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Abstract

With the widespread use of the Internet, online education is getting more and
more attention. This paper collects online education literature collect in Web
of Science from 2018 to 2020 and analyzes it in three aspects: co-author net-
work, co-occurrence network, and co-citation network, showing the current
status of online learning in China in recent years. Based on network educa-
tion can fully display teaching information and resources, form special learn-
ing websites and virtual communities, and provide a collaborative learning
environment for teachers and students. Through the monitoring and man-
agement of the subnetwork, students’ learning experience and status can be
recorded. It is meaningful for understanding the research hot topics of online
education in China and equally valuable for understanding the collaboration
patterns and citation status of Chinese scholars in this field.
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1. Introduction

Online education began in the mid-1990s. With the development of society and
the advancement of science and technology, online education has become a very
novel form of education. In the last two years, the global epidemic has led to the
development of online learning. Many schools and colleges have been unable to
teach offline in this scenario and have made a hasty transition to online learning,
and many online education platforms have entered in the public vision (Chen
Zibo et al., 2014). Since the educational system developed based on WAP by on-
line educational institutions to now exploring the needs of lifelong learners, the
“Tower of Experience” theory published by Dell in the audio ovisual teaching
stage in 1946 laid a good foundation for educational technology-media tool theory.
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With the development of online education, a large number of scholars have con-
ducted research on online education and published a large number of papers in
important academic journals. These studies reveal the current situation of the
development of online education in China and the problems brought about and
to be faced by the development of online education. Based on the high-quality
papers, this paper uses the VOS VIEWER tool to analyze the development of on-
line education in China. In order to have a clear understanding of the current
status of online education research in China.

2. Data Sources and Analysis Tools

2.1. Data Sources

The core collection of the Web of Science database was selected as the data source,
and 19,390 articles were retrieved under the topic path of “online education”
with the time span of 2018-2020. From the search result, we selected “PEOPLES
R CHINA” from “Country/Region” in the refined search results on the left side,
and then obtained 3802 papers on online education in China. These 3802 papers
are the data used in this study

2.2. Analysis Tools

Vosviewer is a software tool for creating maps based on network data and for
visualizing and exploring these maps. The functionality of Vosviewer can be
summarized as follows: 1) maps based on network data. 2) Although Vosviewer
is intended primarily for analyzing bibliometric networks, it can be used to create,
visualize, and explore maps based on any type of network data. From 2014-2015,
Liu Xianjun and his team conducted a survey on Chinese college education, and
put forward two important development directions of academic and application.
Vosviewer has become an important tool for knowledge mapping research on

scientific data in recent years.

3. Data Analysis

Select Vosviewer as the tool to analyze the data, and first select “create a map
based on bibliographic data” in creating to create a visual network of co-author
(Cheng Qikai et al., 2019), co-occurrence, and co-citation relationships. Then,
select “read data from bibliographic database files” in Select data source. After

selecting, import the data downloaded from Web of Science.

3.1. Co-Author Analysis

A collaboration network is a hot research area in complex network analysis, which
is a network formed by the cooperation relationship between scientists and re-
search institutions. In this network, researchers or research institutions are ab-
stracted as a node and their collaborative relationships (joint publications, etc.)
are abstracted as lines, thus forming a complex network of research collabora-

tion. As the complexity of scientific problems increases, collaborative research
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among global scholars has become a way to produce high-quality research re-
sults. Looking at the collaborative network of authors in a field reveals the depth,
intensity, cliques, and major contributors of collaboration in that field.

To observe the collaborative network of high publication authors, only au-
thors with at least 5 papers in Web of Science were selected for this study, which
can be set in Vosviewer. To do this, we first imported the 3802 papers collected
above, and then in Vosviewer, in the “choose type of analysis and counting me-

» <«

thod” screen, we selected “type of analysis”, select “co-authorship”, “unit of analy-

» o«

sis”, “authors , select “full counting” in “counting method”, and then select “min-
imum” in “choose threshold”. In “minimum number of documents of an author”,
select 5, and in “minimum number of citations of an author”, select 0. Then in
the “choose number of cited authors” screen, select not to show all 260 items that
are not linked to other authors. Finally, in the “verify selected authors” screen,
select all options and click finish. The author collaboration network is obtained

(see Figure 1).

3.2. Co-Occurrence Analysis

The graph is composed of 19 groups of subnetworks formed by 188 authors
posting together, generating a total of 261 links, with a total strength of 414 links
between them. The most representative of them is the network formed by the
core of Wang Wei, Zhou Pan and Liu Yang. Wang Wei’s 27 articles and other

b
zhang/guoging

ge. =higiang.
chenyxu xie, xiangpeng
tiany qi
e i zhang, huaguang  wang, peng
Ay yang, bo
lgwm Hp zhang,kun li.yang xie, haoran
hoi, steven c. h. hew, khe foon
_ song, jiangning
gao, liang i lifbin wang)taos
y  ifpn "
zhoy, pan wang, giang i
xu, jie o tao, dagheng®" ) . ii- O
%o ™ ijing "8 liang d‘g g ,.haw,#e""
wi ® liggin Wang, yu - i keqin ligo
@ 'zhang,yong g li,;hao li, ying i
re J lii li e
% hang, ning ' 'zhang, peng
liugbin wang, wel huang, wei liwgmin
4 lijyan
huang, rui uyzhang, lei B wan@in
wang, p'ng ephone Y wang, xin . nine
wang, meng /" XUk AUARNE congyang
o 1 liu, yang
chen, lei ®
liujyvan g ' chigfe pan, yengping
ong,fichang y@”ar\h ugb
wang bo  Mhweib-Gg xiagiing
e wang, haiy
livtong
@
liuW

wang,gwuang

Figure 1. Online education author partnership network.
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authors form 11 subnetworks, generating 13 links; Wang Wei is an important
node, and all other nodes are connected to him, with him as the center, showing
a center-outward diffusion pattern. 15 articles of Zhou Pan and other authors
form 16 subnetworks, generating 7 links; 17 articles of Liu Yang and other au-
thors formed 15 groups of subnetworks and 9 links. The links derived from them
also have a significant proportion in the figure.

It is clear from Figure 1 that the authors of articles on online education in
China with a higher number of articles generate a similarly high number of sub-
networks and connections (Guan & Li, 2014). At the same time, this figure clearly
shows that collaboration among key investigators is more prevalent. However,
simple small networks of a few individuals account for the majority of the colla-
borative networks of principal investigators, and large complex collaborative
networks have not yet been formed.

In literature citation, keywords are defined as words and terms selected from
the literature that encompass and represent the topics, methods, and informa-
tion items of the full text. If a pair of keywords appear together in the same
document, they are considered to have a co-occurrence relationship, and the co-
occurrence strength is equal to the number of documents containing these key-
words. The greater the co-occurrence intensity, the stronger the connotation cor-
relation between two words and the better the consistency on the topic, and the
associated network calculation of keyword co-occurrence can reflect the struc-
ture and evolution law of the research topic, for this reason, this paper constructs
the co-word relationship network with online education data.

In Vosviewer, select “type of analysis” in the “choose type of analysis and count-
ing method” screen, select “co-occurrence”, “all keywords” in “unit of analysis”,
and “counting method”. In “counting method”, select “full counting”. After that,
select 5 for “minimum number of occurrences of a keyword” in “choose thre-
shold”. Finally, in the “verify selected keywords” screen, select all options and click
finish to ignore all items that are not connected to other authors in the 260 items.
All items that are not linked to other authors are ignored. graph of the co-word
network is obtained. (See Figure 2)

Figure 2 consists of a total of 925 words and eight subgroups. The total num-
ber of links is 23,515, and the total strength of their connections is 35,671. The

» «

most representative words are “model” “deep learning” “algorithm” “classification”

» «

“performance” “design” “optimization” “machine learning”. There is also a strong
connection between these most frequently repeated words.

The word “model”, for example, has only 2 subnets, but forms 296 links with a
total strength of 1255, making it the most frequently mentioned word among all.
At the same time, “model” is also closely related to other words that are men-
tioned frequently. Such as, “deep learning”, “algorithm”, “classification”, etc. are
mentioned above. At the mean time, “performance” is not only related to “mod-

» «

el”, but also to “students” “technology” and “design”. This is not just a showing

of how every word is inextricably linked to each other, but it is also clear that
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Figure 2. Online education and co-occurrence network.

words that are mentioned more frequently in this chart are more likely to be
more closely related to other words. Unlike the co-authorship network above,
the co-word network is more tightly connected and complex (Zhu Yonghai et
al., 2014), suggesting that scholars are more unified in their choice of research
topics. In recent years, research has focused more on machine learning, algo-
rithms, and other technologies. Co-citation network analysis can reveal rela-
tionship between literature and thus enable automatic clustering of literature re-

levance.

3.3. Co-Citation Analysis

Citation analysis has been used as a method to reveal the intrinsic characteristics
and patterns of scientific journals and papers, to evaluate the academic influence
of scientific journals and papers, and predict the trends in the development of
related disciplines. Citation literature refers to literature that cites a paper, re-
flecting the continuation, application, development, or evaluation of the research
work of that paper; co-cited literature refers to literature that is cited as a refer-
ence at the same time as a paper, reflecting it as a common basis for further re-
search with that paper (Chen Zibo et al., 2014).

In Vosviewer, after completing the steps in Section 3.2. In the “Choose the
type of analysis and counting method” screen, select “co-citation”, “cited refer-
ences” in “unit of analysis”, and “counting method”, select “full counting”. Af-
terwards, select 20 in the “Choose threshold” field and 213 in the “Choose num-
ber of cited references” field. Finally, select 213 in the “Verify selected cited ref-
erences” field. In the “verify selected cited references” screen, select all the op-
tions and click Finish to obtain the citation network (see Figure 3).

The co-citation network is composed of 4 subnetworks of 213 items, forming
a total of 7404 links, and the total strength of their connections is 42,453. Figure
3 differs from Figure 1 and Figure 2 in that it is a horizontal graph, in which the
group centered on “fornell ¢, 1981, j marketing res, v18, p39, doi”. The group
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Figure 3. Online education and co-citation.

centered on “10.2307/3151312” has no connection with the other groups, but
only with the articles on the right side of the figure, forming a small closed net-
work, which shows that most of the authors’ citations are concentrated on a very
small number of articles. In contrast, the articles on the left side of the figure
have only a few simple links or no links. Among the integrated co-citation net-
works, “krizhevsky a, 2012, imagenet classificat, v25, p1097, doi 10. 1145/
2065386~ is the document with the highest link strength, with 156 links formed
between it and the other items. The total strength was 1450, and this article was

cited 161 times. This article is also from the right side of this graph.

4. Conclusion

From the analysis of three aspects: author collaboration network, co-word net-
work, and co-citation network, it is found that the total number of online educa-
tion publications in China is relatively small. Among 3802 papers, only 448
scholars published more than 5 online education papers, accounting for less than
12% of the total. Author collaboration is not yet sufficient, with 260 of the 448
not collaborating with others and the other 188 forming a collaborative network
dominated by a spindle-shaped two-person collaboration. The research themes
in Chinese education, however, have greater relevance (Wang Ying et al., 2014),
with research interests focusing on technologies such as machine learning and
algorithms, which is a completely different change from the focus of past re-
search in online education. In addition, in the analysis of co-cited literature, the
citation behavior of Chinese scholars is not seen to be more scattered, and co-
citations are only concentrated on individual foreign literature.

Although Chinese online education research is relatively weak in terms of the
number of papers, the intensity of collaboration, and high quality citations, the
research themes have changed significantly, with new technologies such as ar-
tificial intelligence being emphasized and focused on, which will benefit the de-
velopment of online education in China. With the emphasis on teaching and
learning in Chinese higher education and the influence of the epidemic factor at
the same time, online education will draw more and more attention, and more

scholars will focus on online learning in the future.
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