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Abstract

There has recently been a pronounced global escalation in scholarly output concerning
Artificial Intelligence (Al) within the context of higher education (HE). However, the precise
locus of this growth remains ambiguous, thereby hindering the systematic integration of
critical Al trends into HE practices. To address this opacity, the present study adopts
a rigorous and impartial analytical approach by synthesizing datasets from the Web of
Science (WoS) and Scopus through the Biblioshiny platform. In addition, independent
examinations of WoS and Scopus data were conducted using co-occurrence network anal-
yses in VOSviewer, which revealed comparable patterns of cluster strength across both
datasets. Complementing these methods, Latent Dirichlet Allocation (LDA) was employed
to extract and interpret thematic structures within locally cited references, thereby pro-
viding deeper insights into the extant research discourse. Findings revealed significant
acceleration patterns from 2023 concerning publication trends, annual growth patterns,
cited references, top authors, leading journals, and leading countries. Patterns of strengths
from co-occurrence networks in VOSviewer revealed growing interest in generative Al
tools, Al ethics, and concerns about Al integration into the curriculum in HE. The LDA
analysis identified two dominant themes: the pedagogical integration of generative Al tools
and broader academic discourse on Al ethics that correlated with the VOSviewer findings.
This enhanced the credibility, reliability, and validity of the bibliometric techniques applied
in the study. Recommendations and future directions offer valuable insights for policy-
makers and stakeholders to address pedagogical integration of generative Al tools in HE.
The development of frameworks and ethical guidelines are important to address fair and
transparent adoption of Al in HE. Further, global inequalities in adoption, aligning with
UNESCO’s Sustainable Development Goals, are crucial to ensure equitable and responsible
Al integration in HE.

Keywords: artificial intelligence; bibliometrics; higher education; scientific mapping;
performance analysis; policymaking; ethical risk; sustainability

Informatics 2025, 12, 137

https://doi.org/10.3390/informatics12040137


https://doi.org/10.3390/informatics12040137
https://doi.org/10.3390/informatics12040137
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/informatics
https://www.mdpi.com
https://orcid.org/0000-0002-7274-7635
https://orcid.org/0000-0002-9942-1846
https://orcid.org/0000-0002-0164-9114
https://orcid.org/0000-0003-0451-8045
https://doi.org/10.3390/informatics12040137
https://www.mdpi.com/article/10.3390/informatics12040137?type=check_update&version=1

Informatics 2025, 12, 137

2 0f 23

1. Introduction

Post-COVID-19, Higher Education Institutions (HEIs) began exploring the use of Arti-
ficial Intelligence (AI) to enhance their teaching, learning, and research agendas [1]. Whilst
integrating Al elucidates that HEIs are progressive, it also presents challenges, including
ethics, credibility, bias, reliability, cybersecurity, financial sustainability, technological in-
frastructure, and professional development [2,3]. Al appears to improve, enhance and
simplify academic programmes at HEIs. However, within the parameters of universities,
it is gradually eroding the fabric of education by replacing human-centred approaches
with machines [4,5]. Moreover, Al also transcends beyond the boundaries of HEIs into the
private and public sectors [6]. Large corporations and small- to medium-sized companies
use Al to justify a return on investment by improving profit margins and reducing the need
for human resources. Kumar and Rao [7] posit that within the context of HEIs, academics
and students are foremost in Al discussions, questioning teaching methods, assessments,
and disrupting normative patterns. Discussions on Al integration into the curriculum
cause apprehension, with opacity in how it should unfold and not compromise teaching
or learning boundaries [8]. Currently, there are no definitive answers on Al integration
within the curriculum at HEIs [9]. Although Al promises to improve educational access
and creativity, the higher education industry lacks a comprehensive grasp of its worldwide
research patterns, ethical implications, and regional differences. Recent reports highlight
this fragmentation. EDUCAUSE’s Horizon Action Plan [10] highlights the lack of agree-
ment on Al's educational function, while Eaton and Keyhani [11] emphasize that academic
integrity frameworks have not advanced with generative Al capabilities. Furthermore,
uneven adoption between the Global North and South continues to impede equitable
participation in Al-driven transformation [12,13]. This study tackles these deficiencies by
undertaking a decade-long bibliometric mapping (2015-2025) that quantifies worldwide
productivity, identifies key contributors, and clarifies emergent topic clusters impacting Al
in higher education. Interestingly, the term “Al” was coined in 1955 by John McCarthy, a
mathematician and computer scientist. McCarthy had the foresight to predict that humans
would engineer intelligent thinking machines [14]. These machines would be intuitive and
provide solutions to problems, unthinkable at the time McCarthy lived. Sixty-seven years
later, McCarthy’s foresight materialized, and it is unequivocally clear that the Al wave is a
permanent fixture in HEIs post-COVID-19.

Recent scholarship underscores that generative artificial intelligence (GenAl) is no
longer a peripheral innovation but a transformative force in teaching, learning, and insti-
tutional governance. Eaton and Keyhani [11] emphasize that GenAl technologies compel
educators to rethink academic integrity and assessment ethics, while the EDUCAUSE
Horizon Action Plan [10] identifies generative Al as the most rapidly adopted technology
in higher education history, reshaping pedagogy, research, and administrative decision-
making. Likewise, Weil [13] describes this period as Digital Transformation 2.0, in which
Al accelerates systemic change across technology, culture, and the workforce, necessitating
new kinds of leadership and ethical literacy. Fleming [12] emphasizes higher education’s
critical role in fostering public trust in Al research, describing institutions as ethical stew-
ards rather than passive adopters. Collectively, these analyses highlight the significance
of documenting the previous decade’s increase in Al scholarship and support the current
study’s bibliometric focus on identifying the themes, actors, and ethical issues that define
Al’s absorption into higher education.

Undoubtedly, Al does explicitly provide solutions to the problems facing society.
However, there are disparities, as the Global North has greater opportunities, apart from
countries in the Far East [15,16]. This is concerning since the United Nations Educational,
Scientific and Cultural Organization’s (UNESCO) Sustainable Development Goals (SDGs)
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highlight the importance of quality education, inclusivity, equality, and justice with the aim
to “leave no one behind’ [17,18]. Juxtaposed, the Al discourse is raging in the literature, yet
countries in Africa, Asia, South America, and certain countries in the Middle East are still
grappling with widening gaps in issues related to SDGs 1 and 6 [19,20]. This is compelling
as, despite pressing challenges, scholars from the developing world continue to contribute
to the Al discourse [21]. One must be bold enough to admit that there are anomalies in
SDGs 1, 4, 6, 10, and 16 when comparing HEIs from the Global North and South [22]. With
all these inequalities, it is fascinating that HEIs across the globe are still rapidly evolving
at an alarming rate toward Al-based education, notwithstanding the Global North and
South debate.

Academic programmes are in chaos and require strategic direction since challenges
persist with generative Al platforms that provide generic responses in nanoseconds to
academics and students, let alone the hallucinations [23,24]. This has fundamentally chal-
lenged traditional teaching methods, learning paradigms, and research practices, disrupting
the foundations of education at HEIs [25]. Consequently, novel paths need to be mapped,
charted, and then navigated to address the role of HEIs in the age of Al [26]. Hence, it is
against this backdrop that the authors conducted a bibliometric analysis to ascertain how
Al has accelerated and impacted HEIs over the past decade. The objective was to explore
which are the leading authors, countries, citations, documents, journals, and network
collaborations, trends, growth patterns, and thematic clusters over the last decade. This
is important to know as it can assist in gaining a deeper understanding of the countries,
authors, and journals that are leading the race against Al in reshaping policies, governance,
strategies, pedagogy, and learning at HEIs. Furthermore, the study underscores the ethical
and privacy concerns associated with Al at HEIs through a quantifiable analytical lens.
Thus, the following research questions were explored:

RQ1. What are the global research trends related to Artificial Intelligence and Higher
Education Institutions?

RQ2. Which are the leading journals that have actively contributed to Artificial
Intelligence and Higher Education Institutions?

RQ3. Who are the leading authors and which countries have actively contributed to
Artificial Intelligence and Higher Education Institutions?

RQ4. Which are the most-cited articles contributing to the body of knowledge on
Artificial Intelligence and Higher Education Institutions?

The study aimed to answer these research questions to explore whether disparities
exist between Al and HEIs from a global perspective. This is vital since the SDGs aim
to reduce inequalities by 2030 and provide quality education. Juxtaposed, the literature
underscores widening gaps in Al and HEIs between the Global North and South. There-
fore, this study explored whether inequalities exist through quantifiable data, providing
valuable insights to policymakers, university stakeholders, and practitioners to address
these disparities at HEIs globally as society approaches 2030.

This study is significant because it provides an evidence-based foundation for policy-
makers, educators, and researchers to manage the ethical, pedagogical, and governance
issues raised by generative Al The research supports strategic planning in accordance with
the United Nations Sustainable Development Goals, particularly SDG 4 (Quality Education)
and SDG 10 (Reduced Inequality). As higher education moves into the ‘Age of Al' [13],
empirically grounded bibliometric findings like these are critical for ensuring equitable,
accountable, and human-centred digital transformation. The findings also reinforce the
call from EDUCAUSE [10] for institutions to balance innovation with ethical steward-
ship, ensuring that generative Al tools empower rather than replace human creativity and
academic integrity.
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2. Method
2.1. Bibliometric Analysis

The “x-factor” of this bibliometric study lies in its comprehensive global scientific map-
ping and performance analysis of Al in HE, through combining and integrating datasets
from both the Web of Science (WoS) and Scopus databases. Performance analysis focused
on leading countries, authors, global trends, co-authorship analysis, and collaboration
networks, providing valuable insights into scholarly interconnectedness. These scientific
mapping and performance analysis techniques enabled the authors to determine the ac-
celeration patterns of Al and its impact on higher education between 2015 and 2025. To
do this, the authors used bibliometric software (Biblioshiny Version 4.1.3) to analyze the
bibliometric data [27]. This software uses a descriptive level of analysis and knowledge
structures to merge and view data from databases such as WoS and Scopus. Biblioshiny
also enables researchers to configure results, interpret findings, draw associations, plot
data trends, and make recommendations. Ultimately, this study provides stakeholders
with scientifically reliable and valid data to determine the strategic direction for HEIs. To
address the research questions (RQ1-RQ4), 22,646 literature sources related to Al and HEIs
were analyzed between 2015 and 2025 (23 May 2025). Figure 1 illustrates the method,
comprising four stages.

Stage 4 -
Stage 1 - Upload combined dataset to
Selection of citation databases Biblioshiny using RStudio for
bibliometric analysis
Stage 3 -
Stage 2 - Merge (29,411), remove
Export results from Scopus duplicates (6765) and combine
(Bibtex - 19,103) and Web of | datasets (22,646) from Web of
Science (Plain Text - 10,308) Science and Scopus using
RStudio

Figure 1. Stages for merging data. Source: Figure by authors.

2.2. Selected Databases and Search Strategies

Experts in the scientific mapping of research highlight WoS and Scopus as reputable
citation databases when attempting bibliometrics and systematic reviews [28]. This study
was no different, as both WoS and Scopus were used to find, organize, and analyze data
on the acceleration and impact of Al in HEIs. A search strategy was formulated using
appropriate terms for searching WoS and Scopus. The primary search terms Al or “arti-
ficial intelligence” and “higher education” were combined with secondary terms when
searching WoS and Scopus. The secondary terms included derivatives such as universit*
OR “academic institution*” OR college* OR “higher education” OR “tertiary institution*”
to describe HEIs. Terms with alternate meanings were identified and removed from the
results to maintain relevancy in the dataset. These terms included “Apnea index” OR
“American Indian*” OR “Aromatase inhibitors” OR “acetabular index” OR “ai ha”. Tradi-
tionally, Al has a lengthy history spanning sixty years. Nonetheless, this study explored
the acceleration and impact of Al during the past decade at HEIs, since it has recently been
gaining momentum in the literature [29].
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To ensure integrity and transparency, the authors applied the same criteria in both
WoS and Scopus during the research process. The only exception is that WoS has another
criterion built into the search string results—Keyword Plus. This criterion improves search
results by combining words or phrases that appear in article references but not in the
actual article. Table 1 presents the search criteria used in the two citation databases, WoS
and Scopus.

Table 1. Search criteria used in WoS and Scopus.

Concept one—AI and related terms AI OR “artificial intelligence”
AND

universit* OR “academic institution*” OR
college* OR “higher education” OR
“tertiary institution*”

Concept two—Higher education and
related terms

NOT

“Apnea index” OR “American Indian*”
Concept three OR “Aromatase inhibitors” OR
“acetabular index” OR “ai ha”

Source: Table by authors.

2.3. Merging and Mapping the Data Using Bibliometric Research Steps

Figure 1 illustrates the stages of conducting a bibliometric analysis, commencing with
selecting databases (Stage 1) and culminating in utilizing Biblioshiny for performance anal-
ysis and scientific mapping (Stage 4). In Stage 1, the authors had robust discussions about
which databases should be considered for the bibliometric analysis. WoS and Scopus were
selected as the literature pointed to these being the two world leaders in indexing scientific
works [30]. Stage 2 entailed retrieving results using Scopus (Bibtex format) and WoS (Plain
text format) to facilitate data preparation. During Stage 3, the novelty and integrity of this
study were unearthed using RStudio software version 2024.12.1. This software merges
data, removes duplicates, and combines data from Bibtex (Scopus) and Plain Text (WoS)
files into one Excel spreadsheet. Additionally, during Stage 3, the Bibtex (Scopus—19,103)
and Plain Text (WoS—10,308) datasets were combined (18,763) into an Excel spreadsheet,
with duplicates removed (6765) using RStudio, resulting in a final combined dataset of
22,646 being ready for uploading into Biblioshiny, an interactive online web-based tool
available via RStudio. Biblioshiny interprets datasets from citation databases in Excel
format, providing visual and tabulated graphical information [31]. Notably, visual and
graphical information in Biblioshiny is categorized by authors, countries, journals, citations,
institutions, and collaboration networks. Biblioshiny opened an empirical window to view
the acceleration of Al and its impact on HEIs through an objective-based orientation screen.
It provided multiple layers of data, allowing for deeper insights into trends, performance
analysis, and patterns of scientific mapping on Al and HEIs.

3. Discussion of the Findings
3.1. Publication Growth Trends and Annual Scientific Production (RQ1)

To explore the topic, a combination of datasets from Scopus and WoS between January
2015 and May 2025 was merged. Figure 2 presents 22,646 documents, of which 2826 were
single-authored publications across 7125 sources. Within the context of Al and HEISs, there
was an average citation per document of 8.565 from references of 684,662 between 2015 and
2025. The average citations per document indicate a significant usage trend and annual
growth rate of 26.29% in the past decade on the topic, as depicted in Figure 2. Nonetheless,
it is interesting to note that acceleration points are mainly depicted between 2023 and 2025,
as shown in Figure 3. This could be attributed to the limited interest in Al within HEIs
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Timespan

2015:2025 7125 22,646 26.29 %

Authors

63,121

Author's Keywords (DE)

42,932

from 2015 to 2022 [32]. Findings in Crompton and Burkes Crompton and Burke [33] concur
that there were limited opportunities with challenges and less interest at HEIs before 2023.
Considering this, it is anomalous that bibliometric studies present a positive trajectory and
narrative on Al in HEIs from 2015 to 2022 [34-38]. Conversely, the period 2015 to 2022
demonstrated limited upward mobility due to the infancy of the topic [39]. Furthermore,
numerous bibliometric studies concur with Khan et al. [39], indicating low growth trends
before 2023 [34-37,40-42].

Sources Documents Annual Growth Rate

Authors of single-authored docs International Co-Authorship Co-Authors per Doc

2826 11.6 % 4.49

References Document Average Age Average citations per doc

684,662 2.54 8.565

Figure 2. Overall information retrieved generated by Biblioshiny (Version 4.1.3).

8000
7000
6000
5000
4000
3704
3000

2000

Annual Scientific Production

1000

0
2014 2016 2018 2020 2022 2024 2026

Figure 3. Publication growth trends and annual scientific production (2015-2025) generated by
authors and data from Biblioshiny (Version 4.1.3).

This is fascinating since experts allude to a scarcity of Al research at HEIs, even after
the COVID-19 pandemic [43—45]. In the nomological process of understanding data from
bibliometric studies, recent trends seem to be blurred on the topic. From the authors’
perspective, the emphasis on Al within HEIs gained momentum in 2023, coinciding with
the post-pandemic era. Pasara and Mhlanga [46] posited that the COVID-19 pandemic
was the catalyst, accelerating AI. However, interest only emerged from 2023 onwards.
Furthermore, Figure 3 supports Pasara and Mhlanga’s [46] perspective by illustrating
gradual linear progress between 2015 and 2022, followed by a steep acceleration from
2023 onwards. Thus, this seems to be a rational argument since researchers began seriously
plugging their thoughts into Al and its importance to HEIs in 2023 [39]. Juxtaposed,
the authors adequately justified their position from the literature and Figures 2 and 3.
However, post-pandemic, a sustainable and transformative agenda is critical for HEIs
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concerning Al Sustained transformation must include socio-economic recovery plans to
reduce unemployment and poverty and bridge the inequality gap to address UNESCO’s
Agenda 2030 to leave no one behind, irrespective of the Global South or North debate
at HEIs.

3.2. Leading Journals and Bradford’s Law (RQ2)

Table 2 illustrates the leading journals between 2015 and 2025. Leading journals are
categorized in Biblioshiny into three zones by Bradford’s Law. This is defined through
the process of scattering or distribution [47,48]. Bradford’s Law clusters leading journals
into the Core Group (most productive zone), Allied Group (moderately productive zone),
and Peripheral Group (least productive zone) [49]. The core group showcases the influential,
prolific, and core journals with the largest share of total publications. Zones 2 (Allied Group)
and 3 (Peripheral Group) include journals that are categorized as moderate and slightly less
productive than Zone 1. These journals are still important as seminal works, and highly
cited articles may reside in Zone 2 and 3 publications. Bradford’s Law further measures
journal productivity on a topic by frequency and cumulative frequency distribution [50].
Frequency distribution refers to the class intervals, whereas the cumulative frequency
distribution points to corresponding class intervals between each journal based on the
final cumulative frequency. The punchline between the cumulative frequency distributions
is that it is added from the first-ranked in a Zone, in this case Zone 1, together with the
frequency distribution from the second journal, and increases in Bradford’s Law within
a Zone. In Table 2, when the cumulative frequency distribution (1949) from the first-
ranked journal (Advances in Intelligent Systems and Computing) is added to the frequency
distribution (193) of the second-ranked journal (Communication in Computer and Information
Science), the cumulative frequency distribution 2142 emerges as the obtrusive value between
these two journals in Zone 1. This pattern continued until the journal Academic Radiology,
illustrating the tightly measured class intervals and productivity trends based on frequency
and cumulative frequency in Zone 1. Within this study, the frequency and cumulative
counts between the journals in Table 2 are tightly pressed as the frequency and cumulative
frequency counts between the leading journals are minimal. The frequency and cumulative
frequency counts are further condensed and distributed almost equally from Procedia
Computer Science to Academic Radiology in Table 2. This reveals that the leading core journals
on Al and HEIs appear prominently and are highly competitive in terms of visibility
and citations.

Table 2. Frequency and cumulative frequency of leading journals using Bradford’s Law.

Journals Freq cumFreq Zone
Advances in Intelligent Systems and Computing 197 1949 Zone 1
ggzrrllrzleunications in Computer and Information 193 2142 Zone 1
Education and Information Technologies 191 2333 Zone 1
Clinical Radiology 181 2514 Zone 1
Applied Mathematics and Nonlinear Sciences 143 2811 Zone 1
Radiography 129 2940 Zone 1
Sustainability 129 3069 Zone 1

Education Sciences 115 3301 Zone 1
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Table 2. Cont.

Journals Freq cumFreq Zone
Computers and Education: Artificial Intelligence 106 3515 Zone 1
Procedia Computer Science 99 3614 Zone 1
Scientific Reports 96 3710 Zone 1
Applied Sciences-Basel 85 3795 Zone 1
Egyptian Informatics Journal 83 3878 Zone 1
Business Horizons 78 3956 Zone 1
Clinical Oncology 77 4033 Zone 1
Frontiers in Education 77 4110 Zone 1
Frontiers in Psychology 69 4395 Zone 1
Engineering 68 4463 Zone 1
PLOS One 68 4531 Zone 1
Academic Radiology 62 4726 Zone 1

Source: Table created by authors and data generated by Biblioshiny (Version 4.1.3).

3.3. Impact of Authors on Al and HEIs (RQ3)

Table 3 presents the top 25 authors based on their H-Index, total citations, and net
production, providing insights into their scientific impact on Al and HEI. The H-Index taps
into the scientometrics of a researcher in a specific field using publications and citation
counts [51]. According to Hirsch [52], H-Index reports on the researchers” importance,
significance, impact, and cumulative contribution to scientific production. This measures
the productivity and citation metrics of a researcher over a period. Additionally, in Table 3,
the leading authors in Al and HEIs have Asian surnames. Hence, one may infer that
these scholars reside and are affiliated with universities in the Far East. However, the
authors needed to delve deeper into the bibliometric study to establish whether these
Asian scholars were affiliated with institutions in the Far East or residing in other academic
institutions globally.

Table 3. Top authors based on H-Index.

Author H-Index Total Citations Procll\Ilecttion P;;l;csatt;)tn
Wang Y 26 2576 261 2015
LiY 22 1854 192 2016
Chen Y 21 2208 152 2015
Zhang Y 21 1989 225 2015
Li] 19 1751 157 2015
Khan M 18 1228 58 2018
Kim]J 18 1608 100 2016
Liu C 18 1221 62 2015

Wang | 18 1165 149 2015
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Author H-Index Total Citations Procll\lTJecttion P;{J(:;l;cs’att;l(?tn
Zhang ] 18 1302 130 2015
KimY 17 1103 73 2016
Lee] 17 1050 86 2016
Liu]J 17 1003 120 2016
Liu X 17 1374 113 2016
Wang H 17 1312 105 2018
Wang X 17 1345 157 2015
Zhang L 17 1049 118 2015
LiX 16 975 162 2017
LiuY 16 1468 164 2015
Zhang X 16 1110 135 2015
Chen] 15 991 105 2015
LiH 15 813 98 2016
Wang Z 15 1496 110 2017
Huang Y 14 920 74 2017
Kim H 14 908 64 2016

Source: Table created by authors and data generated by Biblioshiny (Version 4.1.3).

3.4. Authors” Production on Al and HEIs (RQ3)

The earlier discussion highlighted the correlations, acceleration patterns, and trends
from the literature to justify the authors” position on the topic—Figures 2 and 3. Further-
more, Figure 4 illustrates the acceleration points in author production related to Al in HEIs.
The graphical representation portrays larger and darker blue dots from 2021 to 2024, signi-
fying an increase in the number of articles and citations per annum by authors. This concurs
with the authors’ perspective on the post-pandemic years on Al and HEIs—Figure 3. With
the cessation of the “new norm” and the resumption of face-to-face education, learning
and research activities at HEIs, the blue dots in Figure 4 transition to a lighter and darker
hue intermittently. This indicates an increase in size compared to the pandemic years
(2019-2020), revealing an emphasis on Al in 2021 that accelerated in 2023 and became
noticeable in 2024. This denotes the normalization and enhancement of production trends
amongst authors on this subject in 2024. Despite the impact of the pandemic, the authors
posit that interest in Al and HEIs experienced a considerable surge from 2023 onwards, and
this momentum persists in 2024, as evidenced in Figure 4. Conversely, author production
on Al and HEIs was sporadic and virtually non-existent from 2014 to 2019, particularly
from 2014 to 2016.

3.5. Most Local Cited References on Al and HEIs (RQ4)

When drilling into a topic underpinned by bibliometric methods, one can establish
which publications are influential within a defined research area. This provides insightful
glimpses into the core literature that is currently mapping and steering the research agenda.
Table 4 illustrates the most locally cited references between 2015 and 2025. It is perti-
nent to mention that the authors grounded this bibliometric analysis in a principle-driven
approach, emphasizing clarity and transparency. This is demonstrated in the availabil-
ity of live DOI links that denote the most locally cited references in Table 4. Firstly, it
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is interesting but unsurprising that the most locally cited references represent Science,
Technology, Engineering, and Health in Table 4. Therefore, the researchers argue that
worldwide, these fields are the torchbearers on the topic. Concurrently, the contribution
of the Humanities, Social Sciences, Arts, and other domains towards Al in HEIs over
the last decade is called into question. Secondly, of the 20 records presented in Table 4,
12 are published from 2023 onwards. This means that sixty percent (60%) of the locally cited
references, although appearing in the latter part of Table 4, have been published and heavily
cited in the post-pandemic years. Interestingly, these findings in Table 4 correlate with
Figures 2 and 3, wherein acceleration is evident from 2023 onwards. Thus, this study also
contends that acceleration patterns began in 2023, and will continue beyond 2025, as it
is novel and trending. Thirdly, the authors drilled even deeper in Table 4 to identify if
semantic relationships exist between the most-cited references. To do this, the authors
decided to explore the topics and themes using a machine learning unsupervised algorithm,
Latent Dirichlet Allocation (LDA), which is widely used in natural language processing to
extract latent themes from large textual datasets [53,54].

WANG Y- - — - - ® \ 4 @ . . ‘ -
ZHANG Y- . - - - - - ) & - ‘ é
Ly- - - ® o - & . é
L Y- > - — — (6] - —_ — -
L X- —_ —_ —_ — — &
- - - — o & -— — -
WANG X- - - - & — - - - &
CHEN Y- - — — - - & ® ’ ’ & é
L WANG)- — - - —_ & - - é
§ ZHANG X- - - - - ® ® & o — é
3 ZHANG )- - — — — —_ - & . -
L J- - - - & — & & é
ZHANG L- - - - - - - - & —_ & y=
uz- — - - - & & & o &
LIU X- - - - ® - -— 7N - &
Ls- - - - - - & & - é
WANG Z- - B — — —_ — — -
CHEN - — - - N - ® & & &
WANG H- - - ® —_ =Y ) é
KIM )- - ® o & — &
w S 5 A 8 ;
pa o o
N ~ ~ ~

Year

Figure 4. Top 20 authors’ production over time generated by Biblioshiny (Version 4.1.3).

Table 4. Most local cited reference.

Author/Year Document Object Identifier Citations
He, K et al. [55] https:/ /doi.org/10.1109/CVPR.2016.90 182,363
Khrizhevsky, A et al. [56] https:/ /doi.org/10.1145/3065386 97,779
Esteva, A et al. [57] https:/ /doi.org/10.1038/NATURE21056 16,991
Braun, V and Clarke, V [58] https: 8647

//doi.org/10.1080/14780887.2020.1769238

Kasneci, E et al. [59]

https:/ /doi.org/10.1016/j.lindif.2023.102274 4826
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Table 4. Cont.

Author/Year Document Object Identifier Citations
Zawacki-Richter, O et al. [38] https:/ /doi.org/10.1186/s41239-019-0171-0 4701
https:
Chen, L et al. [60] //doi.org/10.1109/ ACCESS.2020.2988510 3874
Dwivedi, YK. et al. [61] htps: 3366

//doi.org/10.1016/j.jjinfomgt.2023.102642

Baidoo-Anu, D. and Ansah, L.O [62] https://doi.org/10.61969 /jai.1337500 3023
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3.6. Scientific Production and Countries (RQ1, RQ3)

Figures 5 and 6 highlight the top-performing countries in scientific production from
2015 to 2025, addressing aspects of RQ1 and RQ3. Figure 5 distinguishes between MCPs,
which depict “inter” (working together with authors in two or more countries), and SCPs—
“intra” (authors collaborating within a country). The MCP ratios of the eight countries are
moderate and similar in terms of “inter” relationships outside their countries—Figure 5.
This means that corresponding authors in scientific production outside their own countries
is significant, yet still incomparable to China (MCP—220) and the USA (MCP—203), the
top two performing countries in Figure 5. Interestingly, Figure 6 illustrates “average article
citations” and “total citations” in which China and the USA are also the torchbearers in scien-
tific production on the topic. These results suggest a correlation between Figures 5 and 6,
with China and the USA consistently taking the lead, albeit in different rankings. Moreover,
Avelar, da Silva Oliveira [73] expound that these partnerships transcend beyond research
and contribute to the public and private sectors with a comprehensive representation of the
17 SDGs. The values of SDGs are also reflected in Figure 5, wherein the leading countries are
the torchbearers in Al within the context of HEIs and industry. Additionally, correlations
of this nature are important as knowledge-sharing partnerships develop that have the
potential to enhance curriculum design, assessments, research, technology, and innovation
through a multidisciplinary approach, globally, at HEIs. Moreover, the inference made in
Table 3 about Asian scholars and their affiliations as leading scholars to countries in the
Far East or other countries is laid to rest since the “inter” networks between the USA and
China are strong, as displayed in Figure 5.
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Figure 5. Corresponding authors—multiple country publications (MCPs) and single country publica-
tions (SCPs) on Al and HEIs (2015-2025). Source: Figure created by authors and data generated by
Biblioshiny (Version 4.1.3).
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Figure 6. Top ten countries in total and average citations on Al and HEIs (2015-2025). Source: Figure
created by authors and data generated by Biblioshiny (Version 4.1.3).

3.7. Keyword Co-Occurrence Analysis (RQ1)

To further explore Al and HEIs, this study examined the strength of co-occurrence
networks from Scopus and WoS using the data from Figure 1 (Stage 2). To facilitate this
analysis, the authors used VOSviewer, a software tool (Version 1.6.20) for constructing,
visualizing, and assessing the strength of clustering relationships, to identify patterns in the
topic [74]. Within this context, we selected the Type of analysis—Co-occurrence and Unit of
analysis—All keywords on VOSviewer. The counting method used was Full counting, as this
assured that co-occurrence keywords had equal weighting. Initially, 300 keywords were
selected in the setting section with 19 occurrences. A verification process was followed,
and irrelevant keywords were manually removed from the software to create a bibliometric
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network. Figure 7 (Scopus) and Figure 8 (WoS) illustrate the occurrences of keywords using
an overlay visualization and average publication per year aligned to the past decade on Al
and HEIs.
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Figure 7. Keyword occurrence network—Scopus generated by VosViewer (Version 1.6.20).
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Figure 8. Keyword occurrence network—WoS generated by VosViewer (Version 1.6.20).

Figures 7 and 8 show how the text was mined from the title and abstract of Scopus and
WoS using VOSviewer on the topic [74]. The generation of the two-dimensional maps in
Figures 7 and 8 involved the application of diverse settings within VOSviewer. In Figure 7,
1825 keywords met the threshold, leading to the total strength of the co-occurrence links
being extracted for analysis. A closer manual inspection revealed three keywords appearing
more than 1000 times, aligning with Al and HEIs. These keywords are artificial intelligence,
students, and teaching. Furthermore, 53 items, comprising four clusters, were selected based
on their relevance to the topic using the ‘Method—Association Strength” under the Analysis tab
in VOSviewer to generate an Overlay Visualisation map representing data extracted from
Scopus for Figure 7.
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Similarly, in Figure 8, 452 keywords met the threshold, with artificial intelligence
appearing more than 3888 times. There were 100 items with three clusters using the
Method—LinLog Modularity under the Analysis tab and Overlay Visualisation—Figure 8. Whilst
Association Strength presents links between items (keywords), LinLog Modularity ascertains
the density within and between keywords. Different methods of analysis were explored
because the researchers wanted to elucidate how keywords from Scopus and WOS data
compare through varied analyses on the topic in VOSviewer.

Interestingly, as one examines the network nodes, there are similar patterns of strengths
in clusters (Figures 7 and 8). Specifically, in Figure 7, the keyword ‘higher education’ is
strongly associated with several terms, including ChatGPT, academic integrity, ethics,
and generative artificial intelligence. These associations are consistent in Figure 8, where
‘generative ai/generative artificial intelligence” also shows strong connections with ‘aca-
demic integrity’. This demonstrates that these associations hold across different analytical
methods used in VOSviewer. Additionally, emerging topics appear on the periphery of
Figures 7 and 8 while still in the early stages of development, indicating their growing
importance to the higher education sector. These topics include active learning, teaching
and learning, personalized learning, Artificial Intelligence tools, academic performance,
gamification, augmented reality, virtual reality, and block-chain technology.

3.8. Latent Dirichlet Allocation (LDA) Analysis (RQ1, RQ4)

In this study, LDA was employed to supplement the results generated through Bib-
lioshiny and VOSviewer, providing an additional layer of topic modelling that deepens the
interpretation of literature on Al in higher education. The LDA topic modelling analysis
was conducted in Python (version 3.9.7) using the Gensim library (version 4.2.0). While
VOSviewer mapped keyword co-occurrences to show term relationships and Biblioshiny
identified the most-cited references, LDA offered a topic-based perspective, grouping fre-
quently co-occurring words into dominant themes prevalent in the literature [75]. The LDA
algorithm works by identifying clusters or patterns of words and phrases that frequently
appear across research articles [76,77]. These clusters are then used to generate a set of
topics from the textual data that illustrate underlying themes within the literature [53,76].
By assigning weights to the dominant terms within each topic, LDA automatically detects
and structures key themes across the documents, thereby allowing for a more nuanced
understanding of the dataset [54]. The outcomes of this topic modelling process can then be
visualized to depict patterns, correlations, and trends in the literature, offering insights that
might not have been visible through traditional manual literature review processes [78,79].

The implementation of LDA in this study was crucial in reinforcing the objectivity
of the findings. Unlike manual literature reviews, which are inherently subject to human
bias and oversight [80,81], Biblioshiny, VOSviewer, and LDA serve as impartial review
tools [27,82,83]. Their automated processing of textual data ensures that the analysis is
consistent, repeatable, and free from bias [27,82,83]. This strengthens the credibility of the
themes identified. The utilization of these visualization tools helps validate the researchers’
analysis by cross-validating patterns found in the literature [84,85].

To identify the most suitable number of topics for the LDA model, a coherence score
was calculated to guide the selection. Based on this score, the LDA model identified
two clear and interpretable topics that reflect the dominant themes discussed across the
20 selected most locally cited articles.

Figure 9 presents the most prominent keywords and their respective weights within
each topic, providing a breakdown of the key drivers behind the topic modelling. The
themes for each topic were identified by analyzing the highest-weighted and most com-
monly occurring words associated with that topic. Topic 0 focuses on the integration
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of generative Al tools, particularly ChatGPT, into teaching and learning within higher
education. It captures how students and educators engage with these technologies to
enhance educational delivery and experience. The presence of keywords such as “chatgpt”,
“education”, “learning”, “tool”, “generative”, and “technology” points to the practical
use of Al models in classroom settings. This topic highlights the pedagogical potential of
generative Al and its growing role in shaping modern higher educational practices.

{0, '0.021*"chatgpt" + 0.014*"student" + 0.010*"education" + 0.010*"learning" +
0.006*"technology” + 0.006*"model" + 0.006*"tool" + 0.005*"used" + 0.005*"study" +
0.005*''generative™')

(1, '0.014*"chatgpt" + 0.010*"learning” + 0.009*'student" + 0.008*"research" +
0.007*"education” + 0.006*"generative” + 0.005*"data" + 0.005*"human" +
0.005*"technology” + 0.004*"study"')

Figure 9. Dominant keywords and their relative weights within each topic. Source: Figure generated
by LDA using Python 3.9.7 with Gensim 4.2.0.

Topic 1 reflects the broader academic discourse on generative Al in higher education,
with an emphasis on research, ethical considerations, and the role of human agency. Whilst
ChatGPT and learning remain core to this theme, the inclusion of terms such as “research”,
“data”, and “human” indicates a shift toward critical inquiry and scholarly reflection.
This topic foregrounds the evolving relationship between technology and the academic
community, particularly around questions of responsible use, data ethics, and the impact
of generative Al on traditional scholarly processes.

Table 5 demonstrates the assignment of themes to each topic based on the dominant
keywords within that topic. Topic 0 is characterized as “Generative Al Tools and Their
Pedagogical Integration in Higher Education”, shaped by the prevalence of terms such as
ChatGPT, education, generative student, learning, and tool. Topic 1 is defined as “Genera-
tive Al in Higher Education Research and Ethical Implications”, driven by the frequent
appearance of keywords such as research, data, human, generative, and ChatGPT.

Table 5. Themes, topics, and prevalent terms revealed through LDA analysis.

Topic Theme Keywords
0 Generative Al Tools and Their chatgpt, student, education, learning,
Pedagogical Integration in Higher technology, model, tool, used, study,
Education generative
1 Generative Al in Higher Education chatgpt, learning, student, research,
Research and Ethical Implications education, generative, data, human,
technology, study

Source: Table generated by LDA using Python 3.9.7 with Gensim 4.2.0.

Figure 10 presents a word cloud that visually represents the dominant terms identified
within each topic utilizing the LDA topic modelling technique. The word cloud enhances
the findings by offering an immediate visual representation of the most frequent and
strongly weighted words drawn from the reviewed literature. Each word'’s size corresponds
to its weighting within the topic, indicating its relative importance. Larger words such
as ChatGPT, student, education, and learning in Topic 0 reflect the central focus on Al tools
in teaching and learning contexts, particularly within higher education, highlighting the
role of generative Al in classroom settings. In contrast, Topic 1 emphasizes terms like
research, human, and data, aligning with the theme of the ethical use of generative Al in
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research within Higher Education Institutions (HEIs). This visualization reinforces the
themes derived from the LDA model by emphasizing the key concepts and their relative
prominence across the literature.

Topic O Topic 1

ool Chatgpt

, ~ model
study

learning

student generative

used education
technology

Figure 10. Word clouds illustrating the most frequently occurring terms within each identified topic.
Source: Figure generated by LDA in Python 3.9.7 with Gensim 4.2.0.

Table 6 depicts the dominant topic and its percentage contribution for each of the
20 most locally cited articles, highlighting how the topics are spread across the selected
studies, and which articles share similar dominant topics. This table offers a detailed
view of which topics prevail in the literature on Al in higher education between 2015
and 2025. The results show that Topic 0, centred on the role of generative Al tools like
ChatGPT in teaching and learning in higher education, is the dominant theme in 14 articles.
In contrast, Topic 1, which focuses on the ethical use of generative Al in research within
Higher Education Institutions, is predominant in six articles. Complementing this, Figure 11
illustrates the number of articles assigned to each topic, visually reinforcing the prevalence
of Topic 0 over Topic 1. Together, these findings provide a clear understanding of where
the scholarly emphasis lies in higher education, highlighting the need for further research
to explore both the pedagogical applications of Al and its responsible, ethical integration in
academic research.

Table 6. The dominant topic and its corresponding percentage contribution within each article.

Topic Percentage

Study Identity Dominant Topic Contribution
- 1 0.9833
s 1 0.8040
SI3 1 0.9990
Sl4 1 0.9998
SI5 0 0.9971
SI6 1 0.8574
s 0 0.9668
SI8 0 0.7909
- 0 0.9985

SI10 0 0.9966
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Table 6. Cont.

Study Identity Dominant Topic Topic Percentage

Contribution
SI11 0 0.9989
SI12 1 0.7459
SI13 0 0.9992
SI14 0 0.8610
SI15 0 0.9454
SI16 0 0.6592
SI17 0 0.9954
SI18 0 0.9193
SI19 0 0.9228
SI20 0 0.9991

Source: Topic themes and associated keywords generated by LDA using Python 3.9.7 with Gensim 4.2.0.

16
14
12
10

Number of Articles

S N B O X

Topic 0 Topic 1

Figure 11. Topic distribution by dominant topics. Source: Figure generated by LDA using Python
3.9.7 with Gensim 4.2.0.

Figure 12 illustrates the distribution of the two identified topics across the 20 most
locally cited articles, alongside the top 30 prevalent terms appearing throughout the selected
papers. The word count reflects how frequently each term occurs across all articles, with key
terms such as “ChatGPT”, “student”, “learning”, “education”, and “generative” emerging
as the most dominant. This indicates a strong scholarly focus on the role of generative
Al tools in higher educational contexts, particularly in relation to student learning and
teaching practices. In this diagram, Topic 0 is labelled as ‘1" and Topic 1 as “2’. Furthermore,
each circle’s size demonstrates how dominant each topic is across the dataset, with larger
circles indicating a stronger dominance. Topic 0, which centres on generative Al in teaching
and learning within higher education, shows greater prominence compared to Topic 1,
which emphasizes the ethical considerations of Al use in research. These findings highlight
the dual focus of the current literature on both practical Al applications in higher education
and the ethical implications surrounding its use in higher education research.

Key topics that emerged and need to be navigated for future research are generative
artificial intelligence, Al ethics, and how Al can be integrated into teaching, learning and
research at HEIs. Furthermore, rather than focusing on global debates surrounding different
regions and Al, HEIs should be the custodians of innovative solutions underpinned by
Al as this will help to address UNESCO’s SDGs. At the same time, drivers of SDGs must
harness opportunities to effectively prioritize Al in countries that are lagging and not
merely focus on the Global North. Furthermore, as Al continues to grow at an exponential
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rate, policymakers must be actively involved in ongoing research and dialogue at HEISs.
This will harness and channel the potential of Al responsibly into the teaching, learning,
and research agenda in Higher Education Institutions on a global scale.

PCA

Intertopic Distance Map (via multidimensional scaling) Top-30 Most Salient Terms'
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Figure 12. Topic distribution based on prevalent topics, along with the most frequently appearing
terms. Source: Figure generated by LDA using Python 3.9.7 with Gensim 4.2.0.

4. Conclusions

This study has comprehensively illuminated the rapid evolution and significant im-
pact of Artificial Intelligence (AlI) within Higher Education Institutions (HEIs) globally.
Through a rigorous bibliometric analysis of combined datasets from Scopus and Web of
Science (WoS), the research successfully mapped key publication trends and identified
leading journals, prominent authors, and influential countries. Integrating Latent Dirichlet
Allocation (LDA) for thematic analysis alongside keyword co-occurrence networks from
VOSviewer further enriched the researchers’ understanding of the evolving discourse sur-
rounding Al in higher education. This multifaceted methodological approach, particularly
the rare combination of WoS and Scopus data, significantly enhances the integrity and
objective perspective of the findings. The analysis demonstrates a substantial acceleration
in Al-related HEI research from 2023 onwards, marking a distinct post-pandemic surge
following a period of more gradual growth. The dominance of the Global North and
Far East, notably China and the USA, in scientific production and collaborative networks
underscores existing disparities in Al research and adoption. The underrepresentation of
African and South American countries as top contributors highlights a critical challenge to
the UNESCO Sustainable Development Goals (SDGs), particularly concerning equitable
access to quality education and the reduction in global inequalities. The thematic analy-
ses revealed a dual focus in the literature: a strong emphasis on the pedagogical integration
of generative Al tools and an emerging, yet crucial, discourse on Al’s ethical implications and
responsible use in research within HEIs. To truly “leave no one behind” by 2030, efforts must
be intensified to bridge the Al development and adoption gaps. In lagging nations, this
requires targeted investment in Al infrastructure, research capacities, and human capital
development. Fostering equitable collaborations globally that extend beyond research
encompassing capacity building, policy development, and the co-creation of Al solutions
tailored to diverse educational contexts is essential. HEIs must also actively integrate Al
literacy and critical thinking into curricula, preparing students to understand the ethical,
societal, and economic implications of Al. Finally, developing robust ethical guidelines and
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governance frameworks at HEIs is crucial to ensure responsible, fair and transparent adop-
tion in teaching, learning, and research. Ultimately, this study underscores that mapping
the Al surge in higher education is not merely a technical exercise but a necessary ethical
and strategic endeavour for shaping the future of global learning.

5. Limitations and Future Directions

Whilst this study offers valuable insights, it is essential to acknowledge certain limita-
tions inherent in bibliometric analysis. The findings are primarily based on data indexed in
Scopus and Web of Science, which, despite their comprehensiveness, may not capture the
entirety of relevant literature across all regional or specialized databases. Future studies
should therefore consider widening the database scope to ensure a more exhaustive rep-
resentation of global research on Al in HEIs. Building upon this study’s findings, future
research should delve into the qualitative explorations of disparities, aiming to understand
the specific barriers and facilitators to Al research and adoption in underrepresented re-
gions (e.g., Africa and South America), including an examination of policy environments,
funding mechanisms, and institutional strategies. Additionally, investigating the long-term
pedagogical and ethical impacts of specific generative Al tools on learning outcomes, as-
sessment methods, and academic integrity across various disciplines will be crucial. Lastly,
continuing to monitor publication trends beyond 2025 through longitudinal studies will
provide ongoing insights for adaptability and foresight as the thematic evolution of Alin
HEIs progresses. By pursuing these avenues, the academic community can ensure that Al’s
transformative potential in higher education is realized effectively, ethically, and equitably,
contributing meaningfully to global sustainable development.
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