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Abstract—The study describes an approach to e-learning based on the Moo-
dle platform that is used to visualize participation in the learning community and
is proposed to be used to inform students and teachers about their involvement in
the social learning environment. The experiment involved 5 teachers and 3 ex-
perts who determined the most significant visualization indicators for the virtual
learning environment dashboards. There were 42 students aged 21 to 23. The
virtual learning environment is based on the Moodle and Blackboard platforms
that are commonly used in universities. SocialWall allowed participants to per-
form actions in the social environment that are visualized in graphs under the
specified criteria. A Wiki repository plugin was also added in order to accumulate
student knowledge in shared structured documents stored in a shared repository.
The relational database management system MySQL allows creation of addi-
tional relations, database design and administration. The visualization activities
described in the study are based on modified state transition networks to analyze
and visualize the student learning path. Student trajectory networks show the in-
teraction of individual learners or groups with the course structure and material.

Keywords—E-learning; information visualization; learning analytics; social
learning environment; visualization tools.

1 Introduction
E-learning and online courses in the learning environment are gradually becoming

the ubiquitous components of student learning. Thus, the need for tools that monitor
student participation in e-learning and measure their involvement, knowledge and skills
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development has dramatically increased. For example, the Russian online education
market reached 45-50 billion rubles at the end of 2019 with the annual growth of 20—
25% [1]. In the United Arab Emirates (UAE), 48 billion dirhams (13 billion US dollars)
were allocated for the education modernization up to 2025. The program has been de-
signed to transform the potential of professionals, introduce information and commu-
nication technologies, integrate into the global educational space [2].

It should be noted that various e-platforms have become popular in different regions
of the world. Today, Moodle is the most commonly used learning management system
in the world; it has over 80 million registered users in more than 230 countries [3]. The
platform has also been introduced in Russian universities [4]. Universities located in
the Middle Eastern and African countries, including the United Arab Emirates, rely on
the Blackboard platform [5,6]. Teacher surveys showed that Blackboard 9.0 and Black-
boardUlItra are considered a flexible cloud environment that can easily adapt to the
needs of blended learning and student support [7].

Today, during the Covid-19 pandemic, a big number of efforts have been directed
towards the development of distance learning analytics dashboards to help students,
educators, and other interested parties gain insight into educational behavior and learn-
ing patterns. These dashboards use visualization techniques to display various infor-
mation, such as login frequency, the time taken to complete the task, click flow, and the
use of tools/resources in the virtual learning environment. Initial efforts were concen-
trated on identifying students at risk of potential learning disabilities, but more recently,
the emphasis has shifted to developing dashboards to increase self-awareness, promote
positive behavioral changes, and improve academic performance [8].

Most Learning Management Systems (LMS) and web solutions are capable of re-
cording a large amount of information about student activities, such as communication,
collaboration, and participation. A number of LMS provide reports and graphs on the
elementary activities of students, but they are still not very effective when it comes to
student activity and involvement indicators if they are considered as separate learning
process participants. Learning process improvement and support require tools and strat-
egies that help to timely select the right information and present it in a clear and effec-
tive way [9].

Assessment of learning outcomes is one of the main issues in education. Over recent
years, there has been an increasing interest in this issue due to the development of e-
learning methods, and new learning models (massive open online courses) [10] require
tools and measures that allow teachers to effectively and reliably evaluate large groups
of students. Researchers come up with various solutions, including measures to obtain
information on student interaction, didactic resources, and tools that can provide infor-
mation on the student learning path [11]. The research on educational technologies is
mainly focused on dashboards that allow teachers and students to customize and edit
actions (lectures, quizzes, learning plan) based on quick feedback on student progress
[12].

Recent studies have shown that the objectives of learning analytics dashboards are
largely determined by the target audience [13]. Therefore, previously developed dash-
boards can be generally classified into three categories: a teacher dashboard, a student
dashboard, and an administrator dashboard. Teacher dashboard usually displays student
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login frequency, the structure of clicks, time spent in the virtual learning environment,
as well as student grades and ranks compared to others. The primary goal is to help
educators identify students with behavior that may lead to poor academic performance.
Student dashboards are designed to identify student learning patterns and increase self-
awareness in order to encourage behavioral changes to promote academic success [14].
Administrator dashboards are designed to make strategic decisions, improve practical
skills, visualize student performance, facilitate information exchange between the
teacher and the student based on the learning progress, and compare the results [9].

Today the interaction in the virtual learning environment is becoming even more
complicated; therefore, the number of aspects to be considered to successfully assess
student performance is constantly growing. Thus, the primary objective of educational
technologies is to consider all important aspects to measure the effectiveness of e-learn-
ing. This task has been successfully implemented and the e-learning system 2.0, which
makes it possible to measure the key student success factor (student involvement), has
already been introduced. The solution is implemented with the help of the information
dashboard aimed at visualizing student participation in the virtual learning environment
[15]. It has been concluded that visualization in education not only raises awareness but
also has a versatile function. It has the potential to help shape the learning process and
facilitate reflection on its progress, optimize academic performance by providing a vis-
ual display of data [16].

The interest in this research area and the number of approaches have been steadily
growing; therefore, it was decided to consider an important e-learning environment as-
pect - the involvement of students in the learning process through the example of the
Moodle platform used at First Moscow State University and the Blackboard platform
used in University of Sharjah.

The purpose of the study is to create an opportunity to inform students and teachers
about their involvement in the social learning environment through the modernization
of the Moodle platform with the SocialWall plugin, the Blackboard platform with the
collaborate ultra-panel that allow social communication and the dbForgeStu-
dioforMySQL tool, which helped to develop a social learning platform allowing visu-
alization of the actions of participants.

1.1 Visualization of student outcomes in the virtual learning environment

Analytical and prognostic models designed to describe the learning or teaching pro-
cess rely on the data collected by learning management systems which capture the struc-
ture of the course and knowledge, and activity logs. These data can be supplemented
by demographic data, research tools and secondary analysis of materials. The results of
the analysis and modeling should be communicated to all parties concerned in order to
gain a better insight into the system operation. Different parties concerned — students
and teachers — play different roles in ensuring the course success, but ideally, they
collaborate to exploit synergies and complementary experiences. Students should be
considered equal course participants and be aware of their learning processes and the
way their data will be used to continuously improve their learning resources and man-
agement system. The results of modeling and visualization must be effective, that is,
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the requires changes must be understood and implemented by the key parties concerned
[17]. There are numerous approaches to the solution of the problem of visualizing stu-
dent performance in the virtual learning environment, including the Student Achieve-
ment Measure (SAM) [18], designed to review student activities based on the time spent
and methodological material used. Then, individual indicators are compared with the
minimum, maximum and average values of the group. It is noted that the time spent is
the key aspect of student behavior analysis. In addition, the model shows correlations
between the total study time and the average time spent on a document, the number of
documents used and the average time spent; it also allows detecting behavioral patterns.

The research focused on the development offers a model of “social progress visual-
ization” or “Mastery Grids” [19] designed to engage students and direct their education
through the study of educational resources. It is proposed to apply individual student
progress indicators. The progress matrix measures student progress on each topic of the
subject area (horizontal measurement) and the type of resources available for the topic
(vertical measurement). In addition to individual visualization of progress, Mastery
Grids allows comparing student performance (average indicator, students with high
ranks) and emphasizes the differences between an individual user and a group. Direct
comparison encourages the user to improve activities and complete various tasks.

Visual presentation of the data generated by students in the course of learning activ-
ities helps students and teachers to intuitively interpret them and quickly perceive the
hidden aspects of these data, for example, student participation in the assessment in
terms of the time spent and factors affecting the behavioral intention of teachers. Dif-
ferent forms of visual presentation are heavily used by Fine Arts and Design Colleges.
To measure the expected impact of the visualizations, it is proposed to use an improved
approach based on the learning analytics acceptance model (LAAM) [20]. To improve
student grades in the virtual learning environment, the VeeU model was developed [11];
it includes the number of daily logins, the number and distribution of actions in the
course and the completion of actions. The teacher sees daily logins as a timeline at
different levels of aggregation and the student visualizes them compared to the average
group indicator. A completion coefficient has also been introduced in the model; it is
displayed in the calibration curve with a list of recommendations that will help the stu-
dent achieve learning outcomes.

The TrAVIS model [21] collects data on communicative actions in the virtual learn-
ing environment to facilitate self-monitoring. It highlights four levels of interaction that
correspond to four levels of indicators. At the aggregation level, these are the login
frequency, started topics, sent messages, replied messages, and quoted messages. At
the discussion level, they are views, forums, publications, reading and chatting. At the
collaboration level, they include the beginning of the stream, new messages, replied
messages, quoted messages, uploaded files and the level of participation. At the coop-
eration level, the focus is shifted from an individual perspective to the group perspec-
tive. The visualization technique at each level is a chart for each user or group that
allows visual comparisons.
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1.2 Visualization of student involvement in the educational process in the
virtual learning environment

Learning analytics and visualization allows studying and generating reports on stu-
dent involvement, performance, and learning paths in order to evaluate and optimize
course design. Education is being modernized by informatization and digitalization and
professional skills and knowledge, including in pedagogy, are changing rapidly. E-
learning platforms and virtual learning environments are used to keep pace with tech-
nological changes and expand learning opportunities. For example, in 2017, Class Cen-
tral reported that 78 million students took 9.4 thousand e-learning courses at more than
800 universities in the world [22]. Recent advances in e-learning, analytics and data
mining tools allow the use of detailed data to understand and support teaching and
learning [23]. Itis now possible to conduct experiments in education and support efforts
to achieve personalized learning goals. Learning analytics and visualization allow eval-
uating and comparing content modules, teaching methods, and course design in order
to optimize learning outcomes and competencies based on the goals of both individual
students and universities [23]. The combination of learning and visualization analytics
provides new opportunities for identifying student core competencies, skills, and the
ability to adapt to changes. Learning analytics (LA) is aimed at measuring, modeling
and transmitting student data to understand and optimize the teaching and learning pro-
cesses, as well as the socio-technical environment in which they occur. The growth of
online courses and e-learning platforms (for example, edX, Udacity, Pluralsight,
Udemy, Lynda) contributed to the increase of applications; learning analytics uses a
variety of time, geospatial, thematic and network types of analysis and visualization
[23], provides forecasts, supports authentic training.

Research on learning analytics has been conducted over the past decades; however,
there is no agreed standard measurement unit to describe and identify the relationship
between the course content, structure and dynamics. However, when developing a
course, it is feasible to consider the LMS characteristics, in particular, the training sys-
tem should support the delivery of content (reading electronic books, watching videos,
taking exams) and provide access to the data on what activities each student performed
at what time [17]. Modern education design and large-scale online courses have dra-
matically changed the mode and accessibility of learning and teaching; they also sig-
nificantly influenced academic research and teaching in higher education. The growing
interest in measuring student involvement in the e-learning environment contributed to
the development and implementation of various dashboards; for example, VisEN [24]
displays student involvement in the quick calibration table and provides additional in-
formation upon request. Students can interact with visualizations to analyze the calcu-
lation of the involvement rate, interaction with the course, study time, the volume of
educational materials provided. They can compare their interactions with the total score
or activity of the group.

The involvement and participation of students in e-learning have gained great im-
portance in MOOC [25]. At the macro level, visualization is used to gain an insight into
the patterns of student involvement, and the analysis shows histograms of participation
and assessment disaggregated by weeks of study to confirm the overall interest; then

50 http://www.i-jet.org



the data are broken down to provide a detailed description of the interaction. In partic-
ular, students in MOOC can be classified into Auditors, Active and Qualified students
by the type of actions performed, which is useful for a thorough analysis of the percent-
age and relative proportions and time evolution of interaction paths. In addition to in-
dividual participation in MOOC, social interactions have a great impact, especially
when students are involved in social learning processes [26].

2 Methodology

2.1  Theoretical framework

Teachers and students should be aware of the types of interaction taking place in the
virtual environment and understand how knowledge is accumulated. This is referred to
as “situational awareness”, which is one of the major focuses of dashboards [27]. It is
believed that the quick perception of information through the toolbar is fundamental to
facilitate decision-making. To achieve these goals, the following sections describe the
social learning environment and the dashboard development process: from the data
analysis (to determine the most suitable predictors and indicators) to the selection of
the best visualization methods (to display relevant data). It should be noted that visual-
ization methods are a powerful tool for studying learning analytics as they allow visu-
alizing the accumulated data on student activities. In turn, visualization affects the be-
havior and motivation of the user (students and teachers), contributes to self-awareness
and decisions to improve the approach to learning [28].

2.2 Research methodology

In the virtual learning environment, process analysis is the most commonly applied
method for analyzing click logs in order to assess student commitment to given learning
pathways in discrete time intervals for the interactions and transitions between views
and event logs [29]. The method makes it possible to visualize three learning paths; the
first path was used to highlight common paths developed for the courses that range from
a simple linear path to multiple cycles with videos, quizzes, progress checks and fo-
rums. Nodes display event states in logs. The second network of paths visualizes tran-
sition patterns in each course. The final set of visualizations shows the analysis results.

It is proposed to use social learning analytics on the MOOC platform structured as
network visualization in discussion forums [30]; in this case, each user is considered as
a node, each response to a message is considered as a connection, and the tag cloud
allows filtering connections and nodes based on the content. Tooltips help the user find
a topic of interest and learn other user experience to draw conclusions about the inter-
action of students. Studies on the involvement in the virtual learning environment also
provide [31] a visual representation of cognitive and behavioral indicators of student
involvement to help teachers analyze it. To reflect the multifaceted nature of the inter-
action, the indicators reflect the participation of students (behavioral indicators) and the
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actions performed to change the structure of educational documents (cognitive indica-
tors). Behavioral indicators are calculated based on the number of actions and time
spent (the number of logins, the number of clicks on certain educational resources, the
time spent on the resource, etc.). Cognitive indicators are calculated based on the ac-
tions related to the structural modification of educational documents (for example, cre-
ating, adding, updating, deleting, moving, etc.).

2.3 Research design

The virtual learning environment is considered through the customized Moodle plat-
form used at First Moscow State Medical University and the Blackboard platform used
in the University of Sharjah. The integration into the Moodle social learning environ-
ment was based on the SocialWall plugin where the Blackboard was based on the col-
laborate Ultra tool. The Moodle SocialWall transforms the traditional Moodle course
into a social learning platform that includes message interface, message schedule, time
filtering and integration with the activities and resources of the Moodle platform [32].
To implement the goals of the present study, a Wiki repository was added to accumulate
knowledge to promote student cooperation. Wiki allows users to jointly create complex
structured web documents and a common repository. The SocialWall plugin allows
publishing posts, documents, links, and other types of resources previously shared by
teachers or students. Users can post comments, share opinions and perform other ac-
tions in the social environment, which can be displayed on a graph and filtered accord-
ing to the specified criteria.

Additional relations are presented through the use of MySQL - a free relational da-
tabase management system, which is a database server used in various applications.
The flexible MySQL management tool dbForge Studio for MySQL was used in the
study; it allows automating database design and administration, entering and editing
tables, creating and executing SQL scripts, triggers, and queries. The dbForgeStu-
dioforMySQL tool is free for non-commercial use; thus, it is used in the present study
as a tool for students to perform independent activities outside the classroom (Figure
1).

Toolbar Student 4 Learning
environment

Google Charts Blackboard

| MySQL

h 4
b

A

Fig. 1. Social learning environment

Note: Own development based on [33]
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All user interactions that occur in the social learning environment can be tracked;
they are stored in the Moodle database and in the Blackboard Collaborate Ultra tool as
well. The approach is based on tracking and reveals the involvement of students in
educational activities [34]. The involvement in the learning process is studied from the
perspective of a multidimensional and multifaceted model, where the interactions are
dependent on the context. In the context of the social learning environment, involve-
ment is closely related to the activities performed in the learning community, as well as
to user participation in various types of learning activities. First, the level of user par-
ticipation in the learning community is distinguished; it ranges from low to peripheral
participation. In this case, the activities include reading and limited interaction with
other users. More active participation involves commenting on other users' posts, shar-
ing knowledge resources, and contributing to community knowledge [35].

2.4 Approach to the data analysis and processing

The indicators are calculated based on the tracks accumulated in the database; the
data were collected from the Moodle log tables, SocialWall log tables and the Black-
board Collaborate Ultra tool data. The indicators were collected daily followed by
weekly aggregation. The system also allows monthly data aggregation. These are time
comparable indicators allowing evaluation of the user interaction evolution. Next, the
indicators are visualized through the Google Chars Tools API, which is a multifunc-
tional set of tools for data visualization that creates graphs and charts. In particular, the
Google Chart Tools API allows creating dynamic icons, maps, dials and displays, for-
mulas, QR codes, as well as supplementing the functionality with one's own visualiza-
tion tools [36].

2.5 Research sample

The experiment was conducted from March to April 2020. The study involved 4
teachers from First Moscow State Medical University, 1 teacher from the University of
Sharjah (UAE); there were also 5 experts participating in the research: 3 experts having
from 6 to 9 years of experience in teaching medical students and 2 e-learning specialists.
The experts determined the most significant visualization indicators for the virtual
learning environment dashboards. The users of the learning environment (students)
were also involved in the experiment. It was expected that 50 people would participate
in the study; the invitations were sent by email and 42 of them were accepted. Thus, 42
students participated in the study on the interaction in the virtual learning environment:
there were 30 students from First Moscow State Medical University and 12 students
from the University of Sharjah. The age of the participants ranges from 21 to 23 years,
the majority of the participants were women (75%) and the proportion of men was 25%.

2.6 Ethical issues

Each participant allowed the collection and processing of personal data. The infor-
mation on the achievements of each participant is confidential and will not be disclosed.
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Students were assigned unique identifiers that were used to visualize the results of the
study.

3 Results

It was decided to distinguish the following indicators of student involvement;

o Passive interactions measured by the number of likes received by the post or com-
ment, the number of pages read in the resources shared in the community knowledge
base

e Active interactions measured by the number of user posts in the community, the
number of comments posted by the student in the community, the number of pages
created, and the number of edits made.

At the second stage of the study, the subject of the student interest is determined. In
this case, the involvement indicators are calculated on the basis of student participation
in the community (interaction with other students and the teacher) and knowledge-
building activities (student interaction with educational materials).

In this case, the following indicators were identified as involvement indicators:

o Social interactions of the educational process participants that are measured by the
number of posts and comments, as well as the number of likes given to a message or
comment

o Knowledge acquisition measured by the number of pages read in educational and
methodical resources, and articles.

The first research objective is the visualization of the experimental group infor-
mation in order to identify the features of student behavior in the learning environment
and to reveal the level of student participation in the learning process. Further, the in-
dicators demonstrating the position of each student on the chart are applied. The posi-
tion of students is determined in accordance with the number of passive weekly inter-
actions along the X axis and the number of active weekly interactions along the Y axis
(Figures 2 and 3).
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Fig. 2. Student involvement visualization: passive and active student interactions in the
Moodle system

Note: Own development
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Fig. 3. Student involvement visualization based on the example of Student 11: passive and ac-
tive student interactions in the Moodle system

Note: Own development

The visualization allows quick monitoring the current involvement of each student
and the group through the scatter chart that displays the trend and relationships in the
point cloud. When participating in the study, the students were assigned numbers to
enter the system; however, in the classroom, they usually use their usernames and pass-
words corresponding to their first, middle, and last name. Thus, they can be easily iden-
tified. This may be necessary in order to take timely measures to correct the negative
trend of student involvement in the educational process.

To analyze student behavior, it is necessary to visualize involvement tendencies;
therefore, the visualization displays the details of a particular student in terms of trends
and distribution. It is based on a linear time series visualization: there are two lines (one
for each involvement indicator) showing involvement in passive and active interaction.
As mentioned above, the indicators can be collected daily, weekly or monthly based on
the analysis requirements.

The pie chart shows the distribution of the passive and active student interactions in
the selected time interval, as well as the various components of the selected indicators
(likes, read pages and messages, comments, created and edited pages) (Figure 4).

mlikes mPagesread mPostsshared mCommentsmade ®Pagescreated wPagesedited

Fig. 4. Student involvement visualization based on the example of Student 11: distribution of
the passive and active interactions in the Moodle system

Note: Own development
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However, the analysis of the student passive or active involvement does not assess
student involvement; therefore, at the next stage, the type of student involvement is
analyzed. The following visualization (Figures 5-7) is a scatter plot showing the stu-
dent’s position by the number of weekly social interactions along the X axis and the
interactions with educational resources on the Y axis. This allows the teacher to monitor
the subject of interest in student interaction. After this, it is also necessary to identify
socializing students and students who are involved in both social and intellectual con-
nections.
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Fig. 5. Visualization of the relationship between the social interactions of students and the use
of information in the Moodle course

Note: Own development
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Fig. 6. Visualization of the relationship between the social interactions of students and the use
of information in the Moodle course through the example of Student 11
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Fig. 7. Student involvement visualization based on social interactions and the use of infor-
mation in the Moodle course through the example of Student 11

Note: Own development

Thus, the teacher can conclude on the active involvement of the student in comment-
ing on posts shared by other users of the learning community (26 posts); it is obvious
that the student actively participates in discussions (33 likes) and offers topics to be
discussed (18 posts). However, at the same time, Student 11 does not actively study
educational resources (manuals and methodological materials published in the virtual
learning environment); in addition, the student does not contribute to the knowledge
base in the encyclopedia developed by students in the Wiki repository. Based on the
visualization, the teacher can give the student recommendations for adjusting the study
plan in order to better grasp the basics of the course and get the opportunity to success-
fully pass the final test.

4 Discussion

Educational dashboards are widely used in various virtual learning environments,
such as: learning management systems, web environment, personal learning environ-
ment, massive open online courses. Long-term monitoring of the dynamics of student
involvement from the perspective of a static and dynamic approach is regarded as a
promising development area. Static visualization is considered more effective for data
analysis, and dynamic visualization (animated) is more effective for data perception
and understanding. Animated visualization can be used for reproducing the history of
events that occurred in a dynamic system of the learning environment [37]. It allows
teachers and students to retrospectively track the events by going back to the beginning
of the learning process, and at the same time display actions and changes while main-
taining involvement by attracting attention. Nevertheless, the approach has some draw-
backs; it increases cognitive load. The attention should also be given to the interaction
between individual students and their groups in the learning process; it is necessary to
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conduct a content analysis to identify the most interesting topics and questions. In this
case, interactive visualization will provide information on specific topics [38].

There was a study on creative self-efficacy (CSE) and the resources perceived by
users in the sociocultural environment of the UAE confirming the applicability of e-
learning tools in a unique socio-cultural context. A modified version of the Technology
Acceptance Model (TAM) demonstrated that “perceived utility” and CSE are the two
strongest predictors of the behavioral intent of students studying in the virtual learning
environment [39].

Itis also proposed to use the interactive TUT LA visualization tools, which provide
an opportunity to improve learning and teaching in the context of online courses. The
approach allows analyzing student activity based on automatically recorded user log
data for constructing interactive visualizations. The tool has been tested in discussion
forums, which are one of the major asynchronous communication means used in virtual
learning environments. The TUT LA tool extends the navigation and search functions
of the LMS discussion forum by analyzing the contents of the forum and automatically
identifying topics for discussion. The user can expand the forum through thematic nav-
igation and interactive search. The tools have been designed as plug-ins for the Moodle
LMS [40].

It is also proposed to rely on a set of metrics and visualizations designed to reflect
the key dynamic aspects of student involvement, performance and learning paths. Met-
rics are used to determine behavior, learning paths, interactions with the course content,
actions, and grades. Visualization results show the structure of the course and patterns
of student interaction with educational materials, activities, and grades. Tree visualiza-
tions are used to demonstrate hierarchical course structures and the sequence of content
modules. Trajectory networks represent the paths and interactions of individual students
through course modules identifying involvement models, content access strategies, and
performance [17].

The visualization activities described in the study are based on modified state tran-
sition networks to analyze and visualize the student learning path. Student trajectory
networks show the interaction of individual learners or groups with the course structure
and material. The networks have been designed to visualize actions related to the com-
pletion of tasks (homework or exams) based on the edX clickstream data for all students
in the course. In the analyzed course, activity and assessment module ego-networks
demonstrate student involvement models by visualizing the transition to other course
resources [17]. On the Moodle platform, it is also proposed to use a tool for studying
analytics and improving the search for content and navigation to expand the capabilities
of visual analytics and evaluate the relevance of the educational materials. The platform
plugins allow quicker extraction of information and more efficient data tracking and
management [41]. The learning process can be visually analyzed through Performance-
Vis; this is a tool for analyzing and visualizing student performance in terms of time,
assessment elements, as well as demographic and academic background. Performance-
Vis includes four key views (overall exam grade pathway, detailed exam grade path-
way, detailed exam item analysis, and overall analysis of exam and homework) that are
dynamically linked to interact with the user [42].

58 http://www.i-jet.org



Some learning analytics dashboards, for example SAM, are based on the CCV is tool
to provide visualization of the course progress to both teachers and students [43]. It
allows teachers to easily study student behavior patterns and identify the course re-
sources that are most or least often clicked. The tool uses a higher-order network algo-
rithm [44] to highlight critical sequences leading to different transition probabilities in
order to study large-scale functions in the node-link diagram. CCVis correlates the click
behavior pattern with the distribution of grades on the chart; thus, users can see what
grades they will receive given a specific behavioral model. This information can moti-
vate and encourage students to change their learning behavior into models that correlate
with better grades. Visualization tools can help determine the principles of student
group formation and interaction in the social learning environment. For example, Net-
workSeer [45] provides information on the time, place, and causes of student interaction
in the virtual learning platform forums.

To visualize student involvement on the Blackboard platform, tools to assess the
activity of the online learning community (OLC) are used. OLC is a special type of
social media software [46]. The teacher can track key aspects such as collaborative
note-taking and advanced personal profiles of students. It is proposed to use the Elgg
software as the key component of the study on student involvement primarily due to
activity in micro-blogs and communities. According to researchers, the software can
contribute to better learning through openness and teamwork of students, which is es-
pecially important for teaching in large classrooms where interaction between students
can be minimal [47].

5 Conclusion

Traditionally, the data and reports provided by learning management systems are
limited to measuring activity and performance; however, the need to monitor aspects
that are difficult to understand in the process of e-learning becomes more urgent. First
of all, this refers to the social interaction of students and their involvement in the learn-
ing process. Interactive visualization of student data supports student learning in the
virtual learning environment, helps to monitor and evaluate academic performance and
learning outcomes in order to make adjustments for improvement, both on the part of
the student and the teacher. This is especially relevant in the context of e-learning,
which requires students to take responsibility, self-regulation and other learning skills.
Teachers can also benefit from visualization. For example, visual analysis tools can
help them make decisions on pedagogical strategies, guidance, actions and interven-
tions that can be used to support student involvement and activities. Visual analytics
can also be used to get information on the way students use the course platform and
study educational materials, the amount of time they spend watching videos or reading
textbooks and manuals, the sequence of studying educational materials, the kind of
tasks performed. This information can help teachers evaluate academic performance
and identify students who are at risk of dropping out or not getting a good grade for the
course. The information can be used to identify topics that students skip and educational
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materials that they don’t use, which can help teachers improve the curriculum design
and course content making it more comprehensible and interesting.

The proposed approach is an interactive process; it involves the implementation of
analytics tools along with the analysis of the results. Therefore, in further studies the
necessary adjustments to the previous stages of work will be made in order to provide
better visual information and track trends and activity of each individual student to de-
velop personal study plans and ensure successful completion of the course. The present
study aims to satisfy the need for information that will help analyze the effectiveness
of the virtual social learning environment based on student involvement indicators. As
a result, it is feasible to develop and apply tools for monitoring student activity, which
are of particular importance in the context of the popularity of e-learning, which allows
using huge amounts of information in the learning process, but requires regular moni-
toring of online activities. Information visualization techniques that provide the benefits
of visual perception are considered as tools for presenting data through the conversion
of tracks into visual information.

The introduction and use of the dashboard when working on the Moodle platform is
required in order to provide students and teachers with a tool to support the learning
process and decision making on the further development of the study plan. The major
advantages of the tools are as follows:

o Visual analytics helps to understand the processes that occur in the learning process
o Visualization of information contributes to activity, self-improvement, and, ulti-
mately, the achievement of learning objectives.

The pilot study showed that the feedback provided based on the study of visual in-
formation on student involvement helps teachers develop more personalized recom-
mendations. The present study can also contribute to the identification of the course
areas which can be improved in order to facilitate data collection for the activity anal-
ysis and visualizations. In the future, additional studies aimed at measuring long-term
effectiveness in the learning process will be performed. It is also planned to involve
programmers in order to improve the functions of student involvement visualization
tools.
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