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ABSTRACT @ OPEN ACCESS
Purpose - Artificial Intelligent (Al) is a technology that is currently

developing rapidly. The application of Al in Education (AIEd) is a study ~ ARTICLE HISTORY
that is starting to be of interest to researchers in the field of Al and  Received: 28-05-2024
Education. The purpose of this research is to summarize studies on  Revised: 08-06-2024
AIEd from 2018 to 2023 through bibliometric analysis and analyze  Accepted: 21-06-2024
current study progress, key points, and trends in AlIEd related to

pedagogy.

Method - This research is a bibliometric analysis method. The data KEYWORDS

were collected from the Scopus database using R Studio software with  artificial intelligent,
search keywords of “Artificial Intelligence, Education, and Pedagogy”.  ai in education,

A total of 94 articles were reviewed in this study. pedagogy

Findings - The results of the study show that combining the more

frequently researched Al and Pedagogy topics with the less

researched AIED topics can produce innovative updates and make

important contributions in the field of artificial intelligence and

education.

Research Implications - The impact of this research can open

opportunities for researchers to further explore the combination of

AIED, Al, and pedagogy topics so as to enrich and expand the scope of

research and encourage progress in related disciplines.
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Introduction

Artificial Intelligence (Al) has rapidly developed in the era of Industry 4.0 and
provides a strategic contribution to the education world. Several studies on Al in
Education (AIED) express the lack of an educational-perspective Al study (Chen et al.,
2017;Chen et al., 2020;Hinojo-Lucena et al., 2019;Zawacki-Richter et al., 2019). Education
studies are crucial to carry out such that artificial intelligence experts obtain suggestions
from education technology experts in application development thus a system can be
implemented appropriately and optimally beneficial to support education development.

This is consistent with previous studies stating that a critical gap exists between what
the AIEd technology can do and how the technology can truly be implemented in the real
educational setting (Bates et al., 2020;Kabudi et al., 2021). Moreover, approaching the
integration of artificial intelligence with education must be from a strong pedagogical
approach; not only does the algorithm have to be right, but also the emotions and values
that are appropriate are needed (Vazquez-Cano, 2021).

AIED brings new hope to the advancement of education; however, it raises concerns
regarding data protection, emotion, and sustainability issues. The release of Chat GPT by
Open Al creates the pros and cons for numerous parties, especially educators (Devi et al.,
2022; Dwivedi et al., 2023; Zhang & Aslan, 2021). Although educators and students gain a
new opportunity that simplifies their study and access to learning resources, it is likely to
trigger a decrease in student’s critical thinking (Eke, 2023; Zhai, 2023) due to inappropriate
use of Al applications (Cooper, 2023; Tlili et al., 2023). Education experts need to provide
solutions for the issue. Pedagogy is vital to study if we want to help educators and
students as well as Al developers so that the developed system can be effectively applied.

Al transformation in education consists of three types, namely administrative task
automation, smart content, and Intelligence Tutoring Systems (Tahiru, 2021). The three
types require the identification of any pedagogical research that has been conducted.
Summarizing global research trends and research hotspot is imperative for future
research. So far, bibliometric studies that examine Al pedagogy in Education is limited.
Therefore, it is important to carry out a bibliometric analysis to identify research
opportunities in the domain.

Several previous studies conducted Luckin et al., (2016), Yang (2019), Zhang & Aslan
(2021), and Lim et al., (2023) only delineate AIED studies in general. Meanwhile, some
previous studies conducted by Yang (2019), Bates et al., (2020), Demir (2019), and Hocky
& White (2022) also studied AIED which in their discussion there is a connection between
AIED and pedagogy but in their discussion only briefly discussed, so that no study of the
connection between AIED and pedagogy has been carried out directly and specifically.
Referring to these studies, the novelty of the current research is to examine AIED more
deeply in relation to AIED directly and specifically in the pedagogical aspect using the
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Bibliometric approach method. This study aims to summarize studies on AIED from 2018
to 2023 through bibliometric analysis and analyze current study progress, key points, and
trends in AIED, especially pedagogy. The results of this study are expected to be useful in
assisting new research to better understand the development direction of AIED topic
trend opportunities in the aspect of pedagogy.

Methods

The research used a bibliometric analysis method. The data were collected from the
Scopus database using R Studio software with search keywords of “Artificial Intelligence,
Education, and Pedagogy”. Based on the Scopus database, 94 articles were found stored
in the CSV and RIS formats. The articles were then analyzed using R Studio and VOSviewer
software. Network analysis was carryout to enrich mapping science using clustering and
visualization (Huang et al., 2022; Oyewola & Dada, 2022)

The hierarchical grouping was used to analyze grouping, whereas visualization
analysis employed network visualization, overlay visualization, and density visualization
(Nandiyanto & Al Husaeni, 2022; Nordin, 2022; Wirzal & Putra, 2022). Literature state that
a bibliometric analysis requires five stages (Dhamija & Bag, 2020; Nurfauzan &
Faizatunnisa, 2021; Setyaningsih et al., 2018) as illustrated in Figure 1.

. o Fefinement of Compiling the
Definmg Search Initial Search the Search Tnitial Data Data Analysis

Keywords Results Results Statistics

Figure 1. Five Stages of Bibliometric Analysis Method

Result

1. Defining Search Keyword

Keywords of “Artificial Intelligence, Education, and Pedagogy” were used to search
literature in the Scopus database. The keyword selection was written on the sub-part of a
document, which is a search document. The format of “article title, abstract, keywords" in
the Scopus database was selected to identify more high-quality literature.

2. Initial Search Result & Refinement of the Search Result

In the initial search of the literature, the researchers determined that the range of
the article publishing years was from 2019 to 2023. The initial search found 188 articles
relevant to the keywords. Next, a screening process was carried out for articles that did
not meet the criteria. The results of the data screening are presented in Table 1.
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Table 1. Criteria of Screening

Search Screening

Number of Articles

Unidentified/citation link only/rejected website 27
Less than four pages 3
Not in English 2
Not open access 62
Total 94

The screening results indicate that of the 188 articles, 94 articles did not meet the
criteria. Therefore, the 94 remaining articles that met the criteria were analyzed. The
comparison of the data matrix before and after the screening is shown in Table 2.

Table 2. Comparison of Matrix Data

Matrix Data Initial Search Refinement Search

Source Artificial Intelligence, Education, Artificial Intelligence, Education,
Pedagogy Pedagogy

Publication year 2019-2023 2019-2023

Paper 188 94

Citation 820 690

Cite/year 205.00 172.50

Author/paper 3.12 3.30

h-index 16 16

g-index 74 23

hl,norm 23 8

hl,annual 2.25 2.00

hA-index 12 11

Next, of the 94 articles it was identified that 10 articles had the most citations as

indicated in Table 3.

Table 3. Top 10 Articles

Year Author Title Publication Cites
Holmes, Wayne;
Porayska-Pomsta, Kaska;
Holstein, Ken; Sutherland, .
Emma: Baker. Toby: International
Shum 'Simon’ Y Ethics of Al in Education: Journal of
2022 S Towards a Community-Wide  Artificial 48
Buckingham; Santos, Olga ) ;
i Framework Intelligence in
C; Rodrigo, Mercedes T.; Education
Cukurova, Mutlu;
Bittencourt, Ig Ibert;
Koedinger, Kenneth R.
Artificial intelligence for Educational
Cope, Bill; Kalantzis, Mary;  education: Knowledge and its )
2021 . . Philosophy and 41
Searsmith, Duane assessment in Al-enabled Theory

learning ecologies
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Year Author Title Publication Cites
Proceedings-IEEE
Vazhayil, Anu; Focusing on Teacher 10t International
Shetty, Radhika; Education to Introduce Al in Conference on
2019 . . 32
Bhavani, Rao R;; Schools: Perspectives and Technology for
Akshay, Nagarajan lllustrative Findings Education, T4E
2019
Theoretical and methodical
Lavrentieva, Olena O.; aspects of the organization of
. . CEUR Worksh
2019 Rybalko, Lina M.; Tsys, students' independent study (.)r SNOP 34
o . Proceedings
Oleh O. activities together with the
use of ICT and tools
Art|f|C|§I Intelligence . Computers and
education for young children: Education:
2022 Yang, Weipeng Why, what, and how in P 30
; . Artificial
curriculum design and .
. . Intelligence
implementation
Tedre, Matti; Toivonen, . . A
. . Teaching machine learning in
Tapani; Kahila, Juho; ;
. - K-12 Classroom: Pedagogical
Vartiainen, Henriikka; . . .
2021 and technological trajectories IEEE Access 30
Valtonen, Teemu; e ;
. for artificial intelligence
Jormanainen, llkka; Pears, .
education
Arnold
FAccT 2021 -
Proceedings of
he 2021 ACM
Raji, Inioluwa Deborah; "you can't sit with us": tCoenfe(:)renceCon
2021 Scheuerman, Morgan Exclusionary pedagogy in Al Fairness 29
Klaus; Amironesei, Razvan ethics education T
Accountability,
and
Transparency
e o e S o anish ol o
2019 du Boulay, Benedict : . : P y Educational 29
intelligent learning
. Technology
environments
The effectiveness of social International
Al Hashimi, Sama'a; Al media and multimedia-based Journal of
2019 Muwali, Ameena; Zaki, pedagogy in enhancing Emerging 27
Yasmina; Mahdi, Nasser creativity among art, design,  Technologies in
and digital media students Learning
Application of Artificial
Nazari, Nabi; Shabbir, Intelligence powered digital
2021 Muhammad Salman; writing assistant in higher Heliyon 24

Setiawan, Roy

education: a randomized
controlled trial

3. Compiling the Initial Data Statistics
The initial data statistic from 94 articles stored in the CSV format was compiled and
then analyzed using R Studio software. The results of the Biblioshyne analysis with R
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Studio obtained a statistical result in the form of annual scientific production, most
relevant sources, and most cited countries.

Annual Scientific Production

Aticles *

Year

Figure 2. Annual Scientific Production

Fugure 2 shows that the publication trend related to Al and pedagogy fluctuated for
the last 5 years and experienced an increase from the period of 2020 to 2022. In 2019, the
number of article publications was 24 and it decreased to 13 articles in 2020. In 2021 the
publication increased to 21 articles and 29 articles in 2022. In 2023, only 7 articles
published so far. The result suggests that researches on Al and pedagogy have an
opportunity to develop.

Most Relevant Sources

N. of Documents

Figure 3. Most Relevant Sources

Figure 3 shows the 10 most relevant sources and the number of their published
articles. The data indicates that Computer and Education Artificial Intelligence, Journal of
Physics Conference Series, and Lecture Notes in Computer Science (Including Subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics) published 4
articles; Advances in Intelligent Systems and Computing and IEEE Access published 3
articles; British Journal of Educational Technology, Communications in Computer and
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Information Science, Frontiers in Psychology, International Journal of Artificial Intelligence
in Education, and International Journal of Management Education published 2 articles.
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Figure 4. Most Cited Countries

Referring to Figure 4, the 10 countries with the most cited articles were the United
Kingdom with 70 citations, the United States with 66 citations, India with 46 citations,
Australia with 38 citations, Finland with 30 citations, Bahrain and China with 27 citations,

Iran with 24 citations, Thailand with 23 citations, and Ireland with 22 citations. The data

indicate that Al and pedagogy-related publications were mostly from these 10 countries.

3. Data Analysis

94 articles generated from the screening process were stored in the RIS format and

analyzed using VOSviewer software. The software output can be seen in the display of the

network visualization, overlay visualization, and density visualization.
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Figure 5. Network Visualization

Nusantara: Jurnal Pendidikan Indonesia Vol

.4, No. 3, July 2024 |627



DOI: https://doi.org/10.14421/njpi.2024.v4i3-1

ed*on

ar'tificiab!ligeric@e@)gy

kno@@dse Py

curcigblum

ai edussticon

Figure 6. Network Visualization

Figure 5 presents 4 color clusters connected to 72 items. A keyword representing

each cluster is presented in Table 4. Figure 6 illustrates the existence of a network of the

Al education keyword against the Artificial Intelligence and Pedagogy keywords.

Table 4. Keywords that Represent Each Cluster

Element

Active learning, active learning pedagogy, assessment,
challenge, classroom, educator, effort, goal, higher
education, issue, knowledge, outcome, perspective,
potential, practice, strategy, student, study, tool, type,
university

Al education, Al technology, artificial intelligence, big data,
computer science, concept, curriculum, data, deep
learning, development, effect, impact, implementation,
information technology, lack, person, problem, role,
system, work

Application, benefit, context, core, domain, education.
Implication, integration, machine, machine learning,
pedagogy, process, research, technology

No Cluster

1 Cluster 1 (23 items)
2 Cluster 2 (20 items)
3 Cluster 3 (15 items)
4 Cluster 4 (14 items)

Analysis, approach, content, environment, framework,
future, learner, learning, need, opportunity, possibility,
skill, teaching, use
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Figure 7. Overlay Visualization
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Figure 8. Overlay Visualization Al Education and Pedagogy

Figure 7 indicates several old and current research topics in artificial intelligence
research. The results of VOSveiwer analysis suggest that when connecting artificial
intelligence research to several topics it showed that it recently gained attention for
research. This illustrates in figure 8 which indicates a trend for research when connecting
Al Education topic to Artificial Intelligence and Pedagogical topics. Therefore, Al Education
and Artificial Intelligence topics had yellow color suggesting article publication on the
topics in 2021 quarter 1, whereas pedagogical topic has a bright green color suggesting
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article publication on the topicin 2021 quarter 2. The brighter the year color in the overlay
visualization, the more recent the research publication is (Finandhita et al., 2022;
Indriyanti et al., 2023; Komarudin et al., 2023; Luckyardi et al., 2022; Soegoto et al., 2022).
It affirms that the popularity of Al Education, Artificial Intelligence, and Pedagogical topics
is an opportunity for researchers to study the topics in the future.

technology studentswvategy

education

Figure 9. Density Visualization

Figure 9 shows that the dimmer the color, the less frequently the topics are
researched (Al Husaeni & Nandiyanto, 2021; Sarman & Soebagyo, 2022; Ginting, 2023;
Lesmana & Rifaldi, 2023; Nurfaiziya et al., 2023; Ria & Susilowati, 2023). Al Education topic
has a dim color, whereas Artificial Intelligent and Pedagogical topics have a bright color.
Therefore, topics that are rarely researched can be correlated with topics that have been
widely researched to obtain updates in the research, which means an opportunity for
updated research by taking on these topics.

Referring to the discussion on the output of network visualization, overlay
visualization and density visualization, this study identified the popularity of AIED, Al and
Pedagogy topics as significant opportunities for researchers to further explore these
three topics in the future. Based on the visualization analysis of research trends, the
findings of this study suggest that although Al and Pedagogy topics are more frequently
researched, incorporating AIED topics that are less frequently researched can result in
innovative updates in research. Therefore, these under-researched AIED topics can
become the foundation for renewed research and have great potential to make important
contributions to the field of artificial intelligence and education. Thus, the combination of
AIED, Al, and pedagogy topics can be an opportunity for researchers to conduct renewed
research by further examining all three topics.
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Conclusion

Based on the results and discussion, this study successfully summarized and
analyzed the development, key points, and trends of AIED research from 2018 to 2023
through bibliometric analysis. The finding of this research is that combining more
frequently researched Al and pedagogy topics with less researched AIED topics can
produce innovative updates and make important contributions in the field of artificial
intelligence and education. The implication of this research is that it helps new research
to better understand the direction of development of AIED topic trend opportunities in
the aspect of pedagogy. In addition, the impact of this research can open opportunities
for researchers to further explore the combination of AIED, Al, and pedagogy topics so as
to enrich and expand the scope of research and encourage progress in related disciplines.
Moreover, research related to the collaboration of Al topics in education and pedagogy is
still limited. This leads to the need to increase the focus of research on Al in education
that pays attention to pedagogical aspects. Therefore, the suggestion for future
researchers is to conduct research on the application of Al in the pedagogical aspect in
the scope of education.
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