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Abstract

Objective: This research aims to reveal the development of scientific
output in the field of artificial intelligence in higher education, its the-
matic trends, influential publications, and international collaboration
networks. The study aims to contribute to future research and poli-
cy-making processes by mapping the intellectual structure of the field.
Method: The research was conducted using a bibliometric analysis
design. Data were obtained from 196 articles scanned in the Scopus data-
base and meeting the specified criteria. VOSviewer (v1.6.20) software
was used for data analysis. Publication trends, co-authorship, citations,
keyword association, and international collaboration networks were
analyzed. To increase validity and reliability, pre-specified inclusion
and exclusion criteria were applied, the analysis process was reported in
detail, and cross-validation was performed among researchers.

Results: The findings show that artificial intelligence research in
higher education has increased rapidly, especially since 2022, and
that publications constitute approximately two-thirds of the total
studies in 2024. Forty-five percent of the studies fall within the social
sciences, followed by computer science and engineering. Thematic
analysis identified ethics, ChatGPT, generative Al, learning, teach-
ing, and educational technologies as the most frequently co-occurring
concepts. Collaboration analyses revealed that the United States,
Australia, and the United Kingdom hold leading positions in inter-
national research networks.

Conclusion and Recommendations: The research shows that AI
studies in higher education have an interdisciplinary structure and
that technological developments are addressed together with ped-
agogical, ethical, and managerial dimensions. The findings reveal
that Al is not only a technological innovation but also that publi-
cations from 2024 alone account for approximately two-thirds of
the dataset. Future research should incorporate comparative bib-
liometric studies across multiple databases and expand qualitative
and mixed-methods research into the long-term pedagogical and
cognitive effects of Al

Keywords: Bibliometric ~ Analysis, Educational Technology,
Pedagogical Issues, Artificial Intelligence, Higher Education

Ozet

Amag: Bu aragtirma, yiiksekogretimde yapay zeka alanindaki bilimsel
ciktilarin gelisimini, tematik egilimlerini, etkili yayimlarini ve uluslara-
rast igbirligi aglarini ortaya ¢ikarmayr amaglamaktadir. Caligma, alanin
entelektiiel yapisini haritalandirarak gelecekteki aragtirma ve politika
olusturma siireclerine katkida bulunmay1 hedeflemektedir.

Yontem: Arastirma, bibliyometrik analiz deseninde yiriitilmistir.
Veriler, Scopus veri tabaninda taranan ve belirlenen 6lgiitleri kargila-
yan 196 makaleden elde edilmistir. Veri toplama siirecinde PRISMA
ilkeleri izlenmis, analizlerde VOSviewer (v1.6.20) yazilimi kullanilmig-
ur. Yaym egilimleri, ortak yazarlik, auf, anahtar kelime es olusumu ve
tilkeler arasi ig birligi aglar1 analiz edilmistir. Gegerlik ve giivenirligi
artrmak amaciyla agik veri se¢im 6lciitleri uygulanmis, analiz siireci
ayrintili bicimde raporlanmig ve aragturmacilar arasinda capraz dogru-
lama gerceklestirilmistir.

Bulgular: Bulgular, yiiksekogretimde yapay zekd arastirmalarinin
o6zellikle 2022 yilindan sonra hizla arttgini ve 2024 yilinda yayinlarin
toplam ¢alismalarin yaklagik ticte ikisini olusturdugunu gostermektedir.
Aragtirmalarin %45’ sosyal bilimler alaninda yogunlagirken, bilgisayar
bilimleri ve miihendislik diger 6ne ¢ikan alanlar olmugtur. Tematik
analizde etik, ChatGPT, iretken yapay zekd, 6grenme, 6gretme ve
egitim teknolojileri en sik birlikte kullanilan kavramlar olarak belirlen-
migtir. s birligi analizleri ise Amerika Birlesik Devletleri, Avustralya ve
Birlesik Krallik’in uluslararasi arastirma aglarinda lider konumda oldu-
gunu ortaya koymusgtur.

Sonug ve Oneriler: Arastirma, yiiksekdgretimde yapay zeka calismalari-
nin disiplinlerarast bir yapiya sahip oldugunu ve teknolojik gelismelerin
pedagojik, etik ve yonetsel boyutlarla birlikte ele alindigmi gostermek-
tedir. Bulgular, yapay zekdnimn yalnizca teknolojik bir yenilik degil, ayni
zamanda yiiksekogretimde doniisiimii sekillendiren stratejik bir unsur
oldugunu ortaya koymaktadir. Gelecekte farkli veri tabanlarini kapsayan
kargilagtirmali bibliyometrik ¢aligmalarin yiiriitiilmesi, ayrica yapay zeka-
nin uzun dénemli pedagojik ve biligsel etkilerini inceleyen nitel ve karma
yontem aragtirmalarinin artirilmast 6nerilmektedir.
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rtificial intelligence (AI) has begun to create a
A broad impact that extends from policies to entire

education systems. In the context of higher edu-
cation, Al is not only perceived as a technological inno-
vation but also as a strategic element of institutional
transformation. The UNESCO report Al and Education:
Guidance for Policy-Makers (Miao et al., 2021) empha-
sizes the importance of Al in expanding access to knowl-
edge, supporting personalized learning, and strengthening
research capacity. Similarly, the European Commission’s
Horizon Europe program prioritizes Al as a critical field of
research and innovation for higher education institutions
and provides substantial funding opportunities (European
Commission, 2021).

Countries around the world are actively developing strat-
egies and initiatives to integrate Al into higher education.
For example, China has expanded undergraduate and grad-
uate programs in Al and established research centers to
support Al integration, exemplified by Peking University’s
Intelligent Teaching Platform, which enhances person-
alized learning and supports faculty decision-making in
curriculum design (Tlili et al., 2025; Wang & Li, 2020).
India, under its National Education Policy 2020, has devel-
oped Al-focused course content and established centers
to promote Al education (Nayak & Singh, 2022). In the
United States, the National Science Foundation (NSF) has
launched the AI Research Institutes Program to acceler-
ate Al research and education at universities (NSF, 2023).
Collectively, these initiatives demonstrate that Al is
increasingly recognized as a fundamental driver of com-
petitiveness and innovation in higher education globally.

Recent academic studies further extend this perspec-
tive. Jin et al. (2025), in a study covering 40 universities
across six regions, examined the adoption of generative Al
through the lens of the Diffusion of Innovations theory,
revealing how institutional policies are adapted and imple-
mented. Humble (2025) conducted a document analysis of
AT policies at Swedish universities, identifying key themes
and patterns, and developed a dynamic alignment model
for higher education Al policy (DAMHEAP), which high-
lights strategic, pedagogical, ethical and legal, operational,
and adaptive alignments. Likewise, conducted a compara-
tive study of how universities approach generative Al tools
whether through adoption, prohibition, or cautious delay.
Dotan et al. (2024), meanwhile, proposed a “points to con-
sider” framework grounded in faculty perspectives. Taken
together, these studies offer theoretical, comparative, and
contextual insights into the institutional adoption of Al in
higher education.

Against this international backdrop, Tiirkiye has also posi-
tioned Al as a strategic priority. The National Artificial
Intelligence Strategy 2021-2025 outlines six strategic pri-
orities: human capital development, research capacity, data
and infrastructure, ethics and regulations, international
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cooperation, and socio-economic transformation. Within
these areas, 24 objectives and 119 measures have been iden-
tified (Republic of Tirkiye, 2021). As part of this strategy,
higher education institutions are expected to strengthen
AT research, establish interdisciplinary centers, and align
their academic programs with national priorities.

Such substantial support for AI research by national
strategies encourages and fuels researchers’ interest in
AT studies in education. Understanding the trends and
impact of Al-themed scientific production, which is still
in its infancy but rapidly increasing across disciplines, is
therefore important.

Conceptual Framework

Artificial Intelligence in
Higher Education and Bibliometric Analyses

In the last decade, artificial intelligence (AI) has been
used for a range of purposes, including improving student
achievement, supporting teaching processes, streamlin-
ing administration, and personalizing learning. Studies
have shown that the use of Al algorithms improves stu-
dent learning outcomes and increases their motivation
(Manciaracina, 2022). It has been stated that Al in higher
education can improve the quality of education, provide
practical learning and teaching methods, and enhance
assessments to better prepare students for their careers
(Slimi & Carballido, 2023). Al algorithms are also used to
predict student success rates and identify at-risk students.
Al-supported prediction models provide high accuracy in
predicting students’ course success, thus creating opportu-
nities for early intervention (Okubo et al., 2017). Studies
exploring students’ and educators’ perceptions of Al-based
chatbots in higher education have revealed a positive atti-
tude toward these chatbots and their potential to enhance
educational experiences, but have also highlighted con-
cerns about trust, privacy, and reliability of information in
their wider acceptance (Saihi et al., 2024).

When the use of Al in higher education is grounded in
theory, theoretical approaches such as learning analytics,
digital pedagogical transformation models, and ethical the-
ories are prominent. Learning analytics is one of the para-
digms that underpins the pedagogical integration of Al in
higher education. This approach aims to generate mean-
ingful insights from student data (e.g., interaction history,
performance indicators, cognitive processes) and trans-
form this information into personalized learning paths,
targeted interventions, and decision-support systems using
Al-powered systems (Siemens & Long, 2011). In the liter-
ature, large language model-based tools such as ChatGPT
have been examined in the context of the opportunities
and risks created by learning analytics (Yan et al., 2024).
has been proposed to support the responsible, fair, and
transparent use of Al in learning analytics tools (Tirado et
al., 2024). Digital pedagogical transformation models define
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strategic, technological, and pedagogical innovation pro-
cesses that restructure learning environments in higher
education; within this framework, models such as Gilly
Salmon’s 5-Stage Model enable instructional designers to
systematically design blended and online learning experi-
ences (Ruzmetova, 2018; Salmon, 2011). The integration
of Artificial Intelligence into these transformation para-
digms reinforces digital pedagogical transformation by
enabling personalization, real-time feedback, and adaptive
content delivery. For example, Qian etal. (2025) developed
the Smart Education Optimization Model (SEOM), which
uses random forest and graph neural network techniques
to optimize learning paths. Additionally, studies examin-
ing the impact of Al-supported pedagogical innovations
on behavioral intention and usage level indicate that the
adoption of Al-based tools can be a driving force of peda-
gogical transformation in the production of satisfying dig-
ital learning environments (Bayaga, 2025). While models
of digital pedagogical transformation describe the strate-
gic, technological, and pedagogical innovation processes
that are reshaping learning environments in higher educa-
tion, ethical theories theoretically solidify the moral aspects
of this transformation. Deontological ethics, in particular,
advocates for evaluating actions based on fundamental
principles (e.g., justice, privacy, honesty) rather than their
consequences; in this context, it mandates that the use of
Al in education respect students’ autonomy and academic
rights (Floridi & Taddeo, 2016; Porayska-Pomsta et al.,
2023). On the other hand, a utilitarian approach supports
the legitimacy of Al applications related to digital peda-
gogical transformation based on outcomes, based on the
potential of these technologies to maximize educational
efficiency, accessibility, and overall well-being (Yan &
Liu, 2024). These ethical references show that in the dig-
ital era, administrations must build pedagogical structures
not only technologically but also on ethical foundations.

Governments and international organizations are imple-
menting strategies to integrate Al into higher education,
prioritizing ethical frameworks, centers of excellence,
and inclusive practices (Lopez-Chila et al., 2024; Sahar
& Munawaroh, 2025; UNESCO, 2023). Curricula are
being revised to foster competencies such as critical dig-
ital literacy, algorithmic thinking, and ethical awareness,
while universities increasingly adopt adaptive learning
systems, Al-powered assessment tools, and open edu-
cational resources to enhance pedagogical outcomes
and equitable access to knowledge (Delen, 2024). As a
result, universities are transforming from mere course
providers into knowledge-generating institutions that
establish ethical standards, promote interdisciplinary
collaboration, and broaden access in the Al era (Serpil &
Kesim, 2024). A recent UNESCO survey indicates that
nearly two-thirds of higher education institutions are
developing guidance on Al use, reflecting a global trend
toward formalizing Al integration in academic settings

(UNESCO, 2025).
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The increasing importance of Al in higher education
indicates that research in this area is growing rapidly. In
recent years, a significant increase has been observed in
the number of studies focusing on the integration of Al
into educational processes and its pedagogical implica-
tions (Batubara et al., 2024). In addition, more in-depth
research is needed on the long-term effects, ethical
dimensions, and pedagogical implications of Al in higher
education. It is important for future studies to examine
the role of Al in education more comprehensively and
its effects on student achievement, teaching methods
and educational policies (Jones & Sefton-Green, 2021).
Analyses on the pedagogical applications of Al have iden-
tified gaps and potential issues in research in this area
(Hinojo-Lucena et al., 2019). It can be said that these
analyses contribute to filling gaps in the literature by
attracting the attention of academics.

One of these analyses, bibliometric reviews, can process
significantly more studies published over a longer period
with less investment of time and resources, while pro-
viding a comprehensive picture of the development and
status of a field (Herndndez-Torrano & Ibrayeva, 2020).
Bibliometric analyses guide researchers, allowing the
identification of new research areas and the promotion
of scientific production in these areas. Thus, increased
academic production allows for more comprehensive bib-
liometric analyses to be conducted and enables a more
in-depth examination of the literature. This relation-
ship reveals the cyclical nature of academic knowledge:
Bibliometric analyses evaluate existing literature, and the
results of this evaluation form the basis of future research.
Therefore, there is a reciprocal relationship between the
increase in research in a field such as artificial intelligence
research in higher education and bibliometric analyses.

As an approach to mapping a research field, bibliometric
analysis is “a set of quantitative methods used to measure,
monitor, and analyze print-based academic literature”
(Roemer & Borchardt, 2015, p. 28). Bibliometric anal-
ysis uses bibliographic information encoded in academic
databases (ERIC, PsycINFO, Scopus, Web of Science,
etc.) to examine trends in publication and citation data,
the contribution of authors, institutions, and countries
to the development of the field and their scientific col-
laboration networks, and the distribution of publications
across journals and disciplines (Andres, 2009). Although
several bibliometric studies exist (Appana et al., 2025;
Batubara et al., 2024; Hinojo-Lucena et al., 2019; Sahar
& Munawaroh, 2025; Valdiviezo Sir, 2024), those focus-
ing specifically on higher education remain limited..
Therefore, a research gap exists regarding the status of
this rapidly expanding research and knowledge base. This
study is expected to provide a clear understanding of con-
ceptual issues related to Al research by presenting the
current state of the art and will guide future research by

identifying trends in the field.
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This study, consistent with the anticipated results of the bib-
liometric assessment, will contribute to the field of higher edu-
cation and artificial intelligence in various ways. The research
will provide fundamental insights into current developments
in the field, revealing the performance dimension of Al use in
higher education through publication trends, leading authors,
countries, and highly cited studies; and its intellectual struc-
ture through key concepts, topics, citation and co-authorship
networks, and bibliographic links. Furthermore, the findings
will enable the integration of new contributions with the exist-
ing literature and contribute to the shaping of future research
agendas. By highlighting critical gaps in current research, the
study will highlight the importance of Al in higher education
and offer managerial and practical recommendations for stu-
dents, universities, and policymakers.

In this context, the research aims to reveal the general view
of artificial intelligence research in the field of higher edu-
cation using the bibliometric method. The research ques-
tions for this purpose are as follows:

1. What are the growth trend and subject areas of Al
research in higher education?

2. Which journals, articles, and authors are most influ-
ential in the AT literature?

3. What are the dominant themes in the Al literature?

4. What are the patterns of research collaboration in the
Al literature?

Methodology
Research Design

A bibliometric analysis design was used in this research.
Bibliometric analyses are studies that reveal the amount of
scientific production in a specific field, its geographic distri-
bution, networks among researchers, collaboration patterns,
and citation impact. This method offers a broader perspec-
tive for examining the dynamics of a scientific field by reveal-
ing information such as knowledge accumulation patterns,
historical development of themes, and frequently used key-
words (Zupic & Cater, 2015). This design overlaps episte-
mologically with the quantitative research approach based on
the positivist paradigm because it relies on objective, mea-
surable, and repeatable data (Al & Tonta, 2004; Pritchard,
1969). Bibliometric analyses offer advantages such as work-
ing with big data, objectivity, scientific performance analysis,
and science mapping (Yilmaz, 2019). However, this design
also includes disadvantages such as a lack of contextual depth,
citation bias, and interdisciplinary differences (Bornmann &
Daniel, 2005). Bibliometrics, on the other hand, is preferred
for revealing scientific trends and structural relationships
with large data sets. Systematic reviews and meta-synthesis,
on the other hand, offer contextual depth but operate with
a more limited sample size (Yilmaz, 2021). The reason for
choosing this design is to explain the general trend and land-
scape of artificial intelligence research in higher education
without covering the content in great depth.
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Search Criteria, Source Identification, and Analysis

On February 28, 2025, researchers searched the Scopus data-
base for studies containing the following keyword phrases
in the “Article title, Abstract, Keywords” fields: “artificial
intelligence in higher education,” “artificial intelligence in
higher education,” and “generative artificial intelligence in
higher education.” No date restriction was applied. Instead
of selecting keywords individually, these keyword phrases
were searched in their entirety within quotation marks to
protect the study from irrelevant research caused by the
misleading effect of keywords and to create a consistent
structure. The inclusion and exclusion criteria for research
material in the “Article title, Abstract, Keywords” fields in
the Scopus database are shown below.

Inclusion criteria:
®» “a]l-subject areas”

= Being in the “all-time” timeframe

®» Including the phrases “artificial intelligence in higher
education,” and “generative artificial intelligence in
higher education”

» Published journal articles, including bibliometric
articles

Exclusion criteria:
= Articles in press

= Books, book chapters, conference proceedings, or edi-
torial notes

®» Records in which the terms appear only separately
rather than as the complete search phrase

Scopus was selected as the sole data source for this bib-
liometric analysis due to its extensive multidisciplinary
coverage, structured metadata, and compatibility with
bibliometric tools. Scopus indexes a broad spectrum of
academic outputs, which makes it well suited to research
topics such as artificial intelligence in higher education, which
span multiple disciplines including education, computer
science, and the social sciences (Elsevier, 2024; Mongeon
& Paul-Hus, 2016). Its independent Content Selection and
Advisory Board (CSAB) ensures quality control and consis-
tency in indexed material, which enhances the reproducibil-
ity of search results (Falagas et al., 2008).

From a methodological perspective, Scopus provides richer
coverage than the Web of Science (WoS) in certain fields,
particularly the social sciences and education, thereby reduc-
ing the risk of underrepresentation of relevant literature
(Mongeon & Paul-Hus, 2016). While WoS is highly selec-
tive, its narrower coverage could have limited the dataset in
this interdisciplinary research. Other potential sources, such
as Google Scholar, lack consistent metadata quality, formal
curation, and export formats suitable for advanced bibliomet-
ric network analysis, leading to risks of duplication, non-aca-
demic content inclusion, and data noise (Halevi et al., 2017).
Similarly, ERIC, TR Dizin, and YOK Thesis Center, while
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valuable for domain-specific or national studies, would have
narrowed the scope to regional or format-specific publica-
tions, contradicting the objective of constructing an interna-
tional and interdisciplinary literature map.

Although relying on a single database introduces potential
limitations in terms of language, geographical, and disci-
plinary bias (Archambault et al., 2009), Scopus was deemed
the most methodologically appropriate choice for balancing
data diversity, representativeness, and bibliometric analy-
sis compatibility. These limitations are acknowledged, and
future research could integrate WoS, ERIC, or national
databases to triangulate findings and address publication
bias more comprehensively.

Researchers adhered to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guide-
lines (Moher et al., 2009), which specify the steps to be
reported for document identification when conducting sys-
tematic reviews (B Fig. 1). It was decided to include bib-
liometric research articles in the analysis because they are
considered important for the interest in Al research and
provide valuable data by mapping the knowledge generated
in a scientific field.

The search strategy used complete keyword phrases in
quotation marks-such as “artificial intelligence in bigher
education” and “generative artificial intelligence in bigher edu-
cation”-within the Article title, Abstract, Keywords fields,
without restricting the time frame. This phrase-based
approach was adopted to mitigate the misleading effect
of disaggregated keywords, which can capture irrelevant
records, thereby improving the precision of the dataset
(Zupic & Cater, 2015). This search yielded 382 records,
and the data extraction process began. During the data
extraction process, 186 records were excluded, including
books, book chapters, proceedings, editorials and articles
in press. This left 196 published articles in the dataset.
The abstracts of the remaining articles were meticulously
reviewed by the researchers. Abstract screening identi-
fied no irrelevant records, which we attribute to the use
of exact-phrase searching. The resulting 196 records were
exported in CSV format. No data rows with missing infor-
mation were identified in the exported file. Data from 196
articles were analyzed using VOSviewer version 1.6.20,
which fully supports existing Scopus export structures.
The VOSviewer program used for data analysis in this
study is a widely used tool for analyzing and visualizing
citation and collaboration networks in scientific literature
(Van Eck & Waltman, 2010).

The algorithms used in the software include a clustering
algorithm, weighted network analysis, and distance-based
visualization. VOSviewer uses a modularity-based clus-
tering algorithm (Waltman et al., 2010). This algorithm
groups elements within the network based on their simi-
larity, thus highlighting research themes or interdisci-
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plinary areas. Clustering sensitivity can be set by default,
and the depth of analysis can be adjusted if necessary (Van
Eck & Waltman, 2017). The default settings were used in
this study. In weighted network analysis, connections such
as citation counts or joint publications are weighted; this
allows each connection to be evaluated according to its
strength (Van Eck & Waltman, 2010). The minimum num-
ber of connections in the study was set to one.

In distance-based visualization, VOSviewer places data on
a two-dimensional map based on the similarity or strength
of connections between data. It displays the degree of dis-
tance, similarity, or collaboration between objects (Van Eck
& Waltman, 2010). The placement algorithm uses a com-
bination of multidimensional scaling and force-balanced
methods by default.

The primary metrics used in data analysis in this study
include degree centrality and betweenness centrality.
Degree centrality helps identify central actors in the net-
work by indicating the number of direct connections a node
has, while betweenness centrality is used to determine the
nodes’ positions as bridges in the network’s information
flow. These metrics were chosen to understand the struc-
tural dynamics of the network and to identify key actors in
the research area. Furthermore, network structures were
considered with the number of connections, allowing for
the analysis of quantitative information such as the fre-
quency of collaboration or the number of citations.

In this study, the bibliometric analysis conducted with
VOSviewer was structured to clarify not only the work-
flow but also the specific algorithms applied at each stage.
First, during the data import and preprocessing stage,
VOSviewer’s built-in parsing algorithm was used to nor-
malize author names and unify keyword variants using a
thesaurus file; fractional counting was applied for weight-
ing. In the network construction stage, different similarity
measures and counting methods were selected depending
on the network type. For co-authorship and co-citation
networks, association strength normalization was applied
to calculate the similarity between items, as this metric
reduces the bias caused by large-scale authors or docu-
ments and provides more stable link weights. For keyword
co-occurrence analysis, full counting was used to retain the
complete semantic structure of the field. Cluster identifi-
cation was performed using VOSviewer’s modularity-based
clustering algorithm, derived from the smart local moving
(SLM) optimization technique. This algorithm iteratively
maximizes modularity by moving nodes between commu-
nities, thereby producing coherent and statistically mean-
ingful thematic clusters. In the visualization stage, the
study employed the VOS (Visualization of Similarities)
mapping algorithm, which is based on a weighted multidi-
mensional scaling (MDS) approach. This algorithm mini-
mizes the weighted sum of squared distances between items,
ensuring that strongly related items appear closer on the
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two-dimensional map while preserving the global network
structure. Compared to force-directed layout algorithms,
VOS mapping produces more stable and reproducible bib-
liometric maps, which was the main reason for its selection.
Detailing these algorithms is intended to support replica-
tion and extension of the analysis.

W Figure 1
PRISMA Flowchart Showing the Steps of Identifying and Screening
Artificial Intelligence Research in Higher Education (Moher et al., 2009)

( M

Total number of records
identified from the SCOPUS
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e D
4 N -
Number of records determined Books, book chapters, reviews,
Screening in article type from SCOPUS conference proceedings, articles in
database (n=196) press, and editorials and notes
L ) were excluded (n=186)

I
Eligible articles
Eligibility -
n=

N
Articles included in the analysis }

-

Included (n=196)

7

Validity and Reliability

Various strategies were implemented to ensure validity
and reliability in the bibliometric analysis design used in
this study. First, a comprehensive and interdisciplinary
database such as Scopus was chosen to ensure data accu-
racy and consistency (Elsevier, 2024; Mongeon & Paul-
Hus, 2016). Scopus is considered a reliable source for
bibliometric studies due to its broad scope and up-to-date-
ness (Falagas et al., 2008). Furthermore, clear and rigorous
inclusion and exclusion criteria were established during
the data collection process, and systematic data selection
was implemented (Moher et al., 2009). These criteria
increased the representativeness of the sample and allowed
for the exclusion of unnecessary or non-domain-specific
data. During the data analysis phase, the use of scientific
mapping and visualization software such as VOSviewer
contributes to the objective and reproducible presenta-
tion of research results (Van Eck & Waltman, 2010). This
allows cross-validation of different bibliometric indicators
(citation, collaboration, word analysis) and increases the
reliability of the findings.

In order to ensure reliability in the research, audit-trail/
confirmability strategy was also used (Lincoln & Guba,
1985); the selection of the research material, the extraction
of the data, their preparation for analysis, analysis algo-
rithms and parameters were presented in detail. Finally,
the involvement of multiple researchers in the analysis
process and cross-checking the results reduced subjec-
tive influences in interpretations and increased reliability
(Hallinger & Kovacevi¢, 2019). Therefore, the results were
reviewed by multiple researchers to increase the validity
and reliability of the study.
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On the other hand, the inherent limitations of bibliomet-
ric studies should also be considered; for example, a high
number of citations may not always fully reflect the sci-
entific quality or impact of a study (Bornmann & Daniel,
2005). In this context, bibliometric data has been used
only to reveal general trends in the field, and it is recom-
mended to provide a holistic perspective by supporting
it with methods such as content analysis or qualitative
research (Yilmaz, 2021).

Findings

Growth Trend and
Study Areas of Al Research in Higher Education

I Figure 2 presents the growth trend of artificial intel-
ligence literature in higher education research by year.
The first study in the dataset, which includes 196 studies,
was published in 2018 (n=1). Growth was slow until 2022
(n = 8), accelerated in 2023 (n = 34), and peaked in 2024
(n = 131). Studies published in 2024 (n = 131) account for
66% of the dataset, indicating rapid expansion of the liter-
ature. The fact that the number of studies available even
in February 2025, when the research data was downloaded,
was greater than the total of 2022 (n=8), suggests that inter-
est in Al research will continue in 2025.

W Figure 2
Historical Growth of Higher Education Al Research
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When examining the scientific fields where Al research in
higher education is conducted, a very wide range is evident.
The presence of research across 20 different fields illustrates
the interdisciplinary nature of Al. While the majority of Al
research is conducted in the social sciences, it is followed
by computer science, engineering, business, management
and accounting, psychology, economics, econometrics and
finance, and health professions. Although AI might seem
like a technical subject belonging primarily to computer
science, the fact that research in the social sciences (45%)
constitutes the largest portion indicates the weight given to
AT’s social dimensions (' Fig. 3).

Influential Journals, Articles, and Authors

In practice, this analytical approach involves ranking
authors by publication count to identify productive schol-
ars, as well as ranking them by citation count to assess aca-
demic impact and growth patterns across different research
areas (Kavitha et al., 2024). The selected parameters (type
of analysis: citation; unit of analysis: document; minimum
number of citations per document: 1) revealed that educa-
tion and technology-focused journals are more prevalent
among the journals containing the most cited articles on
Al research in higher education. Only two higher educa-
tion journals appear in the list. It is also noteworthy that
the journals’ focus topics cover a wide range, emphasizing
the interdisciplinary nature of Al research in higher edu-
cation. The most cited article was “Chatting and cheating:
Ensuring academic integrity in the era of ChatGPT” by
Cotton et al., published in Innovations in Education and
Teaching International in 2024. The most cited authors
are Cotton, D. E. R., Cotton, P. A., and Shipway, J. R,,
who are co-authors of the same article with 685 citations
(M Table 1). Although citation counts normally accumu-
late with time since publication, recent studies in the field
of artificial intelligence are also highly cited. This situa-
tion is due to the very rapid progress of developments in
the field of Al, and points to the speed at which knowledge
in this field circulates and dates. Bibliometric studies are
relatively more common among the most cited studies.
This pattern likely reflects the intense interest in artifi-
cial intelligence literature and the need to follow current
research on this subject.
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To uncover authors who have made an impact in higher
education Al literature, the research productivity of the
authors was examined (M Fig. 4). In terms of research
productivity, the top ten authors with the highest out-
put are Crawford, Rudolph, and Segbenya with three
articles each, followed by Al-Zahrani, Alasmari, Bervell,
Bozkurt, Christen, Darvishy, and Fleischmann with two
articles each.

Thematic Overview of
Al Literature in Higher Education

A co-occurrence analysis of keywords was conducted to
determine the thematic trend of artificial intelligence
research in higher education (M Fig. 5). Keyword analy-
sis provides important insights that can be used to reveal
the conceptual focal points of artificial intelligence in
higher education. Furthermore, according to Hallinger and
Kovacevic (2019), keyword co-occurrence analysis offers a
more detailed picture of the composition of the knowledge
base. Based on the selected parameters (type of analysis:
concurrency; unit of analysis: additional keywords; count-
ing methods: full count; minimum number of occurrences
of a keyword: 2), 97 of 570 co-occurring keywords were
identified. The most frequently occurring keywords in the
articles were ‘higher education’ (n=109), ‘artificial intel-
ligence’ (n=99), ‘ChatGPT’ (n=35), ‘generative artificial
intelligence’ (n=26), and ‘artificial intelligence’ (n=17).
Apart from the synonyms of higher education and artifi-
cial intelligence, the keywords frequently used together are
listed as ‘ethics’ (n=11), ‘education’ (n=9), ‘learning’ (n=8),
‘teaching’ (n=6), ‘educational technology’ (n=6), ‘technol-
ogy’ (n=5), and ‘pedagogy’ (n=5). The findings indicate that
ethics, education, learning, teaching, and educational tech-
nology are frequently addressed together in Al research in
higher education and are dominant in the thematic outlook
of the field. This is consistent with the fact that 45% of Al
research is in the social sciences.

W Figure 5
Thematic View of Al Literature in Higher Education
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Research Collaboration View of
Al Literature in Higher Education

An analysis of co-authorships between authors and coun-
tries was conducted to reveal the collaborative power of
artificial intelligence research in higher education. Among
348 authors whose articles received at least one citation,
the strongest collaborations were formed by 17 authors.
According to the selected parameters (type of analysis:
co-authorship; unit of analysis: author; counting method:
complete count; minimum number of documents per
author: 1; minimum number of citations per author: 1), it
was determined that these research collaborations were
most established by Crawford (n=18) and Rudolph (n=17),
who are located in the center of the network map. On
the right side of the map, the collaboration cluster where
Crawford is most active includes Cowling, Pani, and Allen.
Examining the keywords of the researchers in these part-
nerships revealed that this cluster represents topics related
to learning, leadership, and psychology in AI. The other
cluster, led by Rudolph in the lower-left side of the map,
consists of Ismail (M. F. M) and Popenici. These research-
ers investigate topics such as Al, student engagement, and
chatbots in higher education (B Fig. 6).

It is also considered valuable to identify countries that col-
laborate through co-authorship in Al research in the field
of higher education. The top 60 countries with the most
research collaborations that received at least one citation
are the United States (n=13), Australia (n=13), and the
United Kingdom (n=13) (W Fig. 7).
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Discussion

This study, based on a bibliometric analysis of artificial
intelligence (AI) research in higher education, shows that
the field is growing rapidly after 2022. This growth is pro-
jected to continue through 2025. Similarly, the literature
has noted this increase in recent years (Crompton & Burke,
2023). This is attributed to the increasing emphasis on per-
sonalized learning, adaptive teaching methodologies, and the
integration of Al technologies into classrooms (Dogan et al.,
2023) as well as the significant importance of Al, particularly
in education (Ivanova & Holotescu 2024). This increase in
artificial intelligence research in higher education can also
be explained by rapid technological developments that have
significantly expanded the applications of artificial intelli-
gence in various academic and administrative fields (Sahar
& Munawaroh, 2025). Many countries and institutions pri-
oritize artificial intelligence research to develop data-driven
decision-making tools for higher education institutions, as
well as to increase academic productivity (Lin & Yu, 2024).
Therefore, it seems that efforts to integrate artificial intelli-
gence into pedagogy, academia and governance are effective
in the growth of this research volume.

The study found that artificial intelligence (AI) studies in
higher education encompass 20 different scientific fields,
demonstrating an interdisciplinary character. The high pro-
portion of studies in the social sciences, at 45%, demonstrates
that Al is not only a technical innovation but also receives
intensive attention for its social, ethical, and pedagogical
dimensions. This finding aligns with studies emphasizing the
increasing importance of the social and human dimensions
of Al in education and learning environments (Akhmadieva
et al., 2023; Al-Zahrani & Alasmari, 2024). The fact that
computer science and engineering follow the social sciences
demonstrates that the technical foundations of Al are also
strongly present in research, and that the interaction between
technical development and societal implications is mutually
nourishing. Furthermore, studies in the fields of business,
management, accounting, and psychology demonstrate that
Al is not limited to educational performance or technical
processes but also encompasses multidimensional outcomes
such as decision-making, organizational transformation, and
learning behaviors (Prieto-Gutiérrez et al., 2023). This dis-
tribution reveals that the social dimension of Al is strongly
conceptualized in higher education, but technical aspects are
not ignored. The dominance of social sciences suggests that
societal questions such as ethics, privacy, and inequality are
prominent in research, while technical issues such as algorith-
mic performance and data quality remain relatively limited.
Therefore, interdisciplinary collaborations can contribute to
the sustainable and responsible use of Al in higher education
by integrating technical and social dimensions (Hajkowicz &
Sanderson 2023).

Al research in higher education is concentrated in education
and technology-focused journals, taking an interdisciplinary
approach. This demonstrates that not only the technical but
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also the pedagogical and ethical aspects of Al are important.
The recent and heavily-cited cited study by Cotton et al.
(2024) on ChatGPT in the context of academic integrity
demonstrates the centrality of ethical discussions in the
literature. Similarly, examining the impact of ChatGPT
on academic integrity, Evangelista (2025)highlights the
increasingly important role of Al in education.While
research indicates that Al has tremendous potential to
enhance learning efficiency and academic performance, its
successful implementation also requires addressing con-
cerns about accuracy, cognitive disengagement, and ethical
implications (Vieriu, 2025). In this context, the effective-
ness of Al applications in higher education depends not
only on technical capacity but also on pedagogical design,
ethical guidance, and careful consideration of students’
cognitive processes.

Thematic analysis findings clearly demonstrate the con-
ceptual focus and evolutionary nature of Al research in
higher education. The most frequently occurring keywords,
“higher education” and “artificial intelligence,” confirm
the field’s fundamental framework, while the prominence
of current concepts such as “ChatGPT” and “genera-
tive artificial intelligence” demonstrates that the research
agenda is rapidly being shaped by technological innova-
tions. Furthermore, the extensive use of concepts such as
“ethics,” “learning,” “teaching,” “educational technology,”
and “pedagogy” demonstrates that the literature does not
focus solely on technical aspects but also systematically
addresses ethical, social, and pedagogical implications.
Consistent with the fact that approximately 45% of studies
in the field are located in the social sciences, the findings
reveal that Al is not considered a purely instrumental tech-
nology in higher education but rather a multidimensional
phenomenon associated with values, learning processes, and
institutional transformation. This shows that the research
agenda is concentrated on three main axes - technological
developments, pedagogical processes, and ethical — social
dimensions, and that the field will continue to evolve
around this triple structure in the future. This underscores
the importance of considering Al not only as a technical
innovation but also in its social and pedagogical dimensions
(UNESCO, 2025). The role of Al in educational processes
has attracted global attention due to its potential to provide
personalized learning opportunities and facilitate teaching
processes (Manciaracina, 2022). However, the literature
lacks sufficient empirical evidence regarding the long-term
pedagogical impact of the high-interest in such technolo-
gies. In particular, tools that facilitate short-term instruc-
tional processes, as well as the potential negative impacts
on long-term student independence, critical thinking, and
evaluation, need to be systematically examined. Recent
studies have begun to address these concerns. Shidiq (2023),
testing creative writing development in Al-supported
instruction, found that Al is effective in developing creative
writing skills; However, teachers should manage the process
in a controlled manner. For instance, Kosmyna et al. (2025)
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found that students using ChatGPT had the weakest neu-
ral connectivity across EEG bands, and performed poorly
in cognitive functions such as executive control, memory,
and creativity. Therefore, while Al tools offer immediate
instructional benefits, their potential to undermine essen-
tial cognitive skills necessitates comprehensive research into
their long-term effects.

The co-authorship analysis of Al research in higher edu-
cation revealed two significant clusters of scholarly collab-
oration that not only map interpersonal and institutional
networks but also shed light on the intellectual architecture
of the field. The first cluster, centered around Crawford and
his collaborators such as Cowling, Pani, and Allen, high-
lights a strong orientation toward the intersections of learn-
ing, leadership, and psychology in the integration of Al in
higher education. This cluster reflects a strand of research
that conceptualizes Al not merely as a technical innovation
but as a catalyst for rethinking pedagogical practices and
leadership frameworks in universities. Crawford et al. (2023)
argue that Al-related transformations demand adaptive
leadership, critical reflection on learning design, and insti-
tutional strategies that support ethical and sustainable use
of technology. Their work resonates with Zawacki-Richter
et al. (2019), who emphasize that the successful adoption
of Al requires not only technological readiness but also the
cultivation of faculty competencies and organizational cul-
tures that align with ethical values such as justice, transpar-
ency, and academic integrity. By positioning leadership and
psychological perspectives at the center of Al research, this
cluster contributes to shaping an intellectual tradition that
prioritizes human development, institutional responsibil-
ity, and systemic change. The second cluster, anchored by
Rudolph is distinct in its thematic focus on the application of
Al-driven tools, particularly chatbots, and their implications
for student engagement and learning. Rudolph et al. (2023)
highlight that chatbots have become a critical site of innova-
tion, offering new opportunities for enhancing immediacy,
personalization, and support in higher education contexts.
Similarly, Popenici and Kerr (2017) underscore the disrup-
tive potential of Al in reshaping how students interact with
knowledge, raising both opportunities for engagement and
concerns about the erosion of human-centered pedagogical
values. Taken together, this cluster represents the “applied”
dimension of Al research in higher education, foreground-
ing the design, deployment, and evaluation of Al systems
for concrete educational purposes. The existence of these
two clusters points to a bifurcation in the intellectual struc-
ture of the field. On the one hand, the Crawford-centered
cluster reflects a socio-psychological and leadership-ori-
ented paradigm that emphasizes the broader organizational
and ethical implications of Al adoption. On the other hand,
the Rudolph-centered cluster reflects a techno-pedagogical
paradigm that concentrates on practical applications, stu-
dent engagement, and tool-specific affordances. This duality
mirrors what Liu et al. (2023) describe as the ‘dual prom-
ise’ of Al in education, where scholars are simultaneously
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tasked with advancing innovative practices and confront-
ing the ethical, cultural, and institutional challenges that
shape technology use in higher education. It also reflects
broader debates in the literature concerning whether Al
in education should primarily be understood as a tool for
efficiency and innovation or as a transformative force with
profound implications for equity, ethics, and institutional
governance (Akgun & Greenhow, 2022; Williamson &
Eynon, 2020). From an intellectual structure perspective,
these clusters suggest that Al research in higher education
is consolidating into two partially overlapping but distinct
subfields. The leadership- and psychology-oriented subfield
situates Al within discussions of human agency, organiza-
tional learning, and ethical responsibility, while the appli-
cation-oriented subfield situates Al within debates on tool
design, usability, and learning outcomes. Importantly, the
interaction between these subfields indicates a dynamic
research ecology in which practical experimentation with Al
technologies informs, and is informed by, broader concep-
tual debates about the role of higher education in the age of
intelligent machines. Such an ecology underscores the need
for interdisciplinary collaboration that bridges technologi-
cal expertise with social sciences perspectives, ensuring that
AT’s integration into higher education remains both innova-
tive and human-centered.

The research results reveal that the United States, Australia,
and the United Kingdom are leading research collabora-
tions, and policy support in these countries strengthens their
positions in the global research ecosystem. Similar findings
are also found in the literature (Bergmann & Miiller, 2023;
Jones & Sefton-Green, 2021). Furthermore, the finding is
consistent with Xie et al.’s (2024) study comparing the Al
policies of different countries, demonstrating the impor-
tance of countries’ Al policies in these collaborations.
However, the concentration of collaboration networks pri-
marily among developed countries also poses the risk of
regional imbalances in knowledge production. This imbal-
ance could be addressed by building AI research capacity
in lower- and middle-income countries and by funding
schemes that reward cross-regional co-authorship.

Conclusion

Research on artificial intelligence in higher education has
expanded rapidly in recent years, reflecting the growing
integration of Al technologies into teaching, learning, and
institutional practices. The field demonstrates a strong
interdisciplinary character, encompassing social sciences,
computer science, engineering, business, and psychology.
This indicates that Al is not only a technical innovation but
also a phenomenon with profound social, ethical, and ped-
agogical implications. Thematic trends reveal that research
focuses on three interrelated dimensions: technological
development, pedagogical processes, and ethical and social
considerations, highlighting a multidimensional under-
standing of Al in higher education. Analyses of scholarly
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collaborations reveal two dominant clusters shaping the
intellectual structure of the field. One cluster empha-
sizes leadership, learning, and psychological perspectives,
highlighting the ethical and organizational dimensions of
AT integration. The other cluster focuses on applied Al,
including educational technologies, chatbots, and student
engagement, reflecting the practical implementation of AI
in learning environments. The coexistence of these two
trajectories highlights the importance of interdisciplinary
collaboration in balancing technological innovation with
social, ethical, and pedagogical concerns, thereby promot-
ing the sustainable and human-centered adoption of AL
Despite the rapid growth and diversification of research,
challenges remain. Regional disparities in research col-
laboration and limited empirical evidence regarding
long-term cognitive and pedagogical effects of Al war-
rant attention. For practice and policy, higher education
institutions should develop comprehensive strategies that
integrate Al tools with pedagogical design, faculty devel-
opment, and ethical guidelines, ensuring that technology
enhances learning outcomes without compromising criti-
cal cognitive or social skills.

In practical terms, this study makes several contributions to
the literature: it provides a detailed mapping of Al research
in higher education, identifies influential authors and jour-
nals, highlights thematic priorities such as ethics and ped-
agogy, and emphasizes the interdisciplinary character of
the field. These contributions can inform educators, pol-
icymakers, and researchers about the current landscape of
AT research and guide strategic decisions for integrating
Al in higher education. Overall, this study contributes to
understanding the evolution, interdisciplinary nature, and
intellectual structure of Al research in higher education,
providing a foundation for future research, institutional
strategies, and policy development.

At the same time, the study has certain limitations. As a
bibliometric analysis, it primarily captures publication
volume, citation patterns, and collaboration networks,
but does not assess the qualitative impact of research, the
effectiveness of Al applications in classrooms, or the long-
term pedagogical consequences of Al use. Therefore, while
it provides a valuable overview of trends and patterns, the
findings should be complemented with qualitative, exper-
imental, or mixed-method studies to gain a deeper under-
standing of Al’s influence on teaching and learning.
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