Full Paper—Paper Formatting for online-journals.org

Artificial Intelligence in Education Research During The
Last Ten Years: A Review and Bibliometric Study

https://doi.org/10.3991/ijXX.VX.IX.XXXX

Binar Kurnia Prahani'*9, Igbal Ainur Rizki ?, Budi Jatmiko?®,
Nadi Suprapto®, Tan Amelia®
1234 Universitas Negeri Surabaya, Surabaya, Indonesia
5 Universitas Dinamika, Surabaya, Indonesia
binarprahani@unesa.ac.id

Abstract— Research on Atrtificial Intelligence in Education (AIED) has in-
creased rapidly in recent years, so efforts are needed to understand the status of
trends and their development to support and focus these trends. The specific ob-
jectives of this study are to analyze document type, source document, contributed
country, language, top affiliation, sponsorship funding, top source title, subject
area, research station, visualization of mapping research trends across and top 50
cited publications, reviewing some of the top-cited publications on AIED re-
search over the last ten years using bibliometric analysis. The metadata used is
the Scopus database and a mapping application using VOSviewer with 457 doc-
uments. The bibliometric results show that the development of AIED research
has increased exponentially over the last five years. The most common types of
documents are articles, journal document sources, and China's most productive
country. English being the most significant language, the most prolific author
was Kalles, D, some of the top prolific affiliates with four publications, while the
most sponsored funding was the National Natural Science Foundation of China
and the National Science Foundation. “Journal of Physics: Conference Series” is
the primary source, the most research subject area is Computer Science, for the
top-cited author is Holmes, W. Mapping of research trends shows that AIED re-
search trends in the last ten years are: 1) it's an application to students; 2) the
subject of education in engineering educations; 3) teaching methods; 4) e-learn-
ing based education; 5) education system; 6) curriculum included Al. AIED in-
tegration could revolutionize the education system.
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1 Introduction

The development of the Industrial Revolution 4.0 has led to a rapid increase in digital
technology, one of which is Artificial Intelligence (Al) technology [1-4]. Al is a simu-
lation of the intelligence possessed by humans, which is modeled in machines and pro-
grammed to think like humans [5]. This technology is the main driver for the presence
of modern technologies, such as big data, self-driving cars, robotics, and the Internet of
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Things [2,6-9]. In addition, the application of Al has penetrated all aspects, such as
technology, industry, medical, business, and education.

More specifically, Al in education (AIED) has an important role in improving the
quality of the education sector because its application can make it easier for teachers
and students to carry out learning activities in many subjects [10,11]. For example,
Chen and Liu [12] developed a personalized computer-assisted mathematics problem-
solving system and found it effective for improving students' performance and learning
attitudes. Moreover, recent literature on AIED [13-18] clearly identified the main prob-
lem of the learning process in which Al can offer a more important contribution. This
is also supported by the Al Index Report 2021 [19], the number of courses that teach
students the skills necessary to build or deploy a practical Al model on the undergrad-
uate and graduate levels in 2020 has increased by 102.9% and 41.7%, respectively, in
the last four academic years.

Research publications on AIED also continue to increase every year. A simple
method that can be done is to search Scopus with the keyword "Atrtificial Intelligence
or Al Education or Educational”, find results in 2017 as many as 14 results, while in
2021 as many as 257 results. This shows that AIED research topics have increased
rapidly over time. Therefore, its need efforts to find out and understand the status and
trends of a research topic to develop and be properly supported [20], especially in
AIED. Bibliometric studies can be a solution to understand research trends, patterns,
novelty, and impactful studies [21-25]. This study can also assess the contribution of
research to the development of knowledge — particularly about AIED — using a statisti-
cal approach and provide a broader understanding of the entire discipline at a relatively
low cost [26].

Previous research [27] has conducted bibliometric analysis and systematic reviews
on Al trends in mathematics education so that the range of information obtained is still
not wide enough. In addition, studies by [18,28,29] have performed bibliometric anal-
ysis on AIED, but this study uses the Web of Science database for data mining and uses
the Science Mapping Analysis Tool application to perform the mapping. Recommen-
dations for these studies are to conduct bibliometric analysis on other databases (such
as Scopus or Google Scholar) and other applications to map research trends (such as
VOSviewer, HistCite, etc.) so that a broader understanding of the topic being studied
can be obtained. Therefore, this study will conduct a bibliometric analysis on AIED in
the last ten years (2011-2021) using metadata in the Scopus database and the
VOSviewer mapping application. This research is expected to find out patterns, re-
search trends, novelty, and future education in the AIED field.

2 Methods

This research is descriptive, using bibliometric analysis of metadata from the Scopus
database (www.scopus.com) [30-33]. This database was chosen because it has the larg-
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est academic database globally with citations that provide abstracts from various scien-
tific and research literature that have been reviewed so that it is effective for visualizing,
tracking, and analyzing publications [34]. The research procedure followed five stages,
as shown in Figure 1 [35-37].

Defining Initial Refinement Compiling
the initial Data
search search of the data analysis
keywords results search statistics

Fig. 1. Five stages of carrying out a bibliometric study.

3 Results and Discussion

3.1 Year-Wise Distribution, Document Types, Document Sources, and
Countries Contributed to AIED Research

The distribution of research publications on AIED over the last ten years can be seen
in Figure 1. It can be seen that the development of AIED research tends to stagnate in
2011-2016, but from 2017 to 2021, there will be an exponential increase. This finding
is consistent with research [18,28] which shows that AIED research has relatively in-
creased every year, especially in the last five years.
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Fig. 2. Year-wise distribution graph on AIED publications

The types and sources of documents in AIED research for the last ten years can be
seen in Figure 3.
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Figure 3. Document type and source of AIED research

The metric results show that 76 countries have contributed to AIED research over
the last ten years. Figure 4 shows the top 10 countries that have contributed to AIED
research. China leads the productivity with 201 articles, followed by the USA with 50
articles, then Russia with 22 articles, and so on. This is because the State Council of
China published Next generation artificial intelligence development plan with a clear
plan that Al should be broadly applied in all education levels so that the generation in
China has talent in the field of Al [40]. However, this finding is different from the study
by [18,28] that the USA is the most productive country in AIED research. If the publi-
cation is regulated without 2011-2022, the USA will be the most productive country
with 15 items published. In addition, another factor that causes this difference is the
difference in the databases used, where they use the Web of Science database while we
use the Scopus database. In addition, it can also be analyzed that developing countries
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have relatively few AIED publications because the wealth of a country influences tech-
nological progress. This is in line with research by [41] that developing countries have
fewer Al publications in higher education.

Top 10 Contributed Countries in AIED Research
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Fig. 4. Top 10 contributed countries in AIED research during the last ten years

The mapping of countries based on clusters can be seen in Figure 5. There are 17
clusters with the main cluster of 6 countries, consisting of China which is connected to
the Czech Republic, India, Malaysia, Thailand, and the UAE with red nodes.
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Fig. 5. Cluster mapping by country

3.2  Language, Top Affiliation, and Funding Sponsor

Table 1 shows data on the top 5 languages, authors, affiliations, and sponsorship
funding for AIED research over the last ten years.

Table 1. Top 5 language, authorship, affiliation, and funding sponsor of AIED re-
search during the last ten years

Top Language Top Authorship Top Affiliation Top Funding Sponsor
Language Total Author Total Affiliation Total Funding Sponsor | Total
University National Natural
English 443 Kalles, D. 3 Politehnica of Bu- 4 Science Founda- 5
charest tion of China
Bhattacharjee, Nanyang Technolog- National Science

Chinese 4 2 X o 4 i 5
K.K. ical University Foundation

Ministry of Edu-

National Institute of cation and Science

Russian 4 Binder, L. 2 . 4 . 4
Education of the Russian
Federation
. Bundesministe-
Deggendorf Institute . .
Portuguese 3 Chang, Y.S. 2 4 rium fur Bildiing 3

of Technology

und Forschung
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Top Language Top Authorship Top Affiliation Top Funding Sponsor
Language Total Author Total Affiliation Total Funding Sponsor | Total
. . Education Depart-
. Des Jardins, Beijing Normal Uni- .
Spanish 3 2 . 4 ment of Jilin Prov- 3
M. versity

ince

3.3  Top Source Title, Subject Area, and Research Citation

Table 2 shows the top 10 source titles, subject areas, and cited authors from AIED
research over the past ten years.

Table 2. Top 10 source title, subject area, and cited author on AIED research dur-
ing the last ten years

Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by
Journal of Physics: Conference Se- 30 Computer  Sci- 281 Holmes, W. 50
ries ence
Advances In Intelligent Systems 23 Engineering 149 Luckin, R. 45
And Computing
ACM International Conference Pro- 17 Social Sciences 147 Norvig, P. 42
ceeding Series
Journal Of Intelligent And Fuzzy 16 Mathematics 71 Roll, I. 37
Systems
Communications In Computer And 11 Decision  Sci- 51 Koedinger, 35
Information Science ences K.R.
Proceedings 2021 2nd International 10 Physics and As- 38 Wang, Y. 34
Conference On Artificial Intelli- tronomy
gence And Education Icaie 2021
Lecture Notes In Computer Science 9 Environmental 21 Li, Y. 31
Including Subseries Lecture Notes Science
In Artificial Intelligence And Lec-
ture Notes In Bioinformatics
Lecture Notes In Electrical Engi- 8 Business, Man- 20 AlevenY. 30
neering agement, and
Accounting

Sustainability Switzerland 8 Medicine 18 Vanlehn, K. 30
International Journal Of Emerging 7 Energy 16 Wang J. 28
Technologies In Learning
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Fig. 6. Mapping visualization of the top-cited author on AIED research during the
last ten years

Based on the top-cited author, Holmes, W. is recognized as the author with the most
citations on AIED research over the last ten years, namely 50 citations per 457 publi-
cations. Followed by Luckin, R. 45 citations; Norvig P. 42 citations; Roll 1. 35 citations;
Wang, Y. 34 citations; and other authors with fewer citations. The visualization map-
ping between the cited authors also has 9 cluster links as shown in Figure 6. The first
cluster with red nodes (n=127), the second cluster with green nodes (n=42), the third
cluster with blue nodes (n= 39), a fourth cluster with yellow nodes (n=26), and several
other clusters with fewer items. Holmes, W. and Luckin R. are the main cited authors
because they have the most citations and high link strength but belong to the third clus-
ter.

3.4  Research Trend Mapping Visualization

The most occurrence keywords are analyzed before mapping out the visualization of
AIED research trends over the last ten years, as shown in Table 3. It can be seen that
the most frequently occurring keywords and the highest total link strength are Al, re-
spectively 377 and 1624. It is clear that Al is the main keyword in AIED research.
While the second order is Students with occurrence 104 and total link strength 613.
Followed by Education, Al technologies, Engineering Educations, Teaching, E-Learn-
ing, Education Computing, Learning Systems, and Curricula. Based on this pattern, it
can be found that the trends of AIED research in the last ten years are: 1) it's application
to students; 2) the subject of education in engineering educations; 3) teaching methods;
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4) e-learning based education; 5) education system; 6) curriculum included Al. This
finding is similar to research by [28,42,43] which found that the most frequently used
keywords were Al, education, machine learning, robotics, education computing, stu-
dent, and e-learning.

Table 3. Top 10 keywords of all and top 50 cited AIED research during last ten

years
All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Artificial Intelli- 377 1624 Artificial Intelli- 215 185
gence gence

Students 104 613 Education 38 57

Education 78 371 Machine Learning 18 40
Artificial Intelli- 72 410 Higher Education 15 25
gence Technolo-

gies
Engineering Edu- 68 405 Physical Educa- 13 19
cations tion

Teaching 52 291 Technology 12 18

E-Learning 52 284 E-Learning 9 10
Education Com- 51 311 Artificial Intelli- 8 8

puting gence Education

Learning Systems 41 251 Big Data 7

Curricula 38 212 Artificial Intelli- 7

gence Technology

Figure 7 shows a visualization mapping of AIED research trends over the last ten
years to find research novelty from this domain. The mapping results show 14 focus
clusters for AIED research topics. The main cluster with red nodes (n=72) focuses on
Al subjects such as human, machine learning, radiology, technology, augmented real-
ity, virtual reality, physician, etc. The second cluster with green nodes (n=70) focuses
on Al methods such as neural networks, decision makers, development directions, data
mining, etc. The third cluster with blue nodes (n=54) focuses on Al applications such
as education policies, online learning, ecosystems, methods of teachings, smart cities,
etc. The fourth cluster with yellow nodes (n=51) focuses on Al media, such as com-
puter-aided instruction, natural language processing, digital storage, etc. The fifth clus-
ter with purple nodes (n=47), focuses on Al goals such as critical thinking, curriculum,
innovation, innovative talents, teaching and learning, etc. Other clusters have more mi-
nor keyword occurrence and research focus.
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Fig. 7. Mapping visualization of keywords co-occurrence on all AIED research

during last ten years

The way to find novelty based on the mapping results is to look at the relationship
between smaller or fewer keywords. For example, the application of Al that focuses on
higher education has been widely researched in the last ten years because many key-
words have been found. Meanwhile, there is not much research on K-12 schools against
Al because relatively few keywords are found. Other examples include Al analysis of
education policy, course content, individualization, etc. This is an opportunity and po-

tential for current and future research on AIED.
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Fig. 8. Some examples of more specific keyword mapping results on the topic of a)
education, b) students, c) learning systems, d) curriculum, and e) teaching

Figure 8 shows some examples of more specific keyword mapping results on edu-
cation, students, learning systems, curriculum, and teaching. Figure 8a-8c is the top
trends research in AIED during the last ten years, while Figure 8d-8e is the opposite. If
researchers want to explore AIED on top trends, they still have a great opportunity
because top trends have a wider range and are flexible in their application. This is be-
cause AIED can reform education in many aspects. Meanwhile, for fewer trends such
as Figure 8d-8e, it can be used as alternative research, especially for researchers who
want to explore AIED focusing on curriculum and teaching. For example, if a re-
searcher wants to study Al in a curricula field (see Figure 8d), he can focus on aspects
of e-learning, learning systems, deep learning, and teaching. If a researcher wants to
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research rarer aspects, he can try teaching methods, college students, educational ro-
bots, virtual reality.

3.5  Trend Visualization of Top 50 Cited Articles

Still in Table 3, in the top 50 cited articles in AIED research over the last ten years,
the keywords that appear most often and the total link strength are the same as AIED
research as a whole, namely Al. The only difference lies in the keywords machine
learning (18), higher education (15), physical education (13), technology (12), Al Ed-
ucation (8), and Big Data (7). So it can be seen that these keywords greatly influence
AIED research. Researchers can conduct studies on these aspects because they have a
high citation rate and impactful studies. While the visualization mapping can be seen
in Figure 9. The mapping results show 18 clusters, with the main cluster (red node,
n=17) focusing on AIED products, such as intelligent tutoring systems, gamification,
educational robotics, etc. The second cluster (green node, n=13) focuses on AIED in
learning, such as learning styles, adaptive learning, reinforcement learning, teaching
evaluation, etc. The third cluster (blue node, n=11) focuses on Al-integrated media,
such as LMS, virtual reality, chatbots, data analysis, etc. Some other clusters have fewer
items.
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Fig. 9. Mapping visualization of keywords co-occurence on top 50 cited AIED re-
search during last ten years

3.6  Review of Top 5 Cited Publications on AIED

The review was conducted on the top 5 publications cited as impactful studies on
AIED research during the last ten years, as shown in Table 4. Each article was analyzed
based on the findings in the article. The majority of the top-cited articles discussed “can
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AIED change the education system by replacing teachers?” and in our opinion, the an-
swer is not completely because Al is “just” intelligence that can imitate human reason-
ing, but Al does not have feelings or hearts. So Al can “teach” students, but it cannot
“educate” students. In line with the opinion [18] that Al-based technology can support
the learning process, this will not substitute for teaching roles. The review results of
several other articles also discuss the integration of Al in higher education, adaptive
learning based on student abilities, and the use of robots in education.

Table 4. Review of top 5 cited publications on AIED

Author(s)

Citation

Findings

Popenici, S.AD;
Kerr, S [44]

145

The exploration of technological advances and the speed
with which new technologies are adopted in higher edu-
cation can predict the future nature of higher education in
the world. This is because artificial intelligence has be-
come part of the structure in universities. Moreover, it is
time for universities to rethink their functions and peda-
gogical models and their future relationship with Al solu-
tions and their owners.

Roll, I;
Wylie, R. [45]

115

Education has shifted beyond the traditional AIED model,
and this pivot offers many opportunities and challenges.
In the last two decades, the processes of growth, matura-
tion, and evolution in AIED have been impressive. AIED,
as a community, must continue this work and play to our
strengths and success.

Almohamadi, K.;
Hargas H.; Alghaz-
zawi, D.; Aldabbagh,
G. [46]

87

Al techniques are very helpful in developing and imitat-
ing human reasoning and decision-making processes in a
teaching and learning framework. Al can also address un-
certainty and facilitate the development of contexts that
promote effective learning. This capability is critical in
ensuring that both the learner and the system used can im-
prove through continuous learning mechanisms.

Timms, M.J. [47]

79

The school will continue to exist in some form over the
next 25 years, and teachers will continue to supervise and
assist students in their learning. The prediction is that ed-
ucational cobots will help teachers in future classrooms
and provide examples of today's robotic work.

Chassignol, M.;
Khoroshavin, A.;
Klimnova, A,
Bliyatdinova, A. [48]

57

Al will change and reshape the educational landscape, but
Al will not completely replace our traditional education
systems. Nevertheless, several points of Al intervention
in education, namely 1) Al provides many opportunities
for the development of massive open online courses; 2)
Intelligent tutoring systems create digital profiles of stu-
dents and provide them with private tutors; 3) Al can help
students with health problems to learn effectively.

4 Conclusions

This research is the first study to analyze bibliometrics and review the top-cited
publications on AIED research during the last ten years using the Scopus database and
the VOSviewer application. This field has become one of the research interests that has
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experienced significant development and improvement and the development of
technology and the industrial revolution. There are five conclusions in this study as
follows:

1.

5

The development of AIED research has increased exponentially over the last five
years, with the most types of documents being articles (249) and journal document
sources (205), while the most productive country in researching AIED is China
(201).

English is the most significant language (443); the most prolific authors are Kalles,
D(3); the top affiliates who research the most AIED are University Politehnica of
Bucharest, Nanyang Technological University, National Institute of Education,
Deggendorf Institute of Technology, and Beijing Normal University (4); the most
sponsored funding is the National Natural Science Foundation of China and the
National Science Foundation (5).

In the top source title, “Journal of Physics: Conference Series” is the main source
in AIED research publications (30). The most research subject areas are Computer
Science (281), Engineering (149), and Social Sciences (147). For the top-cited
author, Holmes, W. is recognized as the most citations author (50).

Research trend mapping shows that AIED research trends in the last 10 years are:
1) its application to students; 2) the subject of education in engineering educations;
3) teaching methods; 4) e-learning based education; 5) education system; 6)
curriculum included Al.

In the top 50 cited articles, frequently used keywords are Al (n=215), Education
(38), machine learning (18), higher education (15), physical education (13),
technology (12). Therefore, researchers can conduct studies on these aspects
because they have a high citation rate and impactful studies.

The review results in the top 5 cited articles tend to examine the impact of Al in
education: can it change the education system by replacing teachers? Several other
articles also discuss the integration of Al in higher education, adaptive learning
based on student abilities, and robots in education. These articles become
fundamental for future research, so they have great citations and impact AIED
topics' development.
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Artificial Intelligence in Education Research During The
Last Ten Years: A Review and Bibliometric Study

https://doi.org/10.3991/ijxX.VX.i

Abstract— Research on Artificial Intelligence in Education (AIED) has in-
creased rapidly in recent years, so efforts are needed to understand the status of
trends and their development to support and focus these trends. The specific ob-
jectives of this study are to analyze document type, source document, contributed
country, language, top affiliation, sponsorship funding, top source title, subject
area, research station, visualization of mapping research trends across and top 50
cited publications, reviewing some of the top-cited publications on AIED re-
search over the last ten years using bibliometric analysis. The metadata used is
the Scopus database and a mapping application using VOSviewer with 457 doc-
uments. The bibliometric results show that the development of AIED research
has increased exponentially over the last five years. The most common types of
documents are articles, journal document sources, and China's most productive
country. English being the most significant language, the most prolific author
was Kalles, D, some of the top prolific affiliates with four publications, while the
most sponsored funding was the National Natural Science Foundation of China
and the National Science Foundation. “Journal of Physics: Conference Series” is
the primary source, the most research subject area is Computer Science, for the
top-cited author is Holmes, W. Mapping of research trends shows that AIED re-
search trends in the last ten years are: 1) it's an application to students; 2) the
subject of education in engineering educations; 3) teaching methods; 4) e-learn-
ing based education; 5) education system; 6) curriculum included Al. AIED in-
tegration could revolutionize the education system.

Keywords—AIED, Bibliometric, Education

1 Introduction

The development of the Industrial Revolution 4.0 has led to a rapid increase in digital
technology, one of which is Artificial Intelligence (AI) technology [1-4]. Al is a simu-
lation of the intelligence possessed by humans, which is modeled in machines and pro-
grammed to think like humans [5]. This technology is the main driver for the presence
of modern technologies, such as big data, self-driving cars, robotics, and the Internet of
Things [2,6-9]. In addition, the application of AI has penetrated all aspects, such as
technology, industry, medical, business, and education.

More specifically, Al in education (AIED) has an important role in improving the
quality of the education sector because its application can make it easier for teachers
and students to carry out learning activities in many subjects [10,11]. For example,
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Chen and Liu [12] developed a personalized computer-assisted mathematics problem-
solving system and found it effective for improving students' performance and learning
attitudes. Moreover, recent literature on AIED [13—18] clearly identified the main prob-
lem of the learning process in which Al can offer a more important contribution. This
is also supported by the Al Index Report 2021 [19], the number of courses that teach
students the skills necessary to build or deploy a practical Al model on the undergrad-
uate and graduate levels in 2020 has increased by 102.9% and 41.7%, respectively, in
the last four academic years.

Research publications on AIED also continue to increase every year. A simple
method that can be done is to search Scopus with the keyword "Artificial Intelligence
or Al Education or Educational", find results in 2017 as many as 14 results, while in
2021 as many as 257 results. This shows that AIED research topics have increased
rapidly over time. Therefore, its need efforts to find out and understand the status and
trends of a research topic to develop and be properly supported [20], especially in
AIED. Bibliometric studies can be a solution to understand research trends, patterns,
novelty, and impactful studies [21-25]. This study can also assess the contribution of
research to the development of knowledge — particularly about AIED — using a statisti-
cal approach and provide a broader understanding of the entire discipline at a relatively
low cost [26].

Previous research [27] has conducted bibliometric analysis and systematic reviews
on Al trends in mathematics education so that the range of information obtained is still
not wide enough. In addition, studies by [18,28,29] have performed bibliometric anal-
ysis on AIED, but this study uses the Web of Science database for data mining and uses
the Science Mapping Analysis Tool application to perform the mapping. Recommen-
dations for these studies are to conduct bibliometric analysis on other databases (such
as Scopus or Google Scholar) and other applications to map research trends (such as
VOSviewer, HistCite, etc.) so that a broader understanding of the topic being studied
can be obtained. Therefore, this study will conduct a bibliometric analysis on AIED in
the last ten years (2011-2021) using metadata in the Scopus database and the
VOSviewer mapping application. ‘This research is expected to find out patterns, re-
search trends, novelty, and future education in the AIED field. |

2 Methods

This research is descriptive, using bibliometric analysis of metadata from the Scopus
database (www.scopus.com) [30-33]. This database was chosen because it has the larg-
est academic database globally with citations that provide abstracts from various scien-
tific and research literature that have been reviewed so that it is effective for visualizing,
tracking, and analyzing publications [34]. The research procedure followed five stages,
as shown in Figure 1 [35-37].
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Fig. 1. Five stages of carrying out a bibliometric study.

3 Results and Discussion
3.1 Year-Wise Distribution, Document Types, Document Sources, and
Countries Contributed to AIED Research

\The distribution of research publications on AIED over the last ten years can be seen
in Figure 1. It can be seen that the development of AIED research tends to stagnate in
2011-2016, but from 2017 to 2021, there will be an exponential increase. This finding
is consistent with research [18,28] which shows that AIED research has relatively in-
creased every year, especially in the last five years. \

Year-wise Distribution
250

200

211
150 127
100
53
50 26
4 3 5 3 5 1010 I
0 — — — — — - - .

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Fig. 2. Year-wise distribution graph on AIED publications

[The types and sources of documents in AIED research for the last ten years can be
seen in Figure 3. |
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Figure 3. Document type and source of AIED research

[The metric results show that 76 countries have contributed to AIED research over
the last ten years. Figure 4 shows the top 10 countries that have contributed to AIED
research. China leads the productivity with 201 articles, followed by the USA with 50
articles, then Russia with 22 articles, and so on. Tl:hﬁisfisﬁ because the State Council of
China published Next generation artificial intelligence development plan with a clear
plan that Al should be broadly applied in all education levels so that the generation in
China has talent in the field of AI [40]. However, this finding is different from the study
by [18,28] that the USA is the most productive country in AIED research. If the publi-
cation is regulated without 2011-2022, the USA will be the most productive country
with 15 items published. In addition, another factor that causes this difference is the
difference in the databases used, where they use the Web of Science database while we
use the Scopus database. In addition, it can also be analyzed that developing countries
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have relatively few AIED publications because the wealth of a country influences tech-
nological progress. This is in line with research by [41] that developing countries have
fewer Al publications in higher education.

Top 10 Contributed Countries in AIED Research
Amount of Publication

L
50 100 150

Russia (22)

Canada (11) UK (12)
Ching (201)

USA (50) Spain (12) {5103u)th Korea

« Tai T2,

India {21) gwen(12)

Australia (10)

Fig. 4. Top 10 contributed countries in AIED research during the last ten years

The mapping of countries based on clusters can be seen in Figure 5. There are 17
clusters with the main cluster of 6 countries, consisting of China which is connected to
the Czech Republic, India, Malaysia, Thailand, and the UAE with red nodes. ‘
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Fig. 5. Cluster mapping by country

3.2

Language, Top Affiliation, and Funding Sponsor

\Table 1 shows data on the top 5 languages, authors, affiliations, and sponsorship

funding for AIED research over the last ten years. L _ -~ | Commented [User7]: Need more discussion

Table 1. Top 5 language, authorship, affiliation, and funding sponsor of AIED re-
search during the last ten years

Top 1 Top Authorship Top Affiliation Top Funding Spons
Language Total Author Total Affiliation Total Funding Sponsor | Total
University National Natural
English 443 Kalles, D. 3 Politehnica of Bu- 4 Science Founda- 5
charest tion of China
. Bhattacharjee, Nanyang Technolog- National Science
Chinese 4 2 . L 4 . 5
K.K. ical University Foundation
Ministry of Edu-
X X National Institute of cation and Science
Russian 4 Binder, L. 2 X 4 X 4
Education of the Russian
Federation
i Bundesministe-
Deggendorf Institute
Portuguese 3 Chang, Y.S. 2 4 rium fur Bildiing 3
of Technology
und Forschung
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Top 1 Top Authorship Top Affiliation Top Funding Spons
Language Total Author Total Affiliation Total Funding Sponsor | Total
Education Depart-
Des Jardins, Beijing Normal Uni- .
Spanish 3 2 . 4 ment of Jilin Prov- 3
M. versity

ince

3.3  Top Source Title, Subject Area, and Research Citation

\Table 2 shows the top 10 source titles, subject areas, and cited authors from AIED
research over the past ten years. L 777777777777777777777777777777
Table 2. Top 10 source title, subject area, and cited author on AIED research dur-

ing the last ten years

Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by

Journal of Physics: Conference Se- 30 Computer  Sci- 281 Holmes, W. 50
ries ence
Advances In Intelligent Systems 23 Engineering 149 Luckin, R. 45
And Computing
ACM International Conference Pro- 17 Social Sciences 147 Norvig, P. 42
ceeding Series
Journal Of Intelligent And Fuzzy 16 Mathematics 71 Roll, I. 37
Systems
Communications In Computer And 11 Decision  Sci- 51 Koedinger, 35
Information Science ences K.R.
Proceedings 2021 2nd International 10 Physics and As- 38 Wang, Y. 34
Conference On Artificial Intelli- tronomy

gence And Education Icaie 2021

Lecture Notes In Computer Science 9 Environmental 21 Li, Y. 31
Including Subseries Lecture Notes Science
In Artificial Intelligence And Lec-

ture Notes In Bioinformatics

Lecture Notes In Electrical Engi- 8 Business, Man- 20 Aleven Y. 30
neering agement, and

Accounting
Sustainability Switzerland 8 Medicine 18 Vanlehn, K. 30
International Journal Of Emerging 7 Energy 16 Wang J. 28

Technologies In Learning
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Fig. 6. Mapping visualization of the top-cited author on AIED research during the
last ten years

Based on the top-cited author, Holmes, W. is recognized as the author with the most
citations on AIED research over the last ten years, namely 50 citations per 457 publi-
cations. Followed by Luckin, R. 45 citations; Norvig P. 42 citations; Roll I. 35 citations;
Wang, Y. 34 citations; and other authors with fewer citations. The visualization map-
ping between the cited authors also has 9 cluster links as shown in Figure 6. The first
cluster with red nodes (n=127), the second cluster with green nodes (n=42), the third
cluster with blue nodes (n= 39), a fourth cluster with yellow nodes (n=26), and several
other clusters with fewer items. Holmes, W. and Luckin R. are the main cited authors
because they have the most citations and high link strength but belong to the third clus-
ter.

3.4  Research Trend Mapping Visualization

The most occurrence keywords are analyzed before mapping out the visualization of
AIED research trends over the last ten years, as shown in Table 3. It can be seen that
the most frequently occurring keywords and the highest total link strength are Al, re-
spectively 377 and 1624. It is clear that Al is the main keyword in AIED research.
While the second order is Students with occurrence 104 and total link strength 613.
Followed by Education, Al technologies, Engineering Educations, Teaching, E-Learn-
ing, Education Computing, Learning Systems, and Curricula. Based on this pattern, it
can be found that the trends of AIED research in the last ten years are: 1) it's application
to students; 2) the subject of education in engineering educations; 3) teaching methods;
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4) e-learning based education; 5) education system; 6) curriculum included Al. This
finding is similar to research by [28,42,43] which found that the most frequently used
keywords were Al, education, machine learning, robotics, education computing, stu-
dent, and e-learning.

Table 3. Top 10 keywords of all and top 50 cited AIED research during last ten

years
All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Artificial Intelli- 377 1624 Artificial Intelli- 215 185
gence gence
Students 104 613 Education 38 57
Education 78 371 Machine Learning 18 40
Artificial Intelli- 72 410 Higher Education 15 25
gence Technolo-
gies
Engineering Edu- 68 405 Physical Educa- 13 19
cations tion
Teaching 52 291 Technology 12 18
E-Learning 52 284 E-Learning 9 10
Education Com- 51 311 Artificial Intelli- 8 8
puting gence Education
Learning Systems 41 251 Big Data 7 4
Curricula 38 212 Artificial Intelli- 7 2
gence Technology

Figure 7 shows a visualization mapping of AIED research trends over the last ten
years to find research novelty from this domain. The mapping results show 14 focus
clusters for AIED research topics. The main cluster with red nodes (n=72) focuses on
Al subjects such as human, machine learning, radiology, technology, augmented real-
ity, virtual reality, physician, etc. The second cluster with green nodes (n=70) focuses
on Al methods such as neural networks, decision makers, development directions, data
mining, etc. The third cluster with blue nodes (n=54) focuses on Al applications such
as education policies, online learning, ecosystems, methods of teachings, smart cities,
etc. The fourth cluster with yellow nodes (n=51) focuses on Al media, such as com-
puter-aided instruction, natural language processing, digital storage, etc. The fifth clus-
ter with purple nodes (n=47), focuses on Al goals such as critical thinking, curriculum,
innovation, innovative talents, teaching and learning, etc. Other clusters have more mi-
nor keyword occurrence and research focus.
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Fig. 7. Mapping visualization of keywords co-occurrence on all AIED research
during last ten years

The way to find novelty based on the mapping results is to look at the relationship
between smaller or fewer keywords. For example, the application of Al that focuses on
higher education has been widely researched in the last ten years because many key-
words have been found. Meanwhile, there is not much research on K-12 schools against
Al because relatively few keywords are found. Other examples include Al analysis of
education policy, course content, individualization, etc. This is an opportunity and po-
tential for current and future research on AIED.
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Fig. 8. Some examples of more specific keyword mapping results on the topic of a)
education, b) students, ¢) learning systems, d) curriculum, and e) teaching

Figure 8 shows some examples of more specific keyword mapping results on edu-
cation, students, learning systems, curriculum, and teaching. Figure 8a-8c is the top
trends research in AIED during the last ten years, while Figure 8d-8e is the opposite. If
researchers want to explore AIED on top trends, they still have a great opportunity
because top trends have a wider range and are flexible in their application. This is be-
cause AIED can reform education in many aspects. Meanwhile, for fewer trends such
as Figure 8d-8e, it can be used as alternative research, especially for researchers who
want to explore AIED focusing on curriculum and teaching. For example, if a re-
searcher wants to study Al in a curricula field (see Figure 8d), he can focus on aspects
of e-learning, learning systems, deep learning, and teaching. If a researcher wants to
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research rarer aspects, he can try teaching methods, college students, educational ro-
bots, virtual reality.

3.5 Trend Visualization of Top 50 Cited Articles

Still in Table 3, in the top 50 cited articles in AIED research over the last ten years,
the keywords that appear most often and the total link strength are the same as AIED
research as a whole, namely Al. The only difference lies in the keywords machine
learning (18), higher education (15), physical education (13), technology (12), Al Ed-
ucation (8), and Big Data (7). So it can be seen that these keywords greatly influence
AIED research. Researchers can conduct studies on these aspects because they have a
high citation rate and impactful studies. While the visualization mapping can be seen
in Figure 9. The mapping results show 18 clusters, with the main cluster (red node,
n=17) focusing on AIED products, such as intelligent tutoring systems, gamification,
educational robotics, etc. The second cluster (green node, n=13) focuses on AIED in
learning, such as learning styles, adaptive learning, reinforcement learning, teaching
evaluation, etc. The third cluster (blue node, n=11) focuses on Al-integrated media,
such as LMS, virtual reality, chatbots, data analysis, etc. Some other clusters have fewer
items.
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Fig. 9. Mapping visualization of keywords co-occurence on top 50 cited AIED re-
search during last ten years

3.6  Review of Top 5 Cited Publications on AIED

The review was conducted on the top 5 publications cited as impactful studies on
AIED research during the last ten years, as shown in Table 4. Each article was analyzed
based on the findings in the article. The majority of the top-cited articles discussed “can
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AIED change the education system by replacing teachers?” and in our opinion, the an-
swer is not completely because Al is “just” intelligence that can imitate human reason-
ing, but Al does not have feelings or hearts. So Al can “teach” students, but it cannot
“educate” students. In line with the opinion [18] that Al-based technology can support
the learning process, this will not substitute for teaching roles. The review results of
several other articles also discuss the integration of Al in higher education, adaptive
learning based on student abilities, and the use of robots in education.

Table 4. Review of top 5 cited publications on AIED

Author(s)

Citation

Findings

Popenici, S.A.D;
Kerr, S [44]

145

The exploration of technological advances and the speed
with which new technologies are adopted in higher edu-
cation can predict the future nature of higher education in
the world. This is because artificial intelligence has be-
come part of the structure in universities. Moreover, it is
time for universities to rethink their functions and peda-
gogical models and their future relationship with Al solu-
tions and their owners.

Roll, I;
Wylie, R. [45]

115

Education has shifted beyond the traditional AIED model,
and this pivot offers many opportunities and challenges.
In the last two decades, the processes of growth, matura-
tion, and evolution in AIED have been impressive. AIED,
as a community, must continue this work and play to our
strengths and success.

Almohamadi, K.
Hargas H.; Alghaz-
zawi, D.; Aldabbagh,
G. [46]

87

Al techniques are very helpful in developing and imitat-
ing human reasoning and decision-making processes in a
teaching and learning framework. Al can also address un-
certainty and facilitate the development of contexts that
promote effective learning. This capability is critical in
ensuring that both the learner and the system used can im-
prove through continuous learning mechanisms.

Timms, M.J. [47]

79

The school will continue to exist in some form over the
next 25 years, and teachers will continue to supervise and
assist students in their learning. The prediction is that ed-
ucational cobots will help teachers in future classrooms
and provide examples of today's robotic work.

Chassignol, M.;
Khoroshavin, A.;
Klimnova, A.;
Bliyatdinova, A. [48]

57

Al will change and reshape the educational landscape, but
Al will not completely replace our traditional education
systems. Nevertheless, several points of Al intervention
in education, namely 1) Al provides many opportunities
for the development of massive open online courses; 2)
Intelligent tutoring systems create digital profiles of stu-
dents and provide them with private tutors; 3) Al can help
students with health problems to learn effectively.

4 Conclusions

This research is the first study to analyze bibliometrics and review the top-cited
publications on AIED research during the last ten years using the Scopus database and
the VOSviewer application. This field has become one of the research interests that has
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experienced significant development and improvement and the development of
technology and the industrial revolution. There are five conclusions in this study as
follows:

1.

5

The development of AIED research has increased exponentially over the last five
years, with the most types of documents being articles (249) and journal document
sources (205), while the most productive country in researching AIED is China
(201).

English is the most significant language (443); the most prolific authors are Kalles,
D(3); the top affiliates who research the most AIED are University Politehnica of
Bucharest, Nanyang Technological University, National Institute of Education,
Deggendorf Institute of Technology, and Beijing Normal University (4); the most
sponsored funding is the National Natural Science Foundation of China and the
National Science Foundation (5).

In the top source title, “Journal of Physics: Conference Series” is the main source
in AIED research publications (30). The most research subject areas are Computer
Science (281), Engineering (149), and Social Sciences (147). For the top-cited
author, Holmes, W. is recognized as the most citations author (50).

Research trend mapping shows that AIED research trends in the last 10 years are:
1) its application to students; 2) the subject of education in engineering educations;
3) teaching methods; 4) e-learning based education; 5) education system; 6)
curriculum included AL

In the top 50 cited articles, frequently used keywords are Al (n=215), Education
(38), machine learning (18), higher education (15), physical education (13),
technology (12). Therefore, researchers can conduct studies on these aspects
because they have a high citation rate and impactful studies.

The review results in the top 5 cited articles tend to examine the impact of Al in
education: can it change the education system by replacing teachers? Several other
articles also discuss the integration of Al in higher education, adaptive learning
based on student abilities, and robots in education. These articles become
fundamental for future research, so they have great citations and impact AIED
topics' development.
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Abstract— Research on Artificial Intelligence in Education (AIED) has in-
creased rapidly in recent years, so efforts are needed to understand the status of
trends and their development to support and focus these trends. The specific ob-
jectives of this study are to analyze document type, source document, contributed
country, language, top affiliation, sponsorship funding, top source title, subject
area, research station, visualization of mapping research trends across and top 50
cited publications, reviewing some of the top-cited publications on AIED re-
search over the last ten years using bibliometric analysis. The metadata used is
the Scopus database and a mapping application using VOSviewer with 457 doc-
uments. The bibliometric results show that the development of AIED research
has increased exponentially over the last five years. The most common types of
documents are articles, journal document sources, and China's most productive
country. English being the most significant language, the most prolific author
was Kalles, D, some of the top prolific affiliates with four publications, while the
most sponsored funding was the National Natural Science Foundation of China
and the National Science Foundation. “Journal of Physics: Conference Series” is
the primary source, the most research subject area is Computer Science, for the
top-cited author is Holmes, W. Mapping of research trends shows that AIED re-
search trends in the last ten years are: 1) it's an application to students; 2) the
subject of education in engineering educations; 3) teaching methods; 4) e-learn-
ing based education; 5) education system; 6) curriculum included Al. AIED in-
tegration could revolutionize the education system.

Keywords—AIED, Bibliometric, Education

1 Introduction

The development of the Industrial Revolution 4.0 has led to a rapid increase in digital
technology, one of which is Artificial Intelligence (AI) technology [1-4]. Al is a simu-
lation of the intelligence possessed by humans, which is modeled in machines and pro-
grammed to think like humans [5]. This technology is the main driver for the presence
of modern technologies, such as big data, self-driving cars, robotics, and the Internet of
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Things [2,6-9]. In addition, the application of AI has penetrated all aspects, such as
technology, industry, medical, business, and education.

More specifically, Al in education (AIED) has an important role in improving the
quality of the education sector because its application can make it easier for teachers
and students to carry out learning activities in many subjects [10,11]. For example,
Chen and Liu [12] developed a personalized computer-assisted mathematics problem-
solving system and found it effective for improving students' performance and learning
attitudes. Moreover, recent literature on AIED [13—18] clearly identified the main prob-
lem of the learning process in which Al can offer a more important contribution. This
is also supported by the Al Index Report 2021 [19], the number of courses that teach
students the skills necessary to build or deploy a practical Al model on the undergrad-
uate and graduate levels in 2020 has increased by 102.9% and 41.7%, respectively, in
the last four academic years.

Research publications on AIED also continue to increase every year. A simple
method that can be done is to search Scopus with the keyword "Artificial Intelligence
or Al Education or Educational", find results in 2017 as many as 14 results, while in
2021 as many as 257 results. This shows that AIED research topics have increased
rapidly over time. Therefore, its need efforts to find out and understand the status and
trends of a research topic to develop and be properly supported [20], especially in
AIED. Bibliometric studies can be a solution to understand research trends, patterns,
novelty, and impactful studies [21-25]. This study can also assess the contribution of
research to the development of knowledge — particularly about AIED — using a statisti-
cal approach and provide a broader understanding of the entire discipline at a relatively
low cost [26].

Previous research [27] has conducted bibliometric analysis and systematic reviews
on Al trends in mathematics education so that the range of information obtained is still
not wide enough. In addition, studies by [18,28,29] have performed bibliometric anal-
ysis on AIED, but this study uses the Web of Science database for data mining and uses
the Science Mapping Analysis Tool application to perform the mapping. Recommen-
dations for these studies are to conduct bibliometric analysis on other databases (such
as Scopus or Google Scholar) and other applications to map research trends (such as
VOSviewer, HistCite, etc.) so that a broader understanding of the topic being studied
can be obtained. Therefore, this study will conduct a bibliometric analysis on AIED in
the last ten years (2011-2021) using metadata in the Scopus database and the
VOSviewer mapping application. \This research is expected to find out patterns, re-
tives of this research are as follows:

1. Analyzing document types, document sources, and countries that have contributed
to AIED research over the past ten years.

Analyzing the language, authors, top affiliates, and sponsorship funding of AIED
research over the past ten years.

I

3. Analyzing top source titles, subject areas, and research citations on AIED research
over the last ten years.

4. Identifying the results of the visualization of research trend mapping on AIED over

the last ten years.
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5. Identifying the results of visualization of research trend mapping in the top 50 cited
publications in AIED research over the last ten years.
6. Reviewing some of the top-cited publications in AIED research.

2 Methods

This research is descriptive, using bibliometric analysis of metadata from the Scopus
database (www.scopus.com) [30-33]. This database was chosen because it has the larg-
est academic database globally with citations that provide abstracts from various scien-
tific and research literature that have been reviewed so that it is effective for visualizing,
tracking, and analyzing publications [34]. The research procedure followed five stages,
as shown in Figure 1 [35-37].

Defining Initial Refinement Compiling
the initial Data
search search of the f Iysi
keywords results search ata analysts
statistics

Fig. 1. Five stages of carrying out a bibliometric study.

2.1 Defining Search Keywords

The search string used in document search is “TITLE (Artificial AND Intelligence
OR AI AND Education OR Educational)” with a year limit between 2011-2021.

2.2 Initial Search Results

Data mining was carried out on January 28, 2022. Based on the results of this search,
576 documents were found.

23 Refinement of the Search

The findings are then filtered specifically for documents in journals and conference
proceedings because these documents contain primary research results that are more
credible and up-to-date than books, book chapters, editorials because they go through
a peer-reviewing process by experts. After filtration, 457 documents were obtained to
be extracted into files with the extension .ris and .csv for further processing.

2.4  Compiling the Initial Data Statistics
Statistical data is obtained through the .ris file insertion process uses the VOSviewer

application to map, visualize, and analyze AIED trends in the last ten years [38]. For
example, VOSviewer can create publication mappings, country mappings, citation pat-
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terns, keyword patterns, and authorship patterns [39]. Statistical data was then sup-
ported by further analysis through .csv files using Microsoft Excel to make the data
obtained more detailed.

2.5  Data Analysis

Data analysis was carried out descriptively to determine document type, document
source, language, country, top affiliation, sponsorship funding, top source title, subject
area, research citation, authorship, and keywords in 457 related documents. Analysis
can also be done by looking at the node's size and the link's strength based on the results
of mapping and visualization using the VOSviewer application. Finally, data analysis
was continued by reviewing the top 5 cited articles based on the findings and recom-
mendations.

3 Results and Discussion

3.1 Year-Wise Distribution, Document Types, Document Sources, and
Countries Contributed to AIED Research

[The distribution of research publications on AIED over the last ten years can be seen
in Figure 1. It can be seen that the development of AIED research tends to stagnate in
2011-2016, but from 2017 to 2021, there will be an exponential increase. This finding
is consistent with research [18,28] which shows that AIED research has relatively in-

research and application of AIED will become more extensive and allow the formation
of more consolidated pathways in the future. This shows a clear revolution in how the
integration of Al in teaching and learning takes place and the aspects that educators
must consider.

Year-wise Distribution
250

200

211
150 127
100
53
50 o 10 2
4 3 5 3 5 I
0 — — — — — - - .

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Fig. 2. Year-wise distribution graph on AIED publications
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[The types and sources of documents in AIED research for the last ten years can be

were obtained, consisting of 249 articles and 208 conference papers. In addition, the
sources for published documents are journals of 205 items, 181 items of conference
proceedings, 70 items of book series, and 1 item of trade journals. Most researchers
publish in journals because they are of high quality compared to other sources.

Document Type

= Article Conference Paper

249

(@

Document Source
250
200

205
181
150
100 70
50
1
0

Journal Conference Book Series Trade Journal
Proceeding

(b)

Figure 3. Document type and source of AIED research

\The metric results show that 76 countries have contributed to AIED research over
the last ten years. Figure 4 shows the top 10 countries that have contributed to AIED
research. China leads the productivity with 201 articles, followed by the USA with 50
China published Next generation artificial intelligence development plan with a clear
plan that Al should be broadly applied in all education levels so that the generation in
China has talent in the field of AI[40]. However, this finding is different from the study
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by [18,28] that the USA is the most productive country in AIED research. If the publi-
cation is regulated without 2011-2022, the USA will be the most productive country
with 15 items published. In addition, another factor that causes this difference is the
difference in the databases used, where they use the Web of Science database while we
use the Scopus database. In addition, it can also be analyzed that developing countries
have relatively few AIED publications because the wealth of a country influences tech-
nological progress. This is in line with research by [41] that developing countries have
fewer Al publications in higher education.

Top 10 Contributed Countries in AIED Research

Amount of Publication
a1
50 100 150
Russia (22}
Canada (11) UK (12)
Ching (201)
Spain (12) South Korea
(13)

+ Taiwan (12]

India (21) 02

Australia (10)

Fig. 4. Top 10 contributed countries in AIED research during the last ten years

[The mapping of countries based on clusters can be seen in Figure 5. There are 17
clusters with the main cluster of 6 countries, consisting of China which is connected to

the Czech Republic, India, Malaysia, Thailand, and the UAE with red nodes. [The

i - = ‘[Commented [User6]: Need more discussion

ond cluster consists of 5 countries: Hong Kong, Italy, Japan, Taiwan, and the USA,
with green nodes. The third cluster consists of 4 countries: New Zealand, South Africa,
Spain, and Turkey, with blue nodes. The fourth cluster consists of 4 countries consisting
of Brazil, Morocco, Saudi Arabia, and the UK with yellow nodes. The fifth cluster of
4 countries consists of Germany, Portugal, Romania, and Serbia with purple nodes. The
sixth cluster with 4 countries consisting of Australia, Canada, Singapore, and South
Korea with indigo-colored nodes. The seventh cluster with 4 countries consisting of
Austria, Estonia, Finland, and Sweden with nodes colored in orange. While other clus-
ters have less than 4 countries, some of them are not connected to each other. Collabo-
ration between countries on AIED research has been relatively good, as indicated by
more than 70 countries with 457 publications.
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Fig. 5. Cluster mapping by country

3.2 Language, Top Affiliation, and Funding Sponsor

\Table 1 shows data on the top 5 languages, authors, affiliations, and sponsorship

language with 443 articles, followed by Chinese and Russian with 4 articles, and Por-
tuguese and Spanish with 3 articles. It is clear that the researcher chose English because
it is a global language to reach all countries in the world. Based on the authorship,
Kalles, D. is recognized as the most prolific writer with 3 articles while others have less
than 3 articles.

Table 1. Top 5 language, authorship, affiliation, and funding sponsor of AIED re-
search during the last ten years
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Top L Top Authorship Top Affiliation Top Funding Sp
L Total Author Total Affiliation Total Funding Sp Total

University National Natural

English 443 Kalles, D. Politehnica of Bu- 4 Science Founda- 5
charest tion of China

. Bhattacharjee, Nanyang Technolog- National Science

Chinese 4 . o 4 . 5
K.K. ical University Foundation

X X National Institute of Ministry of Edu-
Russian 4 Binder, L. 4 4

Education cation and Science




Full Paper—Paper Formatting for online-journals.org

Top L Top Authorship Top Affiliation Top Funding Sp
Language Total Author Total Affiliation Total Funding Sponsor | Total
of the Russian
Federation
Bundesministe-
Deggendorf Institute X
Portuguese 3 Chang, Y.S. 2 4 rium fur Bildiing 3
of Technology
und Forschung
. . Education Depart-
X Des Jardins, Beijing Normal Uni- N
Spanish 3 2 X 4 ment of Jilin Prov- 3
M. versity

ince

Based on the affiliations, University Politehnica of Bucharest, Nanyang Technolog-
ical University, National Institute of Education, Deggendorf Institute of Technology,
and Beijing Normal University has 4 article publications each. This shows that publi-
cations on AIED are not focused on just one affiliate in one country because no affiliate
is more prominent than the others. Meanwhile, the most sponsored funding was by the
National Natural Science Foundation of China and the National Science Foundation
with 5 articles, followed by the Ministry of Education and Science of the Russian Fed-
eration with 4 articles, the Bundesministerium fur Bildiing und Forschung and the Ed-
ucation Department of Jilin Province as sponsors. 3 articles each.

3.3  Top Source Title, Subject Area, and Research Citation

\Table 2 shows the top 10 source titles, subject areas, and cited authors from AIED
Series” is the main source in AIED research publications with 30 articles. This followed
by “Advances In Intelligent Systems And Computing” with a total of 23 articles, and
the ACM International Conference Proceeding Series, with 17 articles. So it can be seen
that most researchers publish AIED research in conference papers. "International Jour-
nal of Emerging Technologies In Learning" was also included but ranked 10th. When
viewed from the subject area, it is clear that Computer Science (281), Engineering
(149), and Social Sciences (147) are in the top 3 because they are very relevant to AIED.
Other top subject areas are Mathematics (71), Decision Sciences (51), Physics and As-
tronomy (38), Environmental Science (21), Business, Management, and Accounting
(20), Medicine (18), and Energy (16).

Table 2. Top 10 source title, subject area, and cited author on AIED research dur-
ing the last ten years

Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by
Journal of Physics: Conference Se- 30 Computer  Sci- 281 Holmes, W. 50
ries ence
Advances In Intelligent Systems 23 Engineering 149 Luckin, R. 45
And Computing
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Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by

ACM International Conference Pro- 17 Social Sciences 147 Norvig, P. 42
ceeding Series
Journal Of Intelligent And Fuzzy 16 Mathematics 71 Roll, L. 37
Systems
Communications In Computer And 11 Decision  Sci- 51 Koedinger, 35
Information Science ences K.R.
Proceedings 2021 2nd International 10 Physics and As- 38 Wang, Y. 34
Conference On Atrtificial Intelli- tronomy
gence And Education Icaie 2021
Lecture Notes In Computer Science 9 Environmental 21 Li, Y. 31
Including Subseries Lecture Notes Science

In Artificial Intelligence And Lec-
ture Notes In Bioinformatics

Lecture Notes In Electrical Engi- 8 Business, Man- 20 Aleven Y. 30
neering agement, and

Accounting
Sustainability Switzerland 8 Medicine 18 Vanlehn, K. 30
International Journal Of Emerging 7 Energy 16 Wang J. 28

Technologies In Learning

dr 5
alblawi, a §
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5“64 VOSviewer montefillo, m.

Fig. 6. Mapping visualization of the top-cited author on AIED research during the
last ten years
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Based on the top-cited author, Holmes, W. is recognized as the author with the most
citations on AIED research over the last ten years, namely 50 citations per 457 publi-
cations. Followed by Luckin, R. 45 citations; Norvig P. 42 citations; Roll I. 35 citations;
Wang, Y. 34 citations; and other authors with fewer citations. The visualization map-
ping between the cited authors also has 9 cluster links as shown in Figure 6. The first
cluster with red nodes (n=127), the second cluster with green nodes (n=42), the third
cluster with blue nodes (n= 39), a fourth cluster with yellow nodes (n=26), and several
other clusters with fewer items. Holmes, W. and Luckin R. are the main cited authors
because they have the most citations and high link strength but belong to the third clus-
ter.

3.4  Research Trend Mapping Visualization

The most occurrence keywords are analyzed before mapping out the visualization of
AIED research trends over the last ten years, as shown in Table 3. It can be seen that
the most frequently occurring keywords and the highest total link strength are Al, re-
spectively 377 and 1624. It is clear that Al is the main keyword in AIED research.
While the second order is Students with occurrence 104 and total link strength 613.
Followed by Education, Al technologies, Engineering Educations, Teaching, E-Learn-
ing, Education Computing, Learning Systems, and Curricula. Based on this pattern, it
can be found that the trends of AIED research in the last ten years are: 1) it's application
to students; 2) the subject of education in engineering educations; 3) teaching methods;
4) e-learning based education; 5) education system; 6) curriculum included Al. This
finding is similar to research by [28,42,43] which found that the most frequently used
keywords were Al, education, machine learning, robotics, education computing, stu-
dent, and e-learning.

Table 3. Top 10 keywords of all and top 50 cited AIED research during last ten

years
All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Artificial Intelli- 377 1624 Artificial Intelli- 215 185
gence gence
Students 104 613 Education 38 57
Education 78 371 Machine Learning 18 40
Artificial Intelli- 72 410 Higher Education 15 25
gence Technolo-
gies
Engineering Edu- 68 405 Physical Educa- 13 19
cations tion
Teaching 52 291 Technology 12 18
E-Learning 52 284 E-Learning 9 10
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All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Education Com- 51 311 Artificial Intelli- 8 8
puting gence Education

Learning Systems 41 251 Big Data 7 4

Curricula 38 212 Artificial Intelli- 7 2

gence Technology

Figure 7 shows a visualization mapping of AIED research trends over the last ten
years to find research novelty from this domain. The mapping results show 14 focus
clusters for AIED research topics. The main cluster with red nodes (n=72) focuses on
Al subjects such as human, machine learning, radiology, technology, augmented real-
ity, virtual reality, physician, etc. The second cluster with green nodes (n=70) focuses
on Al methods such as neural networks, decision makers, development directions, data
mining, etc. The third cluster with blue nodes (n=54) focuses on Al applications such
as education policies, online learning, ecosystems, methods of teachings, smart cities,
etc. The fourth cluster with yellow nodes (n=51) focuses on Al media, such as com-
puter-aided instruction, natural language processing, digital storage, etc. The fifth clus-
ter with purple nodes (n=47), focuses on Al goals such as critical thinking, curriculum,
innovation, innovative talents, teaching and learning, etc. Other clusters have more mi-
nor keyword occurrence and research focus.
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Fig. 7. Mapping visualization of keywords co-occurrence on all AIED research
during last ten years
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The way to find novelty based on the mapping results is to look at the relationship
between smaller or fewer keywords. For example, the application of Al that focuses on
higher education has been widely researched in the last ten years because many key-
words have been found. Meanwhile, there is not much research on K-12 schools against
Al because relatively few keywords are found. Other examples include Al analysis of
education policy, course content, individualization, etc. This is an opportunity and po-
tential for current and future research on AIED.
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Fig. 8. Some examples of more specific keyword mapping results on the topic of a)
education, b) students, ¢) learning systems, d) curriculum, and e) teaching

Figure 8 shows some examples of more specific keyword mapping results on edu-
cation, students, learning systems, curriculum, and teaching. Figure 8a-8c is the top
trends research in AIED during the last ten years, while Figure 8d-8e is the opposite. If
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researchers want to explore AIED on top trends, they still have a great opportunity
because top trends have a wider range and are flexible in their application. This is be-
cause AIED can reform education in many aspects. Meanwhile, for fewer trends such
as Figure 8d-8e, it can be used as alternative research, especially for researchers who
want to explore AIED focusing on curriculum and teaching. For example, if a re-
searcher wants to study Al in a curricula field (see Figure 8d), he can focus on aspects
of e-learning, learning systems, deep learning, and teaching. If a researcher wants to
research rarer aspects, he can try teaching methods, college students, educational ro-
bots, virtual reality.

3.5 Trend Visualization of Top 50 Cited Articles

Still in Table 3, in the top 50 cited articles in AIED research over the last ten years,
the keywords that appear most often and the total link strength are the same as AIED
research as a whole, namely Al. The only difference lies in the keywords machine
learning (18), higher education (15), physical education (13), technology (12), Al Ed-
ucation (8), and Big Data (7). So it can be seen that these keywords greatly influence
AIED research. Researchers can conduct studies on these aspects because they have a
high citation rate and impactful studies. While the visualization mapping can be seen
in Figure 9. The mapping results show 18 clusters, with the main cluster (red node,
n=17) focusing on AIED products, such as intelligent tutoring systems, gamification,
educational robotics, etc. The second cluster (green node, n=13) focuses on AIED in
learning, such as learning styles, adaptive learning, reinforcement learning, teaching
evaluation, etc. The third cluster (blue node, n=11) focuses on Al-integrated media,
such as LMS, virtual reality, chatbots, data analysis, etc. Some other clusters have fewer
1tems.
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Fig. 9. Mapping visualization of keywords co-occurence on top 50 cited AIED re-
search during last ten years



Full Paper—Paper Formatting for online-journals.org

3.6  Review of Top 5 Cited Publications on AIED

The review was conducted on the top 5 publications cited as impactful studies on
AIED research during the last ten years, as shown in Table 4. Each article was analyzed
based on the findings in the article. The majority of the top-cited articles discussed “can
AIED change the education system by replacing teachers?” and in our opinion, the an-
swer is not completely because Al is “just” intelligence that can imitate human reason-
ing, but Al does not have feelings or hearts. So Al can “teach” students, but it cannot
“educate” students. In line with the opinion [18] that Al-based technology can support
the learning process, this will not substitute for teaching roles. The review results of
several other articles also discuss the integration of Al in higher education, adaptive
learning based on student abilities, and the use of robots in education.

Table 4. Review of top 5 cited publications on AIED

Author(s)

Citation

Findings

Popenici, S.AD;
Kerr, S [44]

145

The exploration of technological advances and the speed
with which new technologies are adopted in higher edu-
cation can predict the future nature of higher education in
the world. This is because artificial intelligence has be-
come part of the structure in universities. Moreover, it is
time for universities to rethink their functions and peda-
gogical models and their future relationship with Al solu-
tions and their owners.

Roll, I;
Wylie, R. [45]

115

Education has shifted beyond the traditional AIED model,
and this pivot offers many opportunities and challenges.
In the last two decades, the processes of growth, matura-
tion, and evolution in AIED have been impressive. AIED,
as a community, must continue this work and play to our
strengths and success.

Almohamadi, K.
Hargas H.; Alghaz-
zawi, D.; Aldabbagh,
G. [46]

87

Al techniques are very helpful in developing and imitat-
ing human reasoning and decision-making processes in a
teaching and learning framework. Al can also address un-
certainty and facilitate the development of contexts that
promote effective learning. This capability is critical in
ensuring that both the learner and the system used can im-
prove through continuous learning mechanisms.

Timms, M.J. [47]

79

The school will continue to exist in some form over the
next 25 years, and teachers will continue to supervise and
assist students in their learning. The prediction is that ed-
ucational cobots will help teachers in future classrooms
and provide examples of today's robotic work.

Chassignol, M.;
Khoroshavin, A.;
Klimnova, A.;
Bliyatdinova, A. [48]

57

Al will change and reshape the educational landscape, but
Al will not completely replace our traditional education
systems. Nevertheless, several points of Al intervention
in education, namely 1) Al provides many opportunities
for the development of massive open online courses; 2)
Intelligent tutoring systems create digital profiles of stu-
dents and provide them with private tutors; 3) Al can help
students with health problems to learn effectively.
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4

Conclusions

This research is the first study to analyze bibliometrics and review the top-cited

publications on AIED research during the last ten years using the Scopus database and
the VOSviewer application. This field has become one of the research interests that has
experienced significant development and improvement and the development of
technology and the industrial revolution. There are five conclusions in this study as
follows:

I.

5

The development of AIED research has increased exponentially over the last five
years, with the most types of documents being articles (249) and journal document
sources (205), while the most productive country in researching AIED is China
(201).

English is the most significant language (443); the most prolific authors are Kalles,
D(3); the top affiliates who research the most AIED are University Politehnica of
Bucharest, Nanyang Technological University, National Institute of Education,
Deggendorf Institute of Technology, and Beijing Normal University (4); the most
sponsored funding is the National Natural Science Foundation of China and the
National Science Foundation (5).

In the top source title, “Journal of Physics: Conference Series” is the main source
in AIED research publications (30). The most research subject areas are Computer
Science (281), Engineering (149), and Social Sciences (147). For the top-cited
author, Holmes, W. is recognized as the most citations author (50).

Research trend mapping shows that AIED research trends in the last 10 years are:
1) its application to students; 2) the subject of education in engineering educations;
3) teaching methods; 4) e-learning based education; 5) education system; 6)
curriculum included AL

In the top 50 cited articles, frequently used keywords are Al (n=215), Education
(38), machine learning (18), higher education (15), physical education (13),
technology (12). Therefore, researchers can conduct studies on these aspects
because they have a high citation rate and impactful studies.

The review results in the top 5 cited articles tend to examine the impact of Al in
education: can it change the education system by replacing teachers? Several other
articles also discuss the integration of Al in higher education, adaptive learning
based on student abilities, and robots in education. These articles become
fundamental for future research, so they have great citations and impact AIED
topics' development.
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Artificial Intelligence in Education Research During The
Last Ten Years: A Review and Bibliometric Study

https://doi.org/10.3991/ijxX.VX.i

Abstract— Research on Artificial Intelligence in Education (AIED) has in-
creased rapidly in recent years, so efforts are needed to understand the status of
trends and their development to support and focus these trends. The specific ob-
jectives of this study are to analyze document type, source document, contributed
country, language, top affiliation, sponsorship funding, top source title, subject
area, research station, visualization of mapping research trends across and top 50
cited publications, reviewing some of the top-cited publications on AIED re-
search over the last ten years using bibliometric analysis. The metadata used is
the Scopus database and a mapping application using VOSviewer with 457 doc-
uments. The bibliometric results show that the development of AIED research
has increased exponentially over the last five years. The most common types of
documents are articles, journal document sources, and China's most productive
country. English being the most significant language, the most prolific author
was Kalles, D, some of the top prolific affiliates with four publications, while the
most sponsored funding was the National Natural Science Foundation of China
and the National Science Foundation. “Journal of Physics: Conference Series” is
the primary source, the most research subject area is Computer Science, for the
top-cited author is Holmes, W. Mapping of research trends shows that AIED re-
search trends in the last ten years are: 1) it's an application to students; 2) the
subject of education in engineering educations; 3) teaching methods; 4) e-learn-
ing based education; 5) education system; 6) curriculum included Al. AIED in-
tegration could revolutionize the education system.

Keywords—AIED, Bibliometric, Education

1 Introduction

The development of the Industrial Revolution 4.0 has led to a rapid increase in digital
technology, one of which is Artificial Intelligence (AI) technology [1-4]. Al is a simu-
lation of the intelligence possessed by humans, which is modeled in machines and pro-
grammed to think like humans [5]. This technology is the main driver for the presence
of modern technologies, such as big data, self-driving cars, robotics, and the Internet of
Things [2,6-9]. In addition, the application of AI has penetrated all aspects, such as
technology, industry, medical, business, and education.

More specifically, Al in education (AIED) has an important role in improving the
quality of the education sector because its application can make it easier for teachers
and students to carry out learning activities in many subjects [10,11]. For example,
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Chen and Liu [12] developed a personalized computer-assisted mathematics problem-
solving system and found it effective for improving students' performance and learning
attitudes. Moreover, recent literature on AIED [13—18] clearly identified the main prob-
lem of the learning process in which Al can offer a more important contribution. This
is also supported by the AI Index Report 2021 [19], the number of courses that teach
students the skills necessary to build or deploy a practical Al model on the undergrad-
uate and graduate levels in 2020 has increased by 102.9% and 41.7%, respectively, in
the last four academic years.

Research publications on AIED also continue to increase every year. A simple
method that can be done is to search Scopus with the keyword "Artificial Intelligence
or Al Education or Educational", find results in 2017 as many as 14 results, while in
2021 as many as 257 results. This shows that AIED research topics have increased
rapidly over time. Therefore, its need efforts to find out and understand the status and
trends of a research topic to develop and be properly supported [20], especially in
AIED. Bibliometric studies can be a solution to understand research trends, patterns,
novelty, and impactful studies [21-25]. This study can also assess the contribution of
research to the development of knowledge — particularly about AIED — using a statisti-
cal approach and provide a broader understanding of the entire discipline at a relatively
low cost [26].

Previous research [27] has conducted bibliometric analysis and systematic reviews
on Al trends in mathematics education so that the range of information obtained is still
not wide enough. In addition, studies by [18,28,29] have performed bibliometric anal-
ysis on AIED, but this study uses the Web of Science database for data mining and uses
the Science Mapping Analysis Tool application to perform the mapping. Recommen-
dations for these studies are to conduct bibliometric analysis on other databases (such
as Scopus or Google Scholar) and other applications to map research trends (such as
VOSviewer, HistCite, etc.) so that a broader understanding of the topic being studied
can be obtained. Therefore, this study will conduct a bibliometric analysis on AIED in
the last ten years (2011-2021) using metadata in the Scopus database and the
VOSviewer mapping application. ‘This research is expected to find out patterns, re-
search trends, novelty, and future education in the AIED field. Specifically, the objec-
tives of this research are as follows:

1. Analyzing document types, document sources, and countries that have contributed
to AIED research over the past ten years.

2. Analyzing the language, authors, top affiliates, and sponsorship funding of AIED
research over the past ten years.
3. Analyzing top source titles, subject areas, and research citations on AIED research

over the last ten years.

4. Identifying the results of the visualization of research trend mapping on AIED over
the last ten years.

5. Identifying the results of visualization of research trend mapping in the top 50 cited
publications in AIED research over the last ten years.

6. Reviewing some of the top-cited publications in AIED research.

i - = ‘[Commented [User1]: Need more detailed
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2 Methods

This research is descriptive, using bibliometric analysis of metadata from the Scopus
database (www.scopus.com) [30-33]. This database was chosen because it has the larg-
est academic database globally with citations that provide abstracts from various scien-
tific and research literature that have been reviewed so that it is effective for visualizing,
tracking, and analyzing publications [34]. The research procedure followed five stages,
as shown in Figure 1 [35-37].

Defining Initial Refinement Compiling
the initial Data
search search of the f Iysi
keywords results search ata analysts
statistics

Fig. 1. Five stages of carrying out a bibliometric study.

2.1 Defining Search Keywords

The search string used in document search is “TITLE (Artificial AND Intelligence
OR AI AND Education OR Educational)” with a year limit between 2011-2021.

2.2 Initial Search Results

Data mining was carried out on January 28, 2022. Based on the results of this search,
576 documents were found.

23 Refinement of the Search

The findings are then filtered specifically for documents in journals and conference
proceedings because these documents contain primary research results that are more
credible and up-to-date than books, book chapters, editorials because they go through
a peer-reviewing process by experts. After filtration, 457 documents were obtained to
be extracted into files with the extension .ris and .csv for further processing.

2.4  Compiling the Initial Data Statistics

Statistical data is obtained through the .ris file insertion process uses the VOSviewer
application to map, visualize, and analyze AIED trends in the last ten years [38]. For
example, VOSviewer can create publication mappings, country mappings, citation pat-
terns, keyword patterns, and authorship patterns [39]. Statistical data was then sup-
ported by further analysis through .csv files using Microsoft Excel to make the data
obtained more detailed.

- {Commented [User2]: Explain this figure
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2.5  Data Analysis

Data analysis was carried out descriptively to determine document type, document
source, language, country, top affiliation, sponsorship funding, top source title, subject
area, research citation, authorship, and keywords in 457 related documents. Analysis
can also be done by looking at the node's size and the link's strength based on the results
of mapping and visualization using the VOSviewer application. Finally, data analysis
was continued by reviewing the top 5 cited articles based on the findings and recom-
mendations.

3 Results and Discussion

3.1 Year-Wise Distribution, Document Types, Document Sources, and
Countries Contributed to AIED Research

[The distribution of research publications on AIED over the last ten years can be seen
in Figure 1. It can be seen that the development of AIED research tends to stagnate in
2011-2016, but from 2017 to 2021, there will be an exponential increase. This finding
is consistent with research [18,28] which shows that AIED research has relatively in-

research and application of AIED will become more extensive and allow the formation
of more consolidated pathways in the future. This shows a clear revolution in how the
integration of Al in teaching and learning takes place and the aspects that educators
must consider.

Year-wise Distribution
250

200

211
150 127
100
53
50 o 10
4 3 5 3 s I
0 — — — — — - - .

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Fig. 2. Year-wise distribution graph on AIED publications

[The types and sources of documents in AIED research for the last ten years can be

were obtained, consisting of 249 articles and 208 conference papers. In addition, the
sources for published documents are journals of 205 items, 181 items of conference

- = ‘{Commented [User3]: Need more discussion
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proceedings, 70 items of book series, and 1 item of trade journals. Most researchers
publish in journals because they are of high quality compared to other sources.

Document Type

= Article Conference Paper

249

(@

Document Source

250
205
200 181
150
100 70
50
1
0
Journal Conference Book Series Trade Journal
Proceeding
(b)

Figure 3. Document type and source of AIED research

\The metric results show that 76 countries have contributed to AIED research over
the last ten years. Figure 4 shows the top 10 countries that have contributed to AIED
research. China leads the productivity with 201 articles, followed by the USA with 50

articles, then Russia with 22 articles, and so on. This is because the State Council of - { commented [User5]: Need more discussion
China published Next generation artificial intelligence development plan with a clear

plan that AI should be broadly applied in all education levels so that the generation in
China has talent in the field of AI[40]. However, this finding is different from the study
by [18,28] that the USA is the most productive country in AIED research. If the publi-
cation is regulated without 2011-2022, the USA will be the most productive country
with 15 items published. In addition, another factor that causes this difference is the
difference in the databases used, where they use the Web of Science database while we
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use the Scopus database. In addition, it can also be analyzed that developing countries
have relatively few AIED publications because the wealth of a country influences tech-
nological progress. This is in line with research by [41] that developing countries have
fewer Al publications in higher education.

Top 10 Contributed Countries in AIED Research

Amount of Publication
y 1
50 100 150
4 Russia (22}
Canada (11) UK (12)
i _ Ching (201)
usA Spain (12) South Korea
. (13)
« Tai T2,
India (21) siwan {12}

Australia (10)

Fig. 4. Top 10 contributed countries in AIED research during the last ten years

[The mapping of countries based on clusters can be seen in Figure 5. There are 17
clusters with the main cluster of 6 countries, consisting of China which is connected to
ond cluster consists of 5 countries: Hong Kong, Italy, Japan, Taiwan, and the USA,
with green nodes. The third cluster consists of 4 countries: New Zealand, South Africa,
Spain, and Turkey, with blue nodes. The fourth cluster consists of 4 countries consisting
of Brazil, Morocco, Saudi Arabia, and the UK with yellow nodes. The fifth cluster of
4 countries consists of Germany, Portugal, Romania, and Serbia with purple nodes. The
sixth cluster with 4 countries consisting of Australia, Canada, Singapore, and South
Korea with indigo-colored nodes. The seventh cluster with 4 countries consisting of
Austria, Estonia, Finland, and Sweden with nodes colored in orange. While other clus-
ters have less than 4 countries, some of them are not connected to each other. Collabo-
ration between countries on AIED research has been relatively good, as indicated by
more than 70 countries with 457 publications.
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Fig. 5. Cluster mapping by country

3.2 Language, Top Affiliation, and Funding Sponsor

\Table 1 shows data on the top 5 languages, authors, affiliations, and sponsorship

language with 443 articles, followed by Chinese and Russian with 4 articles, and Por-
tuguese and Spanish with 3 articles. It is clear that the researcher chose English because
it is a global language to reach all countries in the world. Based on the authorship,
Kalles, D. is recognized as the most prolific writer with 3 articles while others have less
than 3 articles.

Table 1. Top 5 language, authorship, affiliation, and funding sponsor of AIED re-
search during the last ten years

Commented [User7]: Need more discussion

Top L Top Authorship Top Affiliation Top Funding Sp
L Total Author Total Affiliation Total Funding Sp Total

University National Natural

English 443 Kalles, D. Politehnica of Bu- 4 Science Founda- 5
charest tion of China

. Bhattacharjee, Nanyang Technolog- National Science
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K.K. ical University Foundation

X X National Institute of Ministry of Edu-
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Top L Top Authorship Top Affiliation Top Funding Sp
Language Total Author Total Affiliation Total Funding Sponsor | Total
of the Russian
Federation
Bundesministe-
Deggendorf Institute X
Portuguese 3 Chang, Y.S. 2 4 rium fur Bildiing 3
of Technology
und Forschung
. . Education Depart-
X Des Jardins, Beijing Normal Uni- N
Spanish 3 2 X 4 ment of Jilin Prov- 3
M. versity

ince

Based on the affiliations, University Politehnica of Bucharest, Nanyang Technolog-
ical University, National Institute of Education, Deggendorf Institute of Technology,
and Beijing Normal University has 4 article publications each. This shows that publi-
cations on AIED are not focused on just one affiliate in one country because no affiliate
is more prominent than the others. Meanwhile, the most sponsored funding was by the
National Natural Science Foundation of China and the National Science Foundation
with 5 articles, followed by the Ministry of Education and Science of the Russian Fed-
eration with 4 articles, the Bundesministerium fur Bildiing und Forschung and the Ed-
ucation Department of Jilin Province as sponsors. 3 articles each.

3.3  Top Source Title, Subject Area, and Research Citation

\Table 2 shows the top 10 source titles, subject areas, and cited authors from AIED
Series” is the main source in AIED research publications with 30 articles. This followed
by “Advances In Intelligent Systems And Computing” with a total of 23 articles, and
the ACM International Conference Proceeding Series, with 17 articles. So it can be seen
that most researchers publish AIED research in conference papers. "International Jour-
nal of Emerging Technologies In Learning" was also included but ranked 10th. When
viewed from the subject area, it is clear that Computer Science (281), Engineering
(149), and Social Sciences (147) are in the top 3 because they are very relevant to AIED.
Other top subject areas are Mathematics (71), Decision Sciences (51), Physics and As-
tronomy (38), Environmental Science (21), Business, Management, and Accounting
(20), Medicine (18), and Energy (16).

Table 2. Top 10 source title, subject area, and cited author on AIED research dur-
ing the last ten years

Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by
Journal of Physics: Conference Se- 30 Computer  Sci- 281 Holmes, W. 50
ries ence
Advances In Intelligent Systems 23 Engineering 149 Luckin, R. 45
And Computing
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Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by

ACM International Conference Pro- 17 Social Sciences 147 Norvig, P. 42
ceeding Series
Journal Of Intelligent And Fuzzy 16 Mathematics 71 Roll, L. 37
Systems
Communications In Computer And 11 Decision  Sci- 51 Koedinger, 35
Information Science ences K.R.
Proceedings 2021 2nd International 10 Physics and As- 38 Wang, Y. 34
Conference On Atrtificial Intelli- tronomy
gence And Education Icaie 2021
Lecture Notes In Computer Science 9 Environmental 21 Li, Y. 31
Including Subseries Lecture Notes Science

In Artificial Intelligence And Lec-
ture Notes In Bioinformatics

Lecture Notes In Electrical Engi- 8 Business, Man- 20 Aleven Y. 30
neering agement, and

Accounting
Sustainability Switzerland 8 Medicine 18 Vanlehn, K. 30
International Journal Of Emerging 7 Energy 16 Wang J. 28

Technologies In Learning

dr 5
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Fig. 6. Mapping visualization of the top-cited author on AIED research during the
last ten years
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Based on the top-cited author, Holmes, W. is recognized as the author with the most
citations on AIED research over the last ten years, namely 50 citations per 457 publi-
cations. Followed by Luckin, R. 45 citations; Norvig P. 42 citations; Roll I. 35 citations;
Wang, Y. 34 citations; and other authors with fewer citations. The visualization map-
ping between the cited authors also has 9 cluster links as shown in Figure 6. The first
cluster with red nodes (n=127), the second cluster with green nodes (n=42), the third
cluster with blue nodes (n= 39), a fourth cluster with yellow nodes (n=26), and several
other clusters with fewer items. Holmes, W. and Luckin R. are the main cited authors
because they have the most citations and high link strength but belong to the third clus-
ter.

3.4  Research Trend Mapping Visualization

The most occurrence keywords are analyzed before mapping out the visualization of
AIED research trends over the last ten years, as shown in Table 3. It can be seen that
the most frequently occurring keywords and the highest total link strength are Al, re-
spectively 377 and 1624. It is clear that Al is the main keyword in AIED research.
While the second order is Students with occurrence 104 and total link strength 613.
Followed by Education, Al technologies, Engineering Educations, Teaching, E-Learn-
ing, Education Computing, Learning Systems, and Curricula. Based on this pattern, it
can be found that the trends of AIED research in the last ten years are: 1) it's application
to students; 2) the subject of education in engineering educations; 3) teaching methods;
4) e-learning based education; 5) education system; 6) curriculum included Al. This
finding is similar to research by [28,42,43] which found that the most frequently used
keywords were Al, education, machine learning, robotics, education computing, stu-
dent, and e-learning.

Table 3. Top 10 keywords of all and top 50 cited AIED research during last ten

years
All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Artificial Intelli- 377 1624 Artificial Intelli- 215 185
gence gence
Students 104 613 Education 38 57
Education 78 371 Machine Learning 18 40
Artificial Intelli- 72 410 Higher Education 15 25
gence Technolo-
gies
Engineering Edu- 68 405 Physical Educa- 13 19
cations tion
Teaching 52 291 Technology 12 18
E-Learning 52 284 E-Learning 9 10
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All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Education Com- 51 311 Artificial Intelli- 8 8
puting gence Education

Learning Systems 41 251 Big Data 7 4

Curricula 38 212 Artificial Intelli- 7 2

gence Technology

Figure 7 shows a visualization mapping of AIED research trends over the last ten
years to find research novelty from this domain. The mapping results show 14 focus
clusters for AIED research topics. The main cluster with red nodes (n=72) focuses on
Al subjects such as human, machine learning, radiology, technology, augmented real-
ity, virtual reality, physician, etc. The second cluster with green nodes (n=70) focuses
on Al methods such as neural networks, decision makers, development directions, data
mining, etc. The third cluster with blue nodes (n=54) focuses on Al applications such
as education policies, online learning, ecosystems, methods of teachings, smart cities,
etc. The fourth cluster with yellow nodes (n=51) focuses on Al media, such as com-
puter-aided instruction, natural language processing, digital storage, etc. The fifth clus-
ter with purple nodes (n=47), focuses on Al goals such as critical thinking, curriculum,
innovation, innovative talents, teaching and learning, etc. Other clusters have more mi-
nor keyword occurrence and research focus.
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Fig. 7. Mapping visualization of keywords co-occurrence on all AIED research
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The way to find novelty based on the mapping results is to look at the relationship
between smaller or fewer keywords. For example, the application of Al that focuses on
higher education has been widely researched in the last ten years because many key-
words have been found. Meanwhile, there is not much research on K-12 schools against
Al because relatively few keywords are found. Other examples include Al analysis of
education policy, course content, individualization, etc. This is an opportunity and po-
tential for current and future research on AIED.
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Fig. 8. Some examples of more specific keyword mapping results on the topic of a)
education, b) students, ¢) learning systems, d) curriculum, and e) teaching

Figure 8 shows some examples of more specific keyword mapping results on edu-
cation, students, learning systems, curriculum, and teaching. Figure 8a-8c is the top
trends research in AIED during the last ten years, while Figure 8d-8e is the opposite. If
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researchers want to explore AIED on top trends, they still have a great opportunity
because top trends have a wider range and are flexible in their application. This is be-
cause AIED can reform education in many aspects. Meanwhile, for fewer trends such
as Figure 8d-8e, it can be used as alternative research, especially for researchers who
want to explore AIED focusing on curriculum and teaching. For example, if a re-
searcher wants to study Al in a curricula field (see Figure 8d), he can focus on aspects
of e-learning, learning systems, deep learning, and teaching. If a researcher wants to
research rarer aspects, he can try teaching methods, college students, educational ro-
bots, virtual reality.

3.5 Trend Visualization of Top 50 Cited Articles

Still in Table 3, in the top 50 cited articles in AIED research over the last ten years,
the keywords that appear most often and the total link strength are the same as AIED
research as a whole, namely Al. The only difference lies in the keywords machine
learning (18), higher education (15), physical education (13), technology (12), Al Ed-
ucation (8), and Big Data (7). So it can be seen that these keywords greatly influence
AIED research. Researchers can conduct studies on these aspects because they have a
high citation rate and impactful studies. While the visualization mapping can be seen
in Figure 9. The mapping results show 18 clusters, with the main cluster (red node,
n=17) focusing on AIED products, such as intelligent tutoring systems, gamification,
educational robotics, etc. The second cluster (green node, n=13) focuses on AIED in
learning, such as learning styles, adaptive learning, reinforcement learning, teaching
evaluation, etc. The third cluster (blue node, n=11) focuses on Al-integrated media,
such as LMS, virtual reality, chatbots, data analysis, etc. Some other clusters have fewer
1tems.
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3.6  Review of Top 5 Cited Publications on AIED

The review was conducted on the top 5 publications cited as impactful studies on
AIED research during the last ten years, as shown in Table 4. Each article was analyzed

in our opinion, the answer is not completely because Al is “just” intelligence that can
imitate human reasoning, but Al does not have feelings or hearts. So Al can “teach”
students, but it cannot “educate” students. In line with the opinion [18] that Al-based
technology can support the learning process, this will not substitute for teaching roles.
The review results of several other articles also discuss the integration of Al in higher
education, adaptive learning based on student abilities, and the use of robots in educa-
tion.

Table 4. Review of top 5 cited publications on AIED

Author(s) Citation Findings
Popenici, S.A.D; 145 The exploration of technological advances and the speed
Kerr, S [44] with which new technologies are adopted in higher edu-

cation can predict the future nature of higher education in
the world. This is because artificial intelligence has be-
come part of the structure in universities. Moreover, it is
time for universities to rethink their functions and peda-
gogical models and their future relationship with Al solu-
tions and their owners.

Roll, I; 115 Education has shifted beyond the traditional AIED model,
Wylie, R. [45] and this pivot offers many opportunities and challenges.
In the last two decades, the processes of growth, matura-
tion, and evolution in AIED have been impressive. AIED,
as a community, must continue this work and play to our
strengths and success.

Almohamadi, K. 87 Al techniques are very helpful in developing and imitat-
Hargas H.; Alghaz- ing human reasoning and decision-making processes in a
zawi, D.; Aldabbagh, teaching and learning framework. Al can also address un-
G. [46] certainty and facilitate the development of contexts that

promote effective learning. This capability is critical in
ensuring that both the learner and the system used can im-
prove through continuous learning mechanisms.

Timms, M.J. [47] 79 The school will continue to exist in some form over the
next 25 years, and teachers will continue to supervise and
assist students in their learning. The prediction is that ed-
ucational cobots will help teachers in future classrooms
and provide examples of today's robotic work.

Chassignol, M.; 57 Al will change and reshape the educational landscape, but
Khoroshavin, A.; Al will not completely replace our traditional education
Klimnova, A.; systems. Nevertheless, several points of Al intervention
Bliyatdinova, A. [48] in education, namely 1) Al provides many opportunities

for the development of massive open online courses; 2)
Intelligent tutoring systems create digital profiles of stu-
dents and provide them with private tutors; 3) Al can help
students with health problems to learn effectively.
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4 \Conclusions‘ 777777777777777777777777777777777777

This research is the first study to analyze bibliometrics and review the top-cited
publications on AIED research during the last ten years using the Scopus database and
the VOSviewer application. This field has become one of the research interests that has
experienced significant development and improvement and the development of
technology and the industrial revolution. There are five conclusions in this study as
follows:

1. The development of AIED research has increased exponentially over the last five
years, with the most types of documents being articles (249) and journal document
sources (205), while the most productive country in researching AIED is China
(201).

2. English is the most significant language (443); the most prolific authors are Kalles,
D(3); the top affiliates who research the most AIED are University Politehnica of
Bucharest, Nanyang Technological University, National Institute of Education,
Deggendorf Institute of Technology, and Beijing Normal University (4); the most
sponsored funding is the National Natural Science Foundation of China and the
National Science Foundation (5).

3. In the top source title, “Journal of Physics: Conference Series” is the main source
in AIED research publications (30). The most research subject areas are Computer
Science (281), Engineering (149), and Social Sciences (147). For the top-cited
author, Holmes, W. is recognized as the most citations author (50).

4. Research trend mapping shows that AIED research trends in the last 10 years are:
1) its application to students; 2) the subject of education in engineering educations;
3) teaching methods; 4) e-learning based education; 5) education system; 6)
curriculum included AL

5. In the top 50 cited articles, frequently used keywords are Al (n=215), Education
(38), machine learning (18), higher education (15), physical education (13),
technology (12). Therefore, researchers can conduct studies on these aspects
because they have a high citation rate and impactful studies.

6. The review results in the top 5 cited articles tend to examine the impact of Al in
education: can it change the education system by replacing teachers? Several other
articles also discuss the integration of Al in higher education, adaptive learning
based on student abilities, and robots in education. These articles become
fundamental for future research, so they have great citations and impact AIED
topics' development.
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Abstract— Research on Artificial Intelligence in Education (AIED) has in-
creased rapidly in recent years, so efforts are needed to understand the status of
trends and their development to support and focus these trends. The specific ob-
jectives of this study are to analyze document type, source document, contributed
country, language, top affiliation, sponsorship funding, top source title, subject
area, research station, visualization of mapping research trends across and top 50
cited publications, reviewing some of the top-cited publications on AIED re-
search over the last ten years using bibliometric analysis. The metadata used is
the Scopus database and a mapping application using VOSviewer with 457 doc-
uments. The bibliometric results show that the development of AIED research
has increased exponentially over the last five years. The most common types of
documents are articles, journal document sources, and China's most productive
country. English being the most significant language, the most prolific author
was Kalles, D, some of the top prolific affiliates with four publications, while the
most sponsored funding was the National Natural Science Foundation of China
and the National Science Foundation. “Journal of Physics: Conference Series” is
the primary source, the most research subject area is Computer Science, for the
top-cited author is Holmes, W. Mapping of research trends shows that AIED re-
search trends in the last ten years are: 1) it's an application to students; 2) the
subject of education in engineering educations; 3) teaching methods; 4) e-learn-
ing based education; 5) education system; 6) curriculum included Al. AIED in-
tegration could revolutionize the education system.

Keywords—AIED, Bibliometric, Education

1 Introduction

The development of the Industrial Revolution 4.0 has led to a rapid increase in digital
technology, one of which is Artificial Intelligence (AI) technology [1-4]. Al is a simu-
lation of the intelligence possessed by humans, which is modeled in machines and pro-
grammed to think like humans [5]. This technology is the main driver for the presence
of modern technologies, such as big data, self-driving cars, robotics, and the Internet of
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Things [2,6-9]. In addition, the application of AI has penetrated all aspects, such as
technology, industry, medical, business, and education.

More specifically, Al in education (AIED) has an important role in improving the
quality of the education sector because its application can make it easier for teachers
and students to carry out learning activities in many subjects [10,11]. For example,
Chen and Liu [12] developed a personalized computer-assisted mathematics problem-
solving system and found it effective for improving students' performance and learning
attitudes. Moreover, recent literature on AIED [13—18] clearly identified the main prob-
lem of the learning process in which Al can offer a more important contribution. This
is also supported by the Al Index Report 2021 [19], the number of courses that teach
students the skills necessary to build or deploy a practical Al model on the undergrad-
uate and graduate levels in 2020 has increased by 102.9% and 41.7%, respectively, in
the last four academic years.

Research publications on AIED also continue to increase every year. A simple
method that can be done is to search Scopus with the keyword "Artificial Intelligence
or Al Education or Educational", find results in 2017 as many as 14 results, while in
2021 as many as 257 results. This shows that AIED research topics have increased
rapidly over time. Therefore, its need efforts to find out and understand the status and
trends of a research topic to develop and be properly supported [20], especially in
AIED. Bibliometric studies can be a solution to understand research trends, patterns,
novelty, and impactful studies [21-25]. This study can also assess the contribution of
research to the development of knowledge — particularly about AIED — using a statisti-
cal approach and provide a broader understanding of the entire discipline at a relatively
low cost [26].

Previous research [27] has conducted bibliometric analysis and systematic reviews
on Al trends in mathematics education so that the range of information obtained is still
not wide enough. In addition, studies by [18,28,29] have performed bibliometric anal-
ysis on AIED, but this study uses the Web of Science database for data mining and uses
the Science Mapping Analysis Tool application to perform the mapping. Recommen-
dations for these studies are to conduct bibliometric analysis on other databases (such
as Scopus or Google Scholar) and other applications to map research trends (such as
VOSviewer, HistCite, etc.) so that a broader understanding of the topic being studied
can be obtained. Therefore, this study will conduct a bibliometric analysis on AIED in
the last ten years (2011-2021) using metadata in the Scopus database and the
VOSviewer mapping application. \This research is expected to find out patterns, re-
tives of this research are as follows:

1. Analyzing document types, document sources, and countries that have contributed
to AIED research over the past ten years.

Analyzing the language, authors, top affiliates, and sponsorship funding of AIED
research over the past ten years.

I

3. Analyzing top source titles, subject areas, and research citations on AIED research
over the last ten years.

4. Identifying the results of the visualization of research trend mapping on AIED over

the last ten years.
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5. Identifying the results of visualization of research trend mapping in the top 50 cited
publications in AIED research over the last ten years.
6. Reviewing some of the top-cited publications in AIED research.

2 Methods

This research is descriptive, using bibliometric analysis of metadata from the Scopus
database (www.scopus.com) [30-33]. This database was chosen because it has the larg-
est academic database globally with citations that provide abstracts from various scien-
tific and research literature that have been reviewed so that it is effective for visualizing,
tracking, and analyzing publications [34]. The research procedure followed five stages,
as shown in Figure 1 [35-37].

Defining Initial Refinement Compiling
the initial Data
search search of the f Iysi
keywords results search ata analysts
statistics

Fig. 1. Five stages of carrying out a bibliometric study.

2.1 Defining Search Keywords

The search string used in document search is “TITLE (Artificial AND Intelligence
OR AI AND Education OR Educational)” with a year limit between 2011-2021.

2.2 Initial Search Results

Data mining was carried out on January 28, 2022. Based on the results of this search,
576 documents were found.

23 Refinement of the Search

The findings are then filtered specifically for documents in journals and conference
proceedings because these documents contain primary research results that are more
credible and up-to-date than books, book chapters, editorials because they go through
a peer-reviewing process by experts. After filtration, 457 documents were obtained to
be extracted into files with the extension .ris and .csv for further processing.

2.4  Compiling the Initial Data Statistics
Statistical data is obtained through the .ris file insertion process uses the VOSviewer

application to map, visualize, and analyze AIED trends in the last ten years [38]. For
example, VOSviewer can create publication mappings, country mappings, citation pat-
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terns, keyword patterns, and authorship patterns [39]. Statistical data was then sup-
ported by further analysis through .csv files using Microsoft Excel to make the data
obtained more detailed.

2.5  Data Analysis

Data analysis was carried out descriptively to determine document type, document
source, language, country, top affiliation, sponsorship funding, top source title, subject
area, research citation, authorship, and keywords in 457 related documents. Analysis
can also be done by looking at the node's size and the link's strength based on the results
of mapping and visualization using the VOSviewer application. Finally, data analysis
was continued by reviewing the top 5 cited articles based on the findings and recom-
mendations.

3 Results and Discussion

3.1 Year-Wise Distribution, Document Types, Document Sources, and
Countries Contributed to AIED Research

[The distribution of research publications on AIED over the last ten years can be seen
in Figure 1. It can be seen that the development of AIED research tends to stagnate in
2011-2016, but from 2017 to 2021, there will be an exponential increase. This finding
is consistent with research [18,28] which shows that AIED research has relatively in-

research and application of AIED will become more extensive and allow the formation
of more consolidated pathways in the future. This shows a clear revolution in how the
integration of Al in teaching and learning takes place and the aspects that educators
must consider.

Year-wise Distribution
250

200

211
150 127
100
53
50 o 10 2
4 3 5 3 5 I
0 — — — — — - - .

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Fig. 2. Year-wise distribution graph on AIED publications
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[The types and sources of documents in AIED research for the last ten years can be

were obtained, consisting of 249 articles and 208 conference papers. In addition, the
sources for published documents are journals of 205 items, 181 items of conference
proceedings, 70 items of book series, and 1 item of trade journals. Most researchers
publish in journals because they are of high quality compared to other sources.

Document Type

= Article Conference Paper

249

(@

Document Source
250
200

205
181
150
100 70
50
1
0

Journal Conference Book Series Trade Journal
Proceeding

(b)

Figure 3. Document type and source of AIED research

\The metric results show that 76 countries have contributed to AIED research over
the last ten years. Figure 4 shows the top 10 countries that have contributed to AIED
research. China leads the productivity with 201 articles, followed by the USA with 50
China published Next generation artificial intelligence development plan with a clear
plan that Al should be broadly applied in all education levels so that the generation in
China has talent in the field of AI[40]. However, this finding is different from the study
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by [18,28] that the USA is the most productive country in AIED research. If the publi-
cation is regulated without 2011-2022, the USA will be the most productive country
with 15 items published. In addition, another factor that causes this difference is the
difference in the databases used, where they use the Web of Science database while we
use the Scopus database. In addition, it can also be analyzed that developing countries
have relatively few AIED publications because the wealth of a country influences tech-
nological progress. This is in line with research by [41] that developing countries have
fewer Al publications in higher education.

Top 10 Contributed Countries in AIED Research

Amount of Publication
a1
50 100 150
Russia (22}
Canada (11) UK (12)
Ching (201)
Spain (12) South Korea
(13)

+ Taiwan (12]

India (21) 02

Australia (10)

Fig. 4. Top 10 contributed countries in AIED research during the last ten years

[The mapping of countries based on clusters can be seen in Figure 5. There are 17
clusters with the main cluster of 6 countries, consisting of China which is connected to

the Czech Republic, India, Malaysia, Thailand, and the UAE with red nodes. [The
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ond cluster consists of 5 countries: Hong Kong, Italy, Japan, Taiwan, and the USA,
with green nodes. The third cluster consists of 4 countries: New Zealand, South Africa,
Spain, and Turkey, with blue nodes. The fourth cluster consists of 4 countries consisting
of Brazil, Morocco, Saudi Arabia, and the UK with yellow nodes. The fifth cluster of
4 countries consists of Germany, Portugal, Romania, and Serbia with purple nodes. The
sixth cluster with 4 countries consisting of Australia, Canada, Singapore, and South
Korea with indigo-colored nodes. The seventh cluster with 4 countries consisting of
Austria, Estonia, Finland, and Sweden with nodes colored in orange. While other clus-
ters have less than 4 countries, some of them are not connected to each other. Collabo-
ration between countries on AIED research has been relatively good, as indicated by
more than 70 countries with 457 publications.
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Fig. 5. Cluster mapping by country

3.2 Language, Top Affiliation, and Funding Sponsor

\Table 1 shows data on the top 5 languages, authors, affiliations, and sponsorship

language with 443 articles, followed by Chinese and Russian with 4 articles, and Por-
tuguese and Spanish with 3 articles. It is clear that the researcher chose English because
it is a global language to reach all countries in the world. Based on the authorship,
Kalles, D. is recognized as the most prolific writer with 3 articles while others have less
than 3 articles.

Table 1. Top 5 language, authorship, affiliation, and funding sponsor of AIED re-
search during the last ten years
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Top L Top Authorship Top Affiliation Top Funding Sp
L Total Author Total Affiliation Total Funding Sp Total

University National Natural

English 443 Kalles, D. Politehnica of Bu- 4 Science Founda- 5
charest tion of China

. Bhattacharjee, Nanyang Technolog- National Science

Chinese 4 . o 4 . 5
K.K. ical University Foundation

X X National Institute of Ministry of Edu-
Russian 4 Binder, L. 4 4
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Top L Top Authorship Top Affiliation Top Funding Sp
Language Total Author Total Affiliation Total Funding Sponsor | Total
of the Russian
Federation
Bundesministe-
Deggendorf Institute X
Portuguese 3 Chang, Y.S. 2 4 rium fur Bildiing 3
of Technology
und Forschung
. . Education Depart-
X Des Jardins, Beijing Normal Uni- N
Spanish 3 2 X 4 ment of Jilin Prov- 3
M. versity

ince

Based on the affiliations, University Politehnica of Bucharest, Nanyang Technolog-
ical University, National Institute of Education, Deggendorf Institute of Technology,
and Beijing Normal University has 4 article publications each. This shows that publi-
cations on AIED are not focused on just one affiliate in one country because no affiliate
is more prominent than the others. Meanwhile, the most sponsored funding was by the
National Natural Science Foundation of China and the National Science Foundation
with 5 articles, followed by the Ministry of Education and Science of the Russian Fed-
eration with 4 articles, the Bundesministerium fur Bildiing und Forschung and the Ed-
ucation Department of Jilin Province as sponsors. 3 articles each.

3.3  Top Source Title, Subject Area, and Research Citation

\Table 2 shows the top 10 source titles, subject areas, and cited authors from AIED
Series” is the main source in AIED research publications with 30 articles. This followed
by “Advances In Intelligent Systems And Computing” with a total of 23 articles, and
the ACM International Conference Proceeding Series, with 17 articles. So it can be seen
that most researchers publish AIED research in conference papers. "International Jour-
nal of Emerging Technologies In Learning" was also included but ranked 10th. When
viewed from the subject area, it is clear that Computer Science (281), Engineering
(149), and Social Sciences (147) are in the top 3 because they are very relevant to AIED.
Other top subject areas are Mathematics (71), Decision Sciences (51), Physics and As-
tronomy (38), Environmental Science (21), Business, Management, and Accounting
(20), Medicine (18), and Energy (16).

Table 2. Top 10 source title, subject area, and cited author on AIED research dur-
ing the last ten years

Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by
Journal of Physics: Conference Se- 30 Computer  Sci- 281 Holmes, W. 50
ries ence
Advances In Intelligent Systems 23 Engineering 149 Luckin, R. 45
And Computing
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Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by

ACM International Conference Pro- 17 Social Sciences 147 Norvig, P. 42
ceeding Series
Journal Of Intelligent And Fuzzy 16 Mathematics 71 Roll, L. 37
Systems
Communications In Computer And 11 Decision  Sci- 51 Koedinger, 35
Information Science ences K.R.
Proceedings 2021 2nd International 10 Physics and As- 38 Wang, Y. 34
Conference On Atrtificial Intelli- tronomy
gence And Education Icaie 2021
Lecture Notes In Computer Science 9 Environmental 21 Li, Y. 31
Including Subseries Lecture Notes Science

In Artificial Intelligence And Lec-
ture Notes In Bioinformatics

Lecture Notes In Electrical Engi- 8 Business, Man- 20 Aleven Y. 30
neering agement, and

Accounting
Sustainability Switzerland 8 Medicine 18 Vanlehn, K. 30
International Journal Of Emerging 7 Energy 16 Wang J. 28

Technologies In Learning

dr 5
alblawi, a §
[ 1, e kalles, d.

: g i I b'. pikhare, m.

Jlam p.

5“64 VOSviewer montefillo, m.

Fig. 6. Mapping visualization of the top-cited author on AIED research during the
last ten years
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Based on the top-cited author, Holmes, W. is recognized as the author with the most
citations on AIED research over the last ten years, namely 50 citations per 457 publi-
cations. Followed by Luckin, R. 45 citations; Norvig P. 42 citations; Roll I. 35 citations;
Wang, Y. 34 citations; and other authors with fewer citations. The visualization map-
ping between the cited authors also has 9 cluster links as shown in Figure 6. The first
cluster with red nodes (n=127), the second cluster with green nodes (n=42), the third
cluster with blue nodes (n= 39), a fourth cluster with yellow nodes (n=26), and several
other clusters with fewer items. Holmes, W. and Luckin R. are the main cited authors
because they have the most citations and high link strength but belong to the third clus-
ter.

3.4  Research Trend Mapping Visualization

The most occurrence keywords are analyzed before mapping out the visualization of
AIED research trends over the last ten years, as shown in Table 3. It can be seen that
the most frequently occurring keywords and the highest total link strength are Al, re-
spectively 377 and 1624. It is clear that Al is the main keyword in AIED research.
While the second order is Students with occurrence 104 and total link strength 613.
Followed by Education, Al technologies, Engineering Educations, Teaching, E-Learn-
ing, Education Computing, Learning Systems, and Curricula. Based on this pattern, it
can be found that the trends of AIED research in the last ten years are: 1) it's application
to students; 2) the subject of education in engineering educations; 3) teaching methods;
4) e-learning based education; 5) education system; 6) curriculum included Al. This
finding is similar to research by [28,42,43] which found that the most frequently used
keywords were Al, education, machine learning, robotics, education computing, stu-
dent, and e-learning.

Table 3. Top 10 keywords of all and top 50 cited AIED research during last ten

years
All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Artificial Intelli- 377 1624 Artificial Intelli- 215 185
gence gence
Students 104 613 Education 38 57
Education 78 371 Machine Learning 18 40
Artificial Intelli- 72 410 Higher Education 15 25
gence Technolo-
gies
Engineering Edu- 68 405 Physical Educa- 13 19
cations tion
Teaching 52 291 Technology 12 18
E-Learning 52 284 E-Learning 9 10
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All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Education Com- 51 311 Artificial Intelli- 8 8
puting gence Education

Learning Systems 41 251 Big Data 7 4

Curricula 38 212 Artificial Intelli- 7 2

gence Technology

Figure 7 shows a visualization mapping of AIED research trends over the last ten
years to find research novelty from this domain. The mapping results show 14 focus
clusters for AIED research topics. The main cluster with red nodes (n=72) focuses on
Al subjects such as human, machine learning, radiology, technology, augmented real-
ity, virtual reality, physician, etc. The second cluster with green nodes (n=70) focuses
on Al methods such as neural networks, decision makers, development directions, data
mining, etc. The third cluster with blue nodes (n=54) focuses on Al applications such
as education policies, online learning, ecosystems, methods of teachings, smart cities,
etc. The fourth cluster with yellow nodes (n=51) focuses on Al media, such as com-
puter-aided instruction, natural language processing, digital storage, etc. The fifth clus-
ter with purple nodes (n=47), focuses on Al goals such as critical thinking, curriculum,
innovation, innovative talents, teaching and learning, etc. Other clusters have more mi-
nor keyword occurrence and research focus.
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during last ten years
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The way to find novelty based on the mapping results is to look at the relationship
between smaller or fewer keywords. For example, the application of Al that focuses on
higher education has been widely researched in the last ten years because many key-
words have been found. Meanwhile, there is not much research on K-12 schools against
Al because relatively few keywords are found. Other examples include Al analysis of
education policy, course content, individualization, etc. This is an opportunity and po-
tential for current and future research on AIED.
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Fig. 8. Some examples of more specific keyword mapping results on the topic of a)
education, b) students, ¢) learning systems, d) curriculum, and e) teaching

Figure 8 shows some examples of more specific keyword mapping results on edu-
cation, students, learning systems, curriculum, and teaching. Figure 8a-8c is the top
trends research in AIED during the last ten years, while Figure 8d-8e is the opposite. If



Full Paper—Paper Formatting for online-journals.org

researchers want to explore AIED on top trends, they still have a great opportunity
because top trends have a wider range and are flexible in their application. This is be-
cause AIED can reform education in many aspects. Meanwhile, for fewer trends such
as Figure 8d-8e, it can be used as alternative research, especially for researchers who
want to explore AIED focusing on curriculum and teaching. For example, if a re-
searcher wants to study Al in a curricula field (see Figure 8d), he can focus on aspects
of e-learning, learning systems, deep learning, and teaching. If a researcher wants to
research rarer aspects, he can try teaching methods, college students, educational ro-
bots, virtual reality.

3.5 Trend Visualization of Top 50 Cited Articles

Still in Table 3, in the top 50 cited articles in AIED research over the last ten years,
the keywords that appear most often and the total link strength are the same as AIED
research as a whole, namely Al. The only difference lies in the keywords machine
learning (18), higher education (15), physical education (13), technology (12), Al Ed-
ucation (8), and Big Data (7). So it can be seen that these keywords greatly influence
AIED research. Researchers can conduct studies on these aspects because they have a
high citation rate and impactful studies. While the visualization mapping can be seen
in Figure 9. The mapping results show 18 clusters, with the main cluster (red node,
n=17) focusing on AIED products, such as intelligent tutoring systems, gamification,
educational robotics, etc. The second cluster (green node, n=13) focuses on AIED in
learning, such as learning styles, adaptive learning, reinforcement learning, teaching
evaluation, etc. The third cluster (blue node, n=11) focuses on Al-integrated media,
such as LMS, virtual reality, chatbots, data analysis, etc. Some other clusters have fewer
1tems.
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Fig. 9. Mapping visualization of keywords co-occurence on top 50 cited AIED re-
search during last ten years
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3.6  Review of Top 5 Cited Publications on AIED

The review was conducted on the top 5 publications cited as impactful studies on
AIED research during the last ten years, as shown in Table 4. Each article was analyzed

articles discussed “can AIED change the education system by replacing teachers?” and
in our opinion, the answer is not completely because Al is “just” intelligence that can
imitate human reasoning, but Al does not have feelings or hearts. So Al can “teach”
students, but it cannot “educate” students. In line with the opinion [18] that Al-based
technology can support the learning process, this will not substitute for teaching roles.
The review results of several other articles also discuss the integration of Al in higher
education, adaptive learning based on student abilities, and the use of robots in educa-

tion.
Table 4. Review of top 5 cited publications on AIED
Author(s) | Citation Finding Recommendations
Popenici, 145 The exploration of technological ad- | There is a need for research on
S.A.D; Kerr, vances and the speed with which | the ethical implications of Al
S [44] new technologies are adopted in | developmental control and the
higher education can predict the fu- | possibility of undermining the
ture nature of higher education inthe | wealth of knowledge and hu-
world. This is because artificial in- | man perspectives by monopo-
telligence has become part of the | lizing multiple entities.
structure in universities. Moreover,
it is time for universities to rethink
their functions and pedagogical
models and their future relationship
with Al solutions and their owners.
Roll, I; 115 Education has shifted beyond the | Researchers suggest two re-
Wrylie, R. traditional AIED model, and this | search studies that need to be
[45] pivot offers many opportunities and | conducted on AIED to impact
challenges. In the last two decades, | education in the next 25 years:
the processes of growth, maturation, | 1) an evolutionary process that
and evolution in AIED have been | focuses on classroom practice,
impressive. AIED, as a community, | collaboration with teachers, di-
must continue this work and play to | versification of domains and
our strengths and success. technology; 2) a revolutionary
process to embed technology in
students' daily lives.
Almoham- 87 Al techniques are very helpful inde- | Related to those findings, each
adi, K.; Har- veloping and imitating human rea- | student has a different learning
gas H.; Al- soning and decision-making pro- | process so there needs to be an
ghazzawi, cesses in a teaching and learning | adaptive education  system.
D.; Aldab- framework. Al can also address un- | Thus, it is very important to cre-
bagh, G. [46] certainty and facilitate the develop- | ate an accurate profile and
ment of contexts that promote effec- | model of students based on an
tive learning. This capability is criti- | analysis of their personal
cal in ensuring that both the learner | knowledge, affective, psycho-
and the system used can improve | motor and personality states.
through continuous learning mecha- | Then, the data can be used and
nisms.
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Author(s) | Citation Findi Recommendations

utilized efficiently in develop-
ing an adaptive learning envi-

ronment.
Timms, M.J. 79 The school will continue to exist in | This will lead to new challenges
[47] some form over the next 25 years, | that will stimulate AIED so

and teachers will continue to super- | much that we can expand our
vise and assist students in their learn- | teaching-learning models and
ing. The prediction is that educa- | methods. In addition, the next
tional cobots will help teachers in fu- | practical step is to conduct
ture classrooms and provide exam- | workshops on  Educational
ples of today's robotic work. Cobots and Smart Classrooms
at AIED or related conferences
such as Human-Robot Interac-

tion.

Chassignol, 57 Al will change and reshape the edu- | This work can contribute to ex-
M.; Khoro- cational landscape, but Al will not | isting knowledge in the AIED
shavin, A.; completely replace our traditional | field to attract researchers and
Klimnova, education systems. Nevertheless, | professionals in technology-en-
Al several points of Al intervention in | hanced learning, lecturers, stu-
Bliyatdi- education, namely 1) AI provides | dents, and people who care
nova, A. [48] many opportunities for the develop- | about our education's state of

ment of massive open online | the art.

courses; 2) Intelligent tutoring sys-

tems create digital profiles of stu-

dents and provide them with private

tutors; 3) Al can help students with

health problems to learn effectively.

4 \Conclusions\

This research is the first study to analyze bibliometrics and review the top-cited
publications on AIED research during the last ten years using the Scopus database and
the VOSviewer application. This field has become one of the research interests that has
experienced significant development and improvement and the development of
technology and the industrial revolution. There are five conclusions in this study as
follows:

1.

The development of AIED research has increased exponentially over the last five
years, with the most types of documents being articles (249) and journal document
sources (205), while the most productive country in researching AIED is China
(201).

English is the most significant language (443); the most prolific authors are Kalles,
D(3); the top affiliates who research the most AIED are University Politehnica of
Bucharest, Nanyang Technological University, National Institute of Education,
Deggendorf Institute of Technology, and Beijing Normal University (4); the most
sponsored funding is the National Natural Science Foundation of China and the
National Science Foundation (5).

In the top source title, “Journal of Physics: Conference Series” is the main source
in AIED research publications (30). The most research subject areas are Computer
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Science (281), Engineering (149), and Social Sciences (147). For the top-cited
author, Holmes, W. is recognized as the most citations author (50).

4. Research trend mapping shows that AIED research trends in the last 10 years are:
1) its application to students; 2) the subject of education in engineering educations;
3) teaching methods; 4) e-learning based education; 5) education system; 6)
curriculum included Al

5. In the top 50 cited articles, frequently used keywords are Al (n=215), Education
(38), machine learning (18), higher education (15), physical education (13),
technology (12). Therefore, researchers can conduct studies on these aspects
because they have a high citation rate and impactful studies.

6. The review results in the top 5 cited articles tend to examine the impact of Al in
education: can it change the education system by replacing teachers? Several other
articles also discuss the integration of Al in higher education, adaptive learning
based on student abilities, and robots in education. These articles become
fundamental for future research, so they have great citations and impact AIED
topics' development.

The implication of this research is to find some examples of novelty in AIED
research so that this study can be used as a reference for future research in AIED. The
types of research presented to make it possible to define a profile of the types of
documents that can be presented so that the research path can be more focused. This
research can also find the most relevant issues about AIED in Scopus and the authors
that had the most significant impact and identify the scientists' main lines of research
in each defined period. Thus, it also contributes to limiting the next trend that can be
developed in this research area
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Abstract— Research on Artificial Intelligence in Education (AIED) has in-
creased rapidly in recent years, so efforts are needed to understand the status of
trends and their development to support and focus these trends. The specific ob-
jectives of this study are to analyze document type, source document, contributed
country, language, top affiliation, sponsorship funding, top source title, subject
area, research station, visualization of mapping research trends across and top 50
cited publications, reviewing some of the top-cited publications on AIED re-
search over the last ten years using bibliometric analysis. The metadata used is
the Scopus database and a mapping application using VOSviewer with 457 doc-
uments. The bibliometric results show that the development of AIED research
has increased exponentially over the last five years. The most common types of
documents are articles, journal document sources, and China's most productive
country. English being the most significant language, the most prolific author
was Kalles, D, some of the top prolific affiliates with four publications, while the
most sponsored funding was the National Natural Science Foundation of China
and the National Science Foundation. “Journal of Physics: Conference Series” is
the primary source, the most research subject area is Computer Science, for the
top-cited author is Holmes, W. Mapping of research trends shows that AIED re-
search trends in the last ten years are: 1) it's an application to students; 2) the
subject of education in engineering educations; 3) teaching methods; 4) e-learn-
ing based education; 5) education system; 6) curriculum included Al. AIED in-
tegration could revolutionize the education system.

Keywords—AIED, Bibliometric, Education

1 Introduction

The development of the Industrial Revolution 4.0 has led to a rapid increase in digital
technology, one of which is Artificial Intelligence (AI) technology [1-4]. Al is a simu-
lation of the intelligence possessed by humans, which is modeled in machines and pro-
grammed to think like humans [5]. This technology is the main driver for the presence
of modern technologies, such as big data, self-driving cars, robotics, and the Internet of
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Things [2,6-9]. In addition, the application of AI has penetrated all aspects, such as
technology, industry, medical, business, and education.

More specifically, Al in education (AIED) has an important role in improving the
quality of the education sector because its application can make it easier for teachers
and students to carry out learning activities in many subjects [10,11]. For example,
Chen and Liu [12] developed a personalized computer-assisted mathematics problem-
solving system and found it effective for improving students' performance and learning
attitudes. Moreover, recent literature on AIED [13—18] clearly identified the main prob-
lem of the learning process in which Al can offer a more important contribution. This
is also supported by the Al Index Report 2021 [19], the number of courses that teach
students the skills necessary to build or deploy a practical Al model on the undergrad-
uate and graduate levels in 2020 has increased by 102.9% and 41.7%, respectively, in
the last four academic years.

Research publications on AIED also continue to increase every year. A simple
method that can be done is to search Scopus with the keyword "Artificial Intelligence
or Al Education or Educational", find results in 2017 as many as 14 results, while in
2021 as many as 257 results. This shows that AIED research topics have increased
rapidly over time. Therefore, its need efforts to find out and understand the status and
trends of a research topic to develop and be properly supported [20], especially in
AIED. Bibliometric studies can be a solution to understand research trends, patterns,
novelty, and impactful studies [21-25]. This study can also assess the contribution of
research to the development of knowledge — particularly about AIED — using a statisti-
cal approach and provide a broader understanding of the entire discipline at a relatively
low cost [26].

Previous research [27] has conducted bibliometric analysis and systematic reviews
on Al trends in mathematics education so that the range of information obtained is still
not wide enough. In addition, studies by [18,28,29] have performed bibliometric anal-
ysis on AIED, but this study uses the Web of Science database for data mining and uses
the Science Mapping Analysis Tool application to perform the mapping. Recommen-
dations for these studies are to conduct bibliometric analysis on other databases (such
as Scopus or Google Scholar) and other applications to map research trends (such as
VOSviewer, HistCite, etc.) so that a broader understanding of the topic being studied
can be obtained. Therefore, this study will conduct a bibliometric analysis on AIED in
the last ten years (2011-2021) using metadata in the Scopus database and the
VOSviewer mapping application. \This research is expected to find out patterns, re-
tives of this research are as follows:

1. Analyzing document types, document sources, and countries that have contributed
to AIED research over the past ten years.

Analyzing the language, authors, top affiliates, and sponsorship funding of AIED
research over the past ten years.

I

3. Analyzing top source titles, subject areas, and research citations on AIED research
over the last ten years.

4. Identifying the results of the visualization of research trend mapping on AIED over

the last ten years.
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5. Identifying the results of visualization of research trend mapping in the top 50 cited
publications in AIED research over the last ten years.
6. Reviewing some of the top-cited publications in AIED research.

2 Methods

This research is descriptive, using bibliometric analysis of metadata from the Scopus
database (www.scopus.com) [30-33]. This database was chosen because it has the larg-
est academic database globally with citations that provide abstracts from various scien-
tific and research literature that have been reviewed so that it is effective for visualizing,
tracking, and analyzing publications [34]. The research procedure followed five stages,
as shown in Figure 1 [35-37].

Defining Initial Refinement Compiling
the initial Data
search search of the f Iysi
keywords results search ata analysts
statistics

Fig. 1. Five stages of carrying out a bibliometric study.

2.1 Defining Search Keywords

The search string used in document search is “TITLE (Artificial AND Intelligence
OR AI AND Education OR Educational)” with a year limit between 2011-2021.

2.2 Initial Search Results

Data mining was carried out on January 28, 2022. Based on the results of this search,
576 documents were found.

23 Refinement of the Search

The findings are then filtered specifically for documents in journals and conference
proceedings because these documents contain primary research results that are more
credible and up-to-date than books, book chapters, editorials because they go through
a peer-reviewing process by experts. After filtration, 457 documents were obtained to
be extracted into files with the extension .ris and .csv for further processing.

2.4  Compiling the Initial Data Statistics
Statistical data is obtained through the .ris file insertion process uses the VOSviewer

application to map, visualize, and analyze AIED trends in the last ten years [38]. For
example, VOSviewer can create publication mappings, country mappings, citation pat-
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terns, keyword patterns, and authorship patterns [39]. Statistical data was then sup-
ported by further analysis through .csv files using Microsoft Excel to make the data
obtained more detailed.

2.5  Data Analysis

Data analysis was carried out descriptively to determine document type, document
source, language, country, top affiliation, sponsorship funding, top source title, subject
area, research citation, authorship, and keywords in 457 related documents. Analysis
can also be done by looking at the node's size and the link's strength based on the results
of mapping and visualization using the VOSviewer application. Finally, data analysis
was continued by reviewing the top 5 cited articles based on the findings and recom-
mendations.

3 Results and Discussion

3.1 Year-Wise Distribution, Document Types, Document Sources, and
Countries Contributed to AIED Research

[The distribution of research publications on AIED over the last ten years can be seen
in Figure 1. It can be seen that the development of AIED research tends to stagnate in
2011-2016, but from 2017 to 2021, there will be an exponential increase. This finding
is consistent with research [18,28] which shows that AIED research has relatively in-

research and application of AIED will become more extensive and allow the formation
of more consolidated pathways in the future. This shows a clear revolution in how the
integration of Al in teaching and learning takes place and the aspects that educators
must consider.

Year-wise Distribution
250

200

211
150 127
100
53
50 o 10 2
4 3 5 3 5 I
0 — — — — — - - .

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Fig. 2. Year-wise distribution graph on AIED publications
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[The types and sources of documents in AIED research for the last ten years can be

were obtained, consisting of 249 articles and 208 conference papers. In addition, the
sources for published documents are journals of 205 items, 181 items of conference
proceedings, 70 items of book series, and 1 item of trade journals. Most researchers
publish in journals because they are of high quality compared to other sources.

Document Type

= Article Conference Paper

249

(@

Document Source
250
200

205
181
150
100 70
50
1
0

Journal Conference Book Series Trade Journal
Proceeding

(b)

Figure 3. Document type and source of AIED research

\The metric results show that 76 countries have contributed to AIED research over
the last ten years. Figure 4 shows the top 10 countries that have contributed to AIED
research. China leads the productivity with 201 articles, followed by the USA with 50
China published Next generation artificial intelligence development plan with a clear
plan that Al should be broadly applied in all education levels so that the generation in
China has talent in the field of AI[40]. However, this finding is different from the study
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by [18,28] that the USA is the most productive country in AIED research. If the publi-
cation is regulated without 2011-2022, the USA will be the most productive country
with 15 items published. In addition, another factor that causes this difference is the
difference in the databases used, where they use the Web of Science database while we
use the Scopus database. In addition, it can also be analyzed that developing countries
have relatively few AIED publications because the wealth of a country influences tech-
nological progress. This is in line with research by [41] that developing countries have
fewer Al publications in higher education.

Top 10 Contributed Countries in AIED Research

Amount of Publication
a1
50 100 150
Russia (22}
Canada (11) UK (12)
Ching (201)
Spain (12) South Korea
(13)

+ Taiwan (12]

India (21) 02

Australia (10)

Fig. 4. Top 10 contributed countries in AIED research during the last ten years

[The mapping of countries based on clusters can be seen in Figure 5. There are 17
clusters with the main cluster of 6 countries, consisting of China which is connected to

the Czech Republic, India, Malaysia, Thailand, and the UAE with red nodes. [The

i - = ‘[Commented [User6]: Need more discussion

ond cluster consists of 5 countries: Hong Kong, Italy, Japan, Taiwan, and the USA,
with green nodes. The third cluster consists of 4 countries: New Zealand, South Africa,
Spain, and Turkey, with blue nodes. The fourth cluster consists of 4 countries consisting
of Brazil, Morocco, Saudi Arabia, and the UK with yellow nodes. The fifth cluster of
4 countries consists of Germany, Portugal, Romania, and Serbia with purple nodes. The
sixth cluster with 4 countries consisting of Australia, Canada, Singapore, and South
Korea with indigo-colored nodes. The seventh cluster with 4 countries consisting of
Austria, Estonia, Finland, and Sweden with nodes colored in orange. While other clus-
ters have less than 4 countries, some of them are not connected to each other. Collabo-
ration between countries on AIED research has been relatively good, as indicated by
more than 70 countries with 457 publications.
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Fig. 5. Cluster mapping by country

3.2 Language, Top Affiliation, and Funding Sponsor

\Table 1 shows data on the top 5 languages, authors, affiliations, and sponsorship

language with 443 articles, followed by Chinese and Russian with 4 articles, and Por-
tuguese and Spanish with 3 articles. It is clear that the researcher chose English because
it is a global language to reach all countries in the world. Based on the authorship,
Kalles, D. is recognized as the most prolific writer with 3 articles while others have less
than 3 articles.

Table 1. Top 5 language, authorship, affiliation, and funding sponsor of AIED re-
search during the last ten years
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Top L Top Authorship Top Affiliation Top Funding Sp
L Total Author Total Affiliation Total Funding Sp Total

University National Natural

English 443 Kalles, D. Politehnica of Bu- 4 Science Founda- 5
charest tion of China

. Bhattacharjee, Nanyang Technolog- National Science

Chinese 4 . o 4 . 5
K.K. ical University Foundation

X X National Institute of Ministry of Edu-
Russian 4 Binder, L. 4 4

Education cation and Science
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Top L Top Authorship Top Affiliation Top Funding Sp
Language Total Author Total Affiliation Total Funding Sponsor | Total
of the Russian
Federation
Bundesministe-
Deggendorf Institute X
Portuguese 3 Chang, Y.S. 2 4 rium fur Bildiing 3
of Technology
und Forschung
. . Education Depart-
X Des Jardins, Beijing Normal Uni- N
Spanish 3 2 X 4 ment of Jilin Prov- 3
M. versity

ince

Based on the affiliations, University Politehnica of Bucharest, Nanyang Technolog-
ical University, National Institute of Education, Deggendorf Institute of Technology,
and Beijing Normal University has 4 article publications each. This shows that publi-
cations on AIED are not focused on just one affiliate in one country because no affiliate
is more prominent than the others. Meanwhile, the most sponsored funding was by the
National Natural Science Foundation of China and the National Science Foundation
with 5 articles, followed by the Ministry of Education and Science of the Russian Fed-
eration with 4 articles, the Bundesministerium fur Bildiing und Forschung and the Ed-
ucation Department of Jilin Province as sponsors. 3 articles each.

3.3  Top Source Title, Subject Area, and Research Citation

\Table 2 shows the top 10 source titles, subject areas, and cited authors from AIED
Series” is the main source in AIED research publications with 30 articles. This followed
by “Advances In Intelligent Systems And Computing” with a total of 23 articles, and
the ACM International Conference Proceeding Series, with 17 articles. So it can be seen
that most researchers publish AIED research in conference papers. "International Jour-
nal of Emerging Technologies In Learning" was also included but ranked 10th. When
viewed from the subject area, it is clear that Computer Science (281), Engineering
(149), and Social Sciences (147) are in the top 3 because they are very relevant to AIED.
Other top subject areas are Mathematics (71), Decision Sciences (51), Physics and As-
tronomy (38), Environmental Science (21), Business, Management, and Accounting
(20), Medicine (18), and Energy (16).

Table 2. Top 10 source title, subject area, and cited author on AIED research dur-
ing the last ten years

Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by
Journal of Physics: Conference Se- 30 Computer  Sci- 281 Holmes, W. 50
ries ence
Advances In Intelligent Systems 23 Engineering 149 Luckin, R. 45
And Computing
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Top Source Title Top Subject Area Top Cited Author
Source Title Total Subject Area Total Author Cited by

ACM International Conference Pro- 17 Social Sciences 147 Norvig, P. 42
ceeding Series
Journal Of Intelligent And Fuzzy 16 Mathematics 71 Roll, L. 37
Systems
Communications In Computer And 11 Decision  Sci- 51 Koedinger, 35
Information Science ences K.R.
Proceedings 2021 2nd International 10 Physics and As- 38 Wang, Y. 34
Conference On Atrtificial Intelli- tronomy
gence And Education Icaie 2021
Lecture Notes In Computer Science 9 Environmental 21 Li, Y. 31
Including Subseries Lecture Notes Science

In Artificial Intelligence And Lec-
ture Notes In Bioinformatics

Lecture Notes In Electrical Engi- 8 Business, Man- 20 Aleven Y. 30
neering agement, and

Accounting
Sustainability Switzerland 8 Medicine 18 Vanlehn, K. 30
International Journal Of Emerging 7 Energy 16 Wang J. 28

Technologies In Learning
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Fig. 6. Mapping visualization of the top-cited author on AIED research during the
last ten years
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Based on the top-cited author, Holmes, W. is recognized as the author with the most
citations on AIED research over the last ten years, namely 50 citations per 457 publi-
cations. Followed by Luckin, R. 45 citations; Norvig P. 42 citations; Roll I. 35 citations;
Wang, Y. 34 citations; and other authors with fewer citations. The visualization map-
ping between the cited authors also has 9 cluster links as shown in Figure 6. The first
cluster with red nodes (n=127), the second cluster with green nodes (n=42), the third
cluster with blue nodes (n= 39), a fourth cluster with yellow nodes (n=26), and several
other clusters with fewer items. Holmes, W. and Luckin R. are the main cited authors
because they have the most citations and high link strength but belong to the third clus-
ter.

3.4  Research Trend Mapping Visualization

The most occurrence keywords are analyzed before mapping out the visualization of
AIED research trends over the last ten years, as shown in Table 3. It can be seen that
the most frequently occurring keywords and the highest total link strength are Al, re-
spectively 377 and 1624. It is clear that Al is the main keyword in AIED research.
While the second order is Students with occurrence 104 and total link strength 613.
Followed by Education, Al technologies, Engineering Educations, Teaching, E-Learn-
ing, Education Computing, Learning Systems, and Curricula. Based on this pattern, it
can be found that the trends of AIED research in the last ten years are: 1) it's application
to students; 2) the subject of education in engineering educations; 3) teaching methods;
4) e-learning based education; 5) education system; 6) curriculum included Al. This
finding is similar to research by [28,42,43] which found that the most frequently used
keywords were Al, education, machine learning, robotics, education computing, stu-
dent, and e-learning.

Table 3. Top 10 keywords of all and top 50 cited AIED research during last ten

years
All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Artificial Intelli- 377 1624 Artificial Intelli- 215 185
gence gence
Students 104 613 Education 38 57
Education 78 371 Machine Learning 18 40
Artificial Intelli- 72 410 Higher Education 15 25
gence Technolo-
gies
Engineering Edu- 68 405 Physical Educa- 13 19
cations tion
Teaching 52 291 Technology 12 18
E-Learning 52 284 E-Learning 9 10
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All AIED research Top 50 cited research
Keyword Occurence Total Link Keyword Occurence Total Link
Strength Strength
Education Com- 51 311 Artificial Intelli- 8 8
puting gence Education

Learning Systems 41 251 Big Data 7 4

Curricula 38 212 Artificial Intelli- 7 2

gence Technology

Figure 7 shows a visualization mapping of AIED research trends over the last ten
years to find research novelty from this domain. The mapping results show 14 focus
clusters for AIED research topics. The main cluster with red nodes (n=72) focuses on
Al subjects such as human, machine learning, radiology, technology, augmented real-
ity, virtual reality, physician, etc. The second cluster with green nodes (n=70) focuses
on Al methods such as neural networks, decision makers, development directions, data
mining, etc. The third cluster with blue nodes (n=54) focuses on Al applications such
as education policies, online learning, ecosystems, methods of teachings, smart cities,
etc. The fourth cluster with yellow nodes (n=51) focuses on Al media, such as com-
puter-aided instruction, natural language processing, digital storage, etc. The fifth clus-
ter with purple nodes (n=47), focuses on Al goals such as critical thinking, curriculum,
innovation, innovative talents, teaching and learning, etc. Other clusters have more mi-
nor keyword occurrence and research focus.
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The way to find novelty based on the mapping results is to look at the relationship
between smaller or fewer keywords. For example, the application of Al that focuses on
higher education has been widely researched in the last ten years because many key-
words have been found. Meanwhile, there is not much research on K-12 schools against
Al because relatively few keywords are found. Other examples include Al analysis of
education policy, course content, individualization, etc. This is an opportunity and po-
tential for current and future research on AIED.
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Fig. 8. Some examples of more specific keyword mapping results on the topic of a)
education, b) students, ¢) learning systems, d) curriculum, and e) teaching

Figure 8 shows some examples of more specific keyword mapping results on edu-
cation, students, learning systems, curriculum, and teaching. Figure 8a-8c is the top
trends research in AIED during the last ten years, while Figure 8d-8e is the opposite. If
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researchers want to explore AIED on top trends, they still have a great opportunity
because top trends have a wider range and are flexible in their application. This is be-
cause AIED can reform education in many aspects. Meanwhile, for fewer trends such
as Figure 8d-8e, it can be used as alternative research, especially for researchers who
want to explore AIED focusing on curriculum and teaching. For example, if a re-
searcher wants to study Al in a curricula field (see Figure 8d), he can focus on aspects
of e-learning, learning systems, deep learning, and teaching. If a researcher wants to
research rarer aspects, he can try teaching methods, college students, educational ro-
bots, virtual reality.

3.5 Trend Visualization of Top 50 Cited Articles

Still in Table 3, in the top 50 cited articles in AIED research over the last ten years,
the keywords that appear most often and the total link strength are the same as AIED
research as a whole, namely Al. The only difference lies in the keywords machine
learning (18), higher education (15), physical education (13), technology (12), Al Ed-
ucation (8), and Big Data (7). So it can be seen that these keywords greatly influence
AIED research. Researchers can conduct studies on these aspects because they have a
high citation rate and impactful studies. While the visualization mapping can be seen
in Figure 9. The mapping results show 18 clusters, with the main cluster (red node,
n=17) focusing on AIED products, such as intelligent tutoring systems, gamification,
educational robotics, etc. The second cluster (green node, n=13) focuses on AIED in
learning, such as learning styles, adaptive learning, reinforcement learning, teaching
evaluation, etc. The third cluster (blue node, n=11) focuses on Al-integrated media,
such as LMS, virtual reality, chatbots, data analysis, etc. Some other clusters have fewer
1tems.
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search during last ten years
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3.6  Review of Top 5 Cited Publications on AIED

The review was conducted on the top 5 publications cited as impactful studies on
AIED research during the last ten years, as shown in Table 4. Each article was analyzed

articles discussed “can AIED change the education system by replacing teachers?” and
in our opinion, the answer is not completely because Al is “just” intelligence that can
imitate human reasoning, but Al does not have feelings or hearts. So Al can “teach”
students, but it cannot “educate” students. In line with the opinion [18] that Al-based
technology can support the learning process, this will not substitute for teaching roles.
The review results of several other articles also discuss the integration of Al in higher
education, adaptive learning based on student abilities, and the use of robots in educa-

tion.
Table 4. Review of top 5 cited publications on AIED
Author(s) | Citation Finding Recommendations
Popenici, 145 The exploration of technological ad- | There is a need for research on
S.A.D; Kerr, vances and the speed with which | the ethical implications of Al
S [44] new technologies are adopted in | developmental control and the
higher education can predict the fu- | possibility of undermining the
ture nature of higher education inthe | wealth of knowledge and hu-
world. This is because artificial in- | man perspectives by monopo-
telligence has become part of the | lizing multiple entities.
structure in universities. Moreover,
it is time for universities to rethink
their functions and pedagogical
models and their future relationship
with Al solutions and their owners.
Roll, I; 115 Education has shifted beyond the | Researchers suggest two re-
Wrylie, R. traditional AIED model, and this | search studies that need to be
[45] pivot offers many opportunities and | conducted on AIED to impact
challenges. In the last two decades, | education in the next 25 years:
the processes of growth, maturation, | 1) an evolutionary process that
and evolution in AIED have been | focuses on classroom practice,
impressive. AIED, as a community, | collaboration with teachers, di-
must continue this work and play to | versification of domains and
our strengths and success. technology; 2) a revolutionary
process to embed technology in
students' daily lives.
Almoham- 87 Al techniques are very helpful inde- | Related to those findings, each
adi, K.; Har- veloping and imitating human rea- | student has a different learning
gas H.; Al- soning and decision-making pro- | process so there needs to be an
ghazzawi, cesses in a teaching and learning | adaptive education  system.
D.; Aldab- framework. Al can also address un- | Thus, it is very important to cre-
bagh, G. [46] certainty and facilitate the develop- | ate an accurate profile and
ment of contexts that promote effec- | model of students based on an
tive learning. This capability is criti- | analysis of their personal
cal in ensuring that both the learner | knowledge, affective, psycho-
and the system used can improve | motor and personality states.
through continuous learning mecha- | Then, the data can be used and
nisms.
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Author(s) | Citation Findi Recommendations

utilized efficiently in develop-
ing an adaptive learning envi-

ronment.
Timms, M.J. 79 The school will continue to exist in | This will lead to new challenges
[47] some form over the next 25 years, | that will stimulate AIED so

and teachers will continue to super- | much that we can expand our
vise and assist students in their learn- | teaching-learning models and
ing. The prediction is that educa- | methods. In addition, the next
tional cobots will help teachers in fu- | practical step is to conduct
ture classrooms and provide exam- | workshops on  Educational
ples of today's robotic work. Cobots and Smart Classrooms
at AIED or related conferences
such as Human-Robot Interac-

tion.

Chassignol, 57 Al will change and reshape the edu- | This work can contribute to ex-
M.; Khoro- cational landscape, but Al will not | isting knowledge in the AIED
shavin, A.; completely replace our traditional | field to attract researchers and
Klimnova, education systems. Nevertheless, | professionals in technology-en-
Al several points of Al intervention in | hanced learning, lecturers, stu-
Bliyatdi- education, namely 1) AI provides | dents, and people who care
nova, A. [48] many opportunities for the develop- | about our education's state of

ment of massive open online | the art.

courses; 2) Intelligent tutoring sys-

tems create digital profiles of stu-

dents and provide them with private

tutors; 3) Al can help students with

health problems to learn effectively.

4 \Conclusions\

This research is the first study to analyze bibliometrics and review the top-cited
publications on AIED research during the last ten years using the Scopus database and
the VOSviewer application. This field has become one of the research interests that has
experienced significant development and improvement and the development of
technology and the industrial revolution. There are five conclusions in this study as
follows:

1.

The development of AIED research has increased exponentially over the last five
years, with the most types of documents being articles (249) and journal document
sources (205), while the most productive country in researching AIED is China
(201).

English is the most significant language (443); the most prolific authors are Kalles,
D(3); the top affiliates who research the most AIED are University Politehnica of
Bucharest, Nanyang Technological University, National Institute of Education,
Deggendorf Institute of Technology, and Beijing Normal University (4); the most
sponsored funding is the National Natural Science Foundation of China and the
National Science Foundation (5).

In the top source title, “Journal of Physics: Conference Series” is the main source
in AIED research publications (30). The most research subject areas are Computer
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Science (281), Engineering (149), and Social Sciences (147). For the top-cited
author, Holmes, W. is recognized as the most citations author (50).

4. Research trend mapping shows that AIED research trends in the last 10 years are:
1) its application to students; 2) the subject of education in engineering educations;
3) teaching methods; 4) e-learning based education; 5) education system; 6)
curriculum included Al

5. In the top 50 cited articles, frequently used keywords are Al (n=215), Education
(38), machine learning (18), higher education (15), physical education (13),
technology (12). Therefore, researchers can conduct studies on these aspects
because they have a high citation rate and impactful studies.

6. The review results in the top 5 cited articles tend to examine the impact of Al in
education: can it change the education system by replacing teachers? Several other
articles also discuss the integration of Al in higher education, adaptive learning
based on student abilities, and robots in education. These articles become
fundamental for future research, so they have great citations and impact AIED
topics' development.

The implication of this research is to find some examples of novelty in AIED
research so that this study can be used as a reference for future research in AIED. The
types of research presented to make it possible to define a profile of the types of
documents that can be presented so that the research path can be more focused. This
research can also find the most relevant issues about AIED in Scopus and the authors
that had the most significant impact and identify the scientists' main lines of research
in each defined period. Thus, it also contributes to limiting the next trend that can be
developed in this research area
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Abstract—Research on Artificial Intelligence in Education (AIED) has in-
creased rapidly in recent years, so efforts are needed to understand the status of
trends and their development to support and focus these trends. The specific ob-
jectives of this study are to analyze document type, source document, contributed
country, language, top affiliation, sponsorship funding, top source title, subject
area, research station, visualization of mapping research trends across and top 50
cited publications, reviewing some of the top-cited publications on AIED re-
search over the last ten years using bibliometric analysis. The metadata used is
the Scopus database and a mapping application using VOSviewer with 457 doc-
uments. The bibliometric results show that the development of AIED research
has increased exponentially over the last five years. The most common types of
documents are articles, journal document sources, and China's most productive
country. English being the most significant language, the most prolific author
was Kalles, D, some of the top prolific affiliates with four publications, while the
most sponsored funding was the National Natural Science Foundation of China
and the National Science Foundation. “Journal of Physics: Conference Series” is
the primary source, the most research subject area is Computer Science, for the
top-cited author is Holmes, W. Mapping of research trends shows that AIED re-
search trends in the last ten years are: 1) it's an application to students; 2) the
subject of education in engineering educations; 3) teaching methods; 4) e-learn-
ing based education; 5) education system; 6) curriculum included Al. AIED in-
tegration could revolutionize the education system.

Keywords—AIED, bibliometric, education

1 Introduction

The development of the Industrial Revolution 4.0 has led to a rapid increase in digital
technology, one of which is Artificial Intelligence (Al) technology [1-4]. Al is a simu-
lation of the intelligence possessed by humans, which is modeled in machines and pro-
grammed to think like humans [5]. This technology is the main driver for the presence
of modern technologies, such as big data, self-driving cars, robotics, and the Internet of
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Things [2,6-9]. In addition, the application of Al has penetrated all aspects, such as
technology, industry, medical, business, and education.

More specifically, Al in education (AIED) has an important role in improving the
quality of the education sector because its application can make it easier for teachers
and students to carry out learning activities in many subjects [10,11]. For example,
Chen and Liu [12] developed a personalized computer-assisted mathematics problem-
solving system and found it effective for improving students' performance and learning
attitudes. Moreover, recent literature on AIED [13-18] clearly identified the main prob-
lem of the learning process in which Al can offer a more important contribution. This
is also supported by the Al Index Report 2021 [19], the number of courses that teach
students the skills necessary to build or deploy a practical Al model on the undergrad-
uate and graduate levels in 2020 has increased by 102.9% and 41.7%, respectively, in
the last four academic years.

Research publications on AIED also continue to increase every year. A simple
method that can be done is to search Scopus with the keyword "Atrtificial Intelligence
or Al Education or Educational”, find results in 2017 as many as 14 results, while in
2021 as many as 257 results. This shows that AIED research topics have increased
rapidly over time. Therefore, its need efforts to find out and understand the status and
trends of a research topic to develop and be properly supported [20], especially in
AIED. Bibliometric studies can be a solution to understand research trends, patterns,
novelty, and impactful studies [21-25]. This study can also assess the contribution of
research to the development of knowledge — particularly about AIED — using a statisti-
cal approach and provide a broader understanding of the entire discipline at a relatively
low cost [26].

Previous research [27] has conducted bibliometric analysis and systematic reviews
on Al trends in mathematics education so that the range of information obtained is still
not wide enough. In addition, studies by [18,28,29] have performed bibliometric anal-
ysis on AIED, but this study uses the Web of Science database for data mining and uses
the Science Mapping Analysis Tool application to perform the mapping. Recommen-
dations for these studies are to conduct bibliometric analysis on other databases (such
as Scopus or Google Scholar) and other applications to map research trends (such as
VOSviewer, HistCite, etc.) so that a broader understanding of the topic being studied
can be obtained. Therefore, this study will conduct a bibliometric analysis on AIED in
the last ten years (2011-2021) using metadata in the Scopus database and the
VOSviewer mapping application. This research is expected to find out patterns, re-
search trends, novelty, and future education in the AIED field. Specifically, the objec-
tives of this research are as follows:

1. Analyzing document types, document sources, and countries that have contributed
to AIED research over the past ten years.

2. Analyzing the language, authors, top affiliates, and sponsorship funding of AIED
research over the past ten years.

3. Analyzing top source titles, subject areas, and research citations on AIED research
over the last ten years.
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4. ldentifying the results of the visualization of research trend mapping on AIED over
the last ten years.

5. Identifying the results of visualization of research trend mapping in the top 50 cited
publications in AIED research over the last ten years.

6. Reviewing some of the top-cited publications in AIED research.

2 Methods

This research is descriptive, using bibliometric analysis of metadata from the Scopus
database (www.scopus.com) [30-33]. This database was chosen because it has the larg-
est academic database globally with citations that provide abstracts from various scien-
tific and research literature that have been reviewed so that it is effective for visualizing,
tracking, and analyzing publications [34]. The research procedure followed five stages,
as shown in Figure 1 [35-37].

Defining Initial Refinement Compiling

the initial Data
e search of the data analysis
keywords results search statistics

Fig. 1. Five stages of carrying out a bibliometric study

2.1  Defining search keywords

The search string used in document search is “TITLE (Artificial AND Intelligence
OR AI AND Education OR Educational)” with a year limit between 2011-2021.

2.2 Initial search results

Data mining was carried out on January 28, 2022. Based on the results of this search,
576 documents were found.

2.3  Refinement of the search

The findings are then filtered specifically for documents in journals and conference
proceedings because these documents contain primary research results that are more
credible and up-to-date than books, book chapters, editorials because they go through
a peer-reviewing process by experts. After filtration, 457 documents were obtained to
be extracted into files with the extension .ris and .csv for further processing.
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2.4  Compiling the initial data statistics

Statistical data is obtained through the .ris file insertion process uses the VOSviewer
application to map, visualize, and analyze AIED trends in the last ten years [38]. For
example, VOSviewer can create publication mappings, country mappings, citation pat-
terns, keyword patterns, and authorship patterns [39]. Statistical data was then sup-
ported by further analysis through .csv files using Microsoft Excel to make the data
obtained more detailed.

2.5 Data Analysis

Data analysis was carried out descriptively to determine document type, document
source, language, country, top affiliation, sponsorship funding, top source title, subject
area, research citation, authorship, and keywords in 457 related documents. Analysis
can also be done by looking at the node's size and the link's strength based on the results
of mapping and visualization using the VOSviewer application. Finally, data analysis
was continued by reviewing the top 5 cited articles based on the findings and recom-
mendations.

3 Results and discussion

3.1  Year-wise distribution, document types, document sources, and countries
contributed to AIED research

The distribution of research publications on AIED over the last ten years can be seen
in Figure 2. It can be seen that the development of AIED research tends to stagnate in
2011-2016, but from 2017 to 2021, there will be an exponential increase. This finding
is consistent with research [18,28] which shows that AIED research has relatively in-
creased every year, especially in the last five years. Therefore, it is predictable that the
research and application of AIED will become more extensive and allow the formation
of more consolidated pathways in the future. This shows a clear revolution in how the
integration of Al in teaching and learning takes place and the aspects that educators
must consider.
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Fig. 2. Year-wise distribution graph on AIED publications

The types and sources of documents in AIED research for the last ten years can be
seen in Figure 3. Based on the search results after filtering, a total of 457 documents
were obtained, consisting of 249 articles and 208 conference papers. In addition, the
sources for published documents are journals of 205 items, 181 items of conference
proceedings, 70 items of book series, and 1 item of trade journals. Most researchers
publish in journals because they are of high quality compared to other sources.

Document Type

= Article = Conference Paper
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Fig. 3. Document type and source of AIED research

The metric results show that 76 countries have contributed to AIED research over
the last ten years. Figure 4 shows the top 10 countries that have contributed to AIED
research. China leads the productivity with 201 articles, followed by the USA with 50
articles, then Russia with 22 articles, and so on. This is because the State Council of
China published Next generation artificial intelligence development plan with a clear
plan that Al should be broadly applied in all education levels so that the generation in
China has talent in the field of Al [40]. However, this finding is different from the study
by [18,28] that the USA is the most productive country in AIED research. If the publi-
cation is regulated without 2011-2022, the USA will be the most productive country
with 15 items published. In addition, another factor that causes this difference is the
difference in the databases used, where they use the Web of Science database while we
use the Scopus database. In addition, it can also be analyzed that developing countries
have relatively few AIED publications because the wealth of a country influences tech-
nological progress. This is in line with research by [41] that developing countries have
fewer Al publications in higher education.
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Top 10 Contributed Countries in AIED Research
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Fig. 4. Top 10 contributed countries in AIED research during the last ten years

The mapping of countries based on clusters can be seen in Figure 5. There are 17
clusters with the main cluster of 6 countries, consisting of China which is connected to
the Czech Republic, India, Malaysia, Thailand, and the UAE with red nodes. The sec-
ond cluster consists of 5 countries: Hong Kong, Italy, Japan, Taiwan, and the USA,
with green nodes. The third cluster consists of 4 countries: New Zealand, South Africa,
Spain, and Turkey, with blue nodes. The fourth cluster consists of 4 countries consisting
of Brazil, Morocco, Saudi Arabia, and the UK with yellow nodes. The fifth cluster of
4 countries consists of Germany, Portugal, Romania, and Serbia with purple nodes. The
sixth cluster with 4 countries consisting of Australia, Canada, Singapore, and South
Korea with indigo-colored nodes. The seventh cluster with 4 countries consisting of
Austria, Estonia, Finland, and Sweden with nodes colored in orange. While other clus-
ters have less than 4 countries, some of them are not connected to each other. Collabo-
ration between countries on AIED research has been relatively good, as indicated by
more than 70 countries with 457 publications.
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Fig. 5. Cluster mapping by country

3.2 Language, top affiliation, and funding sponsor

Table 1 shows data on the top 5 languages, authors, affiliations, and sponsorship
funding for AIED research over the last ten years. English became the most significant
language with 443 articles, followed by Chinese and Russian with 4 articles, and Por-
tuguese and Spanish with 3 articles. It is clear that the researcher chose English because
it is a global language to reach all countries in the world. Based on the authorship,
Kalles, D. is recognized as the most prolific writer with 3 articles while others have less
than 3 articles.

Based on the affiliations, University Politehnica of Bucharest, Nanyang Technolog-
ical University, National Institute of Education, Deggendorf Institute of Technology,
and Beijing Normal University has 4 article publications each. This shows that publi-
cations on AIED are not focused on just one affiliate in one country because no affiliate
is more prominent than the others. Meanwhile, the most sponsored funding was by the
National Natural Science Foundation of China and the National Science Foundation
with 5 articles, followed by the Ministry of Education and Science of the Russian Fed-
eration with 4 articles, the Bundesministerium fur Bildiing und Forschung and the Ed-
ucation Department of Jilin Province as sponsors. 3 articles each.
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Table 1. Top 5 language, authorship, affiliation, and funding sponsor of AIED research during
the last ten years

Top Language Top Authorship Top Affiliation Top Funding Sponsor
Language | Total Author Total Affiliation Total | Funding Sponsor | Total

University Politehnica National Natural

English 443 Kalles, D. 3 4 Science Foundation | 5
of Bucharest -
of China
. Bhattacharjee, Nanyang Technologi- National Science
Chinese 4 K.K. 2 cal University 4 Foundation 5
Ministry of Educa-
. . National Institute of tion and Science of
Russian 4 Binder, L. 2 Education 4 the Russian Federa- 4
tion

Bundesministerium
4 |fur Bilding und For-| 3
schung

Education Depart-
4 ment of Jilin Prov- 3
ince

Deggendorf Institute

Portuguese | 3 | Chang,Y.S. | 2 of Technology

Des Jardins, Beijing Normal Uni-

Spanish 3 M. versity

3.3  Top source title, subject area, and research citation

Table 2 shows the top 10 source titles, subject areas, and cited authors from AIED
research over the past ten years. In the top source title, “Journal of Physics: Conference
Series” is the main source in AIED research publications with 30 articles. This followed
by “Advances In Intelligent Systems And Computing” with a total of 23 articles, and
the ACM International Conference Proceeding Series, with 17 articles. So it can be seen
that most researchers publish AIED research in conference papers. "International Jour-
nal of Emerging Technologies In Learning" was also included but ranked 10th. When
viewed from the subject area, it is clear that Computer Science (281), Engineering
(149), and Social Sciences (147) are in the top 3 because they are very relevant to AIED.
Other top subject areas are Mathematics (71), Decision Sciences (51), Physics and As-
tronomy (38), Environmental Science (21), Business, Management, and Accounting
(20), Medicine (18), and Energy (16).

Table 2. Top 10 source title, subject area, and cited author on AIED research during the last

ten years

Top Source Title Top Subject Area Top Cited Author

Source Title Total | Subject Area |Total| Author |Cited by
Journal of Physics: Conference Series 30 |Computer Science| 281 | Holmes, W. 50
Advances In Intelligent Systems And Computing | 23 Engineering 149 | Luckin, R. 45
ACM International Conference Proceeding Series| 17 | Social Sciences | 147 | Norvig, P. 42
Journal Of Intelligent And Fuzzy Systems 16 Mathematics 71 Roll, I. 37
Cqmmumcatlons In Computer And Information 11 | Decision Sciences| 51 Koedinger, 35
Science K.R.
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Proceedings 2021 2nd International Conference

On Artificial Intelligence And Education Icaie 10 Physics and As- 38 | Wang,Y. 34
tronomy

2021

Lecture Notes In Computer Science Including Environmental

Subseries Lecture Notes In Artificial Intelligence | 9 21 Li, Y. 31

And Lecture Notes In Bioinformatics Science

Business, Man-

Lecture Notes In Electrical Engineering 8 |agement,and Ac-| 20 | Aleven. 30
counting

Sustainability Switzerland 8 Medicine 18 | Vanlehn, K. 30

International Journal Of Emerging Technologies

In Learning 7 Energy 16 Wang J. 28

Based on the top-cited author, Holmes, W. is recognized as the author with the most
citations on AIED research over the last ten years, namely 50 citations per 457 publi-
cations. Followed by Luckin, R. 45 citations; Norvig P. 42 citations; Roll 1. 35 citations;
Wang, Y. 34 citations; and other authors with fewer citations. The visualization map-
ping between the cited authors also has 9 cluster links as shown in Figure 6. The first
cluster with red nodes (n=127), the second cluster with green nodes (n=42), the third
cluster with blue nodes (n=39), a fourth cluster with yellow nodes (n=26), and several
other clusters with fewer items. Holmes, W. and Luckin R. are the main cited authors
because they have the most citations and high link strength but belong to the third clus-
ter.
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Fig. 6. Mapping visualization of the top-cited author on AIED research during the last ten years



Paper—Atrtificial Intelligence in Education Research During the Last Ten Years: A Review and...

3.4  Research trend mapping visualization

The most occurrence keywords are analyzed before mapping out the visualization of
AIED research trends over the last ten years, as shown in Table 3. It can be seen that
the most frequently occurring keywords and the highest total link strength are Al, re-
spectively 377 and 1624. It is clear that Al is the main keyword in AIED research.
While the second order is Students with occurrence 104 and total link strength 613.
Followed by Education, Al technologies, Engineering Educations, Teaching, E-Learn-
ing, Education Computing, Learning Systems, and Curricula. Based on this pattern, it
can be found that the trends of AIED research in the last ten years are: 1) it's application
to students; 2) the subject of education in engineering educations; 3) teaching methods;
4) e-learning based education; 5) education system; 6) curriculum included Al. This
finding is similar to research by [28,42,43] which found that the most frequently used
keywords were Al, education, machine learning, robotics, education computing, stu-
dent, and e-learning.

Table 3. Top 10 keywords of all and top 50 cited AIED research during last ten years

All AIED research Top 50 cited research
Total Link Total Link
Keyword Occurence Strength Keyword Occurence Strength

Artificial Intelligence 377 1624 Artificial Intelligence 215 185
Students 104 613 Education 38 57
Education 78 371 Machine Learning 18 40
Artificial Iptelllgence 72 410 Higher Education 15 25
Technologies

tEiQrg;];neermg Educa- 68 405 Physical Education 13 19
Teaching 52 291 Technology 12 18
E-Learning 52 284 E-Learning 9 10
Education Computing 51 311 Q(;Eﬁmal Intelligence Educa- 8 8
Learning Systems 41 251 Big Data 7 4
Curricula 38 212 Artificial Intelligence Tech- 7 2

nology

Figure 7 shows a visualization mapping of AIED research trends over the last ten
years to find research novelty from this domain. The mapping results show 14 focus
clusters for AIED research topics. The main cluster with red nodes (n=72) focuses on
Al subjects such as human, machine learning, radiology, technology, augmented real-
ity, virtual reality, physician, etc. The second cluster with green nodes (n=70) focuses
on Al methods such as neural networks, decision makers, development directions, data
mining, etc. The third cluster with blue nodes (n=54) focuses on Al applications such
as education policies, online learning, ecosystems, methods of teachings, smart cities,
etc. The fourth cluster with yellow nodes (n=51) focuses on Al media, such as com-
puter-aided instruction, natural language processing, digital storage, etc. The fifth clus-
ter with purple nodes (n=47), focuses on Al goals such as critical thinking, curriculum,
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innovation, innovative talents, teaching and learning, etc. Other clusters have more mi-
nor keyword occurrence and research focus.
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Fig. 7. Mapping visualization of keywords co-occurrence on all AIED research during last ten
years

The way to find novelty based on the mapping results is to look at the relationship
between smaller or fewer keywords. For example, the application of Al that focuses on
higher education has been widely researched in the last ten years because many key-
words have been found. Meanwhile, there is not much research on K-12 schools against
Al because relatively few keywords are found. Other examples include Al analysis of
education policy, course content, individualization, etc. This is an opportunity and po-
tential for current and future research on AIED.

Figure 8 shows some examples of more specific keyword mapping results on edu-
cation, students, learning systems, curriculum, and teaching. Figure 8a-8c is the top
trends research in AIED during the last ten years, while Figure 8d-8e is the opposite. If
researchers want to explore AIED on top trends, they still have a great opportunity
because top trends have a wider range and are flexible in their application. This is be-
cause AIED can reform education in many aspects. Meanwhile, for fewer trends such
as Figure 8d-8e, it can be used as alternative research, especially for researchers who
want to explore AIED focusing on curriculum and teaching. For example, if a re-
searcher wants to study Al in a curricula field (see Figure 8d), he can focus on aspects
of e-learning, learning systems, deep learning, and teaching. If a researcher wants to
research rarer aspects, he can try teaching methods, college students, educational ro-
bots, virtual reality.
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3.5  Trend visualization of top 50 cited articles

Still in Table 3, in the top 50 cited articles in AIED research over the last ten years,
the keywords that appear most often and the total link strength are the same as AIED
research as a whole, namely Al. The only difference lies in the keywords machine
learning (18), higher education (15), physical education (13), technology (12), Al Ed-
ucation (8), and Big Data (7). So it can be seen that these keywords greatly influence
AIED research. Researchers can conduct studies on these aspects because they have a
high citation rate and impactful studies. While the visualization mapping can be seen
in Figure 9. The mapping results show 18 clusters, with the main cluster (red node,
n=17) focusing on AIED products, such as intelligent tutoring systems, gamification,
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educational robotics, etc. The second cluster (green node, n=13) focuses on AIED in
learning, such as learning styles, adaptive learning, reinforcement learning, teaching
evaluation, etc. The third cluster (blue node, n=11) focuses on Al-integrated media,
such as LMS, virtual reality, chatbots, data analysis, etc. Some other clusters have fewer
items.
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Fig. 9. Mapping visualization of keywords co-occurence on top 50 cited AIED research during
last ten years

3.6  Review of top 5 cited publications on AIED

The review was conducted on the top 5 publications cited as impactful studies on
AIED research during the last ten years, as shown in Table 4. Each article was analyzed
based on the findings and recommendations in the article. The majority of the top-cited
articles discussed “can AIED change the education system by replacing teachers?”” and
in our opinion, the answer is not completely because Al is “just” intelligence that can
imitate human reasoning, but Al does not have feelings or hearts. So Al can “teach”
students, but it cannot “educate” students. In line with the opinion [18] that Al-based
technology can support the learning process, this will not substitute for teaching roles.
The review results of several other articles also discuss the integration of Al in higher
education, adaptive learning based on student abilities, and the use of robots in educa-
tion.
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Table 4. Review of top 5 cited publications on AIED
Author(s) Citation Findings Recommendations
The exploration of technological ad-
vances and the speed with which new
technologles are adopted in higher edu- There is a need for research on the
cation can predict the future nature of R

- - s s ethical implications of Al develop-
Popenici, higher education in the world. This is be- o

. P mental control and the possibility of
S.A.D; Kerr, S 145  |cause artificial intelligence has become O

. A undermining the wealth of
[44] part of the structure in universities. .
. L knowledge and human perspectives
Moreover, it is time for universities to by mononolizing multiole entities
rethink their functions and pedagogical Y P 9 P '
models and their future relationship with
Al solutions and their owners.
Researchers suggest two research
Education has shifted beyond the tradi- |studies that need to be conducted on
tional AIED model, and this pivot offers |AIED to impact education in the
many opportunities and challenges. In  [next 25 years: 1) an evolutionary
Roll, I; 115 the last two decades, the processes of process that focuses on classroom
Wylie, R. [45] growth, maturation, and evolution in practice, collaboration with teach-
AIED have been impressive. AIED, as a |ers, diversification of domains and
community, must continue this work and |technology; 2) a revolutionary pro-
play to our strengths and success. cess to embed technology in stu-
dents' daily lives.
Al techniques are very helpful in devel- E:A?tﬁgstg é?;i?;??ég?g;ne;g;igés
oping ar_ld_ Imitating human reasoning so there needs to be an adaptive ed-
and decision-making processes in a . . .
- - - ucation system. Thus, it is very im-
Almohamadi, teaching and learning framework. Al can .

: ) b o portant to create an accurate profile
K.; Hargas H.; also address uncertainty and facilitate and model of students based on an
Alghazzawi, D.; 87 the development of contexts that pro- - -

- - - o analysis of their personal
Aldabbagh, G. mote effective learning. This capability :
o - knowledge, affective, psychomotor
[46] is critical in ensuring that both the ;
: and personality states. Then, the
learner and the system used can improve 1 .
- - data can be used and utilized effi-
through continuous learning mecha- . - - .
nisms ciently in developing an adaptive
' learning environment.
This will lead to new challenges
The school will continue to exist in some|that will stimulate AIED so much
form over the next 25 years, and teachers|that we can expand our teaching-
Timms. M.J will continue to supervise and assist stu- {learning models and methods. In
[47] . 79 dents in their learning. The prediction is |addition, the next practical step is to
that educational cobots will help teach- |conduct workshops on Educational
ers in future classrooms and provide ex- |Cobots and Smart Classrooms at
amples of today's robotic work. AIED or related conferences such
as Human-Robot Interaction.
Al will change and reshape the educa-
tional landscape, but Al will not com-

) . pletely replace our traditional edu_catlon This work can contribute to existing
Chassignol, M.; systems. Nevertheless, several points of knowledae in the AIED field to at-
Khoroshavin, Al intervention in education, namely 1) 9 .

. . S tract researchers and professionals
A Al provides many opportunities for the |. .

57 in technology-enhanced learning,

Klimnova, A;
Bliyatdinova, A.
[48]

development of massive open online
courses; 2) Intelligent tutoring systems
create digital profiles of students and
provide them with private tutors; 3) Al
can help students with health problems
to learn effectively.

lecturers, students, and people who
care about our education's state of
the art.
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4 Conclusions

This research is the first study to analyze bibliometrics and review the top-cited
publications on AIED research during the last ten years using the Scopus database and
the VOSviewer application. This field has become one of the research interests that has
experienced significant development and improvement and the development of
technology and the industrial revolution. There are five conclusions in this study as
follows:

1. The development of AIED research has increased exponentially over the last five
years, with the most types of documents being articles (249) and journal document
sources (205), while the most productive country in researching AIED is China
(201).

2. English is the most significant language (443); the most prolific authors are Kalles,
D(3); the top affiliates who research the most AIED are University Politehnica of
Bucharest, Nanyang Technological University, National Institute of Education,
Deggendorf Institute of Technology, and Beijing Normal University (4); the most
sponsored funding is the National Natural Science Foundation of China and the
National Science Foundation (5).

3. In the top source title, “Journal of Physics: Conference Series” is the main source in
AIED research publications (30). The most research subject areas are Computer
Science (281), Engineering (149), and Social Sciences (147). For the top-cited
author, Holmes, W. is recognized as the most citations author (50).

4. Research trend mapping shows that AIED research trends in the last 10 years are: 1)
its application to students; 2) the subject of education in engineering educations; 3)
teaching methods; 4) e-learning based education; 5) education system; 6) curriculum
included Al.

5. In the top 50 cited articles, frequently used keywords are Al (n=215), Education
(38), machine learning (18), higher education (15), physical education (13),
technology (12). Therefore, researchers can conduct studies on these aspects because
they have a high citation rate and impactful studies.

6. The review results in the top 5 cited articles tend to examine the impact of Al in
education: can it change the education system by replacing teachers? Several other
articles also discuss the integration of Al in higher education, adaptive learning
based on student abilities, and robots in education. These articles become
fundamental for future research, so they have great citations and impact AIED topics'
development.

The implication of this research is to find some examples of novelty in AIED
research so that this study can be used as a reference for future research in AIED. The
types of research presented to make it possible to define a profile of the types of
documents that can be presented so that the research path can be more focused. This
research can also find the most relevant issues about AIED in Scopus and the authors
that had the most significant impact and identify the scientists' main lines of research
in each defined period. Thus, it also contributes to limiting the next trend that can be
developed in this research area
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Abstract—Research on Artificial Intelligence in Education (AIED) has in-
creased rapidly in recent years, so efforts are needed to understand the status of
trends and their development to support and focus these trends. The specific ob-
jectives of this study are to analyze document type, source document, contributed
country, language, top affiliation, sponsorship funding, top source title, subject
area, research station, visualization of mapping research trends across and top 50
cited publications, reviewing some of the top-cited publications on AIED re-
search over the last ten years using bibliometric analysis. The metadata used is
the Scopus database and a mapping application using VOSviewer with 457 doc-
uments. The bibliometric results show that the development of AIED research
has increased exponentially over the last five years. The most common types of
documents are articles, journal document sources, and China's most productive
country. English being the most significant language, the most prolific author
was Kalles, D, some of the top prolific affiliates with four publications, while the
most sponsored funding was the National Natural Science Foundation of China
and the National Science Foundation. “Journal of Physics: Conference Series” is
the primary source, the most research subject area is Computer Science, for the
top-cited author is Holmes, W. Mapping of research trends shows that AIED re-
search trends in the last ten years are: 1) it's an application to students; 2) the
subject of education in engineering educations; 3) teaching methods; 4) e-learn-
ing based education; 5) education system; 6) curriculum included Al. AIED in-
tegration could revolutionize the education system.

Keywords—AIED, bibliometric, education

1 Introduction

The development of the Industrial Revolution 4.0 has led to a rapid increase in digital
technology, one of which is Artificial Intelligence (AI) technology [1-4]. Al is a simu-
lation of the intelligence possessed by humans, which is modeled in machines and pro-
grammed to think like humans [5]. This technology is the main driver for the presence
of modern technologies, such as big data, self-driving cars, robotics, and the Internet of
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Things [2,6-9]. In addition, the application of Al has penetrated all aspects, such as
technology, industry, medical, business, and education.

More specifically, Al in education (AIED) has an important role in improving the
quality of the education sector because its application can make it easier for teachers
and students to carry out learning activities in many subjects [10,11]. For example,
Chen and Liu [12] developed a personalized computer-assisted mathematics problem-
solving system and found it effective for improving students' performance and learning
attitudes. Moreover, recent literature on AIED [13—18] clearly identified the main prob-
lem of the learning process in which Al can offer a more important contribution. This
is also supported by the Al Index Report 2021 [19], the number of courses that teach
students the skills necessary to build or deploy a practical Al model on the undergrad-
uate and graduate levels in 2020 has increased by 102.9% and 41.7%, respectively, in
the last four academic years.

Research publications on AIED also continue to increase every year. A simple
method that can be done is to search Scopus with the keyword "Artificial Intelligence
or Al Education or Educational", find results in 2017 as many as 14 results, while in
2021 as many as 257 results. This shows that AIED research topics have increased
rapidly over time. Therefore, its need efforts to find out and understand the status and
trends of a research topic to develop and be properly supported [20], especially in
AIED. Bibliometric studies can be a solution to understand research trends, patterns,
novelty, and impactful studies [21-25]. This study can also assess the contribution of
research to the development of knowledge — particularly about AIED — using a statisti-
cal approach and provide a broader understanding of the entire discipline at a relatively
low cost [26].

Previous research [27] has conducted bibliometric analysis and systematic reviews
on Al trends in mathematics education so that the range of information obtained is still
not wide enough. In addition, studies by [18,28,29] have performed bibliometric anal-
ysis on AIED, but this study uses the Web of Science database for data mining and uses
the Science Mapping Analysis Tool application to perform the mapping. Recommen-
dations for these studies are to conduct bibliometric analysis on other databases (such
as Scopus or Google Scholar) and other applications to map research trends (such as
VOSviewer, HistCite, etc.) so that a broader understanding of the topic being studied
can be obtained. Therefore, this study will conduct a bibliometric analysis on AIED in
the last ten years (2011-2021) using metadata in the Scopus database and the
VOSviewer mapping application. This research is expected to find out patterns, re-
search trends, novelty, and future education in the AIED field. Specifically, the objec-
tives of this research are as follows:

1. Analyzing document types, document sources, and countries that have contributed
to AIED research over the past ten years.

2. Analyzing the language, authors, top affiliates, and sponsorship funding of AIED
research over the past ten years.

3. Analyzing top source titles, subject areas, and research citations on AIED research
over the last ten years.
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4. Identifying the results of the visualization of research trend mapping on AIED over
the last ten years.

5. Identifying the results of visualization of research trend mapping in the top 50 cited
publications in AIED research over the last ten years.

6. Reviewing some of the top-cited publications in AIED research.

2 Methods

This research is descriptive, using bibliometric analysis of metadata from the Scopus
database (www.scopus.com) [30—-33]. This database was chosen because it has the larg-
est academic database globally with citations that provide abstracts from various scien-
tific and research literature that have been reviewed so that it is effective for visualizing,
tracking, and analyzing publications [34]. The research procedure followed five stages,
as shown in Figure 1 [35-37].

Defining Initial Refinement Compiling
the initial Data
search search of the d Ivsi
keywords results search ata analysis
statistics

Fig. 1. Five stages of carrying out a bibliometric study

2.1  Defining search keywords

The search string used in document search is “TITLE (Artificial AND Intelligence
OR AI AND Education OR Educational)” with a year limit between 2011-2021.

2.2 Initial search results
Data mining was carried out on January 28, 2022. Based on the results of this search,
576 documents were found.

2.3 Refinement of the search

The findings are then filtered specifically for documents in journals and conference
proceedings because these documents contain primary research results that are more
credible and up-to-date than books, book chapters, editorials because they go through
a peer-reviewing process by experts. After filtration, 457 documents were obtained to
be extracted into files with the extension .ris and .csv for further processing.
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2.4  Compiling the initial data statistics

Statistical data is obtained through the .ris file insertion process uses the VOSviewer
application to map, visualize, and analyze AIED trends in the last ten years [38]. For
example, VOSviewer can create publication mappings, country mappings, citation pat-
terns, keyword patterns, and authorship patterns [39]. Statistical data was then sup-
ported by further analysis through .csv files using Microsoft Excel to make the data
obtained more detailed.

2.5  Data Analysis

Data analysis was carried out descriptively to determine document type, document
source, language, country, top affiliation, sponsorship funding, top source title, subject
area, research citation, authorship, and keywords in 457 related documents. Analysis
can also be done by looking at the node's size and the link's strength based on the results
of mapping and visualization using the VOSviewer application. Finally, data analysis
was continued by reviewing the top 5 cited articles based on the findings and recom-
mendations.

3 Results and discussion

3.1  Year-wise distribution, document types, document sources, and countries
contributed to AIED research

The distribution of research publications on AIED over the last ten years can be seen
in Figure 2. It can be seen that the development of AIED research tends to stagnate in
2011-2016, but from 2017 to 2021, there will be an exponential increase. This finding
is consistent with research [18,28] which shows that AIED research has relatively in-
creased every year, especially in the last five years. Therefore, it is predictable that the
research and application of AIED will become more extensive and allow the formation
of more consolidated pathways in the future. This shows a clear revolution in how the
integration of Al in teaching and learning takes place and the aspects that educators
must consider.
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Fig. 2. Year-wise distribution graph on AIED publications

The types and sources of documents in AIED research for the last ten years can be
seen in Figure 3. Based on the search results after filtering, a total of 457 documents
were obtained, consisting of 249 articles and 208 conference papers. In addition, the
sources for published documents are journals of 205 items, 181 items of conference
proceedings, 70 items of book series, and 1 item of trade journals. Most researchers
publish in journals because they are of high quality compared to other sources.

Document Type

= Article Conference Paper
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Document Source
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Fig. 3. Document type and source of AIED research

The metric results show that 76 countries have contributed to AIED research over
the last ten years. Figure 4 shows the top 10 countries that have contributed to AIED
research. China leads the productivity with 201 articles, followed by the USA with 50
articles, then Russia with 22 articles, and so on. This is because the State Council of
China published Next generation artificial intelligence development plan with a clear
plan that Al should be broadly applied in all education levels so that the generation in
China has talent in the field of Al [40]. However, this finding is different from the study
by [18,28] that the USA is the most productive country in AIED research. If the publi-
cation is regulated without 2011-2022, the USA will be the most productive country
with 15 items published. In addition, another factor that causes this difference is the
difference in the databases used, where they use the Web of Science database while we
use the Scopus database. In addition, it can also be analyzed that developing countries
have relatively few AIED publications because the wealth of a country influences tech-
nological progress. This is in line with research by [41] that developing countries have
fewer Al publications in higher education.
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Top 10 Contributed Countries in AIED Research

Amount of Publication
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Fig. 4. Top 10 contributed countries in AIED research during the last ten years

The mapping of countries based on clusters can be seen in Figure 5. There are 17
clusters with the main cluster of 6 countries, consisting of China which is connected to
the Czech Republic, India, Malaysia, Thailand, and the UAE with red nodes. The sec-
ond cluster consists of 5 countries: Hong Kong, Italy, Japan, Taiwan, and the USA,
with green nodes. The third cluster consists of 4 countries: New Zealand, South Africa,
Spain, and Turkey, with blue nodes. The fourth cluster consists of 4 countries consisting
of Brazil, Morocco, Saudi Arabia, and the UK with yellow nodes. The fifth cluster of
4 countries consists of Germany, Portugal, Romania, and Serbia with purple nodes. The
sixth cluster with 4 countries consisting of Australia, Canada, Singapore, and South
Korea with indigo-colored nodes. The seventh cluster with 4 countries consisting of
Austria, Estonia, Finland, and Sweden with nodes colored in orange. While other clus-
ters have less than 4 countries, some of them are not connected to each other. Collabo-
ration between countries on AIED research has been relatively good, as indicated by
more than 70 countries with 457 publications.
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Fig. 5. Cluster mapping by country

3.2 Language, top affiliation, and funding sponsor

Table 1 shows data on the top 5 languages, authors, affiliations, and sponsorship
funding for AIED research over the last ten years. English became the most significant
language with 443 articles, followed by Chinese and Russian with 4 articles, and Por-
tuguese and Spanish with 3 articles. It is clear that the researcher chose English because
it is a global language to reach all countries in the world. Based on the authorship,
Kalles, D. is recognized as the most prolific writer with 3 articles while others have less
than 3 articles.

Based on the affiliations, University Politehnica of Bucharest, Nanyang Technolog-
ical University, National Institute of Education, Deggendorf Institute of Technology,
and Beijing Normal University has 4 article publications each. This shows that publi-
cations on AIED are not focused on just one affiliate in one country because no affiliate
is more prominent than the others. Meanwhile, the most sponsored funding was by the
National Natural Science Foundation of China and the National Science Foundation
with 5 articles, followed by the Ministry of Education and Science of the Russian Fed-
eration with 4 articles, the Bundesministerium fur Bildiing und Forschung and the Ed-
ucation Department of Jilin Province as sponsors. 3 articles each.
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Table 1. Top 5 language, authorship, affiliation, and funding sponsor of AIED research during
the last ten years

Top Language Top Authorship Top Affiliation Top Funding Sponsor
Language | Total Author Total Affiliation Total | Funding Sponsor | Total
. . . . National Natural
English 443 Kalles, D. 3 University Politchnica 4 Science Foundation 5
of Bucharest .
of China
. Bhattacharjee, Nanyang Technologi- National Science
Chinese 4 K.K. 2 cal University 4 Foundation 3
Ministry of Educa-
. . National Institute of tion and Science of
Russian 4 Binder, L. 2 Education 4 the Russian Federa- 4
tion
. Bundesministerium
Portuguese 3 Chang, Y.S. 2 Deggendorf Institute 4 |fur Bildiing und For-| 3
of Technology
schung
. . Education Depart-
Spanish 3 Des Jardins, 2 Beijing Nofm"‘l Uni- 4 ment of Jilin Prov- 3
M. versity ince

3.3 Top source title, subject area, and research citation

Table 2 shows the top 10 source titles, subject areas, and cited authors from AIED
research over the past ten years. In the top source title, “Journal of Physics: Conference
Series” is the main source in AIED research publications with 30 articles. This followed
by “Advances In Intelligent Systems And Computing” with a total of 23 articles, and
the ACM International Conference Proceeding Series, with 17 articles. So it can be seen
that most researchers publish AIED research in conference papers. "International Jour-
nal of Emerging Technologies In Learning" was also included but ranked 10th. When
viewed from the subject area, it is clear that Computer Science (281), Engineering
(149), and Social Sciences (147) are in the top 3 because they are very relevant to AIED.
Other top subject areas are Mathematics (71), Decision Sciences (51), Physics and As-
tronomy (38), Environmental Science (21), Business, Management, and Accounting
(20), Medicine (18), and Energy (16).

Table 2. Top 10 source title, subject area, and cited author on AIED research during the last

ten years
Top Source Title Top Subject Area Top Cited Author
Source Title Total | Subject Area |Total| Author |Cited by
Journal of Physics: Conference Series 30 |Computer Science| 281 | Holmes, W. 50

Advances In Intelligent Systems And Computing | 23 Engineering 149 | Luckin, R. 45

ACM International Conference Proceeding Series| 17 | Social Sciences | 147 | Norvig, P. 42
Journal Of Intelligent And Fuzzy Systems 16 Mathematics 71 Roll, L. 37
Cqmmumcatlons In Computer And Information 11 |Decision Sciences| 51 Koedinger, 35
Science K.R.
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Proceedings 2021 2nd International Conference Physics and As-

On Artificial Intelligence And Education Icaie 10 38 Wang, Y. 34
tronomy

2021

Lecture Notes In Computer Science Including Environmental

Subseries Lecture Notes In Artificial Intelligence | 9 Science 21 Li Y. 31

And Lecture Notes In Bioinformatics

Business, Man-

Lecture Notes In Electrical Engineering 8 |agement, and Ac-| 20 | AlevenY. 30
counting
Sustainability Switzerland 8 Medicine 18 | Vanlehn, K. 30

International Journal Of Emerging Technologies

In Learning 7 Energy 16 Wang J. 28

Based on the top-cited author, Holmes, W. is recognized as the author with the most
citations on AIED research over the last ten years, namely 50 citations per 457 publi-
cations. Followed by Luckin, R. 45 citations; Norvig P. 42 citations; Roll I. 35 citations;
Wang, Y. 34 citations; and other authors with fewer citations. The visualization map-
ping between the cited authors also has 9 cluster links as shown in Figure 6. The first
cluster with red nodes (n=127), the second cluster with green nodes (n=42), the third
cluster with blue nodes (n= 39), a fourth cluster with yellow nodes (n=26), and several
other clusters with fewer items. Holmes, W. and Luckin R. are the main cited authors
because they have the most citations and high link strength but belong to the third clus-
ter.

alblawl, a.

kalles, d.

ct’fb.
searsmith, d.

,@ig VOSviewer montegelio, m.

Fig. 6. Mapping visualization of the top-cited author on AIED research during the last ten years
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3.4  Research trend mapping visualization

The most occurrence keywords are analyzed before mapping out the visualization of
AIED research trends over the last ten years, as shown in Table 3. It can be seen that
the most frequently occurring keywords and the highest total link strength are Al, re-
spectively 377 and 1624. It is clear that Al is the main keyword in AIED research.
While the second order is Students with occurrence 104 and total link strength 613.
Followed by Education, Al technologies, Engineering Educations, Teaching, E-Learn-
ing, Education Computing, Learning Systems, and Curricula. Based on this pattern, it
can be found that the trends of AIED research in the last ten years are: 1) it's application
to students; 2) the subject of education in engineering educations; 3) teaching methods;
4) e-learning based education; 5) education system; 6) curriculum included Al. This
finding is similar to research by [28,42,43] which found that the most frequently used
keywords were Al, education, machine learning, robotics, education computing, stu-
dent, and e-learning.

Table 3. Top 10 keywords of all and top 50 cited AIED research during last ten years

All AIED research Top 50 cited research
Total Link Total Link
Keyword Occurence Strength Keyword Occurence Strength
Artificial Intelligence 377 1624 Artificial Intelligence 215 185
Students 104 613 Education 38 57
Education 78 371 Machine Learning 18 40
Artificial Intelligence 72 410 |Higher Education 15 25
Technologies
Engincering Educa- 68 405  |Physical Education 13 19
tions
Teaching 52 291 Technology 12 18
E-Learning 52 284 E-Learning 9 10
Education Computing 51 311 Séillﬁcml Intelligence Educa- 8 8
Learning Systems 41 251 Big Data 7 4
Curricula 13 212 Artificial Intelligence Tech- 7 5
nology

Figure 7 shows a visualization mapping of AIED research trends over the last ten
years to find research novelty from this domain. The mapping results show 14 focus
clusters for AIED research topics. The main cluster with red nodes (n=72) focuses on
Al subjects such as human, machine learning, radiology, technology, augmented real-
ity, virtual reality, physician, etc. The second cluster with green nodes (n=70) focuses
on Al methods such as neural networks, decision makers, development directions, data
mining, etc. The third cluster with blue nodes (n=54) focuses on Al applications such
as education policies, online learning, ecosystems, methods of teachings, smart cities,
etc. The fourth cluster with yellow nodes (n=51) focuses on Al media, such as com-
puter-aided instruction, natural language processing, digital storage, etc. The fifth clus-
ter with purple nodes (n=47), focuses on Al goals such as critical thinking, curriculum,
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innovation, innovative talents, teaching and learning, etc. Other clusters have more mi-
nor keyword occurrence and research focus.
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Fig. 7. Mapping visualization of keywords co-occurrence on all AIED research during last ten
years

The way to find novelty based on the mapping results is to look at the relationship
between smaller or fewer keywords. For example, the application of Al that focuses on
higher education has been widely researched in the last ten years because many key-
words have been found. Meanwhile, there is not much research on K-12 schools against
Al because relatively few keywords are found. Other examples include Al analysis of
education policy, course content, individualization, etc. This is an opportunity and po-
tential for current and future research on AIED.

Figure 8 shows some examples of more specific keyword mapping results on edu-
cation, students, learning systems, curriculum, and teaching. Figure 8a-8c is the top
trends research in AIED during the last ten years, while Figure 8d-8e is the opposite. If
researchers want to explore AIED on top trends, they still have a great opportunity
because top trends have a wider range and are flexible in their application. This is be-
cause AIED can reform education in many aspects. Meanwhile, for fewer trends such
as Figure 8d-8e, it can be used as alternative research, especially for researchers who
want to explore AIED focusing on curriculum and teaching. For example, if a re-
searcher wants to study Al in a curricula field (see Figure 8d), he can focus on aspects
of e-learning, learning systems, deep learning, and teaching. If a researcher wants to
research rarer aspects, he can try teaching methods, college students, educational ro-
bots, virtual reality.
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Fig. 8. Some examples of more specific keyword mapping results on the topic of a) education,
b) students, ¢) learning systems, d) curriculum, and e) teaching

3.5 Trend visualization of top 50 cited articles

Still in Table 3, in the top 50 cited articles in AIED research over the last ten years,
the keywords that appear most often and the total link strength are the same as AIED
research as a whole, namely Al. The only difference lies in the keywords machine
learning (18), higher education (15), physical education (13), technology (12), Al Ed-
ucation (8), and Big Data (7). So it can be seen that these keywords greatly influence
AIED research. Researchers can conduct studies on these aspects because they have a
high citation rate and impactful studies. While the visualization mapping can be seen
in Figure 9. The mapping results show 18 clusters, with the main cluster (red node,
n=17) focusing on AIED products, such as intelligent tutoring systems, gamification,
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educational robotics, etc. The second cluster (green node, n=13) focuses on AIED in
learning, such as learning styles, adaptive learning, reinforcement learning, teaching
evaluation, etc. The third cluster (blue node, n=11) focuses on Al-integrated media,
such as LMS, virtual reality, chatbots, data analysis, etc. Some other clusters have fewer
items.
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Fig. 9. Mapping visualization of keywords co-occurence on top 50 cited AIED research during
last ten years

3.6  Review of top 5 cited publications on AIED

The review was conducted on the top 5 publications cited as impactful studies on
AIED research during the last ten years, as shown in Table 4. Each article was analyzed
based on the findings and recommendations in the article. The majority of the top-cited
articles discussed “can AIED change the education system by replacing teachers?” and
in our opinion, the answer is not completely because Al is “just” intelligence that can
imitate human reasoning, but Al does not have feelings or hearts. So Al can “teach”
students, but it cannot “educate” students. In line with the opinion [18] that Al-based
technology can support the learning process, this will not substitute for teaching roles.
The review results of several other articles also discuss the integration of Al in higher
education, adaptive learning based on student abilities, and the use of robots in educa-
tion.
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Table 4. Review of top 5 cited publications on AIED
Author(s) Citation Findings Recommendations
The exploration of technological ad-
vances and the speed with which new
technologles are adopted in higher edu- There is a need for research on the
cation can predict the future nature of T
.. . T . ethical implications of Al develop-
Popenici, higher education in the world. This is be- o
e . mental control and the possibility of
S.A.D; Kerr, S 145 cause artificial intelligence has become ..
. . - undermining the wealth of
[44] part of the structure in universities. .
O . . knowledge and human perspectives
Moreover, it is time for universities to by monopolizing multinle entities
rethink their functions and pedagogical ¥ P & p ’
models and their future relationship with
Al solutions and their owners.
Researchers suggest two research
Education has shifted beyond the tradi- |studies that need to be conducted on
tional AIED model, and this pivot offers |AIED to impact education in the
many opportunities and challenges. In  |next 25 years: 1) an evolutionary
Roll, I; 115 the last two decades, the processes of process that focuses on classroom
Wylie, R. [45] growth, maturation, and evolution in practice, collaboration with teach-
AIED have been impressive. AIED, as a |ers, diversification of domains and
community, must continue this work and |technology; 2) a revolutionary pro-
play to our strengths and success. cess to embed technology in stu-
dents' daily lives.
Al techniques are very helpful in devel- Related to tl}ose ﬁndmgsz each stu-
. R . dent has a different learning process
oping and imitating human reasoning :
.. . . so there needs to be an adaptive ed-
and decision-making processes in a . L .
. . . ucation system. Thus, it is very im-
Almohamadi, teaching and learning framework. Al can
B . : o portant to create an accurate profile
K.; Hargas H.; also address uncertainty and facilitate
L and model of students based on an
Alghazzawi, D.; 87 the development of contexts that pro- . .
. . . o analysis of their personal
Aldabbagh, G. mote effective learning. This capability .
L . knowledge, affective, psychomotor
[46] is critical in ensuring that both the .
. and personality states. Then, the
learner and the system used can improve o
. . data can be used and utilized effi-
through continuous learning mecha- . . . .
nisms ciently in developing an adaptive
’ learning environment.
This will lead to new challenges
The school will continue to exist in some |that will stimulate AIED so much
form over the next 25 years, and teachers|that we can expand our teaching-
Timms. M.J will continue to supervise and assist stu- (learning models and methods. In
[47] T 79 dents in their learning. The prediction is |addition, the next practical step is to
that educational cobots will help teach- |conduct workshops on Educational
ers in future classrooms and provide ex- |Cobots and Smart Classrooms at
amples of today's robotic work. AIED or related conferences such
as Human-Robot Interaction.
Al will change and reshape the educa-
tional landscape, but Al will not com-
- pletely replace our traditional edu.catlon This work can contribute to existing
Chassignol, M.; systems. Nevertheless, several points of .
; . L . knowledge in the AIED field to at-
Khoroshavin, Al intervention in education, namely 1) .
A Al provides man ctunities for th tract researchers and professionals
o 57 provides y opportunities 1orthe ;) technology-enhanced learning,

Klimnova, A.;
Bliyatdinova, A.
(48]

development of massive open online
courses; 2) Intelligent tutoring systems
create digital profiles of students and
provide them with private tutors; 3) Al
can help students with health problems
to learn effectively.

lecturers, students, and people who
care about our education's state of
the art.
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4 Conclusions

This research is the first study to analyze bibliometrics and review the top-cited
publications on AIED research during the last ten years using the Scopus database and
the VOSviewer application. This field has become one of the research interests that has
experienced significant development and improvement and the development of
technology and the industrial revolution. There are five conclusions in this study as
follows:

1. The development of AIED research has increased exponentially over the last five
years, with the most types of documents being articles (249) and journal document
sources (205), while the most productive country in researching AIED is China
(201).

2. English is the most significant language (443); the most prolific authors are Kalles,
D(3); the top affiliates who research the most AIED are University Politehnica of
Bucharest, Nanyang Technological University, National Institute of Education,
Deggendorf Institute of Technology, and Beijing Normal University (4); the most
sponsored funding is the National Natural Science Foundation of China and the
National Science Foundation (5).

3. In the top source title, “Journal of Physics: Conference Series” is the main source in
AIED research publications (30). The most research subject areas are Computer
Science (281), Engineering (149), and Social Sciences (147). For the top-cited
author, Holmes, W. is recognized as the most citations author (50).

4. Research trend mapping shows that AIED research trends in the last 10 years are: 1)
its application to students; 2) the subject of education in engineering educations; 3)
teaching methods; 4) e-learning based education; 5) education system; 6) curriculum
included Al

5. In the top 50 cited articles, frequently used keywords are Al (n=215), Education
(38), machine learning (18), higher education (15), physical education (13),
technology (12). Therefore, researchers can conduct studies on these aspects because
they have a high citation rate and impactful studies.

6. The review results in the top 5 cited articles tend to examine the impact of Al in
education: can it change the education system by replacing teachers? Several other
articles also discuss the integration of Al in higher education, adaptive learning
based on student abilities, and robots in education. These articles become
fundamental for future research, so they have great citations and impact AIED topics'
development.

The implication of this research is to find some examples of novelty in AIED
research so that this study can be used as a reference for future research in AIED. The
types of research presented to make it possible to define a profile of the types of
documents that can be presented so that the research path can be more focused. This
research can also find the most relevant issues about AIED in Scopus and the authors
that had the most significant impact and identify the scientists' main lines of research
in each defined period. Thus, it also contributes to limiting the next trend that can be
developed in this research area.

184 http://www.i-jet.org



Paper—Artificial Intelligence in Education Research During the Last Ten Years: A Review and...

5 Acknowledgement

The author's gratitude goes to to the Kementerian Pendidikan, Kebudayaan, Riset,
dan Teknologi Republik Indonesia who has supported funding.

6 References

[1] Peres, R.S., Jia, X., Lee, J., Sun, K., ... Barata, J. (2020). Industrial Artificial Intelligence in
Industry 4.0 -Systematic Review, Challenges and Outlook. IEEE Access, vol. §,: 220121—
220139. https://doi.org/10.1109/ACCESS.2020.3042874

[2] Ribeiro, J., Lima, R., Eckhardt, T., and Paiva, S. (2021). Robotic Process Automation and
Artificial Intelligence in Industry 4.0 - A Literature review. Procedia Computer Science, vol.
181, no. 2019: 51-58. https://doi.org/10.1016/j.procs.2021.01.104

[3] Ibrahim, W.M.R.W. and Hassan, R. (2019). Recruitment Trends in the Era of Industry 4.0
Using Artificial Intelligence: Pro and Cons. Asian Journal of Research in Business and
Management, vol. 1, no. 1: 16-21. Retrieved from http://myjms.mohe.gov.my/index.php/
ajrbm

[4] Popkova, E.G. and Sergi, B.S. (2020). Human capital and Al in industry 4.0. Convergence
and divergence in social entrepreneurship in Russia. Journal of Intellectual Capital, vol. 21,
no. 4: 565-581. https://doi.org/10.1108/J1C-09-2019-0224

[5] Yang, S.J.H., Ogata, H., Matsui, T., and Chen, N.-S. (2021). Human-centered artificial
intelligence in education: Seeing the invisible through the visible. Computers and Education:
Artificial Intelligence, vol. 2, no. January: 100008. https://doi.org/10.1016/j.caeai.2021.100
008

[6] Mantelero, A. (2018). Al and Big Data: A blueprint for a human rights, social and ethical
impact assessment. Computer Law and Security Review, vol. 34, no. 4: 754—772. https://doi.
0rg/10.1016/j.c1sr.2018.05.017

[7] Liao, J., Yang, J., and Zhang, W. (2021). The Student-centered STEM Learning Model
Based on Artificial Intelligence Project: A Case Study on Intelligent Car. International
Journal of Emerging Technologies in Learning (iJET), vol. 16, no. 21: 100. https://doi.org/10
.3991/ijet.v16i21.25001

[8] Ghosh, A., Chakraborty, D., and Law, A. (2018). Artificial intelligence in Internet of things.
CAAI Transactions on Intelligence Technology, vol. 3, no. 4: 208-218. https://doi.org/10.10
49/trit.2018.1008

[9] Huang, S. (2021). Design and Development of Educational Robot Teaching Resources
Using Artificial Intelligence Technology. International Journal of Emerging Technologies
in Learning, vol. 16, no. 5: 116—129. https://doi.org/10.3991/ijet.v16i05.20311

[10] Kong, F. (2020). Application of artificial intelligence in modern art teaching. International
Journal of Emerging Technologies in Learning, vol. 15, no. 13: 238-251. https://doi.org/10.3
991/ijet.v15i13.15351

[11] Anagnostopoulou, P., Alexandropoulou, V., Lorentzou, G., Lykothanasi, A., ... Drigas, A.
(2020). Artificial intelligence in autism assessment. International Journal of Emerging
Technologies in Learning, vol. 15, no. 6: 95-107. https://doi.org/10.3991/1JET.V15106.1123
1

[12] Chen, C.-J. and Liu, P.-L. (2007). Personalized Computer-Assisted Mathematics Problem-
Solving Program and Its Impact on Taiwanese Students. Journal of Computers in
Mathematics and Science Teaching, vol. 26, no. 2: 105-121. Retrieved from https://www.
learntechlib.org/primary/p/21809/

1JET — Vol. 17, No. 08, 2022 185



Paper—Artificial Intelligence in Education Research During the Last Ten Years: A Review and...

[13] Cope, B., Kalantzis, M., and Cope, W. (2020). Artificial Intelligence For Education Related
papers Artificial intelligence for education: Knowledge. Educational Philisophy and
Theory,: 1-17.

[14] Nufiez, J.A.L., Belmonte, J.L., Guerrero, A.J.M., and Sanchez, S.P. (2020). Effectiveness of
innovate educational practices with flipped learning and remote sensing in earth and
environmental sciences-An exploratory case study. Remote Sensing, vol. 12, no. 5. https://
doi.org/10.3390/rs12050897

[15] Cukurova, M., Kent, C., and Luckin, R. (2019). Artificial intelligence and multimodal data
in the service of human decision-making: A case study in debate tutoring. British Journal of
Educational Technology, vol. 50, no. 6: 3032-3046. https://doi.org/10.1111/bjet.12829

[16] Holstein, K., McLaren, B.M., and Aleven, V. (2019). Designing for complementarity:
Teacher and student needs for orchestration support in Al-enhanced classrooms. Lecture
Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics), vol. 11625 LNAI: 157-171. https://doi.org/10.1007/978-
3-030-23204-7_14

[17] Luo, D. (2018). Guide teaching system based on artificial intelligence. International Journal
of Emerging Technologies in Learning, vol. 13, no. 8: 90-102. https://doi.org/10.3991/ijet.
v13i08.9058

[18] Moreno-Guerrero, A.J., Lopez-Belmonte, J., Marin-Marin, J.A., and Soler-Costa, R. (2020).
Scientific development of educational artificial intelligence in web of science. Future
Internet, vol. 12, no. 8: 1-17. https://doi.org/10.3390/F112080124

[19] Zhang, D., Mishra, S., Brynjolfsson, E., Etchemendy, J., ... Perrault, R. (2021). The Al Index
2021 Annual Report. Stanford, CA:Stanford University Press.

[20] Li, Y., Wang, K., Xiao, Y., and Froyd, J.E. (2020). Research and trends in STEM education:
a systematic review of journal publications. International Journal of STEM Education, vol.
7, no. 11: 1-16. https://doi.org/10.1186/540594-020-00207-6

[21] Alsharif, A.H., Salleh, N.Z.M., and Baharun, R. (2020). Research trends of neuromarketing:
A bibliometric analysis. Journal of Theoretical and Applied Information Technology, vol.
98, no. 15: 2948-2962.

[22] Park, I. and Yoon, B. (2018). Identifying promising research frontiers of pattern recognition
through bibliometric analysis. Sustainability (Switzerland), vol. 10, no. 11. https://doi.org/
10.3390/sul0114055

[23] Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., and Lim, W.M. (2021). How to conduct
a bibliometric analysis: An overview and guidelines. Journal of Business Research, vol. 133,
no. May: 285-296. https://doi.org/10.1016/j.jbusres.2021.04.070

[24] Du, Y.Q., Zhu, G.D., Cao, J., and Huang, J.Y. (2021). Research supporting malaria control
and elimination in China over four decades: a bibliometric analysis of academic articles
published in chinese from 1980 to 2019. Malaria Journal, vol. 20, no. 1: 1-12. https://doi.org/
10.1186/s12936-021-03698-y

[25] Zyoud, S.H. (2021). The Arab region’s contribution to global COVID-19 research:
Bibliometric and visualization analysis. Globalization and Health, vol. 17, no. 1: 1-10.
https://doi.org/10.1186/s12992-021-00690-8

[26] Zakhiyah, I., Suprapto, N., and Setyarsih, W. (2021). Prezi Mind Mapping Media in Physics
Learning: A Bibliometric Analysis. Journal of Physics: Conference Series, vol. 2110, no. 1:
012015. https://doi.org/10.1088/1742-6596/2110/1/012015

[27] Hwang, G.J. and Tu, Y.F. (2021). Roles and research trends of artificial intelligence in
mathematics education: A bibliometric mapping analysis and systematic review.
Mathematics, vol. 9, no. 6. https://doi.org/10.3390/math9060584

186 http://www.i-jet.org



Paper—Artificial Intelligence in Education Research During the Last Ten Years: A Review and...

[28] Talan, T. (2021). Artificial Intelligence in Education: A Bibliometric Study. International
Journal of Research in Education and Science,: 822—-837. https://doi.org/10.46328/ijres.2409

[29] Baek, C. and Doleck, T. (2020). A Bibliometric Analysis of the Papers Published in the
Journal of Artificial Intelligence in Education from 2015-2019. International Journal of
Learning Analytics and Artificial Intelligence for Education (iJAI), vol. 2, no. 1: 67. https://
doi.org/10.3991/ijai.v2i1.14481

[30] Mishra, M., Sudarsan, D., Santos, C.A.G., Mishra, S.K., ... Pattnaik, N. (2021). An
overview of research on natural resources and indigenous communities: a bibliometric
analysis based on Scopus database (1979-2020). Environmental Monitoring and
Assessment, vol. 193, no. 59: 1-17. https://doi.org/10.1007/s10661-020-08793-2

[31] Admoko, S., Mukhayyarotin, N.R.J., and Madlazim, E.H. (2021). Bibliometric Profile of
Science Education Research on Argumentation and the Contribution of Indonesia. vol. 209,
no. Jjcse: 502-509.

[32] Jauhariyah, M.N.R., Anggaryani, M., and Marzuki, A. (2021). Research trend on erbium-
doped tellurite glasses based on scopus database. E3S Web of Conferences, vol. 328,: 04018.
https://doi.org/10.1051/e3sconf/202132804018

[33] Gupta, B.M., Mamdapusr, G.M., Gupta, S., Rohilla, L., and Dayal, D. (2021). Global
Mucormycosis Research: A Bibliometric Assessment Based on Scopus Database (1998-
2021). Journal of Young Pharmacists, vol. 13, no. 4: 356-362. https://doi.org/10.5530/jyp.2
021.13.89

[34] Deta, U.A., Arika, A., Lentika, D.L., Al Lathifah, S.A.S., ... Suprapto, N. (2021). Research
Trend of Socio Scientific Issues (SSI) in Physics Learning Through Bibliometric Analysis
in 2011-2020 using Scopus Database and the Contribution of Indonesia. Jurnal Penelitian
Pendidikan IPA, vol. 7, no. 4: 682—692. https://doi.org/10.29303/jppipa.v7i4.862

[35] Setyaningsih, 1., Indarti, N., and Jie, F. (2018). Bibliometric analysis of the term “green
manufacturing.” International Journal of Management Concepts and Philosophy, vol. 11,
no. 3: 315. https://doi.org/10.1504/ijmep.2018.093500

[36] Bahit, M., Handayani, M., and Haryanto, R. (2021). Bibliometric Analysis on the Concept
of Managing and Integrating ERP (Enterprise Resource Planning) in the MSMEs (Macro,
Small and Medium Enterprises) Sector. Advances in Economics, Business and Management
Research, vol. 183,: 5-9. https://doi.org/10.2991/aebmr.k.210717.002

[37] llhami, M.A., Subagyo, and Masruroh, N.A. (2019). Bibliometric analysis of the term
“Three-Dimensional Concurrent Engineering.” IOP Conference Series: Materials Science
and Engineering, vol. 673, no. 1. https://doi.org/10.1088/1757-899X/673/1/012077

[38] Xie, L., Chen, Z., Wang, H., Zheng, C., and Jiang, J. (2020). Bibliometric and Visualized
Analysis of Scientific Publications on Atlantoaxial Spine Surgery Based on Web of Science
and VOSviewer. World Neurosurgery, vol. 137, no. February: 435-442.e4. https://doi.org/10
.1016/j.wneu.2020.01.171

[39] Hamidah, I., Sriyono, S., and Hudha, M.N. (2020). A Bibliometric Analysis of Covid-19
Research using VOSviewer. Indonesian Journal of Science & Technology, vol. 5, no. 2:
209-216. https://doi.org/10.17509/ijost.v5i2.24522

[40] Yang, X. (2019). Accelerated Move for Al Education in China. ECNU Review of Education,
vol. 2, no. 3: 347-352. https://doi.org/10.1177/2096531119878590

[41] Maphosa, V. and Maposha, M. (2021). The Trajectory of Artificial Intelligence Research in
Higher Education: A Bibliometric Analysis and Visualisation. In 2021 International
Conference on Artificial Intelligence, Big Data, Computing and Data Communication
Systems, IEEE, Durban, 1-7. https://doi.org/10.1109/icABCD51485.2021.9519368

[42] Pu, S., Ahmad, N.A., Khambari, M.N.M., and Yap, N.K. (2021). Identification and analysis
of core topics in educational artificial intelligence research: A bibliometric analysis. Cypriot

1JET — Vol. 17, No. 08, 2022 187



Paper—Artificial Intelligence in Education Research During the Last Ten Years: A Review and...

Journal of Educational Sciences, vol. 16, no. 3: 995-1009. https://doi.org/10.18844/CJES.
V1613.5782

[43] Hinojo-Lucena, F.J., Aznar-Diaz, 1., Caceres-Reche, M.P., and Romero-Rodriguez, J.M.
(2019). Artificial intelligence in higher education: A bibliometric study on its impact in the
scientific literature. Education Sciences, vol. 9, no. 1: 1-9. https://doi.org/10.3390/educsci90
10051

[44] Popenici, S.A.D. and Kerr, S. (2017). Exploring the impact of artificial intelligence on
teaching and learning in higher education. Research and Practice in Technology Enhanced
Learning, vol. 12, no. 1. https://doi.org/10.1186/s41039-017-0062-8

[45] Roll, 1. and Wylie, R. (2016). Evolution and Revolution in Artificial Intelligence in
Education. International Journal of Artificial Intelligence in Education, vol. 26, no. 2: 582—
599. https://doi.org/10.1007/s40593-016-0110-3

[46] Almohammadi, K., Hagras, H., Alghazzawi, D., and Aldabbagh, G. (2017). A survey of
artificial intelligence techniques employed for adaptive educational systems within e-
learning platforms. Journal of Artificial Intelligence and Soft Computing Research, vol. 7,
no. 1: 47—-64. https://doi.org/10.1515/jaiscr-2017-0004

[47] Timms, M.J. (2016). Letting Artificial Intelligence in Education out of the Box: Educational
Cobots and Smart Classrooms. International Journal of Artificial Intelligence in Education,
vol. 26, no. 2: 701-712. https://doi.org/10.1007/s40593-016-0095-y

[48] Chassignol, M., Khoroshavin, A., Klimova, A., and Bilyatdinova, A. (2018). Artificial
Intelligence trends in education: A narrative overview. Procedia Computer Science, vol.
136,: 16-24. https://doi.org/10.1016/j.procs.2018.08.233

7 Authors

Dr. Binar Kurnia Prahani, M.Pd. is a lecturer at the Department of Physics, Fac-
ulty of Mathematics and Natural Sciences, Universitas Negeri Surabaya. Research in-
terest in Al in education, HOTs, and physics learning innovation (email:
binarprahani@unesa.ac.id)

Igbal Ainur Rizki is a third-year undergraduate student in the Department of Phys-
ics, Faculty of Mathematics and Natural Sciences, Universitas Negeri Surabaya.

Prof. Dr. Budi Jatmiko, M.Pd. is a Professor at the Department of Physics, Faculty
of Mathematics and Natural Sciences, Universitas Negeri Surabaya. Research interest
in digital learning, HOTs, and physics learning innovation.

Nadi Suprapto, Ph.D. is a Associate Professor in the Department of Physics, Fac-
ulty of Mathematics and Natural Sciences, Universitas Negeri Surabaya. Research in-
terests in bibliometrics, local wisdom of physics, philosophy, and physics education
curriculum.

Tan Amelia, S.Kom., M.MT. is researcher in Universitas Dinamika, Surabaya,
Indonesia. Research interest in computer, software engineering, and requirement prior-
itization.

Article submitted 2022-01-30. Resubmitted 2022-02-23. Final acceptance 2022-02-24. Final version pub-
lished as submitted by the authors.

188 http://www.i-jet.org



4/25/22,12:17 PM Universitas Negeri Surabaya Mail - [iIJET] Submission Acknowledgement

Binar Kurnia Prahani <binarprahani@unesa.ac.id>

[iJET] Submission Acknowledgement

1 message
The iJET Editorial Team via Online-Journals.org Sun, Jan 30, 2022 at 8:37
<noreply@journals.publicknowledgeproject.org> PM

Reply-To: The iJET Editorial Team <i-jet@cti-online.net>
To: Binar Kurnia Prahani <binarprahani@unesa.ac.id>

Binar Kurnia Prahani:

Thank you for submitting the manuscript, "Artificial Intelligence in Education Research During The Last Ten Years: A
Review and Bibliometric Study" to International Journal of Emerging Technologies in Learning (iJET). With the online
journal management system that we are using, you will be able to track its progress through the editorial process by
logging in to the journal web site:

Submission URL: https://online-journals.org/index.php/i-jet/authorDashboard/submission/29833
Username: binarkurniaprahani

If you have any questions, please contact me. Thank you for considering this journal as a venue for your work.

The iJET Editorial Team

International Journal of Emerging Technologies in Learning (iJET) — http://www.i-jet.org

https://mail.google.com/mail/u/0/?ik=7569db80e8&view=pt&search=all&permthid=thread-f%3A1723386956607574241&simpl=msg-f%3A1723386956...  1/1



4/25/22,10:16 AM Universitas Negeri Surabaya Mail - [iJIM] Editor Decision

[iJIM] Editor Decision

Binar Kurnia Prahani <binarprahani@unesa.ac.id>

Michael Auer via Online-Journals.org <noreply@journals.publicknowledgeproject.org> Thu, Feb 24, 2022 at 6:22 PM

Reply-To: Michael Auer <auer@cti-online.net>

To: "Dr. Binar Kurnia Prahani" <binarprahani@unesa.ac.id>, Igbal Ainur Rizki <igbalainur19004@gmail.com>, "Prof. Dr. Budi
Jatmiko, M.Pd." <budijatmiko@unesa.ac.id>, "Nadi Suprapto, Ph.D." <nadisuprapto@unesa.ac.id>, "Tan Amelia, S.Kom.,
M.MT." <tanamelia@ia-education.com>

Cc: Michael Auer <auer@cti-online.net>

Dr. Binar Kurnia Prahani, Igbal Ainur Rizki, Prof. Dr. Budi Jatmiko, M.Pd., Nadi Suprapto, Ph.D., Tan Amelia, S.Kom.,
M.MT. :

We have reached a decision regarding your submission to International Journal of Emerging Technologies in Learning
(iJET), "Artificial Intelligence in Education Research During The Last Ten Years: A Review and Bibliometric Study".

Our decision is to: Accept Submission

Congratulation to your fine work.

The reviewers haven't had major recommendations for the submission's narrative.
The paper is ready for publishing.

You will receive an invoice for the APC by separate email.

Editorial Team

International Journal of Emerging Technologies in Learning (iJET) — http://www.i-jet.org

https://mail.google.com/mail/u/0/?ik=7569db80e8&view=pt&search=all&permmsgid=msg-f%3A1725643349855873929&simpl=msg-f%3A1725643349...
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Binar Kurnia Prahani <binarprahani@unesa.ac.id>

[iJET] Invoice APC (Inv.: 2022-040_Prahani_29833)

3 messages

Sebastian Schreiter <support@online-journals.org> Wed, Mar 2, 2022 at 5:24 PM
To: binarprahani@unesa.ac.id

Dear Dr. Prahani,

Previously, you have been informed that your paper 'Artificial Intelligence in Education Research During The Last Ten Years: A
Review and Bibliometric Study' has been accepted for publishing in the International Journal of Emerging Technologies in Learning
(iJET). Please find attached to this e-mail the invoice for your Article Processing Charges (APC).

Payment is expected within 10 days from reception of this invoice on. Payment can be made by *bank transfer* or via *PayPal*.

*PayPal*
5% service fee will be added. Please use the link below to pay your invoice.
https://www.paypal.com/cgi-bin/webscr?cmd=_s-xclick&hosted button_id=7KPHX569ZAM4N

*Bank Transfer®
For payments via bank transfer please find the details in the attached invoice.

You will be notified as soon as we have received your payment. Also, once we have received 1) the payment AND 2) your final
version, your paper will be scheduled for an issue. This schedule will be provisional and may still change. We very much appreciate
that you don't ask for the publishing date before both of the above conditions are fulfilled.

Thank you for working with us!
Sebastian Schreiter

Technical Editor
http://online-journals.org

2 attachments

-D 2022-040_Prahani_29833_iJET.pdf
140K

-D Dear_Colleague.pdf
81K

Binar Kurnia Prahani <binarprahani@unesa.ac.id> Thu, Mar 3, 2022 at 6:23 AM
To: saiyidah_pfis@ulm.ac.id

Best Regards,

Binar Kurnia Prahani
Universitas Negeri Surabaya

https://mail.google.com/mail/u/0/?ik=7569db80e8&view=pt&search=all&permthid=thread-f%3A1726183275328674338&simpl=msg-f%3A1726183275...  1/2
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[Quoted text hidden]

2 attachments

% 2022-040_Prahani_29833_iJET.pdf
140K

-@ Dear_Colleague.pdf
81K

Binar Kurnia Prahani <binarprahani@unesa.ac.id>
To: Sebastian Schreiter <support@online-journals.org>
Dear Editor
We have done the payment. Thank you very much.

Best Regards
[Quoted text hidden]

-@ Payment_iJET.pdf
509K

Fri, Mar 4, 2022 at 10:14 AM
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Binar Kurnia Prahani <binarprahani@unesa.ac.id>

[iJET] Payment received (Inv.: 2022-040_Prahani_29833)

1 message

Sebastian Schreiter <support@online-journals.org> Fri, Mar 4, 2022 at 4:06 PM
To: binarprahani@unesa.ac.id

Dear Dr. Prahani,

thank you, very much, we have received the payment of the publishing fee for your paper (Artificial Intelligence in
Education Research During The Last Ten Years: A Review and Bibliometric Study).

Your paper has been provisionally scheduled for publishing in iJET 08(2022), end of April. This is not guaranteed yet and
may still change. It will be binding when you receive our next email with the proof announcement.

Have a good day!
Sebastian Schreiter

Technical Editor
http://online-journals.org

https://mail.google.com/mail/u/0/?ik=7569db80e8&view=pt&search=all&permthid=thread-f%3A17263595764 1398036 3&simpl=msg-f%3A1726359576... 1/1
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[iJET][29833][Proof Announcement] Artificial Intelligence in Education Research

During The Last Ten Years: A Review and Bibliometric Study
1 message

Binar Kurnia Prahani <binarprahani@unesa.ac.id>

Sebastian Schreiter <support@online-journals.org> Thu, Mar 17, 2022 at 7:08 PM

Reply-To: support@online-journals.org
To: binarprahani@unesa.ac.id
Cc: igbalainur19004@gmail.com, budijatmiko@unesa.ac.id, nadisuprapto@unesa.ac.id, tanamelia@ia-education.com

Please read this email carefully — all of the below is important.
Dear Dr. Prahani,
your paper is now scheduled in iJET, Vol. 17, No. 08, 2022 to be published around 26 April 2022.

— Your final version is now being formatted — DO NOT UPLOAD OR SEND ANOTHER VERSION, it cannot be taken
into account.

— You are receiving this email because (according to the metadata in the system) you are the corresponding author
(primary contact). However, the proof will be sent to the corresponding author given in the paper.

— On or before 12 April 2022, you will receive a page proof from our copy-editing team — you have 2 days to reply. If
you don't respond your paper will be published as sent to you in that proof email.

— Check your SPAM and watch out for this email. It will be sent to the email that you have given IN THE PAPER (and
might be different from the one of this email)

— NO MODIFICATIONS WILL BE POSSIBLE ANYMORE, ONCE YOUR PAPER IS PUBLISHED.

— Please CHECK CAREFULLY authors' names, affiliations, typos....

— Changes to the content are no longer possible, this would require a new review.

Watch out for the proof and check it carefully. As corresponding author, you are responsible for the correct spelling of
your co-authors' names and their affiliations. It will be the last opportunity to make corrections.

Also, please use this opportunity to check the metadata in the journal system that you can find here: https://online-
journals.org/index.phpl/i-jet/authorDashboard/submission/29833/5#publication/contributors
Check that all authors are there, correctly spelled, correct affiliations, sequence...

Thank you for working with us!
Sebastian Schreiter

Technical Editor
online-journals.org

https://mail.google.com/mail/u/0/?ik=7569db80e8&view=pt&search=all&permthid=thread-f%3A1727548806860682372&simpl=msg-f%3A1727548806...
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Binar Kurnia Prahani <binarprahani@unesa.ac.id>

[iJEt] 29833, Proof: Artificial Intelligence in Education Research during the Last Ten

Years: A Review and Bibliometric Study
2 messages

Barbara Yurieva <copyedit@online-journals.org> Thu, Apr 7, 2022 at 1:50 PM
To: "binarprahani@unesa.ac.id" <binarprahani@unesa.ac.id>

Dear Author,

Please find attached the camera-ready PDF proof of your paper for your approval. Please give us feedback until 13 April
2022, if we don't hear from you within this time, the proof is considered approved by you. No more corrections are
possible once the paper is published.

Please note that changes to the content cannot be made at this stage (this would require a new review) — this proof is
meant to detect minor issues, such as typos or misspelled names. Any rectifications which you want to be done kindly
highlight in the attached formatted PDF version only with sticky notes against each change. Please do not send in the
unformatted word document. The attached version is formatted as per IAOE guidelines. Also please note that academic
grades (Dr. Prof. etc) will be added only at end in author section and not at the beginning. At the beginning affiliation, we
only add author name, college/university, place and country. Rest of the details like department name etc. will be included
at end author section.

For any other questions regarding anything else than this proof, please contact the Technical Editor of the journal,
Sebastian Schreiter at support@online-journals.org

Best regards,
Barbara Yurieva

Copy-Editor
online-journals.org

%) 29833.pdf
995K

Binar Kurnia Prahani <binarprahani@unesa.ac.id> Mon, Apr 11, 2022 at 8:12 AM
To: Barbara Yurieva <copyedit@online-journals.org>

Dear Editor

Thanks for your information. Keep healthy and happy.

Best Regards,
Binar Kurnia Prahani
Universitas Negeri Surabaya

[Quoted text hidden]

"—"I] CONFIRMATION 29833_Binar Kurnia Prahani et al_iJET.docx
= 192K
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