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Abstract: With the rapid development of emerging technologies such as big data, artificial intelligence,
and blockchain and their wide application in education, digital education has received widespread
attention in the international education field. The outbreak of COVID-19 in December 2019 further
catalyzed the digitalization process in various industries, including education, and forced the educa-
tion system to carry out digital reform and innovation. Digital education transformation has become
a new hotspot of great interest in countries around the world and a major direction for education
reform practices. Therefore, to better understand the status of global digital education research, this
study uses CiteSpace (6.1.R2) visual analysis software to visualize and quantitatively analyze the
literature on digital education research in the social science citation index (SSCI). First, the basic infor-
mation of digital education was analyzed in terms of annual publication volume, authors, countries,
and research institutions. Secondly, the main fields, basic contents, and research hotspots of digital
education research were analyzed by keyword co-occurrence analysis mapping and keyword time
zone mapping. Finally, the research frontiers and development trends of digital education between
2000 and 6 September 2022 were analyzed by cocitation clustering and citations. The results show
that, based on the changes in annual publication volume, we can divide the development pulse of the
digital education research field into three stages: the budding stage (2000-2006), the slow develop-
ment stage (2007-2017), and the rapid development stage (6 September 2018-2022); there are 26 core
authors in this field of research, among which Selwyn N has the highest number of publications;
the USA, England, Spain, Australia, and Germany have the highest number of publications; Open
Univ is the institution with the most publications; digital education’s research hotspots are mainly
focused on interdisciplinary field practice research and adaptive education research based on big
data support. The research frontiers are mainly related to five areas: interdisciplinary development,
educational equity, digital education practice, digital education evaluation, and digital education
governance. This paper systematically analyzes the latest developments in global digital education
research, and objectively predicts that human—-computer interdisciplinary teaching models and smart
education may become a future development trend of digital education. The findings of this study are
useful to readers for understanding the full picture of digital education research so that researchers
can conduct more in-depth and targeted research to promote better development of digital education.

Keywords: digital education; digital education governance; digital technology; CiteSpace; COVID-19;
knowledge graph

1. Introduction

With the rapid development of emerging technologies such as big data, artificial
intelligence, and blockchain and their widespread use in education, digital education has
received widespread attention in the international education sector. The sudden outbreak
of COVID-19 in December 2019 further accelerated the digital transformation process in
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various industries, including education. At the beginning of 2020, due to the impact of
COVID-19, countries and regions around the world were forced to temporarily close schools
or adopt online teaching. According to UNESCO, as of early April 2020, 194 countries
worldwide were forced to temporarily close schools, affecting nearly 1.6 billion students [1].
In this context, education systems have had to undergo digital reforms and innovations.

Over the past two decades, information and communication technologies (ICT) have
been increasingly used in “digital” education at public universities [2]. In recent years,
digital education has been mentioned more and more frequently, but different authors have
different views on its meaning. The term “digital education” was early mentioned early on
in Skills and Knowledge, referring to the difference between left- and right-handed dexterity
within dentistry [3]. In the 1980s, the term referred to education about digital and electronic
technologies [4]. In the 1990s, “digital education” referred to the understanding of digital
space, digital culture, and educational approaches using digital technology [5,6]. In recent
years, many researchers have referred to it as e-learning [7], technology-enhanced learn-
ing [8,9], digital learning [10], blended learning [11], online learning [12], etc. Sousa and
Rocha define digital education as “the use of multiple types of technological devices, such
as smartphones, tablets, computers, etc., for learning activities” [13]. Z.-T. Zhu. & ] Hu. con-
sider digital education in a broad sense as a complex of socio-educational transformations
in which technology is deeply integrated with the education system, and in a narrower
sense as the introduction of technology into educational organizations and the innovation
and transformation of products, processes, or models formed based on these technolo-
gies [14]. To conclude, digital education should be an innovative teaching model that uses
computer technology and network technology to replace the traditional teaching model to
assist in the progress of teaching and learning and to achieve an efficient classroom without
paper and zero distance for inquiry and interaction. It is a cross-school and cross-regional
education system and teaching model, which is a new trend in future education.

Since the outbreak of COVID-19, the rapid development of digital education has been
pushed forward [15], and as a result, digital education has transformed the traditional edu-
cation system globally through information and communication technologies (ICT). Digital
education aims to create a continuous mobile learning environment [16] with parallelism,
connectionism, and visualization [17,18]. Mobile technologies have brought about mobile
teaching and learning, setting off a surge in distance education and changing the norm
of formal education during COVID-19 [19]. Thus, the mobile learning environment has
changed the traditional educational approach, transcending the constraints of time and
space toward virtual online course delivery [20]. In addition, the use of mobile technol-
ogy in digital education has driven teachers to actively innovate and disrupt traditional
teaching methods [21].

With the accelerating pace of digital transformation in countries around the world,
many countries and international organizations have introduced a series of digital edu-
cation reform policies in recent years, elevating digital education to the level of national
strategy and promoting their reform and development. Australia is one of the leading
countries in the world in terms of the level of digital education, and the development of
its digital education can be traced back to the 1980s, after more than 40 years of devel-
opment, which is a reference value for global digital education reform and development.
In 1983, Teaching, Learning, and Computers: Report of the National Advisory Committee on
Computers in Schools was released, which explicitly proposed “supporting the introduction
of computers into schools and proposing a framework for computer-based teaching and
learning programs” as a key digital reform deployment [22]. In 2020, the Foundation Skills
for Your Future program was launched, which proposed a standard framework of digital
skills for the future [23]. In 2013, the United States proposed the “Connected Education
Initiative”, which proposes to connect schools to high-speed networks [24], and by 2019,
99% of U.S. public elementary and secondary schools will have access to fiber optics, with
an average Internet speed of more than 670 kbps per student [25]; in addition, in 2017, the
International Society for Technology in Education published the ISTE standards for educators,
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which analyzed the different roles teachers play in education and teaching in the context
of the information age from multiple dimensions, and defined the responsibilities and
competency standards for different roles of teachers, to promote teachers’ use of digital
technology to innovate teaching [26]. The German federal government officially launched
the Digital Agreement for Schools in 2019 and plans to invest 500 million euros per year for
the next five years to build school information platforms [27]; in July 2021, the German Aca-
demic Exchange Service (DAAD) released the Digital Transformation of Higher Education in
the 21st Century—Global Learning Report 2021, which focuses on four areas such as equitable
access, institutional digital transformation, digital literacy, and virtual collaboration [28].
In 2017, the Government of the Russian Federation released the Digital Economy Plan of
the Russian Federation, which defines the roadmap for the development of the digital econ-
omy, among which “talent and education” is one of the five basic development directions
proposed in the plan [29]; after that, the “Digital Education Environment” project was
launched in 2018 to establish a safe digital education environment [30]. In September 2020,
UNESCO, the International Telecommunication Union, and UNICEF jointly released Dig-
ital Education Transformation: Connected Schools, Empowered Students, focusing on digital
connectivity in education [31]. In the same year, the EU released the Digital Education
Action Plan (2021-2027), which identifies two strategic issues that need to be promoted
at the EU level in the future: “Promoting the development of high-performance digital
education ecosystems” and “Enhancing digital skills and competencies for digital trans-
formation” [32]. In August 2021, the Chinese Ministry of Education approved Shanghai
as a pilot zone for digital education transformation [33], and a national education work
conference was held on 16-17 January 2022, where the Digital Education Strategic Initiative
was implemented [34]. In summary, it can be seen that digital education has received key
attention from many countries around the world, and the promotion of digital education
transformation has become a national strategic goal in many countries around the world.

Since 2017, researchers have increasingly focused on digital education-related research
and published a large number of papers. According to a search of the Web of Science (WoS)
database, there are few review papers on digital education, and researchers mainly explore
issues such as educational equity in the digital age, the application of digital technologies
in various subject areas, and educational governance. The lack of review articles makes it
difficult for researchers to understand the focus of digital education research and the current
state of research from the huge collection of papers. Literature reviews are considered to be
an effective way of gaining insight into a particular research area [35]. To understand the
current state of research in the field, it is necessary to use scientometric software (CiteSpace)
to conduct a systematic analysis of the field [36].

By using CiteSpace software to systematically sort through existing research, we can
get a clearer picture of the research hotspots, current status, and development trends in
this field, which can provide reference and direction for researchers’ future research [35].
Therefore, by collecting rich materials related to digital education research, this study
attempts to sort out the development of digital education as a whole, summarize the
research progress, and try to get a clearer path and trend of digital education development,
to better predict the future research direction. The main contributions of this study include
the following three points:

(1) Analyzing the basic distribution of digital education research presence, such as au-
thors, countries, and institutions.

(2) Analysis of the research hotspots in digital education research.

(3) Analysis of the research frontiers and research trends in digital education research.

The paper is organized as follows: In Section 2, we briefly introduce the research
methodology, including data acquisition and visualization tools. In Section 3, we present
the results of the visualization in seven areas: annual publication volume, authors, countries,
institutions, keywords, and references cited. Section 4 summarizes the results of the study.
Section 5 briefly describes the limitations and future work.
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2. Materials and Methods
2.1. Data Collection

Compared with databases such as SCI and Scopus, SSCI publications mainly cover
humanities and social sciences literature, and digital education belongs to this category. In
addition, Alotaibi [37] has the most evident finding that the writers of texts in non-SSCI-
ranked journals drew on monoglossic options nearly three times more than the writers of
texts in SSCl-ranked journals did (1.36% vs. 0.493%). This finding is in line with that in
Mei’s [38] study where low-rated essays written by undergraduate students included more
instances of monoglossic recourses compared to high-rated essays. Thus, the research in
the SSCI database is more representative. Finally, SSCI covers a wide range of journals,
it was founded in 1956, and in 1999 SSCI included 1809 of the world’s most important
social science journals in full text, while Scopus is a database launched by Elsevier in
November 2004 and covers more journals but has less impact and is limited to recent
articles [39]. Therefore, since the search in this paper started in 2000, and to enhance the
directivity of the study, only literature from the SSCI database is analyzed in this paper.
This study used the SSCI database in the Web of Science (WOS) core collection as the
data source, which is different from the way Fu [36] et al. selected the data scope, and
the data collection scope of this study is more targeted. The database search title was
restricted to “digital education”, or “Educational Digital Transformation”, or “Digital
Educationization”, or “Digitalization in education”, or “Digitalization of Education”, or
“Digital Transformation of Education”; the time limit for the search data was 1 January 2000
to 6 September 2022; the type of document was selected as “article”; the language was
“English”; and the Web of Science category was “Education Educational Research”. The
literature was exported in plain text format. This filter was validated by experienced
computer researchers, and the retrieved data were filtered and excluded, resulting in
368 articles related to digital education.

2.2. Analytical Methods
2.2.1. CiteSpace and Setting

In this study, a bibliometric approach was used, i.e., “a literature review through
mathematical and statistical methods” [35]. The data sources were analyzed in a multi-
variate, time-sliced, and dynamic visualization using CiteSpace (6.1.R2), an econometric
analysis tool developed by Prof. Chaomei Chen'’s research team [40]. Time Slicing was set
to 1 year. Selection criteria under the Top N% column were set to 25%, and “Static” and
“Show Merged Network” were selected for visualization. The study analyzed the global
digital education research literature in terms of authors, institutions, countries, keyword
co-occurrence, and citation abruptness to analyze the research hotspots, development
history, research frontiers, and trends of digital education research.

2.2.2. Paths of Analysis

To comprehensively analyze the current status and development trend of digital
education research, and based on the characteristics of CiteSpace analysis tools, this study
analyzed its path from the following three aspects:

(1) Basic information analysis of digital education. This allowed us to have an overview
of digital education in general, including the number of publications, authors, countries,
institutions, etc.

(2) Analysis of the research hotspots of digital education. The analysis of keyword
co-occurrence mapping and time zone maps allowed us to understand the main areas, basic
content, and research hotspots of digital education research since 2000.

(3) Analysis of the research frontiers and trends of digital education. A research
frontier consists of a set of co-cited core papers and references to one or more of these core
papers [41]. By clustering and analyzing the co-cited references, the references that were
cited more frequently were filtered out based on these clusters, and these articles were
read closely to understand the current research frontiers of digital education. Abruptness
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analysis was used to identify citation bursts, which refers to the intensity of the sudden
appearance or disappearance of citations for a research topic in a certain research field
during a certain period, and to some extent represents the direction of a shift in a certain
research trend [42]. Based on the observed sudden changes in citations in different periods,
the trending research themes in different periods were inferred.

3. Results and Analysis
3.1. Basic Information Analysis of Digital Education
3.1.1. Annual Distribution of Publications

Statistical analysis of the number of publications of research papers in a given field
provides insight into the development of the field. The annual volume of publications in
the literature presents the trend of changes in academic attention to research topics over a
certain time frame [43]. According to the search results, 368 papers on digital education
were published from 1 January 2000 to 6 September 2022, and the annual changes are
shown in Figure 1.

70
60
50
40
30
20

10

0
2000 2003 2006 2009 2012 2015 2018 2021 2024

Figure 1. Digital education annual publication statistics.

Based on the changes in the number of annual publications, the development line of
this research field can be divided into three phases, namely the budding phase, the slow
development phase, and the rapid development phase. In the first stage (2000-2006), the
budding stage, digital education research was just starting, and the number of published
papers was low, averaging one paper per year. In the second phase (2007-2017), the research
related to digital education showed a slow increase during the decade, and several research
results appeared in this phase, with an average of about 11 publications per year. The third
phase (6 September 2018-2022) is the rapid development phase, where digital education
research develops rapidly; the number of literature reached 64 in 2021, and many research
results emerged during this phase, with more abundant research results. During these four
years, the average number of publications per year was 48.

Based on the trend in the number of publications over the period 2000-2022, we can be
predicted that the number of publications will reach approximately 78 by the end of 2022.
A large number of researchers focusing on the field of digital wducation have emerged
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since 2020 due to COVID-19 and the use of new digital technologies in education that have
forced many countries to undergo digital education transformation.

3.1.2. Core Author’s Analysis

The number of publications by core authors can, to a certain extent, reflect the breadth
and depth of a research field [44]. According to the core author formula: M = 0.749(N ax) /2,
where M is the number of publications, N4y is the number of papers of the author with the
most publications, and an author with more than M publications is called a core author [45].
The authors with more than or equal to two publications in digital education research are
core authors, and there were 26 core authors according to the formula. A statistical analysis
of the core authors of digital education research (Table 1) and a co-occurrence mapping
analysis of the core authors (Figure 2) led to the following conclusions:

Table 1. Statistical table of core authors analysis.

Serial Number Author Percentage %0  Number of Papers
1 Selwyn N 13.587 5
2 Chang S, GrimaldiE 8.152 3

Battro A, Seale J, Ruiz-Corbella M,
Taglietti D, Chen H, Decuypere M,
Carey K, Edwards S, Lea M, Chan C,
3 Adukaite A, Gutierrez MartinA, 5435 5
Ivala E, Guillen-Gamez F, Brogger K, '
Landri P, Bedenlier S, Meratla P,
Garcia-Gutierrez J, Cantoni L,

Bem-Haja P, Instefjord E, KnoxJ,
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WoS: C: \Usevs\zjckiz-OZ\Desklop\d|g|(al\data

Timespan: 2000-2022 (Slice Lengtl

Selection Criteria: g-index (k=25 U RE=3.0, LIN=10, LBY=5, e=1.0
Network: N=339, E=227 (Density=0.004)

Largest CC: 7 (2%)

Nodes Labeled: 1.0%
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Figure 2. Author co-occurrence mapping analysis.

According to Table 1, the core author with the highest number of publications is
Selwyn N, with five articles, whose research areas are mainly related to education, sociolog-
ical theory, and computer science. In the field of sociology, the research focuses on digital
natives [46] and the role of sociological theory in digital technology [47], respectively; in the
field of computer science and education, the research focuses on the application of computer
technology in university teaching [48], Web 2.0 applications as an alternative environment
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for informal learning [49], and an investigation of undergraduate students” differences in
academic use of the Internet [50], with the most frequently cited research literature being
“The digital native-myth and reality”, with 1256 citations. In addition, other core authors’
research involves disciplines such as education, economics, computer science, mathematics,
and sociology, and some researchers have interdisciplinary and cross-disciplinary research.
The following information can be mapped in the author’s collaborative network knowledge
domain with 339 author nodes and 227 connecting lines, and the figure shows the academic
collaborative relationships among authors engaged in digital education research, with the
node size and connecting lines between nodes representing the number of publications
and the collaborative relationships and strengths among the authors of the publications,
respectively [51]. From Figure 2, it can be seen that digital education research authors show
characteristics such as more nodes and fewer connections. This indicates that global digital
education research has not formed a cooperative community, that there is almost no com-
munication and cooperation among authors, which needs to be strengthened in subsequent
research, and that cooperation and communication among authors can promote the output
of more research results and promote international digital education transformation.

3.1.3. Country of Origin of the Article

The collaborative network of countries shows 58 nodes and 92 lines connecting the
nodes (Figure 3), where the top five countries are the USA, England, Spain, Australia,
and Germany with 54, 52, 44, 44, and 25 publications, respectively. In addition, the USA,
England, Australia, Turkey, Canada, and Germany all have a centrality of more than 0.1.
Most of the countries with high publication volume and high intermediary centrality
are found in Europe, which may be due to the economic and educational environment
in Europe that makes European countries form a strong research system. The alliances
and organizations of European countries in digital education research, as well as the
development and enactment of some policies, are important and widely referenced for the
research and development of digital education. Among them, Germany has introduced
several important strategies and policies in the field of digital education and promoted
the digital transformation of all levels and types of education through several digital
education reform initiatives. The successful experience of Germany is of great significance
to the development of global digital education and the enhancement of the comprehensive
strength and international competitiveness of education in each country.

CiteSpace, v. 6.1.R2 (64-bit) Basic

November 12, 2022 at 5:21:28 PM CST

WoS: C:\Userslzjcktz-02\Desktop\digitalidata

Selocion Cottoria: g ndx (25 L RF=3.0, LIN=10, LBY=5, e=1.0

election Criteria: g-index (k=25), LRF=3.0, LIN=10, LBY=5, e=1.1

Network: N=58, E=92 (Density=0.0557) NORWAY

Largest CC: 295 (508%)

Nodes Labeled: 1.0%

Pruning: Pathfinder MALAYSIA SWEDEN
=0.6466

IRELAND FINLAND

eigl a
Harmonic Mean(Q, $)=0.7394

BELGIUM GERMANY
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ENGLAND PEOPLES R CHINA
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BRAZIL SCOTLAND MEXICO

o PORTUGAL

Figure 3. Country-by-country digital education research co-occurrence analysis.
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3.1.4. Research Institutions

A visual analysis of research institutions reveals that 268 institutions are conducting
digital education research, with only 124 collaborative links between research institutions,
which is a low level of collaboration between research institutions. In recent years, six
research institutions have published more than five articles in the field of digital education.
Open Univ has published the highest number of high-quality papers at eight. The mapping
of research institutions presented in Figure 4 also reflects the trend that more and more
institutions are gradually showing a tendency to develop in teams and satisfy increasing
interinstitutional communication. For example, research teams led by Monash Univ and
the Australian Catholic Univ, respectively, have published a large number of papers on
digital education, which is one of the reasons for the high number of papers published in
the United States and Australia.

CiteSpace, v. 6.1.R2 (64-bit) Basic
November 12, 2022 at 4:34:14 PM CST
Wos: C:\Users\z;

Selec ria: g-index (k
Network: N=268, E=124 (Density=0.0035)

Largest CC: 12 (4%) Univ Oslo
Brumng: Patfinder” . Katholieke Univ Leuven
Loughborough Univ
Univ Bristol
Open Univ Monash Univ
Helmut Schmidt Univ Hamburg
Univ Valencia Hong Kong Inst Educ Aarhus Univ

Univ Melbourne

Univ Limerick Univ Technol Sydney

Deakin Univ
Cape Peninsula Univ Technol
Univ Rovira & Virgili Australian Catholic Univ

Univ Edinburgh Univ Autonoma Barcelona
Q land Univ Tech

Univ Nacl Educ Distancia
Nanyang Technol Univ

Figure 4. Analysis of co-occurrence mapping of research institutions.

In addition, the dual-map overlay analysis of published journals studied by digital
education is more useful for analysts and decision-makers to understand where a journal is
academically located and in which direction it may be moving in a complex pedagogical
environment [52]. As shown in Figure 5, the journal dual-map overlay arcs, citation links,
and trajectories over time facilitate research analysis across multiple groups of publications
at the interdisciplinary, organizational, and individual publication levels, with the dashed
line depicting the links between different disciplinary boundaries. Thus, the distribution
of the publication portfolio presents the citation and cited intensity of 268 publishers,
indicating less interinstitutional collaboration (dashed line intensity on the right side of
Figure 5) [53]. Table 2 indicates the number of matches between citing and cited journals
for each year. Four articles published in 2007 in the SSCI database cited references to
96 journals. The relatively small number of cited journals in the first seven years explains
the large variation in citation trajectories. Similarly, a large number of cited journals after
2007 explains why the trajectory of cited journals is much more stable over the years.
In summary, the research trajectories in Figure 5 show that digital education research is
highly concentrated. The trajectory of cited journals is compact. In this part, in contrast to
Shi et al. [53], our dual-map overlay analysis was more focused, avoiding the influence of a
large number of marginal areas on digital education research and providing a more in-depth
investigation of digital education journals. Further analysis of the interpretation of digital
education research literature revealed that global research on digital education mainly
includes education and teaching research, computer science and artificial intelligence,
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computer science information systems, and interdisciplinary applications of computer
science [54-56].
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7. PSYCHOLOGYJEDUCATION, SOCIAL
N1 EéONOM(Cs, ECONOMIC, POLITICAL
L YT T

Figure 5. Journal dual-map overlay analysis.

Table 2. Number of citing and cited journals matched in each year.

Citing Journals Cited Journals Year Citing Journals Cited Journals Year
1 0 2000 11 326 2012
1 85 2001 9 376 2013
1 28 2002 11 461 2014
1 19 2003 11 468 2015
1 15 2004 18 818 2016
1 8 2006 15 754 2017
0 0 2005 18 1025 2018
4 96 2007 36 1684 2019
5 131 2008 36 1923 2020
5 231 2009 42 2417 2021
3 92 2010 30 1608 2022
9 322 2011

3.2. Analysis of Research Hotspots of Digital Education

The keywords of digital education-related research were analyzed using co-occurrence
mapping (Figure 6), and the top five keywords with the longest existence time and fre-
quency of occurrence were: “higher education”, “technology”, “digital literacy”, “student”,
and “digital technology”; therefore, they can be considered as the most basic knowledge,
main fields, and research hotspots in the field of digital education. Based on the keyword
chronology chart, it can be concluded (Figure 7) that the core fundamentals of the digital ed-
ucation domain began to emerge after 2007, and with the continued overlay in subsequent
years, they have become the key fundamentals. Among them, higher education, technology,
digital literacy, and the Internet have relatively high mediating centrality values and are the
mediating keywords for the digital education subject cluster and interdisciplinary studies.

In addition, the occurrence of these keywords always showed some correlation with
other keywords, such as the impact of changes in data integration on traditional educa-
tion [57] and the knowledge of different subject areas providing the basis for interdisci-
plinary integration [58]. Adaptive learning such as using online education data to enhance
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2000

student learning, reduce the heterogeneity of students’ basic knowledge, and enhance the
diversity of teaching models was found to deliver significant improvements in learning
outcomes [59]. The dynamic changes in digital education have led to a new paradigm
of digital education toward intelligence [60]. The trend of digital integration has led to a
systematic pattern of interdisciplinary integration in many teaching and learning areas [61].
The indicators of instructional development in digital education are combined with instruc-
tional evaluation and are widely used in areas such as the study of students’ development
of learning outcomes and problem-solving skills.
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Digital education focuses its research on pedagogical ecology, pedagogical environ-
ment, and pedagogical development [62-64]. Teaching ecology refers to a digital education
teaching ecology formed by the variety of research fields and the connection between each
research field in digital education. Pedagogical environment refers to the environmental
guarantee for the realization of digital education, such as teaching resources, teaching
tools, etc. Pedagogical development refers to the sustainable development and trending
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topics of related fields in digital education. Digital education presents multidisciplinary
and multidisciplinary coordination with a strong centrality, which serves the ultimate goal
of the pedagogical ecology of digital education, which is to diversify pedagogical ecology.
The planning and evaluation of digital education are oriented toward the pedagogical
environment and pedagogical development, the use of digital tools for teaching objects
to enhance learning activities, the coordination of the process of pedagogical activities of
teachers and students, and ensuring the sustainability of the pedagogical ecology and the
resources of the pedagogical environment of digital education [65]. The pedagogical envi-
ronment is the vehicle and the basis on which digital education can be implemented, and
the interaction of policies and economies in different countries or regions has led to changes
in the development and structure of the digital education pedagogical environment [66,67].

3.3. Digital Education Research Frontiers and Trend Analysis
3.3.1. Digital Education Research Frontiers

The keyword co-occurrence clustering view of digital education was generated with
the keywords of the cited references as nodes (Figure 8), and the maximum display in each
node was the total number of citations. Q value represents the degree of modularity, and
Q takes the value interval generally [0,1], the larger the value means that its clustering
effect is better, if Q > 0.3, it indicates that the delineated clustering structure is significant.
The network homogeneity evaluation index silhouette S (Silhouette), S > 0.5 means that
the clustering result is reasonable, and as the value of S is closer to 1, it reflects the higher
homogeneity of the network [68]. Q = 0.6466 represents the significant modularity of
the clustering network and S = 0.8634 represents the relatively high homogeneity of the
network, yielding good results obtained from keyword clustering. In Figure 8, the 10 most
representative and broadest clusters were analyzed, and these clusters fit the digital ed-
ucation domain more closely. To improve the directivity of the cluster analysis, only the
five most frequently cited clusters with the highest homogeneity were presented, and then
the highly relevant terms derived from these clusters were summarized (Table 3). Through
in-depth reading and analysis of the frequently cited references in the core keyword clusters,
we found the following five main research paths in the digital education research field
today and sorted out the core contents.
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Figure 8. Keyword co-occurrence clustering view analysis.
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Table 3. Keyword co-citation clustering (Top 5).
Cl?];ter Size Silhouette = Mean (Year) Core Terms
9 12 0.957 2010 art education; instructor assessment; learning experience; digital portfolio
4 28 0917 2015 digital storytelling; digital game use; English-language learning; family literacy
1 36 0.914 2014 disabled student; right kind; complex rela?lonshlp; changing teacher role;
energy education
7 17 0.912 2012 dominant discourse; multicultural education; digital equity; Bogota Colombia
8 13 091 2015 digital culture; democratic citizenship; digital engagement; digital media

literacy education

(1) Interdisciplinary development path

The main reason for the shift in the pedagogical perspective of digital education
is the demand for new types of human resources in the new era, especially due to the
development of information technology and big data modeling in recent years, which
has driven the field of education gradually in the direction of digitalization. For example,
the book Education in a Digital World states that education should be viewed from the
perspective of digital technology and globalization [69]. This transformation has promoted
the exchange between different disciplines and formed a form of digital education that
has developed across disciplines. The terms analyzed in the above keyword clustering in
this category are art education, multicultural education, digital storytelling, and English-
language learning. Bolliger et al. surveyed Japanese students’ perceptions of the use of
digital games for English-language learning in higher education through a questionnaire
and concluded that the majority of students believe that the use of digital games facilitates
English-language learning [70]. Makhachashvili and Semenist conducted a comprehensive
analysis of global interdisciplinary trends in digital education in the context of COVID-19
and found the interoperability of “soft skills” and digital communication skills across
time and stages of liberal arts education [71]. In addition, Abdullayeva et al. suggest the
possibility of an interdisciplinary transition to systematization [61].

(2) Educational Equity Development Pathways

In recent years a wide range of researchers have tended to focus on the development of
systems such as teaching resources facilities and teaching opportunities to study educational
equity. We can find different levels of research scope in clustering themes such as digital
equity, disabled student, family literacy, etc. Resta and Laferriere [72] described the needs
and challenges of the time in terms of digital equity and intercultural education and
found that technology is helping to promote intercultural understanding and educational
equity. Gorski argues that the first concern in the issue of educational equity needs to
be the elimination of digital inequalities based on which the dominant discourse can
be reconstructed if we are to achieve true multicultural education [73]. Eynon used a
quantitative research approach to explore the digital divide in the UK. The study found that
the reasons for important differences in learning outcomes between non-Internet users and
Internet users were shaped mainly by different factors such as age, educational background,
skills, attitudes, and experience [74]. To enhance educational equity practices, Prins [75]
analyzed the DST curriculum in rural Ireland and concluded that the potential exists for
the use of multimodal combined learning models in home learning and adult education to
promote the development of educational equity.

(3) Digital Education Practices Research Pathways

Even though the practice environment for early digital education research was tough,
some astute scholars found that digitalization is a new direction in education [76]. Kolesnikov
conducted practical research on visualization and interaction support strategies for dig-
ital education from the perspective of human needs theory [77]. The above-mentioned
cluster analysis shows that the advantages of digital education include the expansion of
the boundaries of “self-directed learning”, the development of leadership in the teaching
environment, the creation of conditions for the formation of individual educational tra-



Sustainability 2022, 14, 15157

13 of 20

jectories of students, the modernization of tools for assessing students” knowledge, and
the differentiation of teaching forms and methods [78]. In addition, according to a critical
analysis of articles on the subject of practice research, the following potentially damaging
consequences of digital education were identified: driving quality teachers with insuffi-
cient digital competencies out of education; information overload leading to redundancy;
increase in cognitive distortions; deepening of the digital divide; increased formalization
of education while becoming dehumanized; etc. Therefore, objectively confronting the
strengths and weaknesses of digital education in practical studies on digital education is a
must for the development of the field.

(4) Digital Education Evaluation Research Pathways

In recent years, a reliable and stable trend has played an important role in the devel-
opment of the digital education research ecology; therefore, digital education evaluation
research has become particularly important. Its research has focused on dynamic service
evaluation and quantification of learning outcomes that guide and assist the teaching and
learning process [79,80]. For example, children’s perspectives on and experiences of using
digital videos in elementary physical education classes were evaluated, and the impact of
digital video use on learning motivation, feedback, self-assessment, and learning was then
studied. The study concluded that the use of digital videos can enhance students” motiva-
tion, feedback, and performance during the learning process of physical education skills in
elementary school [81]. One of the most difficult tasks in the field of art education is assess-
ing students’ artwork, and digital assessment can be a good solution to this dilemma. The
use of digital portfolio assessment tools to assess student work is critical to how teachers
develop workable criteria for assessment [82]. In exploring the impact of digital narratives
on student motivation and satisfaction in EFL education, digital narratives were found to
be an effective assessment tool that can be used in learning environments to support the
development of students’ language and digital skills [83].

(5) Digital Education Governance Research Path

The modernization of educational governance is an important part of the modern-
ization of national governance, and the comprehensive implementation of educational
governance is a major theoretical and practical issue that must be faced and solved to build
a strong educational country. With the wide application of digital technology in education
and the acceleration of digital education transformation, digital education governance
has received attention from researchers in various countries. Dezuanni points out that
while it is important for young people to develop creative and practical skills to produce
their media, it is important for them to think critically about the technological context of
digital media production, distribution, and use, and its impact on society and individuals is
equally important [84]. Pérez points out that in the educational teaching process, teachers
need to teach students not only how information and communication technology can be
effectively applied, but also to develop civic literacy and a sense of responsibility [85].
Digital education governance requires not only the involvement of the state, educational
administration, and schools, but also, in addition, digital education governance involves
various aspects of education, such as educational evaluation and resource management [86].
In summary, the core of digital education governance is to focus on people; to promote the
comprehensive, free, and personalized development of people; to create and open up new
educational forms and scenarios; and to achieve the transition from “digital + education”
to “education + digital” by addressing practical needs. In the process of promoting human
development, the unique value of digitalization is brought into play, so that technology can
serve human development.

3.3.2. Trending Topics in Digital Education Research

The citation explosion indicates that researchers are focusing on these articles [87]. In
this paper, a visual analysis of SSCI database articles in the Web of Science (WOS) core
collection using CiteSpace yielded references with strong citation bursts. Table 4 shows the
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top 13 references with the strongest citation bursts (this paper is sorted by the onset of the
citation bursts).

Table 4. Top 13 References with the strongest citation bursts. (stands for the initial letter
is capitalized).

References Year  Strength Begin  End 2006-2022

Becta, 2008, Harnessing technology: Next
generation learning 2008-14, VO, PO

Bennett S, 2008, BRIT ] EDUC
TECHNOL, V39, P775, DOI 2008 2.3 2011 2013
10.1111/j.1467-8535.2007.00793.x, DOI

Jones C, 2010, COMPUT EDUC, V54,
P722, DOI 2010 3.08 2012 2013
10.1016/j.compedu.2009.09.022, DOI

Ala-mutka K, 2011, MAPPING DIGITAL
COMP, V0, P7 2011 2.31 2015 2016

Williamson B, 2016, ] EDUC POLICY,
V31, P123, DOI 2016 1.45 2016 2020
10.1080/02680939.2015.1035758, DOI

Allais S, 2014, DOES MATRIC
MEASURE, V0, PO 2014 115 2016 2017

Adukaite A, 2016, ] HOSP LEIS SPORT
TO, V19, P54, DOI 2016 1.24 2017 2018
10.1016/j.jhlste.2016.08.003, DOI

2008 1.18 2009 2011

Organization for Economic Co-Operation
and Development (oecd), 2015, STUD 2015 1.17 2018 2019
COMP LEARN MAK, V0, PO

Lupton D, 2015, SPORT EDUC SOC, V20,
P122, DOI 10.1080/13573322.2014.962496, 2015 2.07 2019 2020
DOI

Williamson B, 2017, BIG DATA ED
DIGITAL, V0, PO, DOI 2017 2.07 2019 2020
10.4135/9781529714920, DOI

Van LAARE, 2017, COMPUT HUM
BEHAV, V72, P577, DOI 2017 3.22 2020 2022
10.1016/j.chb.2017.03.010, DOI

Bond M, 2018, INT ] EDUC TECHNOL
H, V15, PO, DOI 2018 1.41 2020 2022
10.1186/541239-018-0130-1, DOI

Robertson SL, 2019, COMP
METHODOLOGY ERA, V0, P169

2019 1.41 2020 2022

The dark green line in Table 4 indicates the citation timeline for a particular citation
burst, the period for each citation burst is presented as a red line, and “strongest” indicates
the sudden growth rate of the citation [53]. As can be seen from the figure, the citation bursts
started as early as 2009 [88]. The strongest citation burst is associated with a review article
published by Van LAARE in 2017, which focuses on the relationship between 21st-century
skills and digital skills or literacy [89]. The article noted that 21st-century skills are broader
than digital skills and that in addition to skills, knowledge and attitudes are considered
critical for students to succeed in the learning process. Moreover, 21st-century skills are not
necessarily based on information and communication technology (ICT), whereas digital
skills need to be developed by relying on information and communication technology
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(ICT). Both 21st-century skills and digital skills tend to focus on the skill level of citizens or
students rather than on the skill level of the workforce.

In the last decade or so of digital education research, digital skills (3.22) [89] and the
online generation or digital natives (3.08) [90] have been the two research themes with
the highest mutational intensity. Digital education research during the period 2009-2013
focused mainly on discussing the meaning of digital natives, a period in which different
researchers held different views on the meaning of digital natives [90,91]. During 2015-2019,
with the development of digital education and the deep integration of digital technologies
represented by artificial intelligence, blockchain, cloud computing, and big data in the field
of education, the need strengthen the capacity of digital governance in education became
more urgent. Therefore, the research related to digital education governance, digital
technology, and digital capacity during this period has become a focus of researchers’
attention [92-94]. Since 2020, due to the COVID-19 pandemic and the widespread use
of new digital technologies in the education field, new learning environments have been
innovated, changing the way of educational information dissemination while triggering
educational teaching model changes. While researchers in this period have continued to
focus on digital technology, digital literacy, and digital education governance, they have
also focused on research related to digital education transformation and interactive digital
teaching and learning [95-98].

4. Conclusions

This article used the CiteSpace (6.1.R2) tool to perform a statistical analysis of the
research papers related to digital education in an econometric and scientific manner and
presents it visually, which is useful for analyzing the current situation of the research field of
digital education. The article focused on the visual analysis of authors, several publications,
countries, journal institutions, keywords, and citations. The results of the study show
that the annual number of articles published in digital education research worldwide has
been increasing continuously since 2000 and has shown a phased development. This is
similar to the results of other digital education studies. For example, Bozkurt conducted
a data mining and visualization analysis for digital awareness education and found a
sudden increase in educational technology-related literature after 1993, pointing out the
characteristics of the phases of digital education development and exploring the possibility
of interdisciplinary development of digital education [99]. As the number of publications in
this field continues to increase, it indicates the growing research interest in digital education
among relevant researchers worldwide.

At the level of countries, institutions, journals, and authors, it was found that the
attention of digital education research is mainly influenced by macro factors such as na-
tional policies, and economic and educational structures. Digital education research has
been conducted in a variety of disciplines, including education, economics, computer
science, mathematics, and digital sociology, and the current state of research is interdisci-
plinary. More and more institutions and journals are exploring digital education research,
and the links between them are getting closer. However, there are fewer collaborative
exchanges among posting authors at the moment, but there has been a gradual trend
toward teamwork.

A visual analysis of highly cited literature and keywords revealed that the research
hotspots of digital education are mainly interdisciplinary field practice research- and
adaptive education research-based on big data support. In particular, the influence of
COVID-19 makes it possible for digital education research to transform into wisdom
education. In terms of information technology, it involves aspects such as neural network
algorithms and big data computing. In terms of pedagogical theory, digital education
research based on big data support can provide students with a more scientific adaptive
learning approach that is in line with their cognitive development. In addition, under the
influence of the epidemic, a large digital divide can be formed in the educational practices
of different countries or regions. Therefore, it is necessary to conduct teaching and learning
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practices of digital education in the present time. The human-computer interdisciplinary
teaching model is a global trend, and big data technology is used as a guide for teaching
and learning research design.

The research in this paper can be integrated with big data from actual teaching and
learning to promote the implementability and effectiveness of human—computer integrated
teaching and learning. Today, many educational researchers compare digital education
instruction with other educational instructional approaches, and research has shown that
research on instructional practices in digital education is executable and effective.

Statistical analysis showed that there is a lack of comprehensive bibliometric research
in the field of digital education research. This paper explored the current status and devel-
opment of research in the field of digital education, which provides relevant information on
author research teams, institutional groups, journal distribution, institutions, and countries.
Finally, this paper provides an objective forecast of the research trends in digital education
as a reference for subsequent research.

5. Limitations and Future Work

Although this study systematically analyzed the latest developments in digital edu-
cation research, there were still some limitations. First, the limited amount of literature
analyzed. We only analyzed articles from the SSCI database and they were all written in En-
glish, ignoring articles written in other languages and articles included in other databases,
and the depth and comprehensiveness of the analysis were insufficient. Second, we only
analyzed the literature and lacked some empirical evidence of the literature findings. When
applying the CiteSpace tool for co-citation clustering, there were 10 clustering samples,
and we only analyzed the research paths of 5 clusters with more citations and higher
homogeneity, and the analysis was somewhat subjective. Understanding more specific
research paths requires more intensive reading of the literature and more in-depth research
and analysis on this basis. These shortcomings will be further addressed and analyzed in
our subsequent studies.
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