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Abstract: The strategic integration of Artificial Intelligence (AI) in higher education is a 

global priority, yet conceptual fragmentation persists regarding its effective adoption. This 

study identifies key drivers of AI adoption through a bibliometric review of 547 Scopus-

indexed documents (2019–2024) using thematic mapping in RStudio to visualize topic 

evolution and density. Findings are organized into three dimensions: (1) essential ele-

ments, including institutional infrastructure, governance, and adoption policies; (2) practi-

cal recommendations, such as faculty training in generative AI, ethical guidelines, and 

curriculum integration of digital competencies; and (3) critical success factors, like stake-

holder attitudes, technological trust, and institutional leadership. The study offers theoret-

ical, methodological, and practical contributions. Theoretically, it presents a systemic 

framework aligning infrastructure, practices, and adoption conditions. Methodologically, it 

validates thematic mapping as a tool for structuring complex literature. Practically, it pro-

vides an evidence-based roadmap for institutional leaders, policymakers, and faculty de-

velopers to implement sustainable AI initiatives aligned with Education 4.0. Additionally, it 

highlights research gaps to inform future agendas, especially in underrepresented regions. 

Keywords: artificial intelligence; sustainable education; digital transformation; higher ed-

ucation; bibliometric analysis; ChatGPT; learning analytics; institutional strategies; Educa-

tion 4.0 

 

1. Introduction 

The integration of Artificial Intelligence (AI) in higher education is now a strategic pri-

ority for universities worldwide. AI is reshaping teaching, learning, research, and admin-

istration, and its adoption requires more than technical solutions—it demands a structured, 

ethical, and outcome-driven approach (Moore & McCullagh, 2024; Tsekea & Mandoga, 

2024). AI is not just a tool but a driver of a new academic paradigm that challenges insti-

tutions to rethink pedagogy, governance, and digital skills (Mosch et al., 2022; Nuthanapati 

et al., 2022). 

Key concepts like strategic integration, digital transformation, and AI literacy have 

gained importance in recent research (Ng et al., 2024; Rodriguez-Ruiz et al., 2021). It’s 

clear that technology adoption alone doesn’t ensure alignment with academic goals. Thus, 

attention has shifted toward identifying factors, practices, and structures that make inte-

gration effective (Dhamija & Dhamija, 2025; Karan & Chakma, 2025). These are grouped 

into three subthemes: essential elements (infrastructure, policies, models), practical 
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recommendations (documented best practices), and critical success factors (conditions 

that support implementation). 

However, current literature lacks an updated and comprehensive synthesis that 

brings these elements together. Most reviews focus on isolated experiences or theories 

and fail to offer a global view of the field’s evolution, key players, or thematic patterns 

(Donthu et al., 2021; Zupic & Čater, 2015). This limits universities, policymakers, and re-

searchers in accessing a consolidated framework for evidence-based decisions (L. Yang 

et al., 2023). 

To address this, the study applies a bibliometric approach to analyze 547 Scopus-

indexed documents from 2019–2024. This method reveals patterns, thematic structures, 

and collaboration networks that traditional reviews may miss (Aria & Cuccurullo, 2017; 

Donthu et al., 2021). Thematic mapping using RStudio is used to visualize theme centrality 

and development. This tool classifies topics such as driving, basic, emerging, or declining 

(Olasiuk et al., 2023; Pandey et al., 2023; Yaqin et al., 2025). Based on this approach, the 

study is guided by the following research questions:  

RQ1. What are the core, emerging, consolidating, or declining themes within the 

literature on strategic AI integration in higher education between 2019 and 

2024, according to thematic maps?  

RQ2. What essential elements, practical recommendations, and critical success 

factors appear most frequently in studies on AI integration in higher educa-

tion, and how have these subthemes evolved over time?  

RQ3. Which authors, institutions, countries, and scientific sources lead the produc-

tion and citation surrounding the integration of AI in higher education?  

RQ4. How do the most cited documents relate to the strategic subthemes of the 

study? 

The main goal is to map the evolution, impact, and structure of research related to 

strategic AI integration, focusing on the three subthemes as analytical axes. This will sup-

port future research and informed institutional strategies. The study’s contribution is a sci-

entific cartography of AI integration in higher education. This helps identify knowledge 

gaps, collaboration patterns, and priorities for technological governance. The focus on 

theme structure allows for actionable insights into policy and strategy design. The paper 

includes five sections: (1) introduction, (2) literature review organized by subthemes, (3) 

methodology (search, tools, analysis), (4) results (production, impact, maps), and (5) dis-

cussion with recommendations for research and policy. 

2. Literature review 

The increasing presence of AI in universities has produced a growing body of re-

search on its integration. This bibliometric study aims to identify the strategic keys to AI 

integration in higher education, grouped into three categories: essential elements, practi-

cal recommendations, and critical success factors. The review of recent studies offers both 

theoretical and empirical support for this analysis. 

2.1. Essential Elements for Strategic Integration of AI 

Essential elements refer to the institutional foundations required to implement AI ef-

fectively.  Karan and Chakma (2025) emphasize that student acceptance of AI depends 

on constructs from the Technology Acceptance Model (TAM), highlighting the importance 

of understanding user behavior. Alzahrani et al. (2025) explore the use of ChatGPT in 

student assignments, underscoring the need for pedagogical infrastructure that maintains 

academic integrity. Anik et al. (2025) introduce a maturity model for adopting Quality 4.0 

technologies, assessing readiness in processes, technology, and human capital. Medina-

Gual and Parejo (2025) focus on student autonomy and the ethical use of AI, while Jaboob 
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et al. (2025) highlight the need for policies on AI use in thesis writing. These studies agree 

that integration must go beyond access to tools and include governance, training, adaptive 

platforms, and policies. 

2.2. Practical Recommendations from Institutional and Pedagogical Experiences 

Literature provides practical advice based on institutional experience. Dhamija and 

Dhamija (2025) recommend continuous teacher training and interdisciplinary work to fos-

ter AI use in classrooms. Alzahrani et al. (2025) advocate for dedicated AI literacy spaces 

in curricula. Alm (2024) stresses the importance of building digital academic identity, call-

ing for a culture of change with ethical reflection. Anik et al. (2025) share best practices 

from workshops with teachers using generative AI for teaching and assessment. Medina-

Gual and Parejo (2025) present how AI and the educational metaverse can enrich flipped 

classrooms if guided by pedagogy. These recommendations serve as empirical categories 

for this bibliometric study to trace implementation patterns and institutional leadership. 

2.3. Critical Success Factors in AI Implementation 

Successful integration depends on more than resources. Karan and Chakma (2025) 

identify faculty digital competence and trust in AI as crucial. Dhamija and Dhamija (2025) 

highlight how perceptions of AI’s educational value influence its use. Alzahrani et al. (2025) 

mention barriers such as lack of regulation, resistance to change, and low system interop-

erability. Alm (2024) warns that innovation must respect academic values. Anik et al. 

(2025) stress the role of institutional policies and impact assessment mechanisms. These 

factors form a key interpretative framework to identify conditions, risks, and strategies in 

global AI implementation. 

2.4. Integrative Synthesis 

Together, these studies show that integrating AI into higher education requires ethi-

cal, strategic, and sustainable planning. Essential elements provide institutional founda-

tions, practical recommendations guide action, and success factors explain outcomes. 

This review legitimizes the bibliometric approach of the study by clarifying key research 

areas, academic communities, and scientific production. Figure 1 visually summarizes the 

three subthemes explored. 

 

Figure 1. Framework for the thematic and evolutionary mapping of this bibliometric study. 

3. Materials and Methods 

This study adopts a bibliometric approach to map, quantify, and analyze the evolu-

tion, impact, and thematic structure of scientific literature on the strategic integration of AI 
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in higher education. This methodology is based on its ability to process large volumes of 

information, reveal hidden patterns, and construct knowledge maps useful for academic 

and institutional decision-making (Donthu et al., 2021; Zupic & Čater, 2015). 

The selected data source was Scopus, due to its comprehensive coverage, rigorous 

editorial validation, and appropriate metadata structure for quantitative analysis, qualities 

widely recognized in specialized literature (Baas et al., 2020; Pranckutė, 2021). The 

search was conducted in March 2025 using the string: “AI” OR ‘artificial intelligence’ OR 

‘machine learning’ OR ‘deep learning’ OR ‘natural language processing’ OR ‘intelligent 

tutoring system*’ OR ‘reinforcement learning’ OR ‘generative artificial intelligence’ OR 

‘generative AI’ OR ‘large language model*’. In addition to the Subcategory higher educa-

tion: (“higher education” OR university* OR undergraduate* OR graduate* OR postgradu-

ate* OR postgraduate*). This strategy yielded 708 documents for the period 1995–2024. 

However, for this study, the sub-period 2019–2024 was selected, considering it rep-

resents the most recent and significant stage in terms of production and thematic evolu-

tion. The year 2025 was excluded from the main analysis as it is still ongoing. Documents 

were also screened by removing those classified as Note (3), Retracted (2), and Editorial 

(1), resulting in a final corpus of 627 valid documents, of which 547 correspond to the 

analyzed period (2019–2024). Figure 2 shows the inclusion and exclusion criteria for the 

search. 

 

Figure 2. Document selection flowchart 

The bibliometric analysis was structured on three levels: dynamics of scientific pro-

duction (documents, authors, countries, sources), impact analysis (citations, h, g, and m 

indices), and thematic evolutionary analysis. For this, three complementary tools were 

used: VOSviewer version 1.6.20 (van Eck & Waltman, 2010), RStudio version 2024.12.1 

with Bibliometrix (Aria & Cuccurullo, 2017), and Microsoft Excel 365 version 2408 (Meyer 

& Avery, 2009; Neyeloff et al., 2012). 

VOSviewer was used for network visualization and citation analysis among authors, 

sources, and institutions. This software is widely validated for its ability to generate maps 

of scientific relationships from complex metadata structures (McAllister et al., 2022; van 

Eck & Waltman, 2010). The generated figures allow for the visual observation of the col-

laborative structure of the field and the most significant production cores. 

RStudio, in combination with the Bibliometrix package, was used for thematic analy-

sis and the evolution of subthemes. The Louvain clustering algorithm was applied to the 

Abstract field, limiting term extraction to a maximum of three words to ensure specificity 

without losing semantic coverage. The themes were classified into four quadrants 
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according to their levels of centrality and density: motors, basic, emerging, and declining, 

following the methodology of Callon (Aria & Cuccurullo, 2017; Donthu et al., 2021). The 

figures generated in RStudio present the thematic maps corresponding to the analyzed 

annual periods, as well as the evolution of key concepts around the three subthemes: 

essential elements, practical recommendations, and critical success factors. 

Microsoft Excel 365 was used as a complementary tool for descriptive analysis, con-

struction of summary tables, cross-verification of data, and creation of additional figures 

such as frequency histograms, line charts by year, and comparative impact tables (Meyer 

& Avery, 2009; Neyeloff et al., 2012). These visualizations helped reinforce the findings 

and facilitate their interpretation from a quantitative perspective. 

At the level of indicators, productivity metrics (number of documents, average cita-

tions per document, documents per author), impact (TC, TC per year, h, g, and m indices), 

and concentration (number of countries, institutions, and sources with high production) 

were applied. This comprehensive approach allowed for identifying both the external struc-

ture of the field (authors, countries, sources) and its internal structure (thematic topics), in 

line with the guidelines proposed by Mukherjee et al. (2022) and Todeschini and Baccini 

(2016). 

Overall, the applied methodology ensures comprehensive coverage of the phenom-

enon under study, combining advanced bibliometric tools and visual approaches that 

clearly identify the evolutionary dynamics of knowledge. The resulting figures generated 

in VOSviewer, RStudio, and Excel not only enrich the analysis but also provide an acces-

sible representation of complex networks, thematic trends, and key metrics that support 

the conclusions of the study. 

4. Results 

4.1. Thematic Dynamics of AI in Higher Education (2019–2024) 

Between 2019 and 2024, the literature on the strategic integration of AI in higher 

education has shown a diverse thematic evolution, as evidenced by the data in Table 1 

from the thematic map generated by RStudio (Figure 3). The core themes—those com-

bining high centrality and density—are represented by the clusters "higher education; 

ChatGPT; AI" (Callon Centrality: 5.338; Callon Density: 56.831; frequency: 381) (Lin, 

2023; Uddin et al., 2023), "artificial intelligence; machine learning; education" (4.858; 

56.369; 423) (Akbari & Do, 2021; Moye, 2019), and "digital transformation; bibliometric 

analysis; online learning" (1.812; 51.327; 102) (Blankenship, 2021; Ouyang et al., 2022). 

These themes form the backbone of the field, being widely connected with other areas 

and having a strong conceptual base. They consolidate discussions around the use of 

tools like ChatGPT, the impact of machine learning, and digital transformation in the uni-

versity environment. 

Table 1. Centrality and density of thematic clusters generated by RStudio 

Cluster 
Callon 

Centrality 

Callon 

Density 

Rank 

Centrality 

Rank 

Density 

Cluster 

Frequency 

higher education; ChatGPT; AI 5.338 56.831 10 4 381 

artificial intelligence, machine learning; 

education 
4.858 56.369 9 3 423 

educational technology; learning; learning 

analytics 
3.831 62.894 8 8 70 

active learning; assessment; innovation 1.869 81.826 7 10 81 
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digital transformation; bibliometrics 

analysis; online learning 
1.812 51.327 6 1 102 

higher education institutions; performance; 

business intelligence 
1.052 57.846 5 5 30 

artificial intelligence (AI); virtual reality; 

change management 
0.919 60.301 4 7 41 

industry 4.0; bibliometric; prediction 0.624 58.544 3 6 56 

distance learning; information literacy; 

education technology 
0.000 52.778 1.5 2 10 

AI tools; collaborative learning; 

personalized learning 
0.000 75.000 1.5 9 6 

 

Concurrently, motor themes emerging are those that, although less central, have high 

thematic density, suggesting they are well-developed conceptually and are pushing new 

research lines. Such is the case for "educational technology; learning; learning analytics" 

(3.831; 62.894; 70) (Alam & Mohanty, 2022; Villagrán, 2021) and "active learning; assess-

ment; innovation" (1.869; 81.826; 81) (Duffy et al., 2019; Johnson et al., 2019), which 

indicate a growing interest in learning analytics and active methodologies in AI-enhanced 

environments. 

On the other hand, niche themes are identified, such as "artificial intelligence (AI); 

virtual reality; change management" (0.919; 60.301; 41) (Francke & Alexander, 2019; 

Moye, 2019; Popkova & Gulzat, 2020), "industry 4.0; bibliometric; prediction" (0.624; 

58.544; 56) (Mhlanga, 2023; Mogul & Shah, 2021) and "AI tools; collaborative learning; 

personalized learning" (0; 75; 6) (Montebello, 2021). These are developed in isolation, 

with little connection to the core of the thematic network, though their high density indicates 

theoretical specialization. They may represent mature but peripheral fields, or potential 

future lines of development if they manage to better connect with the central themes. 

 

Figure 3. Thematic Mapping generated by RStudio 

Finally, themes like "higher education institutions; performance; business intelli-

gence" (1.052; 57.846; 30) (Sequeira et al., 2023; Tominc & Rožman, 2023) and "distance 
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learning; information literacy; education technology" (0; 52.778; 10) appear as emerging 

or in decline (Chatikobo & Pasipamire, 2024), given their low centrality and density. Their 

position suggests they are losing prominence or have not yet been fully integrated into the 

dominant discourse. This could be due to shifts in research priorities following the pan-

demic or the emergence of new technologies like generative AI, which have redirected 

academic focus. 

4.2. Evolution of Key Subthemes in the Integration of AI in Higher Education (2019–

2024) 

Using RStudio and limiting the analysis to abstract fields with phrases of up to three 

words, the study applied the Louvain algorithm to group related concepts. The evolution 

of research topics is presented in Figure 4, highlighting three dominant subthemes across 

the years: essential elements, critical success factors, and practical recommendations. 

In 2019 and 2022, terms such as "key success factors" and "decision support" were 

prominent, showing the field's early focus on identifying conditions for effective AI imple-

mentation. These concerns are evident in works by Duffy et al. (2019) and Subaeki et al. 

(2019). Starting in 2020, attention shifted toward essential elements, with terms like "com-

munication technologies ICT", "artificial neural networks", and "deep learning algorithms" 

gaining prominence, reflecting interest in the technological underpinnings of educational 

change. These elements were emphasized in studies by Alkadri et al.  (2021) and 

Rodríguez-Hernández et al. (2021). 

The year 2023 marked a peak in production and impact, with 111 documents pub-

lished and an average of 5.77 citations per year. This suggests strong academic consoli-

dation of the themes. In 2024, however, a shift occurred. Although production increased 

sharply to 292 documents, average citations per article dropped to 4.37 and per year to 

2.18. This decreases likely corresponds to the rise of a new central topic: "generative 

artificial intelligence", led by authors like Michel-Villarreal et al. (2023), C. Wang et al.  

(2024), and J. Yang et al. (2024). The prominence of this concept suggests a change from 

foundational exploration to the application of AI tools in educational settings, particularly 

for teaching and assessment. 

 

 

Figure 4. Themes and sub-themes during 2019—2024 

4.3. Authors, institutions, countries and relevant sources in the field of study 
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Analysis of 2,149 authors (Table 2) reveals ten prominent researchers, all of whom 

began publishing in 2024. Their m-index is 1 or greater, indicating strong early impact. 

Tariq Mu leads with an h-index of 3 and 22 citations across three articles. Wang Y and 

Chan CKY follow closely with two publications each and 20 and 48 citations, respectively, 

suggesting high impact per paper.  

Table 2. Ten most relevant authors 

Author h-index g-index m-index TC NP PY-start 

Tariq Mu (Tariq, 2024b, 2024a, 2024c) 3 3 1.5 22 3 2024 

Chan CKY (Chan & Colloton, 2024; Chan & 

Tsi, 2024) 
2 2 1 48 2 2024 

Joshith VP (Kavitha et al., 2024; Kavitha & 

Joshith, 2024; Ranjan et al., 2024) 
2 2 1 7 3 2024 

Kavitha K (Kavitha et al., 2024; Kavitha & 

Joshith, 2024; Ranjan et al., 2024) 
2 2 1 7 3 2024 

Keller B (Lünich et al., 2024b, 2024a; Lünich & 

Keller, 2024) 
2 3 1 10 3 2024 

Liu W (Song et al., 2024; Wu et al., 2024) 2 2 1 6 2 2024 

Lünich M (Lünich et al., 2024a, 2024b; Lünich 

& Keller, 2024) 
2 3 1 10 3 2024 

Marcinkowski F (Lünich et al., 2024a, 2024b) 2 2 1 10 2 2024 

Wang Y (Shi & Wang, 2024; M. Wang et al., 

2022) 
2 2 1 20 2 2024 

Wu C (Moorhouse et al., 2024; Zipf et al., 2024) 2 2 1 16 2 2024 

 

Authors like Keller B, Lünich M, and Marcinkowski F show balanced productivity with 

g-index scores of 3 and 10 citations each. This emergence of influential early-stage re-

searchers indicates a rapidly growing field, especially fueled by the adoption of generative 

AI tools. Figure 5 presents the co-citation network of these authors using VOSviewer. 

 

Figure 5. Network visualization of all 2149 authors 
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Institutional data (Table 3) show that out of 1,667 institutions, several key centers 

dominate scientific production. Stanford University (USA) leads with 17 documents, fol-

lowed by Imam Abdulrahman Bin Faisal University and the Islamic University in Medina in 

Saudi Arabia, with 15 and 13 documents, respectively. Johns Hopkins University (USA) 

and City University Ajman (UAE) each contribute significantly, with 13 and 11 publications. 

South and East Asian universities such as Central University of Kerala (India), East West 

University (Bangladesh), and Chaoyang University of Technology (Taiwan) each pro-

duced 10 documents. The University of Dunaújváros (Hungary) and the Duke Institute for 

Health Innovation (USA) also rank among the top contributors. This shows a truly global 

research effort, with active centers in both established and emerging regions. 

Table 3. Ten relevant institutions in the field 

Institution City Country Region Documents 

Stanford University 
Stanford, 

California 
United States 

North 

America 
17 

Imam Abdulrahman Bin 

Faisal University 
Dammam Saudi Arabia 

Middle 

East 
15 

Islamic University in Medina Medina Saudi Arabia 
Middle 

East 
13 

Johns Hopkins University 
Baltimore, 

Maryland 
United States 

North 

America 
13 

City University Ajman Ajman 
United Arab 

Emirates 

Middle 

East 
11 

Central University of Kerala Kasaragod India South Asia 10 

Chaoyang University of 

Technology 
Taichung Taiwan East Asia 10 

East West University Dhaka Bangladesh South Asia 10 

University of Dunaújváros Dunaújváros Hungary 
Central 

Europe 
10 

Duke Institute for Health 

Innovation 

Durham, North 

Carolina 
United States 

North 

America 
9 

 

Geographic data in Table 4 show that the United States leads in both volume and 

influence with 90 publications and 890 citations. China and the United Kingdom follow, 

with 52 and 32 documents and 616 and 582 citations, respectively. Other countries, such 

as India, Malaysia, and Saudi Arabia, have moderate outputs with varying citation counts. 

Continental distribution reveals that Asia and Europe each have 30 countries participating 

in this field, accounting for over 65% of their regions. The Americas include 17 countries 

(48.57%), while Africa and Oceania show lower involvement, with 31.48% and 20% of 

their respective countries contributing at least one document. 

Table 4. Ten most relevant countries 

Country TD Total Citations 

United States  90 890 

China  52 616 

India  38 128 
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United Kingdom  32 582 

Germany  27 102 

Malaysia  27 234 

Australia  23 28 

Saudi Arabia  23 120 

Indonesia  22 95 

Spain  20 35 

 

Figure 6 displays these continental disparities. Overall, only 97 of the 195 countries 

in the world have contributed to the topic, representing 49.74%, while the remaining 

50.26% show no participation  (Nationsonline, 2014). This balance reflects both wide-

spread interest and large gaps in global engagement. 

 

 

Figure 6. Global scientific production 

Among the 397 journals and conference proceedings analyzed, ten have emerged 

as the most influential (Table 5). Sustainability (Switzerland) leads in volume with 10 pub-

lications and an h-index of 7. Education Sciences and Computers and Education: Artificial 

Intelligence each have 9 publications. Education Sciences has 294 citations and a g-index 

of 9, while CEAI follows with 258 citations. The International Journal of Educational Tech-

nology in Higher Education stands out with 529 citations from only four articles, making it 

the most impactful source overall. 

Table 5. Ten most relevant sources in the field and their impact 

Source h- index 
g-

index 

m-

index 
TC NP PY-start 

Sustainability (Switzerland) 7 10 1.167 202 10 2020 

Computers and Education: 

Artificial Intelligence 
4 9 0.800 258 9 2021 

Education Sciences 4 9 1.000 294 9 2022 

Education and Information 

Technologies 
3 3 0.750 332 3 2022 

Heliyon 3 3 1.000 25 3 2023 

IEEE Access 3 4 1.000 26 4 2023 

       
  .5  

1 

countries

      
31.   

1 

countries

       
20.00 

3

countries

      
 5.22 

30

countries

    
  .   

30

countries
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International Journal of 

Educational Technology in Higher 

Education 

3 4 0.600 529 4 2021 

JMIR Research Protocols 3 3 0.750 11 3 2022 

Lecture Notes in Computer 

Science (Including Subseries 

Lecture Notes in Artificial 

Intelligence and Lecture Notes in 

Bioinformatics) 

3 5 0.429 26 10 2019 

ACM International Conference 

Proceeding Series 
2 6 0.333 41 10 2020 

 

Other notable journals include Education and Information Technologies and IEEE 

Access, both with moderate volume and h-index scores of 3. Lecture Notes in Computer 

Science and ACM International Conference Proceeding Series each published 10 docu-

ments, though with fewer citations. These ten sources form the editorial core where the 

key academic discussions on AI and education take place. Their combination of open-

access, specialized, and technical formats allows broad dissemination. The network visu-

alization of these sources is shown in Figure 7 using VOSviewer. 

 

Figure 7. Network visualization of 397 sources 

4.4. Most cited documents and their relationship to strategic sub-themes 

According to Table  , the ten most cited documents align clearly with the study’s 

subthemes. Crompton and Burke (2023) lead with 395 citations and a normalized impact 

of 22.80, focusing on foundational elements of AI in education. Ouyang et al. (2022), with 

300 citations, reinforces the role of digital infrastructure. Michel-Villarreal et al. (2023) and 

Abulibdeh et al. (2024) highlight generative AI and ethical guidance, offering practical rec-

ommendations with normalized impacts of 15.24 and 37.53, respectively. 

Table 6. Ten most cited documents 
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Title 
Total 

Citations 

TC per 

Year 

Normalized 

TC 

Associated 

Strategic 

Subtheme 

Artificial intelligence in higher education: 

the state of the field (Crompton & Burke, 

2023) 

395 131.67 22.80 
Essential 

Elements 

Artificial intelligence in online higher 

education: A systematic review of 

empirical research from 2011 to 2020 

(Ouyang et al., 2022) 

300 75.00 16.63 
Essential 

Elements 

Challenges and Opportunities of 

Generative AI for Higher Education as 

Explained by ChatGPT  (Michel-Villarreal 

et al., 2023) 

264 88.00 15.24 
Practical 

Recommendations 

Rethinking engineering education at the 

age of industry 5.0  (Gürdür Broo et al., 

2022) 

241 60.25 13.36 
Critical Success 

Factors 

Digital Transformation Process and SMEs 

(Ulas, 2019) 
229 32.71 14.19 

Critical Success 

Factors 

Navigating the confluence of artificial 

intelligence and education for sustainable 

development in the era of industry 4.0: 

Challenges, opportunities, and ethical 

dimensions (Abulibdeh et al., 2024) 

164 82.00 37.53 
Practical 

Recommendations 

Creativity, Critical Thinking, 

Communication, and Collaboration: 

Assessment, Certification, and Promotion 

of 21st Century Skills for the Future of 

Work and Education (Thornhill-Miller et 

al., 2023) 

150 50.00 8.66 
Essential 

Elements 

Determinants of Intention to Use ChatGPT 

for Educational Purposes: Findings from 

PLS-SEM and fsQCA (Foroughi et al., 

2024) 

137 68.50 31.35 
Practical 

Recommendations 

ChatGPT applications in medical, dental, 

pharmacy, and public health education: A 

descriptive study highlighting the 

advantages and limitations (Sallam et al., 

2023) 

134 44.67 7.73 
Practical 

Recommendations 

Technological Revolution in the 

21st Century: Digital Society vs. Artificial 

Intelligence (Popkova & Gulzat, 2020) 

132 22.00 6.50 
Critical Success 

Factors 
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Ulas (2019) and Gürdür Broo et al. (2022) discuss broader transformations and en-

gineering education, aligning with critical success factors. Foroughi et al. (2024) and Sal-

lam et al. (2023) explore ChatGPT's applications, offering empirical evidence for adoption 

strategies. Thornhill-Miller et al. (2023) and Popkova and Gulzat (2020) expand the dis-

cussion with insights on 21st-century skills and structural change. These top-cited studies 

demonstrate strong alignment with the proposed analytical framework and confirm the 

relevance of the identified subthemes in the global research agenda. 

5. Discussion and Conclusions 

This discussion interprets and synthesizes the findings from a critical perspective, 

addressing the research questions that guided this bibliometric study on the strategic in-

tegration of AI in higher education. This section also highlights the implications of the 

study, its limitations, and the future research directions emerging from the findings. 

Regarding the first research question (RQ1), the results of the thematic map indicate 

that the central themes structuring the literature are those integrating "higher education; 

ChatGPT; AI", "artificial intelligence; machine learning; education" and "digital transfor-

mation; bibliometric analysis; online learning". These clusters, characterized by high cen-

trality and density, not only shape the backbone of the field but also reveal a theoretical 

maturity regarding the use of AI tools, machine learning, and digital transformation pro-

cesses in university settings. These findings align with those proposed by Karan and 

Chakma (2025), who highlight the relevance of student acceptance of AI tools in higher 

education contexts, and with Anik et al. (2025), who focus on institutional maturity frame-

works to integrate Quality 4.0. On the other hand, driving themes such as "educational 

technology" and "learning analytics" show well-developed new conceptual directions, alt-

hough they are still somewhat disconnected from the core. The emergence of niche and 

declining terms like "industry 4.0" and "information literacy" suggests a reshuffling of the 

field, possibly driven by the surge in generative AI. This interpretation confirms that the 

research has moved from consolidating tools and theoretical approaches to exploring new 

emerging applications. 

Concerning the second question (RQ2), the thematic analysis reveals a clear evolu-

tion of strategic subthemes between 2019 and 2024. Initially, critical success factors dom-

inated the discussion, denoting a concern for understanding the necessary conditions for 

effective AI adoption. This result aligns with studies like that of Alzahrani et al. (2025), 

which identify institutional barriers, and Dhamija and Dhamija (2025), who analyze teacher 

attitudes towards AI as a determinant of success. Subsequently, from 2020, essential el-

ements such as "communication technologies", "deep learning", and "artificial neural net-

works" gained prominence, reflecting a shift towards structural and technical aspects. This 

finding reaffirms what Medina-Gual and Parejo (2025), report, focusing on the technolog-

ical implications of student autonomy, and by Jaboob et al. (2025), addressing ethical use 

policies for generative tools.  

Finally, in 2023 and 2024, practical recommendations emerged, driven by the wide-

spread use of tools like ChatGPT. This was also observed by Alm (2024) and Michel-

Villarreal et al. (2023), who highlight the role of generative AI in academic writing and 

evaluation. This thematic shift, although associated with a higher number of publications, 

shows a slight decline in average impact, which may be due to the novelty of the ap-

proaches and the need for more empirical validation. Collectively, a transition is observed 

from the "why" and "what" to the "how" to integrate AI into higher education institutions. 

Regarding the third question (RQ3), the analysis of authors, institutions, countries, 

and sources demonstrates geographical and editorial concentration. Emerging authors 

such as Tariq Mu and Chan CKY, all active since 2024, reflect the recent surge in the 

topic. Institutions like Stanford University and universities in the Middle East lead 
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production, while the United States, China, and the United Kingdom stand out both in 

volume and impact. However, only 49.74% of the countries have contributed at least one 

document, highlighting uneven global participation. The most influential sources, such as 

Sustainability, Education Sciences, and International Journal of Educational Technology 

in Higher Education, consolidate both volume and citations, establishing themselves as 

the main vehicles for knowledge dissemination in this area. 

The fourth question (RQ4) allows for analyzing the relationship between the most 

cited documents and the study's subthemes. The results confirm that the most influential 

articles not only have a high impact but also clearly represent the three subthemes: from 

essential elements like the review by Crompton and Burke (2023) to practical recommen-

dations like the study by Michel-Villarreal et al. (2023), and critical success factors like the 

work of Gürdür Broo et al. (2022). This empirical coherence reinforces the validity of the 

adopted conceptual structure and its usefulness for organizing the bibliometric study field. 

From a theoretical and practical perspective, this study contributes to delineating a 

structured map of research on AI in higher education, facilitating the identification of the-

matic priorities, knowledge gaps, and future academic leaders. Among the most relevant 

implications is the utility of the thematic approach for guiding institutional policies, design-

ing teacher training programs, and defining emerging research lines. For example, the 

results can serve as input for universities to establish roadmaps for evidence-based AI 

adoption, prioritizing areas with high centrality.  

Additionally, thematic clusters can guide the design of teacher training programs that 

address digital competencies most linked to driving themes, such as the pedagogical use 

of generative AI or analytical learning. Moreover, funding institutions can use these find-

ings to focus research calls on emerging subthemes of high density, promoting the devel-

opment of new interdisciplinary lines in the field. However, this study also faces limitations. 

The selection of documents is limited to the period 2019–2024, and the analysis is based 

on bibliographic records, which may exclude relevant works not indexed or in other lan-

guages. Additionally, the results reflect short-term trends due to the novelty of the topic.  

For future lines, it is recommended to conduct co-authorship studies, regional com-

parisons, and longitudinal analyses to observe the consolidation of emerging themes. For 

instance, a co-authorship study could identify international collaboration networks and 

their influence on the quality of scientific outcomes; a regional comparison could reveal 

structural inequalities in AI adoption among universities in Latin America and Asia; and a 

longitudinal analysis could trace the thematic evolution of generative AI use from its emer-

gence in 2022 to its curricular integration in subsequent years. Additionally, integrating 

systematic review methods or data science could enrich the understanding of the phe-

nomenon, for example, by contrasting bibliometric results with qualitative findings on stu-

dent perception or by using text mining to identify patterns in the pedagogical application 

of AI.  

In conclusion, AI in higher education constitutes a rapidly expanding field, where the 

articulation between technology, pedagogy, and institutional management will be key to 

advancing towards truly strategic integration models. 
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