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Abstract: Currently, modern social technologies are used by hundreds of millions of users, are available free of charge, attractive and 

interesting. The article discusses the possibility of the use of social networks to improve e-learning institution of higher education. 

Considering the large amount of information disseminated by university students on the social network, it is proposed to use methods of data 

clustering - k-means (k-means) in the article, to personalize the content of educational materials. The results of the research can be used by 

teachers and instructors of higher education institutions to improve the content of the e-course and personalize e-learning. 
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1. Introduction 

Scientific achievements in the field of information technologies 

at the beginning of the 21st century led to the development of the 

concept of personal education (PLE - Personal Learning), the idea 

of which was to provide educators and curators of e-courses with 

the ability to customize training to the needs of each individual 

trainee. The concept of "Personalization of education" is broader 

than simply "individualization" or "differentiation", since it gives 

the learner a definite choice of what is being studied, when it is 

studied and how it is studied. 

Personalized learning is the adaptation of the pedagogy, 

curriculum and learning environments to meet the needs and styles 

of the individual students learning. The key elements that are 

customized in personalized e-learning are: the pace of learning, the 

learning approach, learning activities, educational content. In a truly 

personalized e-learning environment, students are given the 

opportunity to learn what they want, when they want, and even the 

method of teaching! [1-4] 

The personalization of education is directly related to the need 

for a transition to a knowledge society, when the learner is at the 

center of the educational process and the learning is carried out at 

the place of his finding, and the educational environment is being 

built up for him. 

Many foreign universities, realizing this, have started creating 

educational management systems (LMS) that allow personalizing 

educational environments [5], such as the Bolton University of 

Manchester in England. 

Currently, it is common to use the Learning Management 

System (LMS) throughout the world at universities. However, these 

platforms are used mainly for administrative purposes, and its 

educational effect is of little importance. In such systems, for the 

educational perspective, students have the opportunity to check the 

learning content, and they can interact with their classmates and 

teachers. However, the rigid structure of the general systems of e-

learning management does not stimulate the active participation of 

the learner in the learning process and the improvement of his 

knowledge. 

The understanding of this led in the first decade of the 21st 

century to numerous attempts to create a learning environment in 

which the students learning environment was linked to the personal 

spaces of other learners to effectively share knowledge and create 

new knowledge together. The use of social applications and social 

networks provides a different approach to e-learning than that 

provided by the use of learning management systems. 

The social network expands the individual needs of the student 

in the learning process, and also provides contact with a large 

number of people who share the same interests and goals. 

Therefore, this article explores the possibilities of using social 

networks to improve e-education by personalizing the content of 

educational materials. To identify similar content educational 

materials distributed by students in a social network, the method of 

k-means data clustering is used. 

2. Related work 

The analysis of social networks is based on the mathematical 

theory of graphs. It is presented in the work of the Hungarian 

mathematician Erdos [6]. Mathematically, a network is a set of 

nodes (in our example, these are the students of the universities) 

connected by lines characterizing the relations between nodes. Each 

relation connects several nodes. The first fundamental research of 

social networks dates back to 1979 and is reflected in the work of 

Welman [7]. He developed cluster modeling algorithms and basic 

metrics for analyzing social networks. 

In the publications of some researchers - Bennett S., Bishop A., 

Dalgarno B., Purcell B.K., Xe X., Schröder A., Minokha S., 

Schneider S. and others discuss the possibilities of wide use of 

social networks in higher education. [8-11]. They even argue that 

social technologies support constructivist approaches to learning 

and have the opportunity to exchange online learning more than it 

did in traditional learning environments. They highlight the benefits 

of using social networks as tools for developing a new style of 

learning, and negative impacts that can affect the learning process 

in order to provide a justification for using social networks in higher 

education. In their works, they show that social networks have 

become a ubiquitous tool for communication, entertainment and 

non-formal education for both students and teachers. 

Social technologies support flexibility in learning processes and 

ensure easy publication, exchange of ideas and re-use of study 

content and comments. They also support links to relevant resources 

in the information environment run by students and lecturers 

themselves. In addition, some authors argue that educational 

activities in social networks are valuable for the development of 

students' collaborative work skills, where students use attractive 

social technologies, and in some cases the use of social networks 

has contributed to higher indicators in learning activity [12]. 

In addition, thanks to the use of social technologies such as 

blogs, wikis and social networking sites, students are more likely to 

become more active. It allows students to express themselves more 

freely, as they are given the freedom to publish their work on the 

Internet through blogs and wikis. Using social technologies can 

further increase the motivation of students and draw attention to 

detail, which will lead to a general improvement in the quality of 

work. The authors noted that when students publish their work in a 

social network, their work is mostly original, interesting and 

attractive to others, is positively evaluated by peers and teachers 

[13]. 

So, Terry Anderson and Jon Dron Anderson[14] in his article 

“Integrating learning management and social networking systems” 

told about the Athabasca Landing system (Athabasca University in 

Canada) that uses a social environment to improve teaching or 

learning.  This system uses the Elgg (elgg.org) based social media 

and network platform to create a social networking application that 

can be used by any teacher, administrator or student at Athabasca 

University to create many different kinds of individual, group, 

network and set communications. 

Another author - Veeramanickam Murugappan [15] from 

Department of Computer Sciences and Engineering, Karpagam 
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University (India) in article “A Smart E-Learning System for Social 

Networking” describes a smart cloud e-learning system with social 

networking based on architecture level of social networking and E 

learning cloud system to support E learning interactions in 

worldwide environments.  

Julian McAuley  and Jure Leskovec  from Stanford university 

(USA) have developed [16]  a novel machine learning task of 

identifying users‟ social circles.  This model is used to detect ego-

nodes in a social network that combines the structure of a network, 

as well as user profile information. For each such node, they 

identified its members and a profile similarity profile for a 

particular circle. 

Tianyi Hao and Longbo Huang (Institute for Interdisciplinary 

Information Sciences, Tsinghua University) in their work “A Social 

Interaction Activity based Time-Varying User Vectorization 

Method for Online Social Networks” [17] are considering the 

problem of user modeling in online social networks, and propose a 

social interaction activity based user vectorization framework, 

called the time- varying user vectorization (Tuv), to infer and make 

use of important user features. This method allowed them to extract 

hidden user properties in a social network and study the interaction 

of students and teachers. 

3. Distinctive features of standard education 

management systems and systems using social 

networks 

Although most social networks that currently exist have not 

been designed for educational purposes, they have certain functions 

that can be very interesting and important in the educational 

process. There are some tools for supporting e-learning, including 

blogs, discussion forums, chat rooms, file sharing, video 

conferencing, electronic portfolio and wiki. All of them can be used 

to support activities related to the learning process. Some of these 

tools can be integrated into e-learning platforms. Figure 1 shows a 

diagram of the joint training platform, using a social network. 

 

 

Fig. 1 Collaborative e-learning environment with online social 

networks 

For example, social networking blogs can be used by students to 

spread their ideas, publish their work, and bookmarks allow 

students to add hyperlinks to view certain sites by students with 

similar interests. To place multimedia information, you can use the 

file sharing network - YouTube. 

Social technologies can be used by students to jointly study 

ways to solve their problems with group members or to organize 

joint training and learning groups. Cooperating with peers, they 

expand their formal and informal interactions, establish an active 

relationship with them, seek to work with concrete results or 

produce results in online and offline modes.  

The use of social networks to support e-learning is part of an 

active and social type of education in which students are problem-

oriented. The main points of the learning process are self-regulatory 

actions to solve problems, which involves an approach to social 

constructivism, in which the student must manage his own learning 

process. This type of training means that it is impossible to structure 

and determine in advance the student's actions in the learning 

process. Actions should start with a problem or project, and the 

network in turn provides tools and resources that support the learner 

in the problem-solving process. Table 1 shows the distinguishing 

features of e-learning platforms and the use of social networks [18]. 

4. Using methods of clustering social networks to 

personalize educational content 

In order to draw certain conclusions about the influence of 

social networks in education, to simulate student interaction and to 

predict their behavior, it is necessary to analyze the information 

existing in them.  

Information that can be extracted from the social network to 

analyze the interactions between users (in this case, between 

students, teachers and students, instructors and students, etc.) can be 

the following: 

− Username; 

− the number of subscribers of this user (the number of users 

who read his messages); 

− number of friends of this user; 

− the number of messages sent by this user to another user; 

− the number of messages sent by the user; 

− external links found in the messages of this user. 

− number of mentions of this user by another user; 

− the number of mentions of some external link by the given 

user. 

− the number of times a particular user's entry was viewed by 

other users; 

− the number of likes (approvals) of a particular record of this 

user. 

One of the directions of social networks analysis is the study of 

its structure, where all network participants (in this case, students, 

teachers and instructors) are considered as graph vertices connected 

by ribs to other network members. This method is used to simulate 

communication links between network users, analyze information 

flow and find communities on the network. Here the main attention 

is paid to such characteristics of the network nodes as centrality, 

relative location, intensity (edge weight) and directionality of 

interactions, clustering coefficient (measure of connectivity of 

network nodes) [19-21]. 

Visualized graphs allow us to identify the nodes that are closest, 

to find dense clusters of activity. One of the main parameters of the 

graph is "degree centrality", which expresses the ratio of the number 

of links of a particular node to the total number of other nodes. If 

for some node this parameter is 1, this means that this node is 

connected to all other nodes of the network, if it is 0, then this node 

is isolated. This indicator shows the degree of "celebrity" node, 

shows that the student has a great influence on the rest. Figure 2 

shows a fragment of the visualized graph for analyzing student 

interaction in a social network. Figure 2 shows that the user of the 

network R1 has a higher degree of centrality than the user R3 (less 

communication lines are drawn from R3 than from R1).  
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Fig.2. Fragment of visualization of interaction of students in a 

social network 

5. The use of k-means for clustering educational 

information distributed by students on a social 

network 

In social networks, communications can be strong or weak, 

depending on the intensity and frequency of communication. In 

order to select the necessary information from a large amount of 

heterogeneous data, it is necessary to use methods that allow 

analyzing the most important. For example, you can reduce the 

number of users viewed, limited to relatively popular (leaders) of 

them, which form the majority opinion. The leader of opinions has a 

large number of subscribers (friends), created messages, likes and 

comments from him, the information spreads faster and it affects 

more users. 

According to some authors [22, 23], the cumulative analysis of 

the structure of social graphs and text data obtained from social 

networks is the most effective method of investigating the 

interactions between network users. In our article, to analyze the 

structure and content of information exchanged by university 

students in a social network, we will use data clustering methods. 

For the clustering of social networking data, various methods 

are used: k-means and c-means, a binary cluster tree and a number 

of others [24, 25]. 

In our article, for clustering of educational information 

disseminated by students in the social network, we will use k-

means, which is the root-mean-square deviation of the sum of the 

distances from each clustering object to the cluster center. 

To this end, we denote by N the number of students registered 

in a particular social network who are enrolled in a related specialty 

at the same higher education institution course, and through {X} - 

the total number of training materials on the same subject matter 

that they exchange on the network. 

Next, through X we will denote the specific i educational 

material exchanged in the network by the Ni number of students. 

Then, to compare the popularity of Xi educational material, we 

introduce the following coefficient: 

                                      N

N i

i 
                            (1) 

The closer this ratio is to 1, the specific training material will be 

considered popular among students, closer to 0 - unpopular. 

But very often we do not know the content of the educational 

material in advance and unite the texts that are not very similar in 

content to one group. For comparison of texts, such characteristics 

as frequency and number of used keywords in the text are widely 

used. 

Denote by 

i

 - the frequency of using the k -th keyword in 

some i-th educational material, and through k  the average 

frequency of the k-th keyword in all n documents. 

The average value of the metric of some k-th keyword in all n 

documents: 
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When comparing 2 texts of the same length, the frequency of 

using a certain keyword, should not be much different. 

The root-mean-square deviation of the k -th keyword is found 

as: 
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                (3) 

We will include teaching materials in one group, in which the 

root-mean-square deviation of the frequencies of occurrence of k 

keywords is in a certain admissible range, that is, the density of the 

cluster core is below a certain value. 

The cluster nucleus, in a general sense, is the part of the cluster 

elements closest to the center. It is assumed that most of the cluster 

data is concentrated in this area. 

The radius of the cluster nucleus from the Chebyshevs‟ 

inequality [26,27] is defined as: 

                                iii rR *2
                 (4) 

Here ir is the average distance between the cluster center and 

the cluster elements, and i
 -is the root-mean-square deviation. At 

least 50% of the frequencies of the keywords of the teaching 

materials are removed by no more than 2  standard deviations 

from their average value. 

The cluster density is calculated as follows: 

                                       i

i
i

M

R


                          (5) 

Ri  is the radius of the cluster core,  iM
 is the number of 

elements that make up the nucleus. The coefficient of clustering of 

training materials will be the average density: 

                           m

m





...1

                        (6) 

The clustering coefficient is a measure of how well the nodes of 

a graph are associated with a particular node. When the clustering 

factor is closer to the specified value - it means that the graph is 

tightly grouped around some nodes; when it is much smaller than 

the set value - this means that the links in the graph are relatively 

evenly distributed among other nodes. In the clusters found, the 

nodes of the graph are concentrated, which reflect tight connections 

between students of the social network exchanging the same content 

in the same content.  

As a result of the study, it is possible to identify which 

educational materials are of interest to students, and which are not 

of particular value to them. Information obtained from social 

networks can be used by teachers of higher educational institutions 
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to improve the content of educational materials and their adaptation 

to the individual characteristics of students. 

7. Conclusion 

In this sense, a person's hobbies, presented as a graph of 

teaching materials exchanged by students in some social network, 

provide the means for further personalization of educational 

content. Based on the analysis of the information received from the 

network, teachers and instructors of the higher educational 

institution have ideas about the interests and preferences of both 

individual students and groups of trainees. This information gives 

teachers the opportunity to improve the content of the e-course and 

tailor it to the individual needs of the learner. 
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