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Abstract 
This study offers a comprehensive bibliometric overview of research on pre-service teachers’ 
intention to adopt artificial intelligence (AI) in education from 2005 to 2025. Using the Web 
of Science Core Collection, 522 records were initially retrieved and 477 peer-reviewed articles 
were retained after PRISMA-aligned screening. CiteSpace (LLR clustering, burst detection, 
co-citation networks) and VOSviewer/RAWGraphs were employed to map publication trends, 
intellectual structures, and collaborative patterns. Results show three temporal waves: (1) 
2004–2010 foundations in TAM, UTAUT, and TPB; (2) 2011–2017 emphasis on digital 
competence, self-efficacy, and teacher readiness; and (3) 2018–2025 acceleration of 
AI-specific themes—ethics, trust, explainability, and pedagogical innovation. Core clusters 
revolve around technology acceptance constructs (perceived usefulness/ease, attitude, 
intention), digital competence frameworks, and AI-enabled instructional design. Author and 
source co-citation analyses highlight enduring methodological anchors (e.g., PLS-SEM 
standards) and the dominance of journals such as Computers & Education, Computers in 
Human Behavior, and the emergent Computers and Education: Artificial Intelligence. 
Geographically, China, the United States, and several European countries lead in productivity 
and centrality, reflecting an increasingly interdisciplinary and collaborative landscape. 
Practically, findings point to the necessity of embedding holistic AI literacy—technical, 
pedagogical, and ethical—into teacher education, while addressing affective barriers like 
anxiety. Limitations include the single-database scope and the quantitative nature of 
bibliometrics; future research should triangulate with qualitative syntheses, track policy 
impacts longitudinally, and examine equity dimensions (gender, region, institutional type) in 
AI adoption. 
Keywords: Pre-service Teachers, Artificial Intelligence, Technology Acceptance, Digital 
Competence, Bibliometric Analysis, Citespace, Teacher Education 
 
Introduction 
Rapid advances associated with the Fourth Industrial Revolution have positioned artificial 
intelligence (AI) as a principal engine of educational change (Wang & Fan, 2025; Munaye et 
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al., 2025). Generative large language models such as ChatGPT have moved from pilots to 
routine classroom and teacher-education use, provoking both pedagogical opportunities and 
ethical concerns (Bae et al., 2024; Wang & Fan, 2025). Empirical studies report gains in 
adaptive feedback and assessment efficiency, yet warn of overreliance and superficial 
engagement without careful scaffolding (Ramnarain et al., 2024; Munaye et al., 2025). Across 
AI in Education—intelligent tutoring, automated feedback, adaptive environments, and 
predictive analytics—effectiveness ultimately depends on sound pedagogical alignment 
(Zohdi et al., 2024; Sahar & Munawaroh, 2025). Realizing these benefits hinges on teachers’ 
preparedness, institutional support, and credible AI information (Hazzan-Bishara et al., 2025; 
Bakhadirov et al., 2024). Pre-service teachers are pivotal because their current beliefs, 
competencies, and perceived value of AI will shape near-future classroom enactments 
(Acquah et al., 2024; Runge et al., 2025). Recent work models their intentions with TAM-, TPB-
, and UTAUT-based constructs (e.g., perceived usefulness, attitude, subjective norm, 
perceived behavioral control) (Zhang et al., 2023; Ramnarain et al., 2024). Extensions 
increasingly incorporate AI self-efficacy, trust, perceived risk, or AI-TPACK to capture nuanced 
determinants of adoption (Sun et al., 2025; Hazzan-Bishara et al., 2025). Findings often 
highlight perceived usefulness and social influence as robust drivers, whereas ease of use and 
anxiety show mixed effects across contexts (Bakhadirov et al., 2024; Acquah et al., 2024).  
 
Nevertheless, evidence remains fragmented, dominated by small-sample surveys or 
qualitative cases that limit cumulative insight (Bae et al., 2024; Zhang et al., 2023). Population-
specific bibliometric syntheses focusing on pre-service teachers are scarce; most reviews scan 
higher education broadly or take narrative approaches (Sahar & Munawaroh, 2025; Zohdi et 
al., 2024). Bibliometric techniques implemented via tools such as CiteSpace and VOSviewer 
enable transparent, replicable mapping of prolific authors, collaborations, citation structures, 
and thematic evolution (Bajpai et al., 2025).  
 
Accordingly, this study analyzes literature on pre-service teachers’ intention to adopt AI from 
2005–2025, revealing trajectories, clusters, and gaps to inform curriculum design, teacher 
preparation, and policy for responsible AI integration (Runge et al., 2025; Ramnarain et al., 
2024). 
 
Given the increasing relevance of AI in teacher education and the critical role of pre-service 
teachers as future implementers of technology, this study aims to answer the following 
research questions: 
①What are the publication trends and knowledge structures in the research on pre-service 

teachers’ intention to use AI from 2005 to 2025? 
②Who are the most influential authors, institutions, and countries contributing to this field? 
③What are the major research themes, theories, and methodological trends, and how have 

they evolved over time? 
 
This bibliometric review seeks to address these questions by providing the first systematic, 
large-scale mapping of global research (2005–2025) on pre-service teachers' AI adoption 
intention, thereby offering a comprehensive overview of the field. It not only reveals a three-
stage thematic evolution from foundational technology acceptance theories to AI-specific 
ethical and pedagogical integration and identifies emerging research clusters and 
transnational collaborative networks, but also translates these structural insights into a 
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valuable knowledge map and practical pathways, ultimately delivering both theoretical and 
practical implications for researchers, policymakers, and educators engaged in teacher 
preparation and educational innovation. 
 
Literature Review 
The digitalization of education has redefined what it means to be a future teacher: beyond 
pedagogical proficiency, pre-service teachers must demonstrate robust digital competence 
and technological adaptability (Koehler & Mishra, 2009; Tondeur et al., 2017; Wang & Zhao, 
2021; Scherer et al., 2018). Propelled by big data, machine learning, and especially generative 
AI such as ChatGPT, AI-enhanced learning environments have shifted from vision to routine 
practice, compelling teacher education programs to embed AI-related knowledge, skills, and 
ethical considerations explicitly in their curricula (Luckin & Holmes, 2016; Holmes et al., 2019; 
Adiguzel et al., 2023; Bae et al., 2024; Sun et al., 2025; Wang & Fan, 2025). Yet institutions 
frequently lack systematic strategies for this preparation, which can foster uncertainty, 
resistance, or anxiety among pre-service teachers (Hodges et al., 2024; Alenezi, 2021; 
Alabdulaziz, 2021; Agogo & Hess, 2018; Ertmer & Ottenbreit-Leftwich, 2010). Because 
classroom practice is deeply shaped by attitudes and experiences formed during initial 
training, insufficient exposure to AI risks superficial or reluctant adoption later on (Ertmer & 
Ottenbreit-Leftwich, 2010; Scherer et al., 2018; Ramnarain et al., 2024; Runge et al., 2025). 
 
To explain and predict such uptake, research has relied on established acceptance 
frameworks. The Technology Acceptance Model (TAM) posits perceived usefulness and 
perceived ease of use as proximal determinants and has been repeatedly validated with 
teachers and pre-service teachers (Davis, 1989; Teo, 2010, 2011; Šumak et al., 2011; Bai et 
al., 2021). The Unified Theory of Acceptance and Use of Technology (UTAUT) extends this with 
performance expectancy, effort expectancy, social influence, and facilitating conditions, 
emphasizing contextual moderators like institutional support and culture (Venkatesh et al., 
2003; Sánchez-Prieto et al., 2015; Al-Emran et al., 2020; Nistor et al., 2012; Runge et al., 2025). 
Parallelly, the Theory of Planned Behavior (TPB) highlights attitudes, subjective norms, and 
perceived behavioral control, and hybrid TAM–TPB models often yield stronger predictive 
power in teacher education (Ajzen, 1991; Teo, 2010; Wang et al., 2020; Acquah et al., 2024). 
Recent extensions integrate AI-specific constructs—trust, ethical concerns, transparency, and 
AI-TPACK—to capture the adaptive, decision-making nature of AI tools (Choung et al., 2022; 
Dillenbourg et al., 2021; Sun et al., 2025; Hazzan-Bishara et al., 2025). However, findings 
remain mixed: some studies stress perceived usefulness (Teo, 2011; Bai et al., 2021; Li et al., 
2022), others foreground attitude (Hamidi & Chavoshi, 2018), subjective norm (Park, 2009), 
or self-efficacy/anxiety (Scherer et al., 2018; Agogo & Hess, 2018; Zhang et al., 2023), while 
continuance intentions hinge on expectation confirmation and perceived outcomes (Tian et 
al., 2024). 
 
Despite rapid growth, reviews of this domain are fragmented—often narrative or narrowly 
systematic, focused on niches such as adaptive learning, assessment, or STEM, and reliant on 
manual coding that constrains objectivity and replicability (Zawacki-Richter et al., 2019; 
Martin et al., 2020; Roll & Wylie, 2016; Zhai et al., 2020; Pedro et al., 2019; Raffaghelli & 
Stewart, 2020). Bibliometric approaches overcome these limits by enabling large-scale, 
transparent mapping of collaboration networks, co-citation structures, and thematic 
evolution (Chen et al., 2012; Van Eck & Waltman, 2010; Martins et al., 2022; Agbo et al., 2021; 
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Zhan et al., 2022; Chen et al., 2020; Zohdi et al., 2024; Sahar & Munawaroh, 2025). 
Accordingly, this study conducts a comprehensive bibliometric review (2005–2025) of 
research on pre-service teachers’ intention to adopt AI, charting thematic trajectories, 
identifying key actors and networks, synthesizing theoretical applications and extensions, and 
exposing underexplored variables—such as trust, ethics, and emotional factors—to inform 
future empirical work, curriculum design, and policy for AI-integrated teacher education 
(Ramnarain et al., 2024; Runge et al., 2025; Hazzan-Bishara et al., 2025; Wang & Fan, 2025). 
 
Methods 
Although studies on pre-service teachers’ intention to use AI are growing, the field still lacks 
a quantitatively grounded overview that reveals its intellectual structure, thematic shifts, and 
collaboration networks; therefore, we employ bibliometric analysis (Pritchard, 1969; 
Hawkins, 2001; De Bellis, 2009; Garfield, 2006). Bibliometrics—“the application of 
mathematical and statistical methods to books and other media of communication”—enables 
objective mapping of publication trends, influential authors, and citation dynamics (Pritchard, 
1969; Garfield, 2006). We used the Web of Science Core Collection for its high-quality indexing 
and standardized metadata suited to visualization tools (Van Eck & Waltman, 2010; Huong & 
Quy, 2025). A Topic Search combined three blocks of terms—target population (e.g., “pre-
service teacher*”), technological focus (e.g., “artificial intelligence”), and behavioral 
constructs (e.g., “intention* to use”)—with limits on language (English), document type 
(articles, reviews), and timeframe (January 2005–July 2025), yielding 522 records (Table 1). A 
two-stage manual screening (titles/abstracts, then full texts) removed tangential items, 
following PRISMA 2020 to ensure transparency and reproducibility; 477 publications 
remained (Page et al., 2021). To avoid distortions in co-citation and keyword analyses, we 
standardized author names, journal titles, and keywords, resolving spelling and format 
variants (Taskin & Al, 2019; Hawkins, 2001). The cleaned dataset was analyzed in VOSviewer 
and CiteSpace to generate co-citation clusters, keyword bursts, and collaboration networks 
(Van Eck & Waltman, 2010). Compared with conventional systematic reviews or meta-
analyses that emphasize effect sizes (e.g., Chen et al., 2022), this approach uncovers large-
scale structural evolution and knowledge fronts in the domain.Table 1 Summary of data 
source and selection 
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Category Specific standard requirements 

Research database Web of Science Core Collection 

Searching period January 2005 to July 2025 

Language English 

Searching keywords 

TS=(("pre-service teacher*" OR "student teacher*" OR "teacher 
education student*" OR "education student*" OR "prospective teacher*" 
OR "future teacher*" OR "teacher candidate*" OR "education major*" OR 
"student* in teacher education") 
AND 
(("artificial intelligence" OR AI OR "educational technology" OR "digital 
tool*" OR "emerging technolog*") 
AND 
("adoption intention*" OR "intention* to use" OR "behavioral intention*" 
OR "technology acceptance" OR "technology adoption" OR willingness 
OR attitude* OR readiness OR perception* OR acceptance OR usage OR 
belief*))) 

Document types Articles，Review articles 

Data extraction Export with full records and cited references in plain text format 

Sample size 522 (Before manual screening) 

 
Results 
Descriptive information 
The eligible articles in this study originate from 97 countries and regions. Figure 1 presents 
the distribution of publications among the top contributing countries, with Spain leading the 
productivity (n = 88), followed by China (n = 71), USA (n = 61), Turkey (n = 57), and Germany 
(n = 22). These five countries account for the majority of research output related to pre-
service teachers’ intention to adopt artificial intelligence in education. 
 
However, in terms of centrality, which reflects a country’s importance within the international 
collaboration network, the highest centrality value was observed in Spain (0.44), indicating its 
pivotal role in connecting different regions and research clusters. China (0.23) and India (0.12) 
also demonstrated relatively high centrality, suggesting growing influence in shaping global 
research conversations. 
 
In addition to centrality, the analysis also identified countries with significant citation bursts, 
indicating emerging or sustained interest in the topic over time. Notably, Turkey experienced 
the strongest burst (9.03) during the period 2009–2020, while the USA had a burst strength 
of 6.36 between 2004 and 2021, and Spain showed a more recent burst (5.61) from 2020 to 
2023. 
 
Overall, while traditional research hubs such as the USA and China continue to dominate the  
field in terms of output, newer contributors like Malaysia, Saudi Arabia, and India are gaining 
prominence, reflecting the global diversification of research on AI adoption in teacher 
education. 
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Figure 1 Top 10 contributed countries 
 
Among the studies reviewed, several core research themes were identified, as summarized in 
Table 1. The most prominent subject area was ICT and Information Systems (n = 420), 
characterized by keywords such as information technology, adoption, and technology 
acceptance model, highlighting a sustained interest in infrastructure and system-level 
adoption of AI tools. This was followed by Psychological Constructs (n = 357) and Attitudes 
and Motivation (n = 335), which included frequent terms such as beliefs, attitudes, self-
efficacy, and teacher education, reflecting the strong influence of behavioral and pedagogical 
constructs in explaining AI adoption. 
 
Other notable domains included Educational Technology and Classroom Integration, which 
emphasize teaching contexts, digital platforms, and practical implementation strategies. 
Clusters such as Technology Acceptance Models, Teacher Education, and Digital 
Competence—though smaller in volume—point to important theoretical and skills-based 
concerns shaping the research agenda. 
 
Together, these themes indicate that the literature on pre-service teachers’ intention to 
adopt AI spans both technological systems and human-centered variables, grounded in 
models like TAM and UTAUT, and enriched by emerging focuses on digital pedagogy and 
instructional readiness. 
 
 
 
 
 
 
 
 
 
 



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT  
Vol. 1 4 , No. 4, 2025, E-ISSN: 2226-6348 © 2025 

1040 

Table 1  
Distribution of literature in subject areas according to keyword frequency 

R
a
n
k 

Subject area 
# of 
keyw
ords 

Related keywords (in descending order) 

1 
ICT and 
Information 
Systems 

420 
information technology; adoption; preservice teachers; teachers; 
intention; user acceptance; determinants; model; extension; 
technology acceptance model 

2 
Psychologica
l Constructs 

357 
beliefs; acceptance model; classroom; pedagogical content knowledge; 
technology integration; design; competence; pre-service teachers; 
science; tpack 

3 
Attitudes 
and 
Motivation 

335 
attitudes; technology; acceptance; teacher education; self efficacy; 
performance; gender; digital tools; literacy; students 

4 
Educational 
Technology 

231 
educational technology; higher education; computational thinking; k 
12; blended learning; social media; data mining; feature extraction; 
computational modeling; digital natives 

5 
Classroom 
Integration 
& Practice 

226 
ict; integration; information; perceptions; experience; challenges; 
teacher training; behavior; skills; efficacy 

6 
Technology 
Acceptance 
Models 

147 
knowledge; student teachers; conceptions; impact; classrooms; 
distance education; digital skills; improving classroom teaching; 
mathematics; digital technology 

7 
Teacher 
Education 

124 
education; online; distributed knowledge; asynchronous discussion 
board; knowledge construction; sociocultural theory; initial teacher 
education; social learning; trust; adult learning 

8 
Digital 
Competence 

105 
framework; digital competence; computer use; professional 
development; achievement; computer attitudes; educational beliefs; 
curriculum; internet; strategy 

 
Research Topics and Trends 
Keyword Co-occurrence Network 
To uncover the intellectual structure of the research on pre-service teachers’ intention to 
adopt artificial intelligence (AI), a keyword co-occurrence analysis was conducted using 
CiteSpace. This method enables the identification of frequently co-occurring terms in the 
literature, providing insight into dominant research topics and their interconnections within 
the field. 
 
The resulting network visualization revealed a total of 129 keyword nodes and 780 co-
occurrence links, representing the thematic backbone of the literature corpus. As shown in 
Figure 2, high-frequency keywords such as “artificial intelligence” (n = 88), “higher education” 
(n = 80), “educational technology” (n = 78), “education” (n = 76), and “technology” (n = 58) 
occupy central positions within the network, indicating their widespread presence and 
foundational status in this research domain. 
 
In addition to technological terms, the network also reveals a strong pedagogical and 
psychological orientation. Keywords such as “pre-service teachers” (n = 51), “beliefs” (n = 45), 
“user acceptance” (n = 41), “pedagogical content knowledge”, and “self-efficacy” 
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demonstrate that the literature is deeply rooted in teacher cognition, instructional design, 
and behavioral theory. 
 
The centrality values further illustrate the structural importance of certain nodes. For 
example, “educational technology” and “model” recorded the highest centrality scores (0.19 
and 0.14, respectively), suggesting they act as conceptual bridges linking multiple research 
clusters. These keywords not only appear frequently but also connect otherwise distinct 
thematic areas, thereby exerting influence on the overall knowledge structure. 
 
Moreover, the temporal distribution of keywords—ranging from 2003 to 2021—
demonstrates the sustained and evolving interest in this topic. Earlier research centered 
around foundational constructs such as technology acceptance and ICT use, while more 
recent studies increasingly focus on digital competence, AI-based tools, and student 
perceptions, indicating a shift from generalized technology integration to more specific AI-
driven educational innovations. 

 
Figure 2 Keyword Co-occurrence Network of Pre-service Teachers’ AI Adoption Research 
(2005–2025) 
 
The co-occurrence network reveals a multidimensional and interconnected knowledge base 
grounded in technological, pedagogical, and psychological constructs. This finding supports 
the notion that AI adoption in teacher education is not a singularly technical issue, but rather 
an interdisciplinary concern embedded within broader educational and behavioral 
frameworks. 
 
Thematic Clustering and Knowledge Structure 
To explore the underlying conceptual structure of literature related to pre-service teachers’ 
intention to use artificial intelligence (AI), a clustering analysis of co-occurring keywords was 
conducted using CiteSpace. The resulting network, based on the Log-Likelihood Ratio (LLR) 
algorithm, identified 11 distinct thematic clusters, each representing a focused research area 
within the broader domain (see Figure 3). 
 
The largest and most central cluster was #0 “technology acceptance”, which aggregated 
keywords related to behavioral intention, acceptance models (e.g., TAM, UTAUT), and 
adoption patterns. This cluster reflects the dominant theoretical foundation underpinning the 
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literature, emphasizing cognitive variables such as perceived usefulness, perceived ease of 
use, and behavioral intention. 
 
Cluster #1 “digital tools” includes keywords such as digital literacy, technology integration, 
and online learning, indicating a growing emphasis on the operational dimension of digital 
competence in teacher education. This aligns closely with #4 “computer attitude”, which 
explores affective and psychological constructs such as attitudes toward technology, anxiety, 
and self-efficacy. 
 
Cluster #2 “teacher training” and #3 “pre-service teachers” jointly represent the pedagogical 
core of the field. These clusters highlight the intersection of professional development, 
teacher education curricula, and the role of AI in preparing future educators. 
Other noteworthy clusters include: 
 
#5 “higher education”: focusing on the institutional setting in which most studies are 
conducted, with attention to university-based teacher education and digital transformation. 
#6 “professional development”: examining the continuous learning and upskilling of 
educators in AI-enhanced environments. 
#7 “artificial intelligence”: a technology-centered cluster highlighting specific AI tools, 
algorithms, and implementation strategies in educational settings. 
#8 “primary education” and #9 “virtual change agent”: reflecting emerging but less dominant 
areas, such as AI’s impact on early childhood education and transformative roles in digital 
pedagogy. 
#10 “cloud computing”: associated with infrastructure and technical enablers of AI 
deployment in teaching and learning. 
 

 
Figure3. Thematic Cluster Visualization of Co-occurring Keywords 
 
The network layout reveals a well-connected structure, with Cluster #0 (technology 
acceptance) and Cluster #1 (digital tools) occupying central positions and bridging several 
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peripheral topics. This suggests that behavioral models and technological readiness serve as 
conceptual anchors for related discussions on pedagogy, institutional context, and teacher 
identity. 
 
Taken together, these findings point to a multidimensional research landscape, where 
psychological theories, digital competencies, and AI applications coalesce. This thematic 
diversity underscores the complexity of AI adoption in teacher education and highlights the 
importance of integrating theory, technology, and pedagogy in future research agendas. 
 
Temporal Evolution of Research Themes 
The timeline visualization (Figure 4) reveals the chronological progression and lifespan of key 
thematic clusters related to pre-service teachers’ intention to use artificial intelligence (AI) in 
educational contexts between 2005 and 2025. This timeline view enables a granular analysis 
of how specific research topics have emerged, evolved, and waned over time, offering insights 
into the developmental trajectory of the field. 
 
The earliest thematic cluster, #0 “technology acceptance”, has remained consistently 
influential across the entire study period. Keywords such as user acceptance, Technology 
Acceptance Model, and intention appeared as early as 2005 and have continued to be central 
in discussions of AI adoption. This confirms the foundational role of behavioral theories in 
guiding early-stage research and their sustained relevance in contemporary educational 
technology studies. 
 
The cluster #1 “digital tools” emerged gradually around 2010, gaining increasing attention in 
the post-2015 period. This reflects the growing diversification of educational technologies and 
their integration into teacher training programs. Frequent terms in this cluster include 
blended learning, computational thinking, and digital literacy, indicating a shift toward tool-
based pedagogical strategies. 
 
Cluster #3 “pre-service teachers” exhibits a sharp rise in activity after 2018, with node bursts 
becoming particularly evident between 2020 and 2023. This trend aligns with global policy 
efforts to enhance digital readiness in teacher education programs. Prominent terms in this 
cluster include teacher beliefs, teaching practices, and pre-service teacher education, 
indicating a robust research focus on psychological and instructional aspects of technology 
adoption. 
 
#2 “teacher training” and #4 “computer attitude” clusters also show sustained activity across 
the timeline, particularly during the mid-2010s. These clusters emphasize affective and 
pedagogical variables such as self-efficacy, perceptions, and technology integration. The 
continuous presence of these clusters underscores the centrality of teacher dispositions in 
shaping technology acceptance. 
 
Clusters #5 “higher education” and #6 “professional development” appear as relatively stable 
thematic areas, reflecting institutional contexts in which AI-related adoption is most actively 
studied. These clusters have seen moderate yet consistent activity across the entire period, 
especially in research focusing on curriculum design, capacity building, and policy alignment 
within teacher education faculties. 
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More recent clusters, such as #7 “artificial intelligence” and #10 “cloud computing”, 
demonstrate an upward trajectory in the years following 2020. The emergence of terms like 
generative AI, large language models, and AI-driven feedback systems indicates a clear 
thematic pivot toward intelligent technologies in educational research. These newer clusters 
suggest a reorientation of the field toward automation, personalization, and data-informed 
teaching practices. 
 
Finally, clusters #8 “primary education” and #9 “virtual change agent” appear more isolated 
and temporally bounded, reflecting specialized or experimental lines of inquiry that have not 
yet become mainstream in the broader discourse. 
 
Collectively, this timeline view illustrates the layered and dynamic nature of research on AI 
adoption among pre-service teachers. It reveals a clear evolution from general models of 
technology acceptance toward more complex, tool-specific, and context-sensitive themes. 
Notably, the convergence of “teacher beliefs”, “AI integration”, and “professional 
development” post-2020 signals a mature and increasingly nuanced research direction, 
bridging theoretical and applied perspectives in teacher education. 

 
Figure 4 Timeline View of Thematic Cluster Evolution (2005–2025) 
 
Top Keywords with the Strongest Citation Bursts (2005–2025) 
Citation burst analysis helps identify emerging or intensifying research themes over time, 
revealing keywords that have received a sudden surge of attention within a specific period. 
As shown in Table 2, the top keywords with the strongest citation bursts from 2005 to 2025 
include educational technology, ict, students, performance, digital tools, and framework. 
 
Among them, “educational technology” stands out with the highest burst strength (4.71) 
during the period 2018–2021, suggesting that this field experienced a sharp increase in 
research interest, possibly influenced by the global shift to online and blended learning 
environments in the post-pandemic era (Zhao et al., 2023). 
 
The keyword “ict” (burst strength = 4.72) also shows strong citation growth from 2016 to 
2021, reflecting a broader emphasis on digital integration and infrastructure development in 
teacher education, especially in developing regions (UNESCO, 2021). Similarly, “students” 
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(burst = 4.66) and “digital tools” (burst = 3.18) both show bursts beginning in 2021, pointing 
to a research shift toward understanding student experiences and the adoption of specific 
digital resources in AI-enhanced learning contexts. 
 
In contrast, “performance” (burst = 3.21, 2021–2022) and “framework” (burst = 3.26, 2016–
2020) suggest more theoretical contributions—such as the development or refinement of 
conceptual models related to digital competence, technology integration, and evaluation 
mechanisms (Redecker, 2017). 
 
Overall, the burst detection results indicate an increasing convergence of practical 
implementation (e.g., digital tools, ICT, students) and theoretical framing (e.g., framework, 
educational technology) in the research landscape of pre-service teachers’ technology 
adoption. This pattern reflects the evolving complexity of the digital transition in teacher 
education. 
 
Table 2  
Top Keywords with the Strongest Citation Bursts (2005–2025) 

Rank Keyword 
Burst 
Strength 

Burst 
Begin 

Burst 
End 

Centrality 
Year of First 
Appearance 

1 
Educational 
Technology 

4.71 2018 2021 0.19 2004 

2 ICT 4.72 2016 2021 0.12 2011 

3 Students 4.66 2021 2023 0.02 2021 

4 Performance 3.21 2021 2022 0.03 2012 

5 Digital Tools 3.18 2021 2023 0.03 2021 

6 Framework 3.26 2016 2020 0.04 2011 

his section provided a comprehensive exploration of research topics and thematic trends 
concerning pre-service teachers' intention to use artificial intelligence (AI) in education. 
Through keyword co-occurrence analysis, it was revealed that the field predominantly focuses 
on concepts such as artificial intelligence, educational technology, digital literacy, and 
technology acceptance. Thematic clustering further identified major research domains, 
including teacher education, digital tools, teacher training, and professional development, 
reflecting the evolving priorities in teacher preparation programs. 
 
The timeline visualization clarified how early studies were centered on educational 
technology and teacher training, while recent years witnessed a sharp increase in themes 
such as AI integration, technology acceptance models, and generative artificial intelligence. 
Furthermore, burst keyword detection indicated that topics such as students, digital tools, 
and performance have experienced sharp increases in attention in the past five years, 
signifying emerging research frontiers. Overall, the longitudinal and structural patterns 
observed in this section provide valuable insights into the shifting academic landscape 
surrounding AI adoption in teacher education. 
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Intellectual Structure of the Field 
Author Co-citation Analysis 
Author co-citation analysis (ACA) is a well-established bibliometric technique for uncovering 
a field’s intellectual structure and core knowledge base (White & McCain, 1998; Chen et al., 
2012). Using CiteSpace, our ACA mapped the authors most frequently co-cited in studies on 
pre-service teachers’ intention to adopt AI (2004–2025), revealing a dense, mature network 
anchored by classic technology-acceptance, behavioral-intention, and methodological 
scholars. The top nodes—Venkatesh V. (n = 87) and Davis F. D. (n = 86)—reflect the enduring 
centrality of TAM and UTAUT in AI adoption research (Davis, 1989; Venkatesh et al., 2003). 
Ajzen’s (1991) TPB similarly remains foundational for modeling attitudes, subjective norms, 
and perceived behavioral control. Hair J. F. (n = 71) is extensively cited for PLS-SEM guidelines 
and rigor in structural modeling (Hair et al., 2014), while Mishra P. (n = 46) signals the 
influence of TPACK-related work on teacher digital competence (Koehler & Mishra, 2009). 
Education-focused adoption researchers such as Teo T. and Tondeur J. frequently appear for 
their contributions to teacher ICT acceptance and competency frameworks (Teo, 2011; 
Tondeur et al., 2017). Bandura’s social cognitive theory underpins self-efficacy constructs, and 
Fornell and Larcker’s criteria guide validity assessment in SEM models (Bandura, 1986; Fornell 
& Larcker, 1981). Zawacki-Richter’s work highlights AI and online learning in higher education, 
broadening the contextual lens (Zawacki-Richter et al., 2019). Notably, newer voices like 
Strzelecki (2024) and Chiu (2023) have entered the top ranks, indicating a post-COVID shift 
toward fresh perspectives on generative AI and classroom implementation. 
 
Table 3  
Top 10 Co-cited Authors in the Field of AI Adoption in Pre-service Teacher Education (2004–
2025) 

Rank Author Year Co-citation Count Centrality 

1 Venkatesh, V. 2015 87 0.00 

2 Davis, F. D. 2008 86 0.00 

3 Hair, J. F. 2014 71 0.00 

4 Ajzen, I. 2006 64 0.00 

5 Mishra, P. 2009 46 0.00 

6 Teo, T. 2011 45 0.00 

7 Bandura, A. 2010 42 0.00 

8 Hwang, G. J. 2021 42 0.00 

9 Fornell, C. 2023 41 0.00 

10 Ertmer, P. A. 2008 41 0.00 

These findings demonstrate that the intellectual foundation of this research field is strongly 
anchored in classic theories of behavioral intention and educational technology adoption. At 
the same time, new contributors are emerging, suggesting that the field is evolving 
dynamically with increased attention to AI, digital transformation, and teacher education in 
the post-pandemic era. 
 
Document Co-citation Analysis 
Document co-citation analysis (ACA) is a standard bibliometric technique for revealing a field’s 
intellectual structure and core knowledge base (White & McCain, 1998; Chen et al., 2012). 
Using CiteSpace on 477 articles about pre-service teachers’ intention to adopt AI (2004–
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2025), we identified the works most frequently co-cited as theoretical or methodological 
anchors. The network is dense and mature: Venkatesh et al. (2003) and Davis (1989) dominate 
for TAM/UTAUT foundations; Ajzen (1991) anchors TPB-based inquiries; Hair et al. (2014) 
guide PLS-SEM rigor; and Mishra and colleagues’ TPACK work continues to shape discussions 
of teacher digital competence (Koehler & Mishra, 2009). Bandura (1986) underpins self-
efficacy constructs, while Fornell and Larcker (1981) remain indispensable for discriminant 
validity. Zawacki-Richter et al. (2019) broaden the lens to AI in higher education systems. 
 
Table 4 lists the ten most co-cited documents. Kasneci et al. (2023) leads with 27 citations, 
reflecting its timely synthesis of ethical, pedagogical, and systemic implications of AI for 
teacher preparation and policy. Zhang et al. (2023) follows (n = 25) with a data-driven 
framework for AI readiness among educators. Baidoo-Anu et al. (2023) (n = 24) links digital 
literacy to emerging technologies in teacher education. Dwivedi et al. (2023) and Çelik (2023) 
(each n = 21) contribute to theoretical integration—extending TAM/TPB and digital 
competence perspectives—and methodological refinements for AI adoption studies. The 
concentration of 2023 publications at the top signals a rapid consolidation of foundational 
knowledge post-COVID-19, as scholarship pivots toward ethics, readiness, and instructional 
transformation. Overall, the co-citation patterns indicate an emergent yet consolidating 
knowledge base, where classic acceptance and behavioral theories intersect with 
contemporary concerns about AI governance, transparency, and teacher capacity-building. 
 
Table 4  
Top 10 Most Frequently Co-Cited Articles 

Author Citations 

Kasneci E (2023) 27 
Zhang CM (2023) 25 
Baidoo-Anu D (2023) 24 
Celik I (2023) 21 
Dwivedi YK (2023) 21 
Cotton DRE (2024) 20 
Strzelecki A (2024) 19 
Lim WM (2023) 19 
Strzelecki A (2024) 18 
Chan CKY (2023) 18 

 
Source Journal Co-citation Analysis 
The source journal co-citation analysis identifies the core outlets that underpin research on 
pre-service teachers’ intention to adopt AI. Using CiteSpace, 477 journals appeared in the 
co-citation network; the top 10 (Table 5) show both high frequency and notable betweenness 
centrality, signalling their pivotal roles in shaping the field’s knowledge structure (Chen et al., 
2012; Van Eck & Waltman, 2010). Computers & Education ranks first (282 citations; centrality 
= 0.19), long recognized as a leading venue for technology-enhanced learning, digital literacy, 
and acceptance-model studies (e.g., Davis, 1989; Teo, 2011; Venkatesh et al., 2003). 
Computers in Human Behavior and the British Journal of Educational Technology also occupy 
central positions, bridging human–computer interaction, psychology, and pedagogical 
innovation—domains crucial for constructs such as perceived usefulness, attitude, and 
technology anxiety (Teo, 2011; Venkatesh et al., 2003). The rise of Sustainability (Basel) (143 



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT  
Vol. 1 4 , No. 4, 2025, E-ISSN: 2226-6348 © 2025 

1048 

citations) reflects growing interest in sustainable digital competence and policy alignment 
within AI-enhanced education (Sahar & Munawaroh, 2025). The presence of Educational 
Technology Research and Development and Interactive Learning Environments underscores 
sustained attention to design-based research and practical implementation in teacher 
education. Notably, the recently launched Computers and Education: Artificial Intelligence 
(2022) already ranks eighth, highlighting the rapid consolidation of AI-focused scholarship. 
Collectively, these patterns reveal an interdisciplinary, dynamic foundation in which 
established educational technology journals coexist with emergent AI-centric outlets, 
indicating a maturing yet still evolving research landscape. 
 
Table 5  
Top 10 Most Frequently Co-Cited Journals 

Rank Journal Name 
Citation 
Count 

Year Centrality 

1 Computers & Education (COMPUT EDUC) 282 2004 0.19 

2 Educational Information Technology (EDUC INF TECHNOL) 217 2018 0.05 

3 Computers in Human Behavior (COMPUT HUM BEHAV) 187 2008 0.12 

4 
British Journal of Educational Technology (BRIT J EDUC 
TECHNOL) 

166 2008 0.17 

5 Sustainability-Basel 143 2020 0.03 

6 Interactive Learning Environments (INTERACT LEARN ENVIR) 133 2015 0.07 

7 
Educational Technology Research and Development (ETR&D-
EDUC TECH RES) 

133 2005 0.10 

8 Computers and Education: Artificial Intelligence 122 2022 0.02 

9 
International Journal of Educational Technology in Higher 
Education (INT J EDUC TECHNOL H) 

122 2020 0.06 

10 Education Sciences (EDUC SCI) 112 2021 0.02 

 
Intellectual Structure of the Field 
CiteSpace’s LLR clustering of 477 co-cited documents reveals a coherent yet evolving 
intellectual structure for research on pre-service teachers’ intention to adopt AI, anchored by 
several major knowledge communities (Chen et al., 2012; White & McCain, 1998). The largest 
cluster centers on technology-acceptance theorizing—TAM and UTAUT—built on Davis 
(1989), Venkatesh & Davis (2000), and Venkatesh et al. (2003), and adapted to teacher 
contexts by Teo (2011); these works foreground perceived usefulness, ease of use, attitude, 
and intention as core determinants. A second cluster focuses on digital literacy/competence, 
with Ilomäki et al. (2016) and Spante et al. (2018) defining educators’ digital skills and linking 
them to AI readiness—an idea reinforced by evidence that competence moderates 
acceptance relationships (Wang & Zhao, 2021; Scherer et al., 2018). A third, rapidly growing 
cluster groups Artificial Intelligence in Education (AIEd) studies that address ethical, 
pedagogical, and institutional issues—e.g., explainability, bias, and governance—exemplified 
by Holmes et al. (2021) and Zawacki-Richter et al. (2019), and energized by post-COVID 
contributions such as Kasneci et al. (2023) and Zhang et al. (2023). Another cluster draws on 
the Theory of Planned Behavior, where Ajzen’s (1991) constructs—subjective norm and 
perceived behavioral control—are often hybridized with TAM to boost explanatory power in 
teacher education (Arpaci et al., 2020; Nistor et al., 2012). Finally, a cluster on pedagogical 
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innovation and teacher training synthesizes design-based work on microteaching, flipped 
classrooms, and simulations, now increasingly AI-augmented (Tondeur et al., 2012), and 
underpinned by methodological staples for SEM rigor (Hair et al., 2014; Fornell & Larcker, 
1981) and by broader competence frameworks like TPACK (Koehler & Mishra, 2009). 
Cross-cluster bridges—Bandura’s (1986) self-efficacy, for instance—signal a dual imperative: 
cultivate positive beliefs about AI while building the digital and ethical capacity to implement 
it (Sahar & Munawaroh, 2025). Together, the clusters depict a maturing landscape where 
classic behavioral theories intersect with contemporary concerns over competence, ethics, 
and instructional design, offering clear guidance for curriculum and policy aimed at 
responsible AI integration in teacher preparation. 
 
Temporal Evolution of the Knowledge Base 
Understanding how the field has evolved over time clarifies when key theories, themes, and 
outlets gained traction. Analyzing publication years of the most frequently co-cited 
documents, authors, and journals in 477 WoS records (2005–2025) shows three broad phases. 
2004–2010: Theoretical foundations. Core behavioral models—TAM, UTAUT, and TPB—
dominate, with Davis (1989), Venkatesh et al. (2003), and Ajzen (1991) providing the 
conceptual backbone for later AI-adoption studies. Early co-citation hotspots include 
Computers & Education and Computers in Human Behavior, which hosted many model-driven 
investigations (see Table 5). 
 
2011–2017: Digital competence and readiness. Focus shifts toward teachers’ and students’ 
digital literacy/self-efficacy, extending acceptance models with competence constructs. Teo 
(2011) and Bandura’s social cognitive work (1986) gain prominence, while journals such as 
British Journal of Educational Technology and Educational Technology Research and 
Development become more central, reflecting concern for preparedness and ICT integration 
in teacher education. 
 
2018–2025: AI integration and pedagogical innovation. AI in Education (AIEd) becomes a 
distinct domain; widely co-cited papers like Zawacki-Richter et al. (2019) and Holmes et al. 
(2021) address ethical, pedagogical, and institutional implications of AI. Newer outlets—
Sustainability, Education Sciences, Interactive Learning Environments, and Computers and 
Education: Artificial Intelligence—rise in co-citation frequency, signaling interdisciplinary 
engagement with sustainability, policy, and emerging AI tools. Methodological staples such 
as Fornell and Larcker (1981) and Hair et al. (2014) remain continuously cited for SEM rigor. 
Overall, the trajectory moves from foundational theory to competence-building and finally to 
AI-specific ethics and design concerns. The post-2020 spike in co-cited work mirrors 
COVID-19’s acceleration of digital/AI adoption and the spotlight on online readiness (Dwivedi 
et al., 2020; Daniel, 2020). This temporal pattern underscores a dual imperative for teacher 
education programs: foster positive beliefs about AI (usefulness, ease, norms) and develop 
the digital/ethical capacity to implement it effectively. 
 
Discussion 
Summary of Key Findings 
Drawing on 477 peer-reviewed articles from the Web of Science Core Collection (2005–2025), 
this bibliometric review shows a steep post-2018 growth in studies at the intersection of 
teacher education and AI, mirroring broader EdTech and AIEd surges (Chen et al., 2012; 
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Zawacki-Richter et al., 2019; Kasneci et al., 2023). Keyword co-occurrence, clustering, and 
burst detection highlight persistent emphases on behavioral intention and acceptance 
constructs (TAM/TPB), alongside digital competence and self-efficacy (Davis, 1989; Ajzen, 
1991; Venkatesh et al., 2003; Ilomäki et al., 2016; Spante et al., 2018). Thematic clusters 
converge on technology acceptance, pedagogical integration, anxiety/trust, and readiness for 
AI-enabled learning (Teo, 2011; Scherer et al., 2018; Wang & Zhao, 2021; Sun et al., 2025). 
Highly cited documents and journals—Computers & Education, Computers in Human 
Behavior, British Journal of Educational Technology, and the newer Computers and Education: 
Artificial Intelligence—indicate conceptual consolidation around classic models and growing 
attention to AI ethics and implementation (Van Eck & Waltman, 2010; Holmes et al., 2021). 
Geographically, China, the United States, and several European nations show leading 
productivity and centrality, evidencing a collaborative, interdisciplinary field spanning 
education, psychology, and information systems (Zhang et al., 2023; Ramnarain et al., 2024; 
Runge et al., 2025; Sahar & Munawaroh, 2025). 
 
Theoretical Contributions 
By mapping fragmented strands, this study quantitatively confirms the dominance of TAM 
and TPB in modeling pre-service teachers’ AI adoption (Davis, 1989; Venkatesh et al., 2003; 
Ajzen, 1991), corroborating earlier syntheses (Teo, 2011; Al-Emran et al., 2020) while showing 
how these frameworks are operationalized across contexts and time. The rise of clusters on 
digital competence, self-efficacy, and AI readiness illustrates theoretical extensions that 
merge acceptance constructs with capability- and ethics-oriented dimensions (Bandura, 
1986; Ilomäki et al., 2016; Acquah et al., 2024; Sun et al., 2025). Burst analyses reveal a shift 
from generic ICT adoption to issues of algorithmic transparency, trust, and teacher autonomy 
in AI-mediated classrooms—topics underaddressed in classic TAM/TPB formulations (Choung 
et al., 2022; Holmes et al., 2021; Kasneci et al., 2023; Zawacki-Richter et al., 2019). This 
indicates theoretical diversification that integrates educational psychology, critical digital 
pedagogy, and AI ethics into established acceptance models (Sahar & Munawaroh, 2025; 
Scherer et al., 2018). 
 
Practical Implications 
Practically, the findings call for embedding AI literacy—technical, ethical, and pedagogical—
into pre-service teacher curricula (Luckin & Holmes, 2016; Holmes et al., 2021; Sun et al., 
2025). The prominence of constructs like self-efficacy, attitude, and anxiety suggests 
professional development must tackle affective and cognitive barriers, not just skills gaps 
(Agogo & Hess, 2018; Scherer et al., 2018; Runge et al., 2025). Digital competence frameworks 
and assessment-driven approaches can standardize implementation across institutions 
(Ilomäki et al., 2016; Spante et al., 2018; Wang & Zhao, 2021). Rigorous measurement 
practices—e.g., reliability/validity checks in SEM—should underpin program evaluation and 
policy decisions (Fornell & Larcker, 1981; Hair et al., 2014). For policy-makers, the 
interdisciplinarity evident in co-citation patterns signals the need for cross-sector 
collaboration to ensure responsible, sustainable AI integration in teacher education (Sahar & 
Munawaroh, 2025; Zohdi et al., 2024). 
 
Limitations and Future Research 
This review relies solely on WoS data; omitting Scopus, ERIC, or regional databases may bias 
coverage (Chen et al., 2012; Taskin & Al, 2019). Bibliometrics reveal structures and trends but 
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cannot capture nuanced pedagogical contexts or lived experiences (Page et al., 2021). Future 
work should triangulate with systematic reviews or meta-analyses for depth (Daniel, 2020; 
Dwivedi et al., 2020), conduct longitudinal tracking of post-pandemic shifts and AI policy 
implementation (Kasneci et al., 2023; Wang & Fan, 2025), and expand cross-cultural analyses 
to include gender, urban–rural, and institutional disparities—areas largely underexplored 
here (Zhang et al., 2023; Ramnarain et al., 2024; Runge et al., 2025). Incorporating mixed 
methods and stakeholder-engaged designs could illuminate how belief structures, 
competencies, and ethical stances translate into sustained classroom practice. 
 
Conclusion 
This bibliometric synthesis analyzed 477 Web of Science articles published between 2005 and 
2025 on pre‑service teachers’ intention to adopt AI, mapping publication trends, intellectual 
structures, and thematic trajectories.  
  
The field unfolds across three chronological waves: (1) foundational behavioral theorizing 
(2004–2010), (2) a turn to digital competence and readiness (2011–2017), and (3) intensified 
AI integration with ethical and pedagogical concerns (2018–2025).  
 
Intellectually, research is anchored in TAM/UTAUT and TPB while intersecting with clusters 
on digital competence, AIEd ethics/governance, and pedagogical innovation, signaling a 
mature yet diversified knowledge base.  
 Cross-national collaboration is strong, with China, the United States, and several European 
countries leading in productivity and centrality.  
 
 Across clusters, a dual imperative emerges: cultivate positive beliefs about AI and build the 
digital/ethical capacity to enact it responsibly.  
Practically, the results call for embedding comprehensive AI literacy—technical, pedagogical, 
and ethical—into teacher education, while addressing affective barriers such as anxiety and 
low self‑efficacy through targeted professional development and assessment-driven 
competence frameworks.  
  
Methodologically, the study demonstrates the utility of bibliometric techniques for revealing 
large-scale structures, yet its reliance on WoS alone and quantitative mappings limits 
contextual depth; future work should triangulate with systematic reviews/meta-analyses, 
pursue longitudinal and cross-cultural comparisons, and probe equity-related factors (e.g., 
gender, locale, institutional disparities).  
 
Overall, the domain is consolidating but still evolving: classic acceptance theories now coexist 
with emerging concerns about competence, ethics, trust, and instructional design, offering a 
roadmap for researchers, curriculum designers, and policymakers to move from intention to 
responsible, sustainable AI integration in teacher preparation. 
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