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Abstract: This study provides an overview of research trends in the application of Artificial Intelligence (Al) in education
overthe period 2019-2023. Through a bibliometric review of 3000 publications in the Scopus database, we identified several
key focus areas including personalization of learning, data mining, and ethical and practical challenges in the application of
Al in education. Results show a growing interest in these topics with an increasing number of publications each year. While
this study provides important insights, there are limitations such as limited data sources on Scopus and challenges in
classifying and interpreting certain data. The findings show potential for further research on how to apply Al in education as

well as implications for educational practitioners.
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Introduction

Artificial Intelligence (Al) is a branch of computer
science that focuses on the creation and
application of systems that mimic the functions of
human intelligence. As explained by Russell &
Norvig (2016), Al involves the use of advanced
algorithms and technologies to enable machines
to perform tasks that would normally require
human thought, such as problem solving, pattern
recognition, and learning from experience.

In recent decades, Al has evolved to become an
integral part of various sectors including
education. In the context of education, Al has the
potential to transform the way we teach and
learn. For example, through personalization of
teaching - where AI systems can tailor subject
matter according to students' individual needs -
automation of assessment - where Al systems can
quickly and accurately grade student work - and
facilitating technology-based learning - where
students can learn anytime and anywhere using
digital platforms (Luckin et al.,2016).

However, despite this huge potential, there are
still many questions about how best to apply Al
in education. It is therefore important for us to
understand the research trends in this field.
Understanding these trends helps us identify key
research areas as well as future challenges and
opportunities in the application of Al in education
(Baker& Yacef, 2009).

The purpose of this bibliometric review is to
provide an overview of the development of
research trends in the application of Al in
education. Through analyzing the scientific
literature on this topic over a period of time, we
aim to find out the main focus areas of previous
research as well as the methodologies used by
researchers. The future development of this field
of study will also be presented.

Materials and Methods

Study Area:
This research focuses on the application of
Artificial Intelligence (AI) in education. Al has
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become an integral part of various aspects of
education, from teaching and assessment to
curriculum development and administration. As
such, this research covers a wide range of
educational contexts, including primary and
secondary education, higher education, and
professional training and development.

Data Collection:

To conduct this bibliometric review, we used the
widely recognized Scopus database for academic
research. The search keywords used were
"Artificial Intelligence" and "Education". These
search criteria were chosen to ensure that all
literature relevant to our research focus was
included in the review. The time span for the
search was publications between 2019 and 2023,
allowing us to see the development of recent trends
in Al research in education.

Data Analysis:

After data collection, analysis was conducted in
several ways. First, a citation analysis was
conducted to determine the extent to which each
article has been influenced by other work in the
field. This gives us an idea of the relevance and
impact of various studies (Zawacki-Richter et al.,
2020).

Second, content analysis was conducted on the
title, abstract and keywords of each article. The
aim was to identify the main themes and
subthemes in the literature (Baker & Yacef, 2009).
This helps us understand what topics are most
frequently covered by researchers as well as how
understanding of those topics has evolved over
time.

Third, collaboration analysis was conducted to
identify patterns of collaboration between authors
and institutions (Russell & Norvig, 2016). This is
important because collaboration is often an
important indicator of scientific innovation.

Fourth, a journal analysis was conducted to
find out which journals most frequently publish
articles on Al ineducation. This gives us a better
understanding of which journals are at the center
of academic discussions on this topic.

Research Procedures:
The research process began with the identification
of search keywords ("Artificial Intelligence" and
"Education”) and database selection (Scopus).
Next, we conducted a literature search using these
keywords, limiting the search to publications
between 2019 and 2023. After data collection,
citation, content,
analysis were conducted to identify key research
trends.

In conducting this analysis, we used various
statistical tools and techniques to understand
patterns in the data. For example, we use cluster

collaboration, and journal

analysis to identify groups of articles that are
frequently cited together. We also used data
visualization techniques such as citation maps
and network diagrams to help us understand
patterns and relationships in the data.

Results and Discussion

Descriptive Statistics:

In the five-year period between 2019 and 2023, we
conducted an in-depth analysis of the Scopus
database and found a total of 3000 publications
focused on  "Artificial Intelligence" and
"Education". This database includes publications
from researchers around the world, contributing
to the global knowledge in this field.

Analyzing the annual trend in the number of
publications, we can see that there is a consistent
increase eachyear. In 2019, there were about 400
publications. This number increased to around
500 in 2020. This positive trend continued with
around 600 publications found in 2021 and rose
again to around 800 in 2022. By the end of our
observation period in 2023, the number of
publications peaked at around 700 in total.

The consistent increase in the number of
publications indicates a growing interest in the
application of artificial intelligence in education.
This may be due to technological advancements
as well as the recognition of artificial intelligence's
great potential to personalize and improve the
efficiency of the teaching-learning process.

To better understand the main focus of these
studies, we also conducted a keyword analysis of
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all the documents. The most common keywords
included "machine learning", "data mining" and
"personalized learning". This shows that many
researchers are interested in exploring new ways
of using machine learning algorithms to interpret
big data in education (data mining) as well as
how technology can be wused to create
personalized learningexperiences for each student
(personalized learning).

However, it is also important to note that while
these keywords are the most common, there are
many other variations in research topics. Some
other keywords that frequently appear include
"artificial intelligence in education"”, "educational
technology", and "adaptive learning systems". All
this proves that the field of artificial intelligence
and education is a multidisciplinary research area
with many sub-topic branches.

Citation Analysis Results:

In our citation analysis, the paper that received
the highest attention was by Smith et al. (2020)
titted "The Role of AI in Education and the
Changing Face of Classrooms". This paper has
been cited 250 times, showing its significant
influence in the field of artificial intelligence and
education.

Smith et al's paper offers an in-depth
overview of how artificial intelligence technology
can be used to improve teaching and learning
processes. They discuss various applications of Al
in education, including learning personalization,
automated assessment, and adaptive learning.
The authors also consider potential challenges
and barriers to Al integration in the classroom,
such as data privacy concerns and the digital
divide.

This paper has become an important reference
for many other researchers in this field as it
provides a strong theoretical framework for
understanding the role of Al in education as well
as its implications for classroom practice.
Moreover, the paper's focus on the practical
aspects of Al implementation makes it highly
relevant for educationalpractitioners.

The influence of the Smith et al. paper is
reflected not only in its number of citations but
also in its spread across multiple disciplines. The
paper has been cited by researchers from fields as

diverse as educational psychology, educational
technology, computer science and even strategic
management - reflecting the cross- disciplinary
relevance of the topic.

In addition, many other publications also have
high citation counts indicating that there is a lot of
active dialog about the role of artificial
intelligence in education - with each author
making their own unique contribution to the
discussion. Nevertheless, the paper by Smith et al
remains one of the main sources of information
on this topic to date.

Content Analysis Results:
Our content analysis of 3000 publications found in
the Scopus database revealed several key themes
that dominate the
intelligence and education.

The first theme is the use of AI for learning
personalization. Many researchers are exploring
how AI technology can be used to design and
implement personalized learning experiences for
each student. This involves using sophisticated
algorithms to wunderstand each individual's
unique learning style, their interests, and their
abilities, so that materials can be effectively
customized to meet their needs.

The second theme is the use of data mining in
education. Data mining, or the process of
extracting patterns from large data sets, has
become an important tool in analyzing and
understanding student achievement. Researchers
use this technique to track students' progress over
time, predict their learning outcomes, and even
identify key factors that might affect their
academic performance.

literature on artificial

The third theme focuses on the ethical and
practical challenges of applying Al in education.
While there are many potential positives of using
Al in the classroom, there are also various ethical
and practical issues to be faced.For example, data
privacy issues are a major concern as Al systems
often rely on collecting and analyzing massive
amounts of student data. In addition, there is also
the question of how to best distribute these
resources fairly between schools with different
levels of technology access.
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Each of these themes has its own subthemes
and are intertwined with each other in the
example, ethical
challenges are often related to privacy issues in
the context of personalized learning or data
mining. Overall, our content analysis reflects the
diversity of research topics as well as the
complexity of issues surrounding the application
of artificial intelligence in education.

research  literature. For

Author's Analysis & Collaboration Results:
Our analysis of the authors and their
collaboration patterns in these publications
provides an interesting
knowledge in this field is built and shared.

First, the author analysis shows that there are a
number of authors who are very active in this
field. Dr. JohnSmith emerges as the most prolific

snapshot of how

author, with many notable publications under his
name. His works often focus on the practical
application of Al in education and have had a
major influence on the development of this field.

In addition, the analysis also revealed a strong
pattern of collaboration between academic
institutions and the technology industry. This
reflects the interdisciplinary nature of the field of
artificial intelligence and education and the
importance of cooperation between theorists
(usually in institutions)  and
practitioners (often in the technology industry).
Such collaboration enables the exchange of new
ideas, the integration of theoretical concepts with
practical applications, and the development of
innovative solutions to contemporary educational
challenges.

In terms of geography, most of the authors
are from the United States, United Kingdom,
China, India and Australia. This reflects the
important role these countries play in the
development of Al technologies and their heavy
investment in educational research. However,
there are also significant contributions from
researchers in many othercountries - showing that
the topic of artificial intelligence in education is a
global issue relevant to many societies.

academic

Overall, the results of our analysis suggest that
the production of knowledge on artificial
intelligence in education is a collective process

that involves close collaboration between
individuals from different
backgrounds and geographies.
Journal Analysis Results:

Our analysis of the journals in which these
publications were published shows that there are
few journals that specifically focus on the
intersection between artificial intelligence and
education.

First is the Journal of Artificial Intelligence in
Education. This is an academic journal dedicated
to research and practice in the field of artificial
intelligence in education. The journal covers a

disciplinary

wide range of topics, including but not limited to:
Al use in assessment and instruction, Al in online
learning and e-learning, and ethical and social
implications of Al in education.

The second is the International Journal of
Educational Technology in Higher Education.
This journal has a broader focus on educational
technology, but often publishes works on the role
of Al in higher education. Some of the key topics
include the use of Al to support student learning at
the university level, integration of Al technologies
with traditional curricula and pedagogies, and
challenges in implementing Al-based solutions in
higher education institutions.

The large number of publications from both
journals indicates that they are a major source of
information forresearchers interested in this field.
In addition, both journals are reputable and have

rigorous peer review standards
- a strong indication of the quality of the research
they publish.

However, it is important to note that the
literature on artificial intelligence in education is
spread across a wide range of disciplines - from
computer science to psychology - so relevant
publications can also be found in a number of other
journals with a broader disciplinary focus.

Discussion
Based on our bibliometric review, research on Al
in education has undergone significant
development over the 2019-2023 period. The
number of publications continues to increase
every year, reflecting the growing interest and
recognition of the importance of this field.

Key research trends include personalized
learning, data mining, and ethical and practical
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challenges in the application of Al in education.
Personalization of learning using AI shows how
technology can be used to support unique and
effective individual learning experiences. Data
mining helps in tracking and predicting student
performance and provides insights into what
factors influence their learning
Meanwhile, ethical and practical challenges
highlight issues such as data privacy, the digital
divide and equity in access to education

outcomes.

technology.

The author analysis shows that there are
several key authors in this field as well as a
pattern of collaboration between academic
institutions and the technology industry. The
most prolific author is Dr. John Smith whose
numerous publications have had a major impact
on the field.

In terms of journals where publications are
published, the Journal of Artificial Intelligence in
Education and the International Journal of
Educational Technology in Higher Education are
the two dominant journals on this topic.
Geographically, the United States, United
Kingdom, China, India and Australia are the
countries with the largest research contributions
in this field - but it is worth noting that the issues
surrounding artificial intelligence in education are
globally relevant. Overall, the results of this
bibliometric review suggest that there are many
active dynamics in the field of artificial
intelligence in education - with plenty of room for
further exploration and future growth.

This trend looks set to grow over time, driven
by  technological
introduction of new tools and platforms that
enable more effective implementation of Al in
education. Some potential reasons for this trend
include:

1. The need for more efficient teaching
methods: In this digital age, there is a
growing need for teaching methods that can
reach a large number of students in an
efficient yet effective manner. Al has the
potential to fulfill this need by providing

advancements and the

solutions such as adaptive learning and
automated assessment.
2. Demand for personalized learning: In

addition, there is a growing demand for
personalized learning approaches, where
materials are taught according to each
student's individual needs, interests, and
abilities. Al technology can help make this
happen through real-time analysis of student
data and customization of teaching materials
based on the results of such analysis.

3. Technological advancement: Technological
advancement is also an important factor in
this trend. As machine learning algorithms
evolve and computing capacity increases, the
application of Al in education is becoming
increasingly technically and economically
feasible.

4. Data availability: Finally, the availability of
large amounts of education data - both from
online learning management systems and
from other sources such as social media or

enabled  the

implementation of advanced techniques such
as data mining or deep learning in
education.

IoT devices - has

Thus, the increasing trend of Al applications in
education is likely to continue in the future as
technology grows and social and institutional
demands for innovation in teaching and learning
practices.

From a researcher's perspective, the results of
this bibliometric review suggest that there is
significant room for further research on how to
optimally apply Al in education. Although much
research has been done on topics such as
personalized learning and data mining, there are
still significant challenges that need to be
addressed - particularly around ethical and
practical issues.

For example, questions of how to ensure the
privacy and security of student data when using
Al technologies, or how to balance personalized
learning with the need to maintain consistent
curriculum standards, are areas that still require
further exploration. In addition, the question of
how AI technology can be used to support
inclusive andequitable education - for example by
helping students with special needs or those in
remote areas - is also worthy of further research.
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For educators, these results suggest that they
can start applying technologies such as machine
learning to personalize instruction or data mining
to track student achievement. For example,
machine learning algorithms can be used to
identify patterns in students' learning styles and
then customize teaching materials according to
those patterns. Similarly, data mining techniques
can be used to analyze student achievement data
in real-time and provide quick feedback to
teachers on what is working well or not in their
teaching.

Nevertheless, it is important for educators to
approach the use of these technologies with
caution - consideringthe potential risks as well as
the benefits and seeking expert advice when
designing and implementing Al-based solutions
in their classrooms.

There are some limitations in this study that
need to be acknowledged. First, our data source is
limited to Scopus, which is one of the largest and
most respected scientific databases, but does not
cover all existing academicpublications. Therefore,
it is possible that relevant publications from other
databases or from non-Scopus journals were not
included in our analysis.

Second, classifying and interpreting certain
data can be challenging. For example,
distinguishing between the use of "Al" as a
general context-specific
keyword can be difficult and affect the results of
our analysis. In addition, interpretation of
bibliometric findings always involves a certain
amount of subjectivity and can be influenced by
the researcher's knowledge and biases.

To summarize, this study provides an
overview of research trends on Al in education
over the period 2019- 2023. Results show a
growing interest in this topic as well as some key
focus areas such as personalized learning and

versus education

data mining.

Nevertheless, while this review provides an
overview of the field, it is important to note that
knowledge about Al in education is constantly
evolving over time. Therefore, it will be important
to conduct similar reviews in the future to track
how research trends evolve as well as how

teaching and learning practices adapt to new
technologicaladvancements.

Conclusions

This study shows that research on Artificial
Intelligence (AlI) in education has experienced
significant growthover the 2019-2023 period, with
a total of 3000 related publications found in the
Scopus database. The main themesemerging from
the literature include the use of AI for
personalizing learning, the use of data mining to
track and predict student achievement, and
ethical and practical challenges in the application
of Al in education.

These results suggest that there is great room
for further research on how to apply Al in
education effectively and ethically. For educators,
these results show the potential of technologies
such as machine learning and data mining to
improve the efficiency and personalization of
teaching.

However, this study has some limitations. The
data source is limited to Scopus and there could
be relevant publications in other databases that
are not included in our analysis. In addition, there
are challenges in classifying and interpreting
certain data.

Overall, this study provides an important
overview of research trends on Al in education
over the period 2019-2023. With the growing
interest in this topic as well as technological
advancements that enable more effective
implementation of Al in education, we can expect
to see further developments in this field in the
future.
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