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Abstract - Tracking interactions on Collaborative Learning Environments (CLEs), with an increasing number of collaborative 
tools, offering a real time support for students, is one of the most intense and exhaustive challenges that online teachers face. 
The main objective of this work was to investigate how a broad approach for monitoring social interactions in CLEs can 
positively support the monitoring of students’ group behaviors by teachers. This work validated two hypotheses through an 
empirical experiment that verified an increase of the teachers’ awareness about students’ group behaviors when supported by 
the Amadeus-SIMM, as well as, an increase of the group cohesion and a decrease of the group homogeneity. This work tried to 
contribute for the computer supported collaborative learning area offering a support to the teaching presence among the great 
volume of interactions in order to provide a more active posture of the teacher in online environments. 

 
Index Terms - Collaborative Learning Environments, E-learning, Students’ Group Behaviors and Social Network Analysis. 
 
I. INTRODUCTION 
 
In order to support the process of learning by distance 
or blended learning, Collaborative Learning 
Environments (CLE) have been developed for acting 
as virtual classrooms, providing possibilities for 
interaction amongst participants. According to 
Anderson (2003), social interaction between students 
and teacher is important for engagement and 
collaboration in CLEs. Oncu & Kakir (2011), on the 
other hand, associate online collaboration with 
improving the volume and quality of both engagement 
and satisfaction of students. 
There is an excessive concern to offer an increasing 
number of synchronous and asynchronous tools in 
CLEs, but little attention has been given to monitoring 
the interactions that occur in these tools. To analyze 
and supervise the large volume of interactions 
between teachers, students and content in CLEs is an 
important and complex task for the teacher in online 
learning. The feedback provided by monitoring these 
interactions allows for the adjustment of the flow of 
activities in real time by analyzing the social behavior 
of students (Bakharia & Dawson, 2011).  
Many works in literature have reported benefits of 
online communication for learning, since they offer 
opportunities for dialogue and collaborative activities, 
reducing the limitations of distance and time through 
interactions(Joksimović et al., 2015). The 
socio-constructivist theory, which poses education as 
a social practice, provides an idea for effective 
learning facilitated by a consistent social interaction 
between students and the teacher (Kreijns et al., 2013). 
Furthermore, the social dimension in the process of 
online learning helps to build a sense of community, 
where students develop social ties that support their 
academic success. 
According to Yilmaz & Keser (2016), the main 
objective in creating social presence in a learning 
environment, whether online or face-to-face, is to   

 
create a good level of comfort between the teacher and 
the students, facilitating the sharing of information 
between collaborators. Lim, J. & Richardson, (2016) 
associates the lack of social presence to a high degree 
of students’ frustration or a critical attitude towards the 
teacher, resulting in a low degree of effective learning. 
Teachers have a significant role in the establishment 
and maintenance of social presence in online learning. 
Aragon (2003) and Cui et al. (2013) report some 
teaching practices that promote social presence: to 
contribute actively in collaborative synchronous and 
asynchronous tools of CLEs, offer immediate 
feedback in a personalized way, share experiences, 
encourage student participation and fostering 
closeness between those involved in the learning 
process. Other factors are also directly related to the 
promotion of social presence, such as the attitude of 
students and the need to create a favorable social 
projection of students using CLEs. Bettinger (2016), 
Johnson et al. (2010) and Al-Samarraie & Teo (2015) 
reported on the relationship between the degree of 
social presence with performance indicators and 
students’ outcomes within a course, focusing on 
individual engagement and critical thinking skills. 
Online teaching practice is simply geared towards the 
demand from students, requiring a more active role as 
mediator in a highly collaborative and rich process 
when the perspective of knowledge sharing is 
considered. Group’s mediation of online learning 
requires the teacher to be aware of the behavior of 
students. Based on the taxonomies proposed for 
different forms of interaction in distance education, 
involving dimensions as student, teacher, content and 
environment, one notes the amount of possible 
interactions of different natures that need to be 
accompanied by teachers in CLEs (Medeiros et al., 
2013). Social interactions grow as the number of 
synchronous and asynchronous communication tools 
increase in CLEs, making it difficult to be monitored 
by the teacher. 



International Journal of Advances in Electronics and Computer Science, ISSN(p): 2394-2835 Volume-4, Issue-11, Nov.-2017 
http://iraj.in 

Students’ Group Behaviors based on Social Network Analysis 
 

100 

The facilitation provided by the teacher through 
teaching presence is a factor that directly affects the 
engagement, reach and retention of students in 
collaborative learning environments (Oncu & Cakir, 
2011). According to Anderson (2003), engagement is 
developed through interaction, so it is essential to 
promote interactions in several ways. The teaching 
practice in the context of online learning with respect 
to mediation of learning groups, with little or no 
face-to-face contact, requires a high degree of 
interactive awareness which occurs in CLEs so that the 
teacher can arbitrate in the students’ experiences, 
leading activities and social exchanges. 
 
Following CLE interactions with an increasing 
amount of synchronous and asynchronous 
communication tools, which often stretches the limits 
of CLE tools, providing adequate and real-time 
support to students in order to foster good social 
learning experiences, is one of the most intense and 
exhausting challenges that teachers face online. User 
experience in Collaborative Learning Environments is 
not limited to interactions with content and tools. 
Tracking delivered papers and the exams conducted, 
the most common assessment processes, doesn’t 
constitute a real problem for the teacher, since they are 
activities previously planned in instructional design. 
However, tracking social interactions in different 
synchronous and asynchronous tools, besides 
identifying learning behaviors, set up challenges for 
online teaching. 
 
The overall objective of this study was to investigate 
how a broad approach for monitoring social 
interactions of students in CLEs can positively help 
teachers’ awareness of students’ group behaviors. This 
approach is based on Social Network Analysis (Scott, 
2012) and it has reached the Web tool development 
Amadeus-SIMM for the purpose of monitoring 
students’ social interactions in CLEs. 
The research question guiding this work is: (ii) does 
the support of the teaching presence through 
Amadeus-SIMM help in promoting the increase of 
classroom’s cohesion and homogeneity? This work 
tried to validate two hypotheses through an empirical 
experiment: 
 
Hypothesis 1: The intervention of the teacher in the 
social interactions of students, supported by 
Amadeus-SIMM, promotes an increase of group 
cohesion. 

 
Hypothesis 2: The intervention of the teacher in the 
social interactions of students, supported by 
Amadeus-SIMM, promotes a decrease of group 
heterogeneity. 
 

II. AMADEUS-SIMM – MODULE FOR 
MONITORING SOCIAL INTERACTIONS IN 
CLE 
 
In the context of online learning, different kinds of 
synchronous and asynchronous tools are present in 
environments that support collaboration between 
participants, such as forums, chats, e-mails, leading to 
a formation of a large social network.  The approach of 
monitoring social interactions in CLEs developed in 
this work aims to offer a support to teachers by reports 
and visualizations about group and each student social 
behaviors, utilizing the Social Networks Analysis 
theory (Medeiros et al., 2013a). 
 
III. AMADEUS-SIMM ARCHITECTURE  
 
The architecture proposed, shown in Figure 1, 
corresponds to the Amadeus platform module called 
Amadeus-SIMM (Social Interactions Monitoring 
Module) which monitors the synchronous and 
asynchronous collaborative tools: instant messaging 
service, chat, discussion forum, in addition to 
extending the monitoring for external tools, such as 
Twitter. 

 
Figure 1. Architecture of Amadeus-SIMM 

 
Three partitions compose the proposed architecture: 
tools, provider and consumer. The tools partition 
refers to the collaborative synchronous and 
asynchronous tools that feed the Amadeus-SIMM 
monitoring module.  The Provider partition applies 
Social Network Analysis (Scott, 2012) metrics 
through services that represent students’ social 
behavior from the social interactions on the 
asynchronous and synchronous collaborative tools 
Forum, Chat and Instant Messaging Service, as well as 
on the Twitter social network. Other tools can be 
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added to the Amadeus-SIMM architecture since they 
implement a pre-defined interface, then becoming a 
part of wide monitoring, as shown in Figure 1. 
Consumer corresponds to reports and visualizations 
offered as a support to the teacher for monitoring 
social interactions of the students. Each report is 
composed of three parts: the first presents statistical 
data generated from the application of the Social 
Network Analysis metrics; the second part presents a 
diagnosis about the social behavior analyzed; and the 
third part suggests an intervention to the teacher to be 
applied in real time, during the course, to improve the 
social presence of the students in different aspects. 
The visualization of the graph, which represents social 
interactions during the course, generated from a 
graphml file, is plotted using the Gephi tool (Medeiros 
et al., 2013). 
 
IV. GROUP SOCIAL BEHAVIOR 
 
Cohesion Degree: The service Cohesion Degree is a 
measure used to evaluate how cohesive a social group 
is and is calculated through Density metrics. These 
metrics express the proportion of arcs that are present 
in a subset of actors in a social network. This behavior 
also indicates the level of group interactivity and 
offers to the teacher a diagnosis of how cohesive the 
group of students is. The density  is calculated by: 

∆ =  
L

g(g − 1) 

Where L indicates the number of present arcs in the 
graph and g(g – 1) the possible number of arcs in the 
directed graph. The cohesion degree varies from 0 to 
1. 
 
Heterogeneity Degree: The service Heterogeneity 
Degree is a measure used to discover the variability of 
the individual actor indices from a social network and 
it’s calculated through the Group Degree Centrality 
metrics. These measures offer to the teacher an 
indication of how heterogeneous the group of students 
is. The general formula for group degree centrality is: 

C =
∑ [C (n∗)−  C (n )]

[(g − 1)(g − 2)]  

The CD(ni) in the numerator are the g actor degree 
indexes, while CD(n*) is the largest observed value. 
The denominator of this index can be calculated 
directly by [(g-1)(g-2)]. 
 
V. EXPERIMENT 
 
a. Methods and Participants 
The experiment was done through an Introduction to 
Python Programming distance course, with students 
from advanced courses such as Technology in Internet 
Systems, Computer Networks and Computer Science, 
as well as, Computer Engineering and Electrical 
Engineering. The participants in this study were 70 
undergraduate students at four public universities 

located in three different states of Brazil. The course 
duration was 50 days in equivalence 60 hours. All the 
students who enrolled have had a formation in the 
Computing area and less than 15% of them had some 
experience in distance learning.  
 
b. Experiment Design 
The experiment was done through an Introduction to 
Python Programming distance course, with students 
from advanced courses such as Technology in Internet 
Systems, Computer Networks and Computer Science, 
as well as, Computer Engineering and Electrical 
Engineering. The participants in this study were 70 
undergraduate students at four public universities 
located in three different states of Brazil. The course 
duration was 50 days in equivalence 60 hours. All the 
students who enrolled have had a formation in the 
Computing area and less than 15% of them had some 
experience in distance learning.  
The experiment was conducted with students who 
were from the same classroom if we consider that they 
had the same teachers and used the same space in the 
collaborative learning environment Amadeus. The 
course was administrated by a Computer Science 
teacher and by a tutor with a degree in Information 
Systems. Both have a deep experience with Python 
programming language, as well as distance learning 
courses. 
The Hypothesis H1, “The intervention of the teacher 
in the social interaction of students, supported by 
Amadeus-SIMM, promotes an increase in group 
cohesion”, was verified considering the difference in 
levels obtained in the measure Cohesion Degree 
between the two different moments of the experiment. 
The Hypothesis H2, “The intervention of the teacher 
in the social interaction of students, supported by 
Amadeus-SIMM, promotes a decrease in group 
heterogeneity”, was verified considering the 
difference in levels obtained by the measure 
Heterogeneity Degree between two distinct moments 
of the experiment, as well as through the standard 
deviation of the measures obtained in the two 
moments of data collection. 
 
VI. RESULTS AND DISCUSSIONS 
 
Hypothesis H1 was verified by comparing the level of 
cohesion of the group of students in two moments 
analyzed on the course. The report that indicates the 
social behavior of group cohesion presented the values 
Δ = 0,019 for the period in which the teacher did not 
have the support of the Amadeus-SIMM module and Δ 
= 0,0511 for the period in which the teacher had the 
support of the Amadeus-SIMM module.  The two 
measures indicated a weakly cohesive group, but the 
indexes indicated an increase in the cohesion of the 
group when the teacher intervened in social 
interactions using suggestions offered by 
Amadeus-SIMM. Group cohesion behavior, 
represented by the density measure of SNA (Social 
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Network Analysis), is related to the quantity of social 
interactions in collaborative tools, which had an 
increase of 300% from the first period evaluated to the 
second period, when the teacher was helped by 
Amadeus-SIMM. Based on the results obtained, one 
concludes that hypothesis H1 was verified. 
Hypothesis H2 was verified comparing the level of 
students’ group heterogeneity in the two moments 
analyzed on the course. The level of heterogeneity of 
the group presented the values CD = 0,00334 for the 
period in which the teacher did not have the support of 
the Amadeus-SIMM module and CD = 0,00437 for the 
period in which the teacher had the support of the 
Amadeus-SIMM module. The level of heterogeneity 
of the group varies between 0 and 1, the group 
becoming more homogeneous as the distribution of 
the social interactions become closer to 0. In this case, 
the interventions of the teacher did not influence in a 
way that made the interactions of the group become 
more homogeneous, as the levels obtained shown. In 
the weeks in which the teacher intervened supported 
by Amadeus-SIMM, in spite of the quantity of 
interactions having increased 300%, reaching most of 
the students, this increase was more accentuated in a 
determined group of students. 
The degree of heterogeneity is calculated considering 
the levels of visibility of all the students. The standard 
deviation of values obtained in the two moments 
researched in the experiment were σ = 0,029 for the 
period in which the teacher did not count on the 
support of Amadeus-SIMM and σ = 0,051 for the 
period in which the teacher had the support of 
Amadeus-SIMM, showing that the values collected 
from the first sample were less dispersed, that is to say, 
the data are more homogeneous. Based on the results 
obtained, one can conclude that hypothesis H2 was not 
verified. 
The social behavior for the heterogeneity of the group, 
even though not having presented a satisfactory result 
in the experiment, offers a very important indicator to 
the teacher in order to realize the distribution of the 
social interactions amongst the students in a clear and 
simple way. Even though the interventions of the 
teacher do not necessarily mean turning the group into 
a more homogeneous way, this measure triggers an 
alert to the teacher for a more profound analysis of 
individual behaviors in students. 
 
CONCLUSION 
 
This work sought to contribute to the area of 
collaborative learning supported by technologies, 
offering support to teaching presence when it 
confronts a large volume of social interactions in the 
different internal tools and those external to the CLE, 
in order to make it possible for the teacher to have a 
more active posture in the mediation of the online 

learning process.   
The approach of social interactions monitoring 
investigated and validated in this work offers a 
framework so that new synchronous and asynchronous 
tools, internal and external to the CLE, can be 
incorporated, extending the reach of learning 
experience and creating for it a wider assessment. The 
area of Social Networks Analysis (SNA) is growing at 
the same time as it becomes urgent to add on and 
analyze ever greater volumes of data used for diverse 
purposes. This reality provides for the fact that new 
social behavior can be incorporated into 
Amadeus-SIMM. 
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