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Abstract. In the era of globalization, education is available without the time and
location limits. Massive Open Online Courses, one of the most popular forms of
education, have been introduced for a decade. Utilizing CiteSpace, this research
investigated the intellectual base andmilestones in the era of Education 4.0, focus-
ing on 4553 documents retrieved from theWeb of Science between 2014 and 2022.
The findings indicated that tracking strategies for the entire learning process, eval-
uating the learning effects, and forecasting students’ learning behaviors, as well
as the influencing variables from consumers’ post-consumption perspectives, are
high-profile research topics or domains. The main progress has been made by elu-
cidating the field’s intellectual structure through recently explored and broadened
datasets.
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1 Introduction

Education 4.0 represents an innovation through the learning processes and resource
implementation (Lasi et al. 2014). Its purpose for reconstructing the design and imple-
mentation of today’s teaching-learning process for optimizing the effects based on
closely integrated innovative technologies under a collaborative and dynamic environ-
ment in the education domain (World Economic Forum, 2020). Meanwhile, Massive
Open Online Courses (MOOCs) have prevailed for over a decade (Breslow et al. 2013),
and their predominant advantages include offering a broad audience through unlimited
access to low-cost and dynamic online education (Liyanagunawardena et al. 2013).
The emergence of MOOCs echoed the need for lifelong learning under a dynamic
environment within a cyber-physical system from a practical perspective.

Using statistical and machine learning methods like Citespace, analyses of bibli-
ographic databases can reveal information about the influence of significant scholarly
works and discipline evolution processes within a specific field. Previous literature on
Education 4.0 or MOOCs was conducted in isolated investigations. It is essential to
identify significant research to understand how these integrated fields promoted mutu-
ally and evolved over the years. The present study aims to comprehensively synthesize
research themes related to Education 4.0 and MOOCs in higher education domains.
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2 Education 4.0 and MOOCs

Education 4.0, with its distinctive features marked as dynamic, innovative, and self-
directed, is introduced and applied in the higher education sector to promote sustainable
and open-access education that produces innovation for achieving the SustainableDevel-
opment Goals (SDGs) of the United Nations (Butt et al. 2020). It is generally accepted
in academia that Education 4.0 has evolved to the fourth stage, from Education 1.0 to the
present Education 4.0 (Chaka, 2022). Global adoption of MOOCs has occurred in par-
allel with the improvement and innovation of information technology, especially in high
education (Meet et al. 2022) [7]. Additionally, MOOCs are seen as an effective medium
for promoting lifelong learning, one of the United Nations’ Sustainable Development
Goals (SDGs) specified for member countries to fulfill by 2030 (Meet and Kala, 2021)
[8].

3 Methods

3.1 Data Collection

Bibliographic records were retrieved from the Web of Science Core Collection, incor-
porating Social Sciences Citation Index (SSCI) and Science Citation Index Expanded
(SCIE). After a series of topic search queries and filtering out less representative record
types such as proceedings papers and notes, the 4553 bibliographic records of the types
of Articles or Reviews in English are used in the subsequent analysis.

3.2 Visualization Analysis

CiteSpace is employed for data analysis and visualization based on sets of bibliographic
records retrieved from the collected paper. It supports several bibliometric studies, while
this study focuses on the following analyses between 2014 and 2022:

• Annual publication analysis with article fitting curve;
• Reference co-citation analysis

4 Results

4.1 Publication years and Journals

Overall, publication trends in Education 4.0 andMOOCs research revealed an increasing
trend (Fig. 1). The research output increased from 3 in 2014 to 1333 in 2022. In this
figure, the vertical axis on the left is devoted to the number of publications per year,
while the vertical axis on the right represents the accumulated number of publications
that contributed to studying Education 4.0 and MOOCs. The horizontal bottom axis
is devoted to the publication year. Moreover, the trend line of publications per year is
demonstrated in blue. The equation is obtained by fitting curve analysis, which indicates
that the polynomial fitting (red dashed line) is of optimal prediction effect, with R2 =
0.9985. Hair et al. (2018) state that the R2 above 0.75 shows substantial predictive power.
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Fig. 1. The distribution of the bibliographic records

4.2 Co-citation Analysis

Landscape View
The following landscape view (Fig. 2) shows the overview of a network based on refer-
ence co-citation. In addition, Table 1 lists 5 major clusters by size since large clusters are
more likely to be produced by the citation patterns of a significant publication, making
them more representative than small clusters (Chen et al. 2012).

Cluster Interpretation
In this section, the study will be focused on the top 3 clusters since they are more
representative than small clusters (Chen et al. 2012).

Fig. 2. A Landscape View of the Major Clusters
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Table 1. Lists of 5 Major Clusters by Co-citations

Cluster ID Size Silhouette Label (LLR)

0 23 0.923 Learning Analytics

1 21 0.964 Online Learning

2 18 1 EFL Student

3 18 0.977 New Digital Technologies Teaching

4 17 0.935 Self-regulated Learning

Cluster #0 Learning Analytics is the largest cluster, containing 23 members and a
silhouette value of 0. 923. The most representative citing paper in this cluster is by
Baneres et al. (2019). This study established a novel adaptive prediction model trained
for each course using solely student grades. It contributes to identifying at-risk students
and implementing the intervention strategy.

Cluster #1 Online Learning comprised 21 members with a silhouette value of 0. 964.
The most representative citing paper in this cluster is by Shanshan and Wenfei (2022).
This research investigated the impact of quality elements on continuance intention based
on the Expectation Confirmation Model, Task Technology Fit, flow theory, and variable
trust through the quantitative analysis of the Partial Least Square Structural Equation
Model. The outstanding cited reference includes work by Dai et al. (2020). This research
again conducted a quantitative analysis in the context of Chinese university students,
revealing that students’ confirmation, satisfaction, attitude, and curiosity can positively
affect continuance intention.

Cluster #2 EFL Student comprised 18 members with a silhouette value of 1. The
most representative citing paper in this cluster is by Yildiz Durak (2018). The study
found that students’ preparation for flipped learning and related indications are essen-
tial determinants of engagement, attitude, programming self-efficacy, and interaction
intensity in programming lessons using the flipped classroom approach.

Citation Bursts
Major milestones can be identified from the references with strong citation bursts. The
following discussions will focus on the 6 articles with the strongest burst in the group
that ended simultaneously from 2014 to 2022 (Table 2).

From 2016 to 2017, the strongest burst is associated with the paper by Reich
(2015), which proposed that researchers, course designers, and other stakeholders should
advance the field from three perspectives: research participation for learning research,
course surveys for cross-context comparisons, and better multidisciplinary experimental
design of post hoc assessment.

Adam et al.s’ (2015) article, sustained over a two-year period, led to citation bursts
beginning in 2017. This study examined the efficacy of MOOCs that provided inte-
grated nutrition and cooking instruction for enhancing eating habits and meal compo-
sition among course participants. The popularity of eating healthy and homemade food
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Table 2. Top 6 References with the Strongest Bursts Ended Simultaneously

References Strength Begin End 2014-2022

Reich (2015) 9.11 2016 2017

Adam et al. (2015) 6.16 2017 2018

Liyanagunawardena and 
Williams (2014)

14.19 2015 2019

Breslow et al. (2013) 15.49 2015 2020

de Barba et al. (2016) 6.28 2020 2022

Sailer et al.(2017) 6.28 2020 2022

has increased people’s propensity to choose home-cooked meals, which has stimulated
interest in this specific research topic.

Among citation bursts that ended in 2019, the strongest burst was led by Liyana-
gunawardena and Williams (2014), with a strength value of 14.19. The paper compre-
hensively analyzed the literature onMOOCs using peer-reviewed articles retrieved from
journals, database searches, web searches, and citations from well-known sources.

The next highly impactful article is by Breslow et al. (2013) from cluster #12. From
2015 to 2020, it experienced the strongest citation value of 15.49. Conducted by a
research team from the Massachusetts Institute of Technology and Harvard University,
this research demonstrates a robust citation burst over five. A team of multidisciplinary
researchers from MIT and Harvard University conducted an initial study of the data
generated byMIT’s first MOOCs, “Circuits and Electronics” (6.002x), with the research
sample comprising undergraduate students in the Department of Electric Engineering
and Computer Science.

Two citation bursts with the same strength value of 6.28 ended in 2022, implying
a promising future research trend. Paying particular attention to those students who
completed the online course, de Barba et al. (2016) investigated the mechanism of
how students’ motivation and participation affect their performance. Similar topics are
presented by Sailer et al. (2017), who analyzed the motivational effects of gamification
from an educational psychology perspective. The findings indicate that gamification
alone is ineffective; however, various game design components can produce different
motivational effects.

5 Conclusion and Future Research

The results indicated that academic interests had increased substantially as annual publi-
cations exhibited polynomial growth between 2014 and 2022. Predictably, this research
area will demonstrate strong sustainability as a prevalent academic issue.



1568 J. Chen

Notwithstanding the rapid development,MOOCs suffer a low retention rate (Reparaz
et al. 2020). The convenience of the online learning system enables students even easier
to abandon the course if they are unsatisfied with it (Alraimi et al. 2015). Multiple
factors, including social (Davis Mersey et al. 2010), personal (Chen et al. 2020), and
course-related (Jiang et al. 2016), can influence students’ learning commitment and
course completion.

Additionally, the most utilized research method in related topics is quantitative anal-
ysis, particularly Structure EquationModelling (SEM), based on data collected from the
survey, interviews, andweb-based platforms. One possible explanation is that, compared
to conventional qualitative literature analysis (Chen et al. 2014), the quantitative analysis
method is directed by a computational methodology, allowing access to a considerably
broader and more diverse range of relevant topics (Rasheed et al. 2019).

Finally, the review article bears important academic significance and practical value.
Due to the rapid evolution at an exponential pace, an updated synthesized review of
the empirical research should be applied to better track intellectual fronts and emerging
trends in related fields.

Further study should continuously focus on conducting updated research to discover
the development of the relevant field.Given that there aremore conceptual and theoretical
academic articles than the ones describing actual, in-the-field implementations, it is
necessary to conduct further study on the practical difficulties of Education 4.0 and
MOOCs in the university sector.
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