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Abstract: The development and multiple variations in technology and science have endured the education.
Nevertheless, education is one of the primary components that uphold the development of a country. In the
meantime, diverse technologies have been introduced to blend in education. For example, Bayesian Networks is
a probability-based data modelling approach that illustrates a set of variables and their conditional dependencies
through a Directed Acyclic Graph (DAG). Each node formed inside the graph has a Conditional Probability
Table (CPT). Therefore, the endurance of this bibliometric review is to identify peer-reviewed literature on the
Bayesian network approach in education. Scopus citation databases are used in the data-gathering phase. In
addition, PICOS Framework and PRISMA approach were obtained and analysed for keyword search on the
research topic. This bibliographic data of articles published in the journals over ten years were extracted. R-tool
and VOS viewer were used to analyse the data contained in all journals and articles. This bibliometric review
shows the usage of the Bayesian network approach in education, especially in educational application
development. The findings from 87 articles extracted show that teaching and learning activity delivery and
educational management have improved. The findings show an increasing trend in published studies related to
the Bayesian network in education. Next, the United Kingdom and the United States became highly productive
countries in the publication of studies within the scope of the Bayesian network. Next, interdisciplinary became
the primary choice in the publication of studies in the field of Bayesian networks. The level of predictive
accuracy generated through the Bayesian network approach improves the quality of educational application
development. However, the findings of previous studies indicate that there is a need to extend the Bayesian
network approach in education.
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Introduction

Education has undergone drastic developments since the world faced the Covid-19 pandemic. 80% of schools
had been affected by the Covid-19 pandemic (Azrin & Nurfaradilla, 2021). The Covid-19 pandemic has
drastically impacted the world education system (Teras et al., 2020). Practices in teaching and learning activities
that have long depended on the classroom are also affected, and all teaching activities are carried out with the
help of technology (Chabibie, 2020).
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Based on a United Nations Educational, Scientific and Cultural Organization (UNESCO) (2019) report, as many
as 74% of students worldwide are affected by this Covid-19 pandemic. This situation makes teachers and
students rely on technology solely to collaborate to access Education. The post-Covid-19 situation, has applied
the importance of technology in the world of Education. As a result, there is a need to provide learning aids that
students can access even as the world faces a pandemic such as Covid-19. According to Raja and
Nagasubramani (2018), technology has become compulsory for fulfilling 21st-century education skills among
students. According to Al-Qozani and Aleryani (2018), the use of technology has opened up space in the world
of Education to facilitate students' access to Education from a place without time limitations and gaps between
teachers.

Developments in technology today recreate a vital role in life. The 21st-century era is often considered the era of
technology (Raja & Nagasubramani, 2018). It is also seen as the basis of economic growth of a country where
the effect can be felt in every field, one of which may be Education. The Covid-19 pandemic has prompted the
ranks of teachers to explore e-teaching methods and platforms such as Google Classroom, Google Meet, and
Zoom. Cai et al., (2020) stated that teachers played a critical role in adapting e-teaching during the Covid-19
pandemic period, which had suddenly changed the pattern of teaching delivery method. As a result, the quality
of the teaching and learning process can be improved. Its conveyance and gathering are expanded through a few
procedures, for example, PC-supported programming, network frameworks, data sets, and data frameworks.
Furthermore, the use of teaching aids helps stimulates interest and invigorates students thinking skills in this
digital age and has been thought of and perceived as an impetus for the educating and growing experience. In
many fields of computer science, artificial intelligence (Al) is a challenging and creative field. Using the
computer-assisted instructional system (CAI) can provide an ideal instructional environment and easily
stimulate students' enthusiasm and initiative to learn, thus significantly enhancing the instructional effect
(Huang & Zhou, 2022). The increasing development of multimedia technology and integration with other
leading technologies will undoubtedly encourage the further development of CAIl. The Bayesian network
approach is one of the artificial intelligence techniques often used in education. Bayesian Network is one of the
applications of data mining that produces an interactive opportunity prediction model in the form of a
description of the relationship between variables and provides information on probabilities.

Antecedent of Bayesian Network

A Bayesian network is an approach derived from the Bayesian theorem. The Bayesian network approach serves
as an approach used in software development to determine the uncertainty measured using probabilities. Thomas
Bayes put forward this theorem with the basic formula:

P(A|B)P(B)
P (Bl = ==
Bayesian Network is a Directed Acyclic Graph (DAG) equipped with a Conditional Probability distribution
Table (CPT) for each node. Each node addresses a domain variable, and each arrow between nodes addresses a
probabilistic reliance (Pearl, 1988). Bayesian networks can generally calculate the conditional probability by
assigning values to other related nodes. Naive-Bayes Bayesian Network is a simple structure with nodes
classified as parent nodes from several other nodes.

Figure 1. Bayesian network tree
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Figure 1. Shows the structure of a Bayesian network classified using probability nodes. The calculation of the
chance value at a node in the Bayesian Network structure is by the following formula:

P(Xy) = }C_iP(X1—Y1)

In conclusion, a Bayesian network is an approach that can represent uncertainty and reasoning in the field of
artificial intelligence. Bayesian network is represented by an actual state and not a process of reasoning the
probability of joint events between two events X, dan X,, where the probability of P(X,)>0 determined by the
above formula.

Bayesian Network Structure

The Bayesian Network is a probabilistic graphical structure that illustrates causal relationships between
interrelated variables. There are four things that Bayesian Network can offer as a method (Dita et al., 2018):

i Bayesian Networks can easily handle inaccuracies or problems with data.

ii. The Bayesian Network allows one to learn about causal relationships. The learning process
becomes essential when trying to understand the domain of a problem.

iii. The Bayesian Network can facilitate a combination of domain and data knowledge.

iv. Bayesian Network offers an efficient and principled approach to avoid overfitting the data.

Bayesian Network approach involves two steps which are creating the network structure and estimating the
probability value of each node. One of the algorithms that can be used to form the network structure is to use the
Maximum Spanning Tree algorithm. The Bayesian Network consists of two components, the Directed Acyclic
Graph (DAG) and the Conditional Probability Table (CPT) for each attribute variable (Han & Kambe, 2001).
DAG can be denoted by G = (X, E), where X consists of variables called nodes and E is a pair of nodes
connected by an arrow line. Nodes on the DAG represent random variables, while arrows indicate probabilistic
dependence relationships between attributes. The arrow line only points in one direction and does not rotate
back to its original node. The use of the Bayesian network in the development of software and applications in
education is also seen to have a comprehensive impact. According to Dita et al., (2018) the Bayesian Network
approach was used in developing an Intelligent Tutoring System (ITS) that can recommend materials
appropriate to students' level of understanding. Meanwhile et al., (2015) used the Bayesian Network approach to
identify the relationship between the factors of this study and analyse the data as it can represent variables in the
form of nodes and relationships with directional lines. Constraint-based algorithms and score-based algorithms
were used to generate networks in several categories to make comparisons and identify the factors that most
influenced student learning in the subject of Additional Mathematics. Past studies have shown that this Bayesian
Network approach is widely used for software development and educational applications. In line with that, this
bibliometric analysis explores the literature on the Bayesian Network approach in education in the Scopus
database. Furthermore, it aimed to answer the following research question:

1. How far has the Bayesian Network approach in education research progressed in the publication?

2. What is the scientific productivity pattern in the Bayesian Network approach in education field
research?

3. What is the main area of the Bayesian Network approach in education research?

4, What is the future direction of the Bayesian Network approach in education?

It attempted to divulge publishing trends, patterns of scientific productivity, patterns of research conducted, and
the primary area of the Bayesian Network approach in education.

Method

This study was conducted using the PRISMA approach (Preferred Reporting Items for Systematic Review and
Meta-Analysis) and Bibliometric analysis to answer all research questions. The PRISMA approach is used to
shortlist and select articles from Scopus databases based on the research topic. In addition, the PRISMA method
has a specific procedure of how it is produced and a comprehensive scope that enfolds all appropriate materials
and can replicate other researchers with the same approach to discussing a topic. Table 1 shows the inclusion
and exclusion criteria for selecting and shortlisting the articles from the Scopus database.
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Table 1. Inclusion and exclusion criteria
Inclusion Exclusion
The article period of 2012 to 2021. Duplicate article with same author and
topic removed
The article focusses Bayesian network Bayesian network in other areas than

approach in education. education is excluded in this analysis.
English language papers only analysed in  Other than English language excluded.
this study.

Data Collection

Data analysis begins with a keyword search by applying inclusion and exclusion criteria. Then, the keywords
and search strings can be repeated to get the latest material and future research.

'
Topic Bayesian network in education
. h 4 Database: Scopus
= Search Field: Article Title
3 Scope & Coverage Time Frame: 2012-2021
=2 .
= Language: English
]
3 Source Type: Journal
L Document Type: Article, Conference Paper & Review
3
n
g v TITLE-ABS-KEY (Bayesian network in education AND Bayesian
2 q h network in educational application AND in AND Bayesian
Keywo; S,& Searc network” OR “educational application” OR “machine learning)
tring AND LIMIT-TO (PUBYEAR, 2012 TO 2022)) AND ( LIMIT-
TO (LANGUAGE, “English")) AND ( LIMIT-TO (
J SRCTYPE,"|"))
& J y
Date Extracted
20 May 2022
> v
g Record Identified & h = 483
n Screened
(. J %
( ) Record Removed Refine 1: Document type: exclude erratum (n=300)
Refine 2: Language: Limit to English (n=96)
y
2
3 Record Included for _g7
2 Bibliometric Analysis n=
—

Figure 2. PRISMA flowchart of data inclusion and exclusion (Page et al., 2021)

This study included all the reports written in English from 2012 to 2022. Furthermore, excluding the erratum
(n=300) to avoid twofold counting. Finally, 87 records are distinguished and downloaded for additional
analysis. As in Table 2, three sets of keywords were used to select and shortlist the articles from the Scopus
database. The primary keyword is the Bayesian network approach in education. While the secondary keyword is
Bayesian network in educational application. The keywords used in this bibliometric analysis regarding
Bayesian network and model are depicted in Table 2, in which the set of keywords are used with “AND” or
“OR” operator.
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Table 2. List of keywords

Keywords set

Keywords

Keywords_Setl
Keywords_Set2
Keywords_Set3

“Bayesian network in education” OR “Bayesian network”
“Bayesian network in educational application”

“Bayesian network” OR “educational application” OR “machine
learning”

Data Analysis and Finding

In this study, performance and bibliometric analysis were blended to answer the research question. Based on
Harzing (2007), the Bibliometrix R package and Perish software was used to conduct citation and publication
analysis by running performance analysis. Meanwhile, VOSviewer were used to map the author's keyword. The
usage of this software determined the significance of the study and involved prior Bayesian network clusters.

On the other hand, the Total Link Strength (TLS) was used to decide the centrality of the study. The density of

the scope is utilized to decide the research extension’s internal strength or level of interaction within a network.
Then again, the novelty was identified through the median value of the average publication. Average publication
years greater or equal to the median value were considered a novel and the other way around.

Publication and Citation Trend

Table 3. Annual total citation

Mean TC Mean TC Citable
Year N TC per Art per Year Years
2012 4 224 56.00 5.60 10
2013 5 54 10.80 1.20 9
2014 4 4 1.00 0.13 8
2015 1 1 1.00 0.14 7
2016 5 71 14.20 2.37 6
2017 3 102 34.00 6.80 5
2018 5 8.3 1.67 0.42 4
2019 10 27 2.70 0.90 3
2020 20 20 1.00 0.50 2
2021 30 90 3.00 3.00 1
Total 87 601.3
100 700
87
%0 601,3 / 600
80
500
70
60 400
50 300
40 224 20 200
30
102 20 100
20 54 71 - ' 90
40-27. 20
10 4 5 T4 T 1 s 3 5873 0
o L - —_ . — . 100
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Figure 3. Total publication and citation on Bayesian network from 2012 to 2021
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There were 87 publications on the Bayesian network in education research retrieved from the Scopus database
for this study. The first publication for 2012, “Evaluation of simulation games for teaching engineering and
manufacturing,” was included in the analysis (Hauge & Riedel, 2012). The number of publications related to the
Bayesian network in education remained in the single digits from 2012 until 2018. However, the publications
have been steadily increased since then (Table 3). The trend line shows that the number of publications
increases polynomials (R2 = 601.33), more significant than the linear increase.

Scientific Productivity Pattern

A total of 416 authors contributed to the publication of the Bayesian network in education research. Table 4 lists
the number of publications based on countries has contributed. Based on the analysis, most authors have only
published once on the topic of Bayesian networks in education. On the other hand, the United Kingdom became
the country where it produced the most publication among the other 14 countries. Table 4 shows the United
Kingdom published 18 publications, followed by United States with a complete publication of 16 publications,
whereas Italy with seven publications.

Table 4. Top 10 countries contributed to publication on bayesian network in education

Country Total Citations Average Article Citations Total Citation
United Kingdom 18 16 160
United States 16 14 179
Australia 5 7 115
Italy 7 6 58
Germany 6 5 78
China 3 15 50
South Korea 5 4 34
Spain 5 4 57
Netherland 5 3 20
Iran 5 3 0

Main Area of the Research on Bayesian Network in Education

The primary province of the Bayesian network in education research was distinguished utilizing keyword
analysis. The analysis shows, only 49 of the 3249 keywords used by the authors outperformed the minimum
occurrence level of 10 (Figure 4). Model, computer vision, structure, and machine learning are the main clusters
that emerge from the map. The keyword overall strength was determined by generated the Enhanced Strategic
Diagram (Figure 4). The link strength showed on centrality and meanwhile frequency showed by density. The
average year of publication determined the novelty of publication. The high density shows publication on scope
of child epidemiology, risk assessment of learning, besides interdisciplinary shows research on bayesian
network in education related to students.
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Figure 4. Enhanced Strategic Diagram (ESD)
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Figure 5. The co-occurrence of the author’s keyword with minimum threshold of 10

Discussion and Future Direction

Bayesian networks were constructed in the current study of 'Probabilistic Arguments in Systems Intelligence' by
Pearl (1988), which prompted the acceptance of probability and decision theory in artificial intelligence. The
Bayesian Network officially allows for efficient representation and careful reasoning with definite science.
Bayesian networks make it possible to be able to work from experience as well as combine the best artificial
intelligence and neural networks. Bayesian networks are a family of probabilistic graph models. According to
Devni et al., (2016), data mining in education has become widespread. Bayesian network, which is one of the
data mining approaches, is also one of the main components inherited in data mining. Therefore, the use of the
Bayesian network in education is increasing where the development of intelligence-based systems can facilitate
educators' educational affairs. Furthermore et al., (2017) found that using the Bayesian network in the
development of e-learning-based applications facilitates the ability to conclude the characteristics of individual
users by receiving information data in the form of input from the user. Thus, the development of artificial
intelligence applications in education can be realized using the Bayesian network approach. Moreover, the e-
learning platform developed in the future can be expanded in all educational institutions using Bayesian
Network. The Bayesian network approach was successfully implemented to generate individual student reports
(Salwa et al., 2021). In this case, the method provides recommendations related to an e-learning session attended
by students. Thus, the need to use the Bayesian network approach in education is increasing to guide students in
making a decision related to learning. The finding can be girded by the increasing trend in implementing studies
from 2018 to 2021 (Table 3). In particular, studies for 2019 and 2020 in Bayesian networks in education have
increased. Thus, the future of the Bayesian field is envisioned to increase. This can be seen through the findings
of previous studies that show the significance of the Bayesian network approach in the development of
educational applications and software.

Conclusion

Overall, the findings of previous studies show that research trends in the field of Bayesian networks show an
increased over the past five years. The use of the Bayesian network approach in the development of educational
applications has also shown an increase. Bayesian networks are increasing in line with the expansion of artificial
intelligence and data mining in education (Johnson et al., 2022). The increasing use of tablet and smartphone
facilities among school students also contributes to developing applications using the Bayesian network
approach and artificial intelligence that facilitate the decision-making process in terms of learning (Huang &
Zhou, 2022). This study's findings describe the situation in using the Bayesian network in education, particularly
aspects of trends, the number of publications, and the country published. It also discusses the future direction of
the Bayesian network in education. However, the trend shows an increase in the use of Bayesian networks in
education. There is still a need to expand research related to Bayesian networks in education. In particular,
studies related to the importance and benefits of using Bayesian networks in studies should also be conducted.
Studies on the importance and benefits can show productivity in using the Bayesian network approach in
education.
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