer and CitNetExplorer. Frontiers in Psychology, 14, 1061778.

Zhang, L. L., & Gu, X. Q. (2023). 人工智能在教育领域创新扩散的影响因素研究—基于TOE理论框架 [Research 
on the influencing factors of the innovation diffusion of artificial intelligence in education based on TOE 
theoretical framework]. 中国远程教育  [Chinese Journal of Distance Education], (2), 54–63, 82.

Zhang, L. L., & Zhang, T. Q. (2022). 智能时代中小学校长信息化领导力提升路径研究 [Research on promotion 



225A Study of the Mechanisms Influencing the Development of Teachers’ AI Educational Literacy

path of informatization leadership of primary and middle school principals in the era of intelligent]. 中国教

育信息化  [The Chinese Journal of ICT in Education], (6), 81–88.
Zhang, L. X., Lai, Y. R., & Qin, D. (2022). 智能教育工具理性与价值理性的博弈与权衡 [The game and balance 

between instrumental rationality and value rationality in intelligent education]. 开放教育研究  [Open 
Education Research], (3), 67–72.

Zhang, S. Y., Huang, X. H., Li, Z. J., & Li, H. (2025). 人工智能赋能教师非正式学习的研究进展与未来方向 [Artificial 
intelligence integrated teachers’ informal learning: Opportunities, challenges, and future directions]. 清华

大学教育研究  [Tsinghua Journal of Education], (2), 21–32.
Zhao, L. L., Zhang, L., Zhang, L., & Zhao, K. Y. (2022). 中小学教师的人工智能焦虑: 现状分析与消解路向 [Artificial 

intelligence anxiety of primary and secondary school teachers: Current situation analysis and elimination 
direction]. 现代教育技术  [Modern Educational Technology], (3), 81–91.

Zheng, Z. Y., & Song, N. Q. (2023). 中小学教师智能教育素养测评指标体系构建研究 [Research on the construction 
of the evaluation index system of primary and secondary school teachers’ intelligence education literacy]. 中国

电化教育 [China Educational Technology], (12), 75–83.
Zheng, Z. Y., Xiao, L., & Song, N. Q. (2023). 中小学教师智能教育素养的现状分析与提升路径—基于 11,703 位教

师的实证调查 [Analysis of the current situation of intelligence education literacy of primary and secondary 
school teachers and ways to improve it: Based on an empirical survey of 11,703 teachers]. 教育发展研究  
[Research in Educational Development], (4), 30–39.

Zhong, B. C., Liu, X. F., & Yang, M. H. (2024). 何谓人工智能素养: 本质、构成与评价体系 [What is artificial 
intelligence literacy: Essence, composition and evaluation systems]. 华东师范大学学报(教育科学版) 
[Journal of East China Normal University (Educational Sciences)], (1), 71–84.

Zhong, J. (2022). Research on the promotion strategy of principal informatization leadership based on meta-

analysis. Frontiers in Educational Research, 5(21), 1113–1117.
Zhou, H. Y., & Yu, J. T. (2025). 迈向通用人工智能时代的教师工作: 挑战与出路 [Teachers’ work moving toward 

the era of general artificial intelligence: Challenges and solutions]. 电化教育研究  [e-Education Research], (7), 
5–12.

Zhu, Z. T., Han, Z. M., & Huang, C. Q. (2021). 教育人工智能(eAI): 人本人工智能的新范式 [Educational artificial 
intelligence (eAI): A new paradigm of human-centered artificial intelligence]. 电化教育研究  [e-Education 
Research], (1), 5–15.


	教育2026第2期—5gongjingjing



