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Abstract 
With the popularity of the Internet, it has changed all aspects of people's life. Not only 
online shopping, but also students can take classes online. "Virtual learning community" 
came into being. The outbreak of global epidemic in 2019 has intensified the 
development of virtual learning community. Due to the epidemic, from primary schools 
to colleges and universities, they have adopted the mode of online teaching to allow 
students to communicate and learn online. What is the learning effect of students in the 
virtual learning community? How about learning communication behavior? These 
problems have become the focus of many scholars. Social network is a means and tool 
for analyzing users' communication behavior, and it contains many analysis tools. 
Therefore, this paper analyzes the knowledge sharing behavior of virtual learning 
community based on social network and uses UCINET analysis tool for data processing. 
Explore what factors affect students' knowledge sharing behavior in virtual learning 
community. 
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1. Introduction 

1.1. Research Background 
In today's Web 2 0 environment, according to statistics, the number of Internet users in the 
world has reached about 1.362 billion [1], which has exceeded 2 billion as early as 2011, which 
means that about 24% of people in the world often use the network. This trend makes all kinds 
of communication rely on the Internet, such as forums, blogs, wikis, QQ, etc. 
The rapid development of network technology has affected all aspects of social life. Virtual 
learning communities based on network and computer mediated knowledge exchange are 
emerging. Their application in education has changed the characteristics of lack of 
communication and exchange in teaching and learning. Teachers and students exchange ideas, 
share knowledge and solve problems through various virtual learning communities. The rapid 
development of Internet and multimedia video and audio technology promotes the application 
and rapid development of educational informatization. The 21st century is an era of talents and 
science and technology. The competition in life and work is extremely fierce, which makes 
people's demand for lifelong learning increasingly strong. Therefore, network distance 
education has developed very rapidly and has been widely valued by all countries. China's 
modern distance education has a good momentum of development since 1998. It has developed 
from the initial four modern distance education colleges and universities to nearly 100. With 
the rapid development of network services such as network education, online communities are 
booming. The virtual communities of Netease and Tencent in China are particularly successful. 
These online communities meet the needs of people's spiritual communication and lifelong 
education in the era of knowledge economy. 
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With the increasing demand for building a learning society and the gradual enhancement of 
people's team consciousness, group learning behaviors in society have increased significantly. 
The development of the network provides more available resources and convenient 
communication channels for group learning, and learners have formed a relatively stable 
network relationship in the network, This enables the formation and development of the virtual 
learning community formed by the combination of modern distance education and virtual 
community. The virtual learning community provides a place for learners who are limited by 
conditions and can not enter the school to study independently and discuss. Now the virtual 
learning community has attracted more and more attention from scholars all over the world. 
Learning is the result of interpersonal interaction. Therefore, studying the structure and 
characteristics of interpersonal interaction in these virtual learning communities is of great 
significance to improve the effect of education and teaching and our own learning [2]. 

1.2. Research Meaning 
Virtual learning community focuses on the communication between teachers and students and 
between students, so that it can construct knowledge in the process of communication, and 
constantly cultivate and improve students' ability of cooperation and high-order thinking. 
Interactivity is the most typical feature of virtual learning community. Members establish 
relationships through interaction. Therefore, the effect and quality of communication are 
important factors affecting learners' learning effect and efficiency. However, on the whole, the 
advantages of virtual learning community have not been brought into full play, and there is still 
much room for improvement. Moreover, there are many problems in the application process, 
such as the selection and design of teaching content do not meet the needs of learners, learners' 
interest in participating in learning is low, learners' interaction is less, teaching feedback is not 
timely, and, Many studies show that learning in virtual learning community requires a lot of 
time and energy, but the effect is very little. Many learners complain or even exclude from 
participating in discussions in the community. This makes domestic and foreign experts and 
scholars begin to pay attention to and study the problems of communication and interaction in 
virtual learning community. 
This paper studies the communication behavior of virtual learning community, analyzes the 
actual or potential communication relationship between community members, so as to explore 
the methods to improve the communication effect and enthusiasm of community members and 
continuously construct knowledge. As we all know, the research object of social network 
analysis method is "relationship data". Therefore, this paper uses social network analysis 
method to study the communication behavior of virtual learning community, the problems and 
causes of community members' communication behavior, and then puts forward improvement 
suggestions. 

1.3. Research Status at Home and Abroad 
With the continuous development of network technology, communication technology and 
multimedia technology, network education has developed by leaps and bounds. With the rapid 
development of educational informatization and the deepening demand for lifelong learning, 
virtual learning community has attracted more and more attention by virtue of its flexible and 
diverse forms of interaction, cross regional, cross knowledge and cultural background, no time 
limit, equal members, voluntary participation based on interest, knowledge and resource 
sharing and other advantages. Since 2001, domestic experts and scholars have carried out 
research on virtual learning community. 
Due to the restriction of development technology, the virtual learning community platform is 
mainly used in Colleges and universities in various countries, and has not been put into 
commercial use in a large area. Among the virtual learning communities used in the 
construction of colleges and universities in China, the more famous ones are the virtual learning 
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community of Capital Normal University, the web learning platform of Beijing Normal 
University and the online learning platform of China Normal University of South China Normal 
University. In China, many scholars have paid attention to and invested in the research of virtual 
learning community. Through the advanced retrieval of the Chinese contribution of China How 
Net with the keyword of "virtual learning community", it is found that there are 1028 
documents. The number of documents published has increased greatly from 2003 to 2013, and 
the number of documents published has declined since 2013. The main topics of this paper are 
virtual learning community, the construction of virtual community, knowledge sharing 
behavior, influencing factors, knowledge management and construction research. As shown in 
the figure below. 
The United States, Canada, Britain and other developed countries carried out the research on 
Virtual Learning Community earlier. In 1993, Rheingold first put forward the concept of virtual 
community. Foreign research on virtual learning community mainly focuses on the concept, 
classification, principle, mode, teacher-student interaction and the construction of virtual 
learning community. At present, the most influential online teaching support platforms in the 
world include the top class of WBT system, the learning space system of lotus company, virtual-
u of Simon frame University in Canada, etc. In addition, some plans and projects represented by 
csile, lab net, te net, wired for learning, KIE and other systems have carried out empirical 
research on the concept of virtual learning community from different angles. 
On the whole, the research on virtual learning community is increasing year by year, but the 
total number of papers published is still less, mainly focusing on the basic concept and 
application implementation of virtual learning community, less research on the technology 
applied by virtual learning community, and less investigation on the relationship between 
virtual learning community and other information technology disciplines. 

2. Related Concepts 

2.1. Virtual Learning Community 
Virtual learning community refers to a virtual community for knowledge learning. The 
community establishes a corresponding e-learning environment according to the needs of 
users to provide a convenient, high-speed and efficient way to access information. Users can 
obtain, store, classify and share knowledge without being limited by time and place [3]. Virtual 
learning community refers to the social group formed when teachers and students use the 
network as a teaching platform for online learning in order to achieve the common education 
and teaching objectives. Different from the face-to-face learning community of traditional 
teaching, virtual learning community has the characteristics of virtualization, freedom and 
openness. It provides learners with personalized learning environment, high-quality learning 
resources and smooth information circulation channels [4]. 
The characteristics of the unity of personality and sociality and the functions provided by the 
virtual learning community give students an environment for inquiry learning, autonomous 
learning and cooperative learning. The virtual learning community can enable students to 
experience learning, exploratory learning, cooperative learning and autonomous learning in 
the process of participation under the guidance of teachers, and learn to learn and communicate 
in this process. Virtual learning community is a space for students to absorb new ideas and 
accept new ideas. In class group activities, teachers can make each student establish contact 
with other students in the class by creating a virtual learning community, help students 
communicate among groups and strengthen the communication and interaction between 
students. 
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2.2. Social Network 
A method of studying social structure and social relations. It is an analytical method developed 
on the basis of social metrology. The visual form of social network is a graph composed of a 
group of points and the connection between points. Dots represent units of sociological analysis, 
such as individuals, groups, or communities. The characteristics of points are the characteristics 
of these units. The connecting line between points indicates that there is a certain relationship 
between points. There are three kinds of points in the network: one is the point with direct 
relationship, the other is the isolated point, that is, the point without relationship with any point, 
and the third is the point with indirect relationship. According to the content of the relationship, 
it can be divided into instrumental relationship (such as work contact) and emotional 
relationship (such as friend relationship). The basic methods of social network analysis include 
graphical method and matrix method. Graphical method is to intuitively show the general 
picture of social network through network graphics, and can use graphics for simple 
relationship analysis. Firstly, the social network is represented by (0,1) matrix. Then, matrix 
analysis technology is used to analyze the distribution and characteristics of relationships in 
complex social networks, which is generally processed by computer. Correlation analysis and 
factor analysis in statistical analysis are also introduced into the analysis of social network. 
Social network analysis was limited to micro network research in the early social research, that 
is, the research on the internal structure and interpersonal relationship of small groups. At 
present, it has developed into large-scale macro network research, which makes social network 
analysis a powerful tool for theoretical research with strong structure and concept, and 
organically combines micro research with macro research. 

2.3. Social Network Analysis Tool - UCINET 
UCINET is a typical representative of this kind of tool software in the visual analysis of virtual 
community structure. UCINET includes two visualization function modules: Netdraw and mage. 
Netdraw is used to analyze one-dimensional and two-dimensional data of virtual community, 
and mage module is used to analyze three-dimensional data of virtual community. In terms of 
analysis function, UCINET software can complete the analysis of centrality, distance, density, 
cohesive subgroup and network location. 
UCINET is a powerful social network analysis software. It was originally written by Linton 
Freeman, an authoritative scholar of social network research at the University of California 
Irvine, and later mainly maintained and updated by Steve borgatti of Boston University and 
Martin Everett of Westminster University. UCINET includes a large number of network analysis 
indicators and procedures for testing network assumptions, as well as common multivariate 
statistical analysis tools. It is an advanced academic analysis tool. 
UCINET is the second mock exam software that is used most widely. It can handle 32767 nodes' 
network data, which is suitable for subgroup analysis, centrality analysis, individual network 
analysis and role analysis. It also contains many process based analysis, such as clustering 
analysis, multidimensional scaling, two mode scaling (singular value decomposition, factor 
analysis and correspondence analysis). Role and status analysis (structure, role and regularity 
equivalence) and fitting center edge model, as well as median, standard deviation, regression 
analysis, analysis of variance, autocorrelation, QAP matrix correlation, regression analysis and 
t-test. In addition, the tool has powerful matrix analysis programs, such as matrix algebra and 
multivariate statistics 

2.4. Other Analysis Tools 
In addition to the UCINET analysis tools introduced above, there are many other social network 
analysis tools, such as gephi, netminer, pajek, etc. each analysis tool has its own characteristics. 
Gephi is located in complex network analysis, which is mainly used to analyze various networks 
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and complex systems. It can analyze complex networks with up to 50000 nodes and 1 million 
edges. It provides more than 10 different layout algorithms, which can realize interactive 
visualization and data detection, such as real-time dynamic analysis, period dynamic analysis, 
scale-free network analysis, hierarchical diagram and so on. It can also be used for exploratory 
data analysis, link analysis, social network analysis, biological network analysis, new media 
analysis, etc. it has strong multimedia display function and provides API interface for function 
expansion. Netminer can analyze up to 1 million nodes and 100 million marginal complex 
networks. It can visually and interactively explore data analysis, explore the potential 
connection and structure of data hiding, and has the basic complex network analysis functions 
such as influence, structural hole and adjacent structure analysis, subgraph layout, centrality 
analysis, faction analysis, nuclear analysis and community discovery. In addition, it also 
contains a large number of process based analysis programs, such as cluster analysis, 
multidimensional scale, matrix decomposition, correspondence analysis, structure pair 
analysis, etc., and supports some standard statistics: descriptive statistics, ANOVA, correlation 
and regression. Pajek can analyze large-scale complex network relationships of up to 100 
million nodes, support the analysis of directed, undirected and hybrid networks, multi 
relationship networks and binary network relationships, and can process multiple networks at 
the same time. In addition, pajek can also deal with dynamic networks, that is, time event 
networks that change dynamically over time [8]. 

2.5. Knowledge Sharing Behavior in Virtual Learning Community 
With the popularization and deepening of the application of the Internet in the field of 
education, virtual learning community has gradually become an important platform for 
knowledge sharing and innovation. However, the information exchange in the virtual learning 
community has the characteristics of fast update, big data and non structure, which makes it 
difficult for community members to intuitively understand the structural characteristics of 
their community and can not effectively evaluate the performance of knowledge sharing in their 
community. Relevant studies have proved that social network analysis is an effective method 
and technology to evaluate the knowledge sharing performance of members of Virtual Learning 
Community [7]. 
Social network analysis is a quantitative community structure analysis method, which uses 
quantitative indicators such as connection strength, centrality, intermediation, density and 
cohesive subgroups, and uses graph theory algorithm to visually display the virtual community 
structure. This method helps community managers understand the structural characteristics of 
social networks in virtual learning communities, find out the factors affecting their knowledge 
sharing, and then evaluate the performance of knowledge sharing [6]. In recent years, a variety 
of social network analysis software have been produced in the field of sociometrics, among 
which UCINET is a typical representative [5]. 

3. Social Network Analysis of Virtual Learning Community 

3.1. Data Acquisition and Processing 
The research object of this paper is QQ group, a master's learning communication group of a 
major. The research methods mainly adopt three methods: questionnaire, experiment and 
social network analysis. According to the number of members joining the QQ group, a 
questionnaire was issued for investigation. In order to better control the results, 25 
questionnaires were distributed and 20 were recovered, accounting for 80% of the 
questionnaire. There are ten questions in the questionnaire, mainly including the following 
aspects: 1) the use of the QQ group, including the frequency of members logging in to QQ and 
viewing QQ group messages; 2) The social network information of the QQ group virtual space 
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includes familiar QQ nicknames, familiar real names, who frequently browses the QQ space and 
who often discusses with. Through the questionnaire, we can know whether students often use 
this group and whether they often have learning and discussion in this group, so as to facilitate 
the next research. 

3.2. Social Network Analysis based on UCINET 
3.2.1. Experiment I 
(1) Data import 
This paper studies the QQ group of information management major in a university. It is known 
that there are 20 people in this group. People often ask questions about problems they don't 
understand in class. If students do, they will give their own ideas for solving problems. At the 
same time, they will also ask questions about places they don't understand. As a result, an 
atmosphere of learning and communication is created in the group, It forms the learning and 
communication behavior of virtual learning community. Therefore, this paper analyzes the 
academic communication behavior of virtual learning community based on social network -- 
Taking the QQ group of information management major in a university as an example. The 
experimental design is as follows: first, some students ask questions in the group, and the 
questions are displayed in the form of photos, as shown in the figure below. Then the students 
communicate and answer the questions, record the number of speeches each student has made 
in the group, and analyze the central figure in the group members and the learning atmosphere 
of online discussion. The number of speeches of each student is formed into a matrix and 
imported into UCINET software to obtain the social network diagram. 
The data are as follows: 
 

 
Figure 1. Experiment 1 matrix 

 

 
Figure 2. Experiment 1 Social network diagram 
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(2) Centrality analysis 
Centrality (power) is an important concept in sociology, so it is the focus of social network 
analysis. Social network scholars take centrality and central potential index as the quantitative 
index of power. It is usually used to evaluate the importance of a person in the social network, 
and to measure the superiority of a person's position, rights and social reputation. Centrality is 
a quantitative analysis of individual power, which is used to describe the position and rights of 
an actor in the social network; The central potential refers to the overall integration or 
consistency of the graph, and measures the central trend of the whole social network. The 
commonly used centrality indexes are point centrality, middle centrality and near centrality. 
Among them, point degree and centrality measure the ability of an actor to develop 
communication relations with other actors; Intermediate centrality and near centrality 
describe the ability of an actor to control the interaction between other actors in the network. 
Centrality analysis: 
 

 
Figure 3. Experiment 1 Centrality analysis 

 
It can be seen from the centrality analysis chart that the central figures in this QQ group of 
information management specialty are 5, 4, 18, 6, 8 and 7. These six people actively speak in 
the group and actively express their own problem-solving ideas for the problem. Even if others 
do not understand their problem-solving methods, they will actively explain and digest the 
ideas of others, so as to absorb knowledge in the process of online communication, Make up for 
your shortcomings. 
3.2.2. Experiment II 
It can also be seen from the above social network diagram that there are almost no marginal 
people in this group, so it is preliminarily speculated that it may be related to the questions 
asked. For some questions, it will not cause too many responses in the group. Therefore, in 
order to make comparison, another confirmatory experiment was conducted, and another 
question was asked, and the difficulty of this question was greater than that of the previous one. 
According to the previous processing method, the data was imported into UCINET again. 
(1) Data import 
The matrix of Experiment 2 is known as follows: 
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Figure 4. Experiment 2 matrix 

 

 
Figure 5. Experiment 2 Social network diagram 

 

(2) Centrality analysis 
 

 
Figure 6. Experiment 2 Centrality analysis 
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(3) Comparison of experimental results 
By comparing the two experiments, it can be found that in the second experiment, the students' 
discussion heat on this problem is far less than that of the first problem. In the matrix table of 
the second experiment, we can see that many people did not participate in the discussion of this 
problem, and the number of speeches in the group was zero. Even if someone participates in 
the discussion, the number of speeches is much less than that in the first experiment. It can be 
seen from the matrix that the most number of speeches is 8. Most people do not participate in 
the discussion or only speak once. In addition, by comparing the social network diagrams of the 
two experiments, it can be found that in the first experiment, there was heated discussion and 
there were more connections in the network diagram. There are no marginal figures. In the 
second experiment, it is obvious that the number of connections in the network diagram is 
much less, there is less communication, and there are marginal figures. Comparing the 
centrality of the two experiments, it can also be found that the centrality of the first experiment 
is significantly higher than that of the second experiment. Therefore, from these two groups of 
experiments, it can be concluded that when learning, communication and discussion are carried 
out in the virtual community, everyone's communication behavior is often affected by the 
problems discussed. For some moderately simple questions, everyone may understand their 
relevant practices and actively express their views. Therefore, there are many discussions and 
exchanges. For some difficult topics, you may not be able to do it, so you speak less, and only a 
few people know the problem-solving ideas. Therefore, these people have a high degree of 
centrality in the virtual community and communicate more with you, which will help you 
answer your questions. 

4. Conclusion 

Based on social network analysis, this paper analyzes the knowledge sharing behavior of virtual 
learning community, and uses UCINET tool for data processing. Taking the QQ group of 
information management major in a university as an example, two experiments were carried 
out before and after to verify the hypothesis that the knowledge sharing behavior of students 
in the virtual learning community is related to the difficulty of the problem. Then by comparing 
the two experiments, it is found that the difficulty of the problem is different, and the knowledge 
sharing behavior of students will be different. The simpler the problem is, the more students 
communicate; On the contrary, if the topic is difficult, the students will speak less. The social 
network diagram obtained by UCINET software also verifies this hypothesis. However, there is 
a shortage of small number of samples in this study. Only selecting a QQ group of information 
management major in a university as an example, the conclusion is not very persuasive. 
Multiple samples should be selected for comparative analysis, and the conclusion is more 
persuasive. 
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