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The latest technological advancements have greatly interested researchers in
artificial intelligence (Al) in education. In parallel, researchers have expressed
concern about using and applying Al in education. However, there is a shortage of
research that comprehensively and holistically examines trends in the use of Al in
higher education. Hence, this study aimed to comprehensively analyze and assess
Al research trends in higher education. In the SCOPUS database, we conducted a
bibliometric analysis of 1,563 articles on research on Al in education. Our results
revealed that the use of Al in education has increased dramatically from 2004 to
2023. In particular, a dramatic increase and peak exist after 2019. We also found
limited interaction among scholars studying Al. Furthermore, our findings indicate
that most of the most influential institutions are located in developed countries.
Moreover, our findings demonstrated that Al research primarily concentrated on
comprehending the impact of Al-based instruction, with the majority of these
studies taking place in engineering education between 2017 and 2020. We also
noticed that research on medical education in higher education occurred between
2015 and 2017. In addition, before 2015, research used Al in medical education as
a teaching method to implement problem-based learning in higher education.
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Introduction

With the recent development of artificial intelligence (AI), its characteristics attract people’s
attention, and many people have begun using artificial intelligence in their work and daily lives.
In this parallel, it has been increasingly integrated into all levels of education to improve teaching
and learning processes (Luan et al., 2020; Schiff, 2020; Zawacki-Richter et al., 2019). In this
parallel, scholars have focused on examining the potential effects of the use of Al on instruction
(e.g., Chen et al., 2020; Kuleto et al., 2021; Toapanta et al., 2022; Wang et al., 2023). Activities and
applications based on Al algorithms have been designed and implemented to increase personalized
and interactive learning experiences (Bozkurt et al., 2021; Rebolledo Font De La Vall and Gonzalez
Araya, 2023). The results of previous research have suggested that these activities and applications
have contributed to increasing learning outcomes (Luan et al., 2020; Ng et al., 2023; Ouyang et al.,
2023). The positive results of using Al in educational research have helped to understand the
importance of Al in depth for student learning in higher education.
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The contribution of AI to education also includes benefits for
instructors to assess student performance and present personalized
learning opportunities to students (Ng et al., 2023). Hence, using Al
in higher education is essential for examining the contribution of new
technologies to instruction. Furthermore, researchers using Al
technologies in education utilize machine learning techniques to
improve students’ and lecturers’ learning and teaching processes.
Depending on the use of Al in education, researchers have conducted
research studies to incorporate Al in higher and have examined the
effects of AI on instruction in higher education. To this parallel,
scholars have conducted some review studies to understand the
situation of AI at all levels of education (Bond et al., 2024; Guo et al.,
2024; Kim and Kwon, 2024; Nagaraj et al., 2023; Ouyang et al., 2022;
Prahani et al., 2022; Shamkuwar et al., 2023).

However, to our knowledge, a few studies (Lopez-Chila et al., 2024;
Shamkuwar et al., 2023) analyzed the research trends in using and
implementing Al in higher education. Although numerous studies
have been conducted on using Al in higher education, only a few
systematic studies have reflected the state and evolution of international
research and identified research trends. From this perspective, more
detailed studies are needed to clarify research trends, highlight the
current state and evolution of research and potential gaps, and predict
future directions to inform researchers and policymakers on the use of
Al in the higher education context. In this way, future research can
be conducted more effectively. A key benefit of identifying research
trends is that it provides a comprehensive and systematic overview of
the contributions of authors, institutions, and countries to the use of
Al in higher education. This analysiss results help promote
international collaboration, improve the visibility of research findings,
and focus on potential gaps that require further investigation. This is
particularly important in the rapidly evolving Al field in the context of
higher education, where timely findings can influence the direction of
research (Murillo et al., 2021). In addition, there is a large body of
research on the use of Al, and analyzing research trends through
bibliometric analysis enriches the analysis process and makes complex
data more accessible and interpretable for scientists to use in future
studies. Thus, this research aims to fill this gap by providing an overall
picture of the state and development of Al research in higher education
by identifying trends based on publications from the SCOPUS database
from 2004 to 2023. Hence, examining and evaluating current research
trends using Al in higher education worldwide is necessary. There is a
need to discuss the research trends in the use of Al in higher education.
To address this research need, this study aims to conduct a
comprehensive analysis to analyze and assess research trends in the use
of Al in higher education. Thus, this study aims to provide a holistic
analysis of the use of AL In this study, we strive to offer a comprehensive
and holistic overview of research on Al in higher education based on
the published articles using a bibliometric analysis method. We believe
that the results of this study will contribute to the knowledge base of
researchers to prepare future generations for an AlI-driven society.

We used bibliometric analysis in this research because it is a
statistical method for analyzing different aspects of publications in
a field of study. It includes various analyses to provide insights into
research trends in a particular field and understand the thematic
development within a specific field (e.g., Zhang et al., 2022).
VOSviewer is a widely used software tool that enables researchers to
create and display bibliometric maps illustrating the relationships
between publications, authors, and keywords. Its use enables
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researchers to understand better the underlying structures in the
literature (Van Eck and Waltman, 2010). VOSviewer’s various
visualization techniques allow researchers to identify research
clusters on a given topic and track the evolution of issues or
questions over time (Waltman et al, 2010). The user-friendly
interface and compatibility of VOSviewer make it a valuable tool for
researchers conducting bibliometric analyses (Ozdemir, 2023). In
light of this information about bibliometric analysis, it can
be concluded that it is a powerful method to assess the existing
literature on the use of Al in higher education and to gain insights
into research trends.

Related literature

In recent years, researchers have studied the use of Al in
education. Upon this line of research, scholars have conducted review
studies to examine the status of using Al in higher education research.
However, the existing literature reviews have mainly focused on
systematic reviews of Al in the higher education context (Bond et al.,
2024; Guo et al,, 2024; Kim and Kwon, 2024; Nagaraj et al., 2023;
Ouyang et al., 2022; Prahani et al., 2022; Shamkuwar et al., 2023).
We detected that only two research focused on analyzing publications
on Al in higher education using bibliometric analysis. For example, a
study by Lopez-Chila et al. (2024) examined the status of Al in the
context of higher education. They searched the SCOPUS database for
publications from 2017 to 2023. Their research demonstrated a
consistent increase in Al studies in higher education. They found that
China and the United States were leaders regarding production and
citations. Similarly, Shamkuwar et al. (2023) analyzed the research
patterns in bibliometric analysis in applying Al in higher education
published during the last two decades. They examined 314
publications indexed in the Scopus database, and their findings
demonstrated an increase in the yearly publishing rate of AT articles
and their geographical distribution. Their findings suggested that
computer science and engineering have a strong influence on
interdisciplinary research in the field of Al In addition, they found
that 78% of articles published in the last 5 years, compared to only
22% in the first 15years. China and the United States were the first
ranks in AL

Other studies in the literature on AI and higher education have
been conducted to examine the use of Al in general educational
research. For example, the study of Guo et al. (2024) performed a
bibliometric analysis on 6,843 publications published in general
educational research. They did not focus on higher education. Their
findings indicated that China, the United States, India, Spain, and
Germany were at the forefront of the research effort, and Al research
in education prioritizes higher education over K-12 education. Their
research revealed 15 themes for research topics, including instructional
robotics and big data analytics. They found that Al was used in various
educational research. Research by Prahani et al. (2022) analyzed the
trends in 457 publications on Al in general educational research in the
last decade using a bibliometric analysis. Their findings indicated that
the advancement of AI education research has grown rapidly in the
past 5 years. Articles and journal sources were the most prevalent
documents, and China had the highest distribution rate. The study
revealed that Al research over the past decade focused on student-
oriented applications, engineering education, pedagogical approaches,
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e-learning-focused education, educational frameworks, and Al
integration in curriculums.

Among systematics review studies focused on Al in higher
education, Ouyang et al. (2022) conducted a systematic review of Al
in higher education and reviewed publications from 2011 to 2020.
Their research revealed that Al applications in online higher education
serve several functions, including predicting learning status,
performance, and satisfaction, recommending resources,
automatically assessing students, and enhancing the learning
experience. They found that the impact of AI applications in this
context includes the provision of high-quality predictions. In another
research, Flores-Veldsquez et al. (2024) examined the studies
examined the acceptability of AI technologies in higher education.
However, their research focused on students’ acceptance of Al
technologies. They reviewed 56 publications from Scopus, and their
results revealed an increasing pattern in scientific output from 2021.
The researchers determined that the research studies on Al in higher
education demonstrate an ongoing interest in studying the acceptance
of AI technologies. Research by Bond et al. (2024) conducted a meta-
study and systematic review to investigate studies on artificial
intelligence in higher education. They assessed articles between 2018
and July 2023. The study’s outcomes revealed that most reviews
examined Al broadly (47.0%) or focused on profiling and prediction
(28.8%). However, the main results indicated that adaptive systems
and personalization were the most commonly employed approaches
in higher education. In addition, Nagaraj et al. (2023) reviewed Al
research in higher education programs focused on science, technology,
engineering, and mathematics (STEM). The researchers analyzed the
influence of Al They emphasized the possible advantages and
difficulties of incorporating Al into STEM education for future
investigation and advancement. Considering the above information,
the lack of research on Al and higher education using a bibliometric

methodology shows a significant gap in the existing literature to

TABLE 1 A review of studies conducted on Al in higher education.

10.3389/feduc.2024.1438715

investigate the implementation of Al in higher education and to
understand research trends related to the use of AI in higher
education. Table 1 presents a review of studies conducted on Al in
higher education.

Only two studies (Lopez-Chila et al., 2024; Shamkuwar et al.,
2023) analyzed the research trends in using and implementing Al in
higher education. Based on the weaknesses of previous studies,
therefore, there is a need to address this research gap to explore and
understand the research trends on Al in higher education by
conducting a thorough bibliometric analysis. However, limited studies
(Lopez-Chila et al., 2024) have specifically focused on examining
research trends in Al in higher education using bibliometric analytic
techniques. To address this void, our study seeks to analyze and
explore research trends in Al research in higher education. The results
offer significant insights into the utilization of AI in educational
research within the higher education setting and reveal research
trends for learning and teaching in Al

Method
Data collection

We selected the SCOPUS databases for data collection.
We searched for Al and higher education using the keywords in
Table 2 in the SCOPUS database. Because Al covers a wide range of
applications, we included many alternative keywords for Al in the
literature. Table 2 shows a list of keywords we used during the
database search.

The search yielded 1,563 articles after we used the filter options
based on inclusion and exclusion criteria in Table 3. The analysis of
relevant articles in the database was conducted in May 2024. The
publications published in 2024 were not considered in the database

Studies Publication Databases Number Time  Analysis Purpose
year of studies = period method
Bond et al. 2024 Web of Science, Scopus, ERIC, 66 2018-2023 | Meta-analysis Conducting a meta systematic
(2024) EBSCO, IEEE, ScienceDirect, and and systematic review of studies on Al in HE
ACM review
Flores-Velasquez 2024 Scopus 56 2019-2023 | Bibliometric Conducting a bibliometric analysis
et al. (2024) of studies examined the
acceptability of AI technologies
Guo et al. (2024) 2024 Web of Science and Scopus 6,843 2013-2023 | Bibliometric Identifying the trends in the use of
Al in education
Loépez-Chila 2023 SCOPUS 870 2017-2023 | Bibliometric Determining state of Al in higher
et al. (2024) education
Nagaraj et al. 2023 Not applicable 50 2007-2022 | Systematic review | Reviewing Al research in STEM
(2023) higher education programs
Ouyang et al. 2022 Web of Science, Scopus, ACM, IEEE, 434 2011-2020 | Systematics Conducting a systematic review on
(2022) Taylor and Francis, Wiley, EBSCO review the application of Al in online HE
Prahani et al. 2022 SCOPUS 457 2011-2021 | Bibliometric Analysis of publications on Al in
(2022) education
Shamkuwar 2023 SCOPUS 314 2012-2022 | Bibliometric Present an analysis of research on
etal. (2023) the implementation of Al in HE
Frontiers in Education 03 frontiersin.org
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TABLE 2 Alist of keywords used in the database search.

10.3389/feduc.2024.1438715

Artificial intelligence

Education or teaching

Higher education

Filter options used
Publication year: 2004 and
2023

Document type: Journal

articles

Search place

Keywords

Automated evaluation
Automated assessment
Data mining

Deep learning

Expert system

Feedback system
Intelligent tutoring system
Intelligent support
Intelligent system
Learner model

Learning analytics
Machine intelligence
Machine learning
Personalized learning
Prediction system
Prediction model
Recommended system
Recommendation system
Robot

Student model

Virtual agent

Adaptive learning Class College
Algorithm Course Higher education
Al Education Undergraduate
Al education learning University
Artificial intelligence Teaching

Subject area: Social science

Language: English

TABLE 3 Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Published between 2004 and 2023 Published before Jan 2018

Articles on the topic of AT in higher Not about AT and not about higher

education education

Journal articles Book chapters, book reviews,

conference papers, editorials

English language Not published in English language

search analysis. We searched the publications between 2004 and 2023.
We used a bibliometric analysis approach that researchers commonly
use to examine research trends and hotspots and comprehensively
understand publications on a particular topic or research area.
We defined inclusion and exclusion criteria for determining the
publications in this study. To this end, we conducted an advanced
database search and used Boolean operators to apply and utilize
filtering options. The initial analysis revealed 13.373 documents in the
database; we used the filtering options to limit the results to social
sciences. Thus, the results decreased to 3,251. Later, we selected
articles, and the results decreased to 1,621. Later, we chose journal
articles and found 1,613 results. Finally, we limited the articles
published to English and found 1,563 results. Among 1,563 articles,
27 were in the press, and the rest (n=1,536) were published. In
addition, we used bibliometric indicators to analyze the scientific
production, such as the distribution of articles by year of publication
and the main sources used.

Frontiers in Education

The bibliometric analysis approach allowed us to provide relevant
information about the research trends and their development in the
field of Al in the higher education context. VOSviewer is a powerful
software tool commonly used for bibliometric analysis (Van Eck and
Waltman, 2010). This software facilitates the construction and
visualization of bibliometric networks and enables researchers to
analyze the relationships between scholarly elements such as
publications, authors, and keywords (Van Eck and Waltman, 2010;
Zhang et al., 2022). It is important because it transforms complex
bibliometric data into understandable visual representations and
enables an understanding of research trends in a particular research
field or topic. The main reason for using VOSviewer in this research
is its user-friendly interface that simplifies the process of data
visualization (Ozdemir, 2023). In addition, the software makes it
possible to uncover complex patterns and relationships in the dataset
(Van Eck and Waltman, 2010). This makes it easier for researchers to
gain insights into research trends and their development. In addition,
VOSviewer is particularly effective in exploring research trends by
identifying clusters of research activities and key authors. The findings
from previous studies support this idea (e.g., Pradana et al., 2023;
Zhang et al., 2022).

Data analysis
We used the Vosviewer software (Van Eck and Waltman, 2010)

for this research. The software employs a bibliometric analysis
methodology and was created to visualize bibliographic data. The
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software primarily aims to investigate prominent research areas and
cutting-edge advancements in a specific field or research topic. It
achieves this by analyzing high-frequency keywords and examining
the co-occurrence of keywords in the literature. Consequently, the
software can evaluate and predict the research hotspots, historical
development, emerging trends, and research clusters in a given field.
We uploaded a CSV file containing 1,563 specifically chosen articles
into the VOSviewer application. Data visualizations mostly employ
nodes and lines as principal representations. The size of the nodes
corresponds to the frequency of the relevant data references or
instances. This study primarily focused on assessing the fundamental
information regarding the status of Al research in higher education
to examine its current state and future trends. In addition,
we analyzed the co-occurrence mapping of keywords to get insights
into the primary domains, fundamental subject matter, and current
areas of focus in the field of AI within the context of higher
education, namely from 2004 to 2023. This analysis also aimed to
identify the prominent research topics in using AI in
higher education.

Results

Trends in the number of articles and
citations

Analyzing the year of publication allows researchers to track the
development of a particular area over time. This analysis can reveal
patterns such as the growth or decline of research interest, the
emergence of new topics, and shifts in methodological approaches.
The number of publications and citations show a growing interest
among researchers in Al and its use in education. As shown in
Figure 1, the number of publications in Al research grew dynamically
during the last 20 years of research. The results regarding the number
of articles on AI showed that Al research for educational purposes
maintained a high growth level from 2004 to 2023 regarding the
number of articles. However, the results also showed a flat number of
articles from 2004 to 2012. Additionally, between 2013 and 2018,
researchers’ interest in Al in education grew. Since 2019, interest in Al
research has grown dramatically, with a significant increase in
publications. In 2021, there has been a decrease in the number of
articles. However, the number of articles published in 2021 is close to
those of 2020 and 2022. The results demonstrate a dramatic increase
in articles from 2022 to 2023. The number of articles (n=279)
published in 2023 showed a 50% increase compared to 2022 (n=183).
In general, the results regarding the number of articles during the last
two decades showed a tendency in Al education research that there
are growth peaks. This tendency shows that Al education research has
received more and more attention since 2019.

Figure 2 shows the number of citations according to years. As
shown in Figure 2, the number of citations in Al research grew
dynamically during the last 20 years of study. A dramatic increase in
citations shows the researchers’ interest in AI. Between 2004 and 2023,
the 1,563 articles received a total of 29,692 citations in total. The
results regarding the number of citations during the last two decades
showed a growing tendency and significant increase in AI education
research. This tendency and increase shows that Al education research
has received more and more attention during the last 20 years.
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The number of articles according to years.

8000

7000

6000

5000

4000

3000

2000

1000

2004 2009 2014 2019

FIGURE 2
The number of citations according to years.

Prominent authors

Table 4 lists the top 10 authors according to the number of articles
and citations. The top authors are Dragan Gasevi¢, Kyle M.L. Jones,
Yi-Shan Tsai, Shane Dawson, Dirk Ifenthaler, Abelardo Pardo, Hendrik
Drachsler, Martin R. Fischer, Fan Ouyang, and Bart Rienties,
respectively. These authors are more prolific authors who have
published on AI education research. According to the number of
citations. Accordingly, Sebastian Ventura, Chrisbal Romero, Dragan
Gasevi¢, Dirk Ifenthaler, Jurgen Rudolph, Shannon Tan, Paul Prinsloo,
Samson Tan, Sharon Slade, and Pu-Shih Daniel Chen are the authors
with the most citations. This means the authors with the most citations
have contributed to developing Al research through their articles.

Figure 3 shows the collaborative networks between the authors
who published more than two articles. The results show 32
collaborations between authors with two or more articles (n=32). The
nodes in Figure 3 show the magnitude of collaboration among the
authors, and links show close cooperation among the authors when
there was a collaboration between the authors. The results show that
some lead authors (e.g., Gasevic, Dragan) collaborate closely with
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TABLE 4 A list of the 10 most important authors according to the number
of articles and the number of citations.

Authors Articles Citations
Ranked by number of articles

Gasevi¢, Dragan 12 564
Jones, Kyle M.L. 10 337
Tsai, Yi-Shan 10 272
Dawson, Shane 7 409
Ifenthaler, Dirk 7 555
Pardo, Abelardo 7 376
Drachsler, Hendrik 6 211
Fischer, Martin R. 6 202
Ouyang, Fan 6 315
Rienties, Bart 6 289
Ranked by number of citations

Ventura, Sebastia 3 600
Romero, Chrisbal 2 594
Gasevi¢, Dragan 12 564
Ifenthaler, Dirk 7 555
Rudolph Jurgen 5 526
Tan, Shannon 5 526
Prinsloo, Paul 3 521
Tan, Samson 3 505
Slade, Sharon 1 505
Chen, Pu-Shih Daniel 1 462

other researchers. In addition, the results showed weak collaboration
between researchers and different research groups. This result suggests
that interactions for research in the field of Al are limited.

Prominent institutions

Table 5 analyzes the top 10 institutions contributing to developing
an Al knowledge base. Monash University was the institution with the
highest number of articles. The Institute of Tecnoldgico de Monterrey
had 20 articles. The following institutions are Universiteit Maastricht,
University of Michigan, Ann Arbor, Universitat Oberta de Catalunya,
The University of Sydney, The University of Edinburgh, The University
of British Columbia, King Abdulaziz University, and Indiana
University-Purdue University Indianapolis. The results demonstrated
that most of the institutions, according to the number of articles, were
from Australia and the United States. The other institutions were from
Mexico, the Netherlands, Spain, Scotland, Canada, and Saudi Arabia.

Prominent countries

The analysis of the authors’ country provides a perspective on
understanding the global research background, allows us to identify
the leading countries, and shows how research productivity is
distributed across different countries and regions. This analysis can
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TABLE 5 Analysis of top 10 institutions.

Institutions Articles Citations
Monash University 23 596
Tecnoldgico de Monterrey 20 171
Universiteit Maastricht 18 549
University of Michigan, Ann Arbor 18 383
Universitat Oberta de Catalunya 15 234
The University of Sydney 15 569
The University of Edinburgh 15 665
The University of British Columbia 12 161
King Abdulaziz University 11 224
Indiana University-Purdue University Indianapolis 11 287

show the cooperation networks between countries and the influence
of policy on research performance. Table 6 shows the leading
countries that have contributed to AI research. We found authors
from 101 countries published on Al The results revealed 41 countries
that published more than 10 articles. Our results showed that the
United States, UK, China, Australia, and Spain are ranked in the top
five in the number of published articles. Canada, Germany, the
Netherlands, Mexico, and Saudi Arabia are the following countries.
These results show that more than half of the articles on AI published
by researchers are located in developed countries. The other
countries, including China, Mexico, and Saudi Arabia, were
developing categories.

Results regarding the number of citations show that the
United States, UK, Australia, Spain, and Germany are ranked in the
top five. China, Netherlands, Canada, Malaysia, and South Africa are
the following countries. These results show that researchers in
developed countries received the most citations. The other countries,
including China, Malaysia, and South  Africa, were
developing categories.

Later, we searched for research collaborations among the
countries that have published more than 10 articles (see Figure 4).
The findings indicate that the United States was the primary center
for AI research in education and maintained strong connections
with numerous countries, especially Canada, Israel, South Korea, the
United Arab Emirates, and Turkey. In addition, the United Kingdom
was closely connected with Australia, Germany, the Netherlands,
Switzerland, and South Africa. The other countries have a few links
connections  with

with others and demonstrated weak

other countries.

Most influential studies

We used co-citation analysis to identify the most influential
studies on Al research in higher education. This analysis helps to
uncover co-cited documents on a particular topic or area. The
co-citation analysis is an important contribution to knowledge
building for researchers. Table 7 shows the 10 most influential studies
cited in the articles on Al in higher education. The results regarding
most influential studies demonstrate that nearly all of these studies are
not from publications published during the last 5years. Also, two
books were published by Cohen (1988) and Lave and Wenger (1991).
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FIGURE 3
The collaborative networks of authors had two or more articles (n = 32).

The other 8 publications are peer-reviewed articles. These articles were
published between 2013 and 2018.

Hot research topics and trends in Al
research

Exploring hot topics helps to uncover the core knowledge nodes
in AI education research. VOSviewer can analyze the keywords used
in the study according to a specific timeline. Figure 5 shows the results
from a keyword analysis. In this analysis, we included the keywords
used more than 30 times. Thus, our results yielded 102 keywords. The
program categorized all these keywords into 4 clusters. In Figure 5,
nodes represent the number of keywords, and the colors in Figure 5
represent the different clusters. The cluster analysis focused on
determining keywords with the most strengths and links on the
dataset. The results show that the time indicator of years at the bottom
right of Figure 5 shows the time interval in which the hot topics
keywords in the studies were used.

The results in Figure 5 show that after 2020 (between 2020 and
2023), research (see nodes in yellow, cluster 1) has focused on higher
education, learning analytics, machine learning, academic
performance, forecasting, online learning, COVID-19, and college

students. This result means that Al research has focused on examining
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the effects of learning analytics, machine learning, academic
performance, forecasting, online learning, and COVID-19 on
academic performance after 2020. In addition, light green nodes in
Figure 5 show the hot topics in Al research between 2017 and 2020.
Accordingly, research between 2017 and 2020 has focused on
keywords (see nodes in light green, cluster 1) related to students,
curricula, engineering education, deep learning, computer-aided
instruction, education computing, e-learning, learning systems, active
learning, learning algorithms, motivation, knowledge, decision-
making, algorithms, surveys, and questionnaires. All of these
keywords are placed in cluster 1. This result means that Al research
has focused on understanding the effects of instruction based on
Al In addition, the Al research between 2017 and 2020 has focused
mostly on engineering education. In summary, the studies in cluster 1
have focused on understanding the effects of instruction based on Al
in general.

Between 2015 and 2017, hot topics in Figure 5 (see nodes in
darker blue or turquoise, cluster 2) focused on feedback systems,
feedback, humans/humans, medical education, medical students,
curriculum, educational measurement, questionnaires, and clinical
competence. Based on this result, we can conclude that Al research
mainly was conducted on medical education in higher education
between 2015 and 2017. In addition, cluster 2 included problem-based
learning, program evaluation, psychological aspect, clinical education,
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clinical clerkship, medical school, standard/standards, and attitude of
health personnel. These keywords refer to hot topics of research

TABLE 6 The 10 most important countries that have contributed to Al
research.

10.3389/feduc.2024.1438715

conducted before 2015 (see nodes in purple, cluster 2). This result
suggests that AT was used in medical education as a teaching method
to implement problem-based learning in higher education
before 2015.

Cluster 3 included male, female, adult, clinical competence,
controlled study, and skill. Figure 5 shows that these keywords were

Countries Articles Citations
used in research conducted between 2015 and 2017. Thus, these
Ranked by number of articles results prove that the research on Al focused on medical education in
United States 381 9,183 higher education. Cluster 4 included only the keyword “assessment.”
United Kingdom 173 4524 We found that this keyword was used in research between 2017 and
) 2020. Thus, we can conclude that research also focused on assessing
China 146 1,548 . .
the outcomes of Al-based instruction.
Australia 136 hadd Table 8 shows the most frequently used keywords for hot research
Spain 119 3,660 topics by year. It helps to show an evolutionary model of Al research
Canada 68 1,292 in light of the most frequently used keywords in college research.
Germany 66 1567 These most frequently used keywords show the characteristics of
research to understand the development time of research by years.
Netherland: 50 1,506 . . .
ctherlands Based on the results we obtained using the VOSviewer program,
Mexico 46 484 we divided the research period into four time periods (see Table 8).
Saudi Arabia 44 817
Ranked by number of citations . .
Discussion
United States 381 9,183
United Kingdom 173 4524 This study aimed to comprehensively analyze research trends in
Australia 136 4,444 the use of Al in higher education. Thus, this study provides a holistic
Spain 119 3,660 analysis of Al using a bibliometric analysis method based on published
articles. Our results showed that the use of Al in education has
Germany 66 1,567 . ) .
increased dramatically. This research revealed that the number of
China 146 1,548 publications in AI education research grew dynamically during the
Netherlands 50 1,506 last 20 years of research. Since 2019, interest in Al research has grown
Canada 68 1,292 dramatically, with a significant increase in publications. In addition,
) the results demonstrate a dramatic rise in articles from 2022 to 2023.
Malaysia 28 897 . .
Our results revealed a peak of research on the use of Al in higher
South Africa 2 821 education after 2019. These results confirm the findings of previous
ronania
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TABLE 7 Top 10 highly influential studies.

Authors Article title

10.3389/feduc.2024.1438715

Number of citations

on dataset

Slade and Prinsloo (2013) 2013 Learning analytics: Ethical issues and dilemmas 31
Pardo and Siemens (2014) 2014 Ethical and privacy principles for learning analytics 26
Viberg et al. (2018) 2018 The current landscape of learning analytics in higher education 26
Ferguson (2012) 2012 Learning analytics: drivers, developments and challenges 24
Siemens (2013) 2013 Learning analytics: The emergence of a discipline 23
Gasevic et al. (2016) 2016 Learning analytics should not promote one size fits all: The effects of instructional 21
conditions in predicting academic success
Cohen (1988) 1988 Statistical power analysis for the behavioral sciences 21
Lave and Wenger (1991) 1991 Situated learning: Legitimate peripheral participation 20
Schumacher and Ifenthaler (2018) 2018 Features students really expect from learning analytics 19
Gasevic et al. (2014) 2014 Let us not forget: Learning analytics are about learning 18
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studies indicating that AT has been one of the hot topics in educational
research and that AI research has shown an increase in higher
education (Akhmadieva et al., 2023; Bond et al., 2024; Lopez-Chila
et al., 2024; Prahani et al., 2022; Shamkuwar et al., 2023). One reason
is that Al is a rapidly developing field that can improve the quality of
learning and teaching at all levels (Popenici and Kerr, 2017). Several
factors can explain this result. The first reason is that companies and
universities have been working on important AI projects, and
significant investments in the development of AI have been
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implemented (Zawacki-Richter et al, 2019). These substantial
university research funds are being channeled into the development
of Al because of its potential to transform various dimensions of
education and the need to integrate Al technologies into higher
education to improve educational outcomes and overall institutional
efficiency. One of the primary motivations for higher education
institutions to invest in Al is the potential for enhanced teaching and
learning experiences. For instance, Al applications can personalize
education by analyzing large amounts of student data to tailor learning
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TABLE 8 Keywords that are highly used for the hot research topics according to years.

Year period Keywords

2020 and 2023 Higher education, learning analytics, machine learning, academic performance, forecasting, online learning, COVID-19, and college students

2017 and 2020 Students, curricula, engineering education, deep learning, computer-aided instruction, education computing, e-learning, learning systems, active
learning, learning algorithms, motivation, assessment, knowledge, decision-making, algorithms, surveys, and questionnaires

2015 and 2017 Feedback systems, feedback, humans/humans, medical education, medical students, curriculum, educational measurement, questionnaires, and clinical
competence, male, female, adult, clinical competence, controlled study, and skill

Before 2015 Problem-based learning, program evaluation, psychological aspect, clinical education, clinical clerkship, medical school, standard/standards, and attitude
of health personnel

experiences to individual needs to improve engagement and
knowledge retention (Zawacki-Richter et al., 2019; Abbas et al., 2023).
This enables universities to cater to students with different learning
styles and teaching approaches (Thomas, 2024). In addition, the rapid
development of AI technologies has led to significant investment from
both the private and public areas, with large companies contributing
significantly to Al research (Zawacki-Richter et al., 2019). In light of
these efforts, universities have adopted Al research and development
studies as an integral part of their strategic missions (Sungkono and
Widana, 2024).

These technological advances and new technologies, including AI
in higher education, have driven research into how artificial
intelligence can enhance teaching and learning processes (Popenici
and Kerr, 2017; Zawacki-Richter et al., 2019). Thus, the use of Al in
higher education has become an increasingly important topic in
higher education (Wang and Zheng, 2020). The second reason could
be that research has shown that Al can be used in various ways to
revolutionize learning and teaching in higher education. These include
adaptive learning, personalized education, machine learning
algorithms for online learning, human-Al interaction, and the
pedagogical use of Al-generated data (Bozkurt et al., 2021). In
addition, the positive learning outcomes regarding the implementation
of Al may have engaged researchers to improve students’ learning
outcomes in new research studies (Guo et al., 2023; Urban et al., 2024).
The third reason may be that the impact of AI on higher education is
also evident in research focused on predicting students’ needs,
analyzing learning outcomes, and evaluating teaching processes in
online higher education environments (Akinwalere and Ivanov, 2022).
Findings from research on Al show that this period includes evidence
regarding the use of Al in non-instructional applications. For example,
the study of Akiba and Fraboni (2023) investigated how Al-supported
tools can provide students with academic advice using a free version
of ChatGPT. They found that ChatGPT generated surprisingly high-
quality responses in an authoritative yet supportive tone and was
particularly good at answering general and open-ended career-related
questions, such as career prospects, in a clear, comprehensive, and
supportive manner using simple language. The research of Ruwe and
Mayweg-Paus (2023) demonstrated that participants attributed more
significant trustworthiness to Al over educators and peers, particularly
in terms of expertise, as feedback was provided.

Furthermore, the transformative potential of Al for teaching,
learning, and research in higher education is recognized. The fourth
reason is that since 2019, AI technology has made significant advances,
including in the sophistication of algorithms and the increasing
availability of data. In particular, the most notable leaps in Al
technology in deep learning and natural language processing have led
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to significant advances in the use of Al Introducing models such as
OpenAT’s GPT-3 in 2022 is an example of these advances and has
shown that they can generate human-like text and understand context.
The rapid increase in patent filings related to Al technologies across
various industries supports a robust trend toward innovation and
application of Al solutions in all areas of life (Park and Kwon, 2023).
These developments have led to transformative applications in the
field of education.

In addition to the number of articles, we found that the results
regarding the number of citations over the last two decades showed a
growing trend and a significant increase from 2004 to 2023. This trend
and increase show that AI education research has received more and
more attention from researchers in the last 20 years. This result could
be because the inclusion of AI tools in education has sparked
researchers’ interest in exploring the impact of AI (Popenici and Kerr,
2017; Tapalova and Zhiyenbayeva, 2022). In addition, the potential of
AT has attracted much attention (Tapalova and Zhiyenbayeva, 2022).
Researchers have emphasized that AT applications have benefits on
learning outcomes and improving the educational environment
(Aldosari, 2020). In addition, there is a need to adapt Al-driven
e-learning systems after COVID-19 (Aldosari, 2020; Khan et al., 2022).

On the other hand, the results also revealed that the number of
publications on Al in higher education research was flat from 2004 to
2012. The number of articles during this period suggests that the early
integration of Al into higher education and the limited awareness and
understanding of AI technologies among faculty may have caused this
result. It is also essential to indicate that, during this period, AI was
still in its infancy to be used within educational technology. The
literature suggests that technology integration in higher education
primarily focuses on e-learning and digital resources rather than Al
(Cotton and Gresty, 2005). Furthermore, Al was not recognized as a
critical component of educational strategies during this period. These
factors may have contributed to the slow progress of research on Al'in
higher education during this period.

In addition, our analyses revealed weak collaboration between
researchers and different research groups. This result revealed limited
interaction among scholars studying Al in higher education. This
result can be explained by a lack of understanding of how researchers
should effectively collaborate with Al in teaching (Jarveld et al., 2023).
Furthermore, our results regarding the top 10 institutions revealed
that most of the institutions, according to the number of articles, were
from Australia and the United States. The other institutions were from
Mexico, the Netherlands, Spain, Scotland, Canada, and Saudi Arabia.
This finding can be explained by the great success of researchers in
countries such as Australia and the United States in using Al
technologies in higher education. This means these countries are
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actively preparing and planning to use Al in education. Another
reason may stem from the COVID-19 pandemic has also accelerated
the adoption of Al in education due to the emphasis on online or
distance learning. Our findings are consistent with other research that
has found that developed countries have significantly contributed to
the development of Al in education (Akhmadieva et al., 2023; Lopez-
Chila et al., 2024). In parallel with advances in AI technologies in
developed countries, policymakers in these countries may have been
very active in promoting research on the use of Al in education.

Furthermore, our results showed that the most influential studies
were published between 2013 and 2018, and all the most influential
articles focused on learning analytics. This finding has significantly
influenced AI education research, as the results show that they were
co-cited considerably by researchers who were also the authors of the
analyzed articles in this study. Our results also included the hot topics
in AI education research. They showed that Al research has focused
on understanding the effects of instruction based on AI, and most
studies were conducted in engineering education. The research
between 2015 and 2017 was conducted on medical education in
higher education. In addition, before 2015, research focused on using
Al in medical education as a teaching method to implement problem-
based learning in higher education. These findings, evident from
previous studies, indicate that adopting Al as a teaching aid in online
education is a significant development supporting traditional teaching
methods, automatically analyzing teaching processes, and promoting
effective teaching practices (Xiao and Yi, 2020).

The findings about research trends and topics after 2020 (between
2020 and 2023) have shown that research has focused on examining
the effects of learning analytics, machine learning, academic
performance, forecasting, online learning, and COVID-19 on
academic performance in higher education. This result parallels the
launch and development of ChatGPT. Before the introduction of
ChatGPT in 2022, research on Al in higher education focused mainly
on personalized learning environments, intelligent tutoring systems,
and adaptive learning platforms. For example, Luckin and Holmes
(2016) emphasized AT’s potential for customized learning, including
machine learning algorithms that could adapt educational content
based on student needs. Following the release of ChatGPT in
November 2022, an Al model has dramatically changed the use of AI
in higher education. The existence of ChatGPT has shifted to the
potential of generative Al to help students with academic writing,
provide real-time tutoring, and support research activities. Research
has shown that AI, such as ChatGPT, is now directly integrated into
educational practice to help create essay drafts, answer complex
questions, and assist with literature searches. In the post-ChatGPT era,
research has focused on using AI by students in higher education. In
particular, the post-ChatGPT era has shifted to content creation,
academic support, and various aspects of Al-enhanced learning in the
higher education context. Similarly, we found in this research that AI
has been used to examine the effects of learning analytics, machine
learning, and online learning on academic performance.

Conclusion

The results of this research yielded several conclusions. Firstly,
it is evident that the use of artificial intelligence in higher education
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has significantly grown in the past few years. This is evident in our
findings, which indicated that research has increased, particularly
after 2019. And a significant increase in the number of articles and
citations exists. Furthermore, the results of research trends
demonstrated that most papers centered around understanding the
effects of Al-based instruction between 2017 and 2020. Studies
between 2015 and 2017 were conducted on medical higher
education. In addition, before 2015, scholars studied the use of Al
in medical education to teach and implement problem-based
learning in higher education. Thus, this study has revealed that AI
has the potential to transform higher education by providing new
teaching methods to involve students actively. Based on the results
of this research, we can conclude that higher education educators
should include AI technology in their curricula to learn and teach
their course content. Nevertheless, educators must consider the
ethical concerns of using artificial intelligence in education. To
summarize our findings, the bibliometric analysis in this paper
underscores the increasing significance of Al in higher education.
Our results emphasize the research trends on Al Our findings have
implications for all researchers and educators in higher education.
According to the researchers, this review has indicated the necessity
for additional studies on artificial intelligence in higher education
due to the existing shortage of research in this domain. Researchers
must determine the extent to which AI may enhance higher
education and identify the issues that must be addressed for its
successful adoption.

Recommendations

First, to further our understanding of research trends regarding
the use of AI in higher education, more in-depth studies are needed
to explore future research trends. This study could not systematically
review articles on Al in higher education due to the many articles.
Second, future research could bridge this gap by conducting a
systematic review of Al research on the effectiveness of publications
on learning and teaching. Third, since our analysis focused solely on
journal articles, future research should consider including other
publication types, such as conference proceedings and book chapters,
in future studies. Fourth, an additional recommendation is that a
comparative analysis of the status of research in developed and
developing countries can add new information to scholars’ knowledge.
Fifth, because Al generates sophisticated content that raises questions,
future research should focus on the ethical aspects of Al-generated
content. Sixth, regarding the use of Al as personalized tutoring in real-
time, future studies should investigate the effectiveness of AI-driven
tutoring systems in different disciplines of higher education in terms
of student engagement and learning. Seventh, the potential of Al tools
such as ChatGPT to assist students with research tasks such as
literature searches, writing assignments, and analyzing data is well
known. Future studies should investigate how AI can be integrated
into higher education. Finally, longitudinal studies that examine the
long-term impact of integrating AI into higher education are
necessary. Research to date has focused primarily on short-term
studies in general. Hence, long-term studies are required to
understand the use of Al in teaching and student achievement in
higher education.
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Limitations

This study analyzed research trends in higher education, and our
research has some limitations. First, we only analyzed a limited
number of publications. Our analysis was based on the SCOPUS
database, and the publications analyzed were written in English.
Therefore, we neglected articles in other languages and could not
consider publications published in other databases. Second, we only
used the VOSviewer software to identify research trends. Further
studies should consider these limitations to gain further insights into
Al research trends in higher education. Finally, more in-depth studies
using the findings of this research are required.
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