Social network analysis as a method for analyzing interaction in collaborative online learning environments
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ABSTRACT

Social network analysis software such as NodeXL has been used
to describe participation and interaction in numerous social
networks, but it has not yet been widely used to examine
dynamics in online classes, where participation is frequently
required rather than optional and participation patterns may be
impacted by the requirements of the class, the instructor’s
activities, or participants’ intrinsic engagement with the subject
matter. Such social network analysis, which examines the
dynamics and interactions among groups of participants in a
social network or learning group, can be valuable in programs
focused on teaching collaborative and communicative skills,
including teacher preparation programs. Applied to these
programs, social network analysis can provide information about
instructional practices likely to facilitate student interaction and
collaboration across diverse student populations. This
exploratory study used NodeXL to visualize students’
participation in an online course, with the goal of identifying (1)
ways in which NodeXL could be used to describe patterns in
participant interaction within an instructional setting and (2)
identifying specific patterns in participant interaction among
students in this particular course. In this sample, general
education teachers demonstrated higher measures of connection
and interaction with other participants than did those from
specialist (ESOL or special education) backgrounds, and tended
to interact more frequently with all participants than the majority
of participants from specialist backgrounds. We recommend
further research to delineate specific applications of NodeXL
within an instructional context, particularly to identify potential
patterns in student participation based on variables such as
gender, background, cultural and linguistic heritage, prior
training and education, and prior experience so that instructors
can ensure their practice helps to facilitate student interaction in
light of each of these potential variables.

Keywords: social network analysis, online collaboration, teacher
education, online learning, visualization

OVERVIEW
In recent years, new technologies have allowed information

specialists and managers to analyze social interaction data from
numerous perspectives [1]. Software such as NodeXL has made
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it possible to visualize complex relationships among different
participants in a single group or social network [2]. This
functionality allows researchers to draw conclusions about the
structure, dynamics, and participation patterns associated with
such groups, including measures such as degree (how many
other members an individual might be connected to),
betweenness centrality (how vital they are to the network,
including ways in which an individual might serve as a bridge
between other participants), closeness centrality (how close the
individual is to other individuals in the network), eigenvector
centrality (how connected they are to other popular people), and
clustering coefficient (how individuals form cliques within the
network) [2] [3] [4]. In particular, NodeXL, by offering the
ability to visualize participation relationships and patterns
impacting each member, makes it possible to consider these
patterns in light of variables such as participant background,
inter-group dynamics, facilitator interactions, and linguistic and
cultural factors.

BACKGROUND AND CONTEXT

While researchers have used NodeXL to analyze social
networking in a variety of settings [2], little work has been done,
to date, to apply this information to the social interactions of the
online classroom. The rapid expansion of online educational
tools and virtual learning experiences in the last decade [5] has
provided both new opportunities and challenges to online course
developers and instructors using tools such as Blackboard,
WebCT, blogs, and other online learning applications. The
world of online learning is a comparatively new educational
arena, in which group dynamics, student-to-student interaction,
and instructor-to-student interaction all may function differently
from face-to-face instruction [6] [7]. As the population of
students participating in online learning becomes increasingly
diverse [8], it is, correspondingly, important for instructors to
monitor patterns of participation, student interaction, student
response to instructors’ feedback to ensure that all students,
regardless of background, prior learning, culture or language,
are able to benefit equally from discussion, interaction, and
instructor feedback [8], [6], [9]. Indeed, successful online
teaching demands an accurate understanding of the ways in
which students of different backgrounds respond to instructor
prompts, interact with one another, and structure individual and
group patterns of interaction [7] [8] [5]. For that reason, the
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ability to visualize and analyze interactions is as important in
online education as it is in other social networking arenas. In
fact, the ability to do so helps instructors plan for instruction,
evaluate the impact of their prompts and feedback to students,
and structure the course in order to maximize student to student
interaction.

Without face-to-face interaction, learning in online settings
occurs instead through a variety of interactions and experiences:
individual readings and activities; asynchronous group
discussions; synchronous chats; simulation activities in
SecondLife or other virtual reality settings; and social
networking [10]. In each of these varied forums, instructors,
students and researchers may find themselves identifying new
ways to measure student participation, interaction,
connectedness with the group, and ultimate mastery of course
outcomes [5] [8]. However, research has indicated that it is an
ongoing challenge to foster collaboration and interaction among
students in online courses [11] [12], as students and instructors
must each accept new paradigms for online interaction while
also interacting without the benefit of the nonverbal, paraverbal
and other social cues which are present in face-to-face
environments [13]. For this reason, analysis of online learning
must pay particular attention to issues of student engagement
and interaction, as students’ interactions with others help to
determine not only the mastery of educational outcomes but the
quality of the student’s learning experience [14]. As part of the
process of considering engagement and interaction, educators
must also accept that traditional measures of engagement—
observing students’ expressions and verbal responses—may be
of limited benefit in the context of distance education, and
accordingly, new methods for assessing engagement and
interaction should be explored.

Such exploration is particularly, though not exclusively, relevant
to fields focused on development of interpersonal skills, such as
teacher education, as participants in online courses must master
collaborative, communicative and interactive skills as part of
their efforts to meet professional standards for educational
certification [15] [16]. Therefore, collaboration and interaction
are not just a means of instruction, but the object and goal of
instruction as well.  Collaboration takes on heightened
significance as teachers, also, find themselves working with an
increased number of culturally and linguistically diverse
students and attempting to implement culturally responsive
instruction within an inclusive classroom setting [12], a task
which frequently requires them to collaborate with specialists
including English-language teachers, counselors, pupil support
workers, and special educators or assessment personnel.

In considering the role of student interaction in online learning,
Slagter and von Tryon address the importance of collaboration
and student interaction in constructing a theoretical framework
for considering engagement and student “connectedness” in
online learning [17]. Built on an overarching principle of
constructivism [18], such a framework alludes to the importance
student-constructed questions, responses, dialogues, and
activities. This research is grounded in a similar belief that
student interaction is a central indicator for learning within a
constructivist paradigm, particularly one focused on a
developmental context for interpersonal and social skills [19].
We refer also to another important construct in theorizing online
interaction, social cognition theory, which holds that an
individual’s learning experience will be shaped at least in part
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by the way in which he or she is able to process interpersonal
interactions and communication [20]. As students encounter a
new set of expectations in online learning, their own learning, as
well as their perceptions of the online experience, will continue
to be shaped by interactions with others, which therefore assume
a role in distance learning which is as important, if not more so,
as in face-to-face coursework.

In considering student experiences with respect to interaction
and collaboration, social network analysis offers a useful way to
organize inquiry and analysis. Social network analysis is an
increasingly popular means of identifying patterns of interaction
among participants in online networks, particularly variables
such as degree (the number of members with whom each
member interacts), centrality (how important or “central” each
member is within the network), and clustering (the ways in
which various members form cliques or groups). There are
various measures of centrality, including closeness centrality (a
measure of the direct or indirect connections between group
members), betweenness centrality (a measure of the way in
which each member helps to connect other members of the
network), and Eigenvector centrality (the degree to which a
participant is connected to other active participants) [21], [3],
[4], [22]. Prior research has begun to identify social network
analysis as an effective means of examining dynamics in the
educational arena [23], and particularly as an instructional tool
in online learning [2]. Previous research has also examined
learning experiences as social networks; Calvani, Fine and
Marcello examine the usefulness of social network analysis as a
means of analyzing the quality of discourse in the learning
setting using an add-on software to the Moodle learning suite
[24].

Shea et al considered the dynamics of a social network in
university coursework, finding that interaction among
participants can be described in terms of qualitative and
quantitative measures such as frequency of participation, quality
of reflection evident in postings, and depth of analysis [25].
Such qualitative analysis can provide valuable insight into the
nature and, perhaps, effectiveness of online learning
experiences. However, researchers and practitioners continue to
seek more quantifiable, as well as qualitative, means of
analyzing social interactions in online learning. There are
numerous means of conducting such analysis, produced by
Microsoft and compatible with Excel, is one of the most recent.
Additionally, it offers significant benefits for researchers in
fields other than computer science, as the program is cost-
efficient, runs as an add-on to a program currently in wide use,
and can easily calculate measures of participant interaction such
as centrality within a network, degree of interaction with other
participants, and closeness to other participants [22].

Despite its accessibility and potential as a tool for analysis of
online courses, little research has been done, to date, to explore
the potential uses of NodeXL in evaluating online coursework,
particularly in collaborative disciplines such as teacher
preparation, where learning environments must encourage
participant interaction, collaboration, and involvement. This
article describes an exploratory analysis of participant
interactions, using NodeXL, in order to describe collaboration
among participants in an asynchronous discussion forum offered
through the Blackboard learning system.
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PURPOSE

The purpose of this exploratory study was to explore ways in
which NodeXL, a relatively new tool for social network
analysis, could be used as an element in evaluation of online
learning experiences, particularly in the field of teacher
education, where the development of professional
communicative and collaborative skills is frequently prioritized.
The goal of the study was to identify ways in which this tool
could be used to visualize and describe relationships among
participants in an online learning forum which was geared
toward  developing  cross-cultural ~ competence and
communication skills in inservice teachers.

METHODS

19 participants were enrolled in a continuing education course,
offered by a midsize research university in partnership with a
local school system, focused on providing teachers with the
skills to address issues of cultural and linguistic diversity in the
classroom, issues of increasing importance due to changing
demographics in the school system. Participants did not receive
university credit but did receive relicensure credit from their
school system upon successful completion of the university
course. Nine participants reported their background as being in
general education; eight participants reported their background
as special education; two participants reported their background
as being English as a Second Language (ESL). Four
participants reported their current teaching assignment as being
focused primarily or entirely in high school; five reported their
background as middle school; ten reported their background as
elementary school. The participants completed online activities,
using the Blackboard learning system, which included
discussion questions for each of six online modules, as well as
evaluations of each of six learning modules after each module
was completed.  Participants interacted with the course
instructor/ facilitator, as well as with the program director
overseeing the project, throughout the program. Participants
were required to post a total of three times in each online
discussion forum, once as a primary response to the question
and twice in response to other participants. The first online
forum was an introductory forum where participants shared
information about backgrounds and expectations for the course;
subsequent forums focused on content presented during the
continuing education modules.

For this pilot study, data was examined from a content-related
forum in which participants were asked to read a series of
articles on second language acquisition and post a response of at
least 200 words summarizing their understanding of the second
language acquisition process and sharing strategies which might
be effective in meeting the needs of second language learners
and students from culturally diverse backgrounds. Participants
were required to post their own responses and to respond to at
least two of the 19 other participants in the forum. The total
time given to complete the initial posting and the two responses
was three weeks. The program director did not participate in
this forum, but the instructor was an active participant. A social
network analysis of the forum was conducted using NodeXL in
order to determine whether patterns existed in participant
interaction based upon professional background or current
grade-level teaching assignment. A visualization of the forum
was generated in order to provide a graphic illustration of
participant patterns. ~ The visualization represented each
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participant as a ‘“node” on the graph, with directional lines
indicating interaction among participants. In addition, the
analysis identified measures of degree (number of other
participants with whom each participant interacts), centrality
(the relative importance of each participant in the network or
community), and betweenness (the degree to which each
participant serves as a “link” or ‘“bridge” among other
participants) for each participant. [3], [4], [22], [23]. We
reviewed each of these measures for individual participants and
also reviewed average measures of degree, centrality and
betweenness for groups of participants, based upon professional
background and current grade-level teaching assignment, in
order to determine whether differences existed among
participation in the class for teachers from differing
backgrounds. In addition, qualitative data was examined from
participants’ constructed-response evaluations of the module,
providing feedback as to their perceptions of their learning
experiences and the effectiveness of various aspects of the
forum, such as instructor involvement and nature of questions
and discussion prompts.

FINDINGS

While the data set examined was not of a significant enough size
to allow for generalizable conclusions, data analysis did reveal
(1) that NodeXL was a useful tool in visualizing and describing
social relationships among online participants and (2) that
participants in this particular forum tended to interact in ways
that appeared to be correlated with similarity in their
professional backgrounds, particularly for those from a
generalist, as opposed to specialist, background.

Visualization

Metrics and visualization examination show that the instructor is
the most central individual in the course. While online learning
has been viewed as a platform which allows for greater student
involvement [19, 24], this particular visualization demonstrates
that in some online environments, the instructor remains the
most central element, is responsible for initiating much of the
communication between students and instructors, and comments
upon the majority of online posts. Examination of metrics
describing participant relationships also demonstrated this fact.
In this visualization, each participant is assigned a “node” or
vertex on the graph, with directed lines (edges) between the
nodes representing frequency and direction of interactions.
Edge width is associated with frequency of interaction among
participants. Shape is indicative of participant role; size is
indicative of betweenness centrality; shading is indicative of
Eigenvector centrality. The visualization is produced first with
the instructor in the center and then with the instructor removed,
so that relationships can be clearly seen both in light of the
instructor’s involvement and independent of the instructor.

Visualizations Key:

Circle: special educator. Triangle: ESL teacher. Square:
general educator. Sphere: instructor. Size is associated in this
graph with betweenness centrality (larger figures are more
central), and shading is associated with Eigenvector centrality
(darker figures are more highly connected to other connected
members of the class).
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Fig. 1. Visualization of interaction among all participants and
instructor, based on disciplinary affiliation. The instructor is the
large sphere.

Fig. 2. Visualization of interaction among all participants,
without instructor, based on disciplinary affiliation.

Measures of participant interaction

Degree: The median measure of degree (the number
of other participants with whom each participant interacted) was
4.5; the group’s mean was 6.3. The instructor was the highest,
with a degree measure of 19, indicating that she interacted with
19 participants and potentially weighting the group average.
Four participants had interactions with only two or three others
in the group (including the instructor), indicating that they either
did not meet or barely met the minimum standard for
participation. Other than the instructor, the two individuals with
the highest degree measures (indicating interaction with the
highest number of participants) were a general educator (14) and
an ESL teacher (11).

Closeness centrality: Closeness centrality is a
measure of the distance between each participant and all other
participants (i.e., is a participant connected directly to all other
participants, or would information need to travel through a
number of other participants in order to reach that individual?).
In this network, closeness centrality is impacted in this network
by the instructor's extensive involvement with all participants, as
the instructor is a key link between a number of participants.
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For that reason, this exploration did not examine closeness
centrality as a measure of participant interaction, as the
instructor’s extensive interaction with all participants ensured
that all participants were connected to some degree by their
interaction with her and made it difficult to conduct an
examination of participants’ closeness relative to one another.
Such an examination might be relevant in classroom groups
where the instructor did not make it a point to interact with
every student, but rather participated with roughly the same
frequency and directionality as students in the course, or in non-
classroom groups (such as online study groups or support
groups) where there is not one member assumed to be “in
charge.” In these situations, closeness centrality could provide
an indicator of the overall closeness or connectedness of the
group and of the relative connectedness of various members
within the group.

Betweenness centrality: Betweenness centrality,
which measures the ways in which each participant is connected
to all other participants, is a useful measure in this group of
whether, and how, participants have formed connections among
themselves, both with the instructor's facilitation and
independent of the instructor. Betweenness centrality allows
one to quantify how highly connected an individual may be to
others in the network, whether through direct or indirect
interaction. The mean betweenness score for the group was
0.09; the median betweenness score for the group was: 0.01; the
instructor's betweenness score was 1.0. There is a fairly large
difference between the instructor's "betweenness" score and the
median and mean scores for the group, thereby reinforcing the
conclusion that this was an instructor-driven forum and that,
independent of the instructor’s interaction, participants (with a
few exceptions) tended not to form strong connections among
themselves.

When betweenness for participants was calculated based on
disciplinary affiliation, without the instructor being included in
calculations, the following was noted: The betweenness score
for special educators was: 0.024. The betweenness score for
ESOL teachers was 0.081 (though there were only two
representatives in this group). The betweenness score
for general educators was 0.046. This data suggests that general
educators tended to be more connected to all other participants
in the network than did special educators. The two ESOL
teachers tended to be most connected to other participants by
discussion and interaction.

Eigenvector centrality. Eigenvector centrality is the
measure of how much a participant interacts with other
“connected” or highly interactive members of the group. In
plain language, this might be described as whether a participant
interacts with other active group members, or tends to interact
with outliers and less active members. Eigenvector centrality
can be useful in providing a snapshot of how group members
interact, as the Eigenvector scores of different members or
subgroups may indicate the degree to which they have formed
strong relationships with other influential or active members in
the group. In this sample, as with betweenness, Eigenvector
centrality varied among those with different disciplinary
backgrounds. The mean Eigenvector score for the group was
0.2; the group’s median was 0.17. The instructor again had the
highest Eigenvector score, with .45. Special educators, as a
group, again had the lowest Eigenvector score, 0.17, indicating a
lower average level of centrality than the group as a whole. The
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two ESL teachers again had the highest average, .232; general
educators had a mean of .20.

DISCUSSION

As indicated previously, the significance of this study is limited
by the small size of the data set examined. In order to
characterize interactions or conduct evaluations of online
learning over the course of an entire semester or program, it
would be necessary to conduct examinations of multiple
discussions, to evaluate multiple courses, and to analyze
interactions among a larger number of participants. Such a
sample size would also allow for statistical analysis of variance
in order to identify which differences had statistical significance.
Given the small sample size in this study, such analysis was not
conducted.

However, this data provides a demonstration of the ways that
NodeXL, a tool which has not yet been extensively used to
analyze social interaction and networking in online learning in
general or in teacher preparation courses in particular, can offer
insight into the structure of group discussions, participant
groupings and interactions, and instructor involvement. Based
on the findings of this exploratory examination, the following
trends may merit further research and investigation:

Instructor Involvement

The instructor is deeply involved in a majority of interactions in
the course. As Santovec [26] suggests, intensive instructor
involvement demonstrates responsiveness to students but may
also discourage students from responding to one another. Given
the opportunity to provide qualitative feedback about the most
helpful element of the first module in allowing them to meet the
objective, only two participants identified the discussion forum
as most useful. Qualitative feedback from one participant, in
particular, identified the discussion as helpful, despite the
complexity of multiple discussions and threads, primarily
because of the opportunity it afforded to interact with other
teachers: “At times, I thought it was a little difficult to keep up
with the Blackboard discussion board because there were many
different conversations going on at once. Each thread had a
different topic being discussed and I had a hard time
following/reading all of them. However, I still thought it was
useful and helpful to learn what other teachers were thinking and
doing in their classrooms. The discussion board is also a great
place to post questions to other teachers. I took advantage of the
reflective dialogue to find out other options about ‘wait time’ in
the classroom.” Such feedback underscores both research
findings about the importance of participant-to-participant
interaction [26] and the social network analysis data suggesting
that participant-to-participant interaction was fairly limited in
this forum characterized by extensive instructor involvement.
Indeed, while it is difficult to infer from this limited data set that
there is a causal relationship between the instructor’s
involvement and the students’ perception of the relative value of
discussion, it is not incompatible with prior research to speculate
as to whether the instructor’s frequent involvement and
responses may have decreased student involvement. This may
have occurred for one of several reasons: hesitation on the part
of students to respond if they perceived their answer might be
less correct, or decreased student motivation when students
perceived that an instructor had already responded accurately or
authoritatively to each post.
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Quantitative measures corroborate the perception that there is
gap between instructor involvement and importance in the forum
and that of participants, as the instructor’s betweenness and
centrality were higher than those of participants. In light of
other studies, it may be useful to track betweenness and
centrality measures for forums with varying degrees of
instructor involvement so as to determine whether participants’
level of involvement changes as the instructor’s responsiveness
increases or decreases. A lower level of instructor involvement
may also increase the validity of closeness centrality as a
measure of student involvement, as a greater number of
interactions will occur among students without direct
intervention by the instructor.

Participant Engagement and Interaction

As Gunnawardena et al suggest [5], students’ engagement and
interaction with one another is crucial to the successful
implementation of collaborative online learning experiences.
Particularly in the area of teacher professional development,
development of collaborative skills is important not only in the
theoretical framework of online learning but also as a required
outcome of teacher education courses. In this particular forum,
the data suggests that participants from general education
backgrounds and ESL backgrounds tended to be more deeply
involved with other participants in the forum than did those from
special education backgrounds. This may be due to the structure
of the discussion question, which asked participants to
summarize a somewhat technical concept in second-language
acquisition theory and then to discuss classroom implications.
This finding is consistent with literature indicating that prior
knowledge base can influence student interest and engagement
[27].  Further research may be useful to identify the ways in
which, over the course of a semester, different groups of
students respond to different types of discussion prompts. In
courses where participants come from diverse backgrounds, it
may be useful to use heterogeneous small-grouping (splitting
participants into smaller heterogeneous groups to force
interaction with others) or to examine the phrasing of questions
to ensure that the discussion question builds on prior knowledge
for all participants.

Measures of betweenness and Eigenvector centrality provide
additional insight into these issues of participant engagement.
As indicated previously, the two participants from ESL
backgrounds appeared to interact more frequently, tended to be
more connected to all participants, and to interact more with
those participants who were also highly active. However, it is
difficult to draw conclusions from the interaction of these
teachers, as there were only two of them. The substantial
difference between the betweenness coefficient for special
educators (.024) and general educators (.046) suggests
differences in the way that members of these subgroups
interacted with the class as a whole. Those from general
education backgrounds demonstrated increased connections to
other members of the group as a whole; those from special
education backgrounds evidenced the fewest and weakest
connections to other members of the group. Similarly, measures
of Eigenvector centrality indicated that those from general
education backgrounds were more likely than those from special
education backgrounds to be involved with the other active and
connected members of the group. It is difficult, given the
limited size and scope of this investigation, to assign a definite
reason for these differences in patterns of interaction. It is
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possible, given the makeup of the cohort and the analysis of
participant interaction along disciplinary lines, that prior
acquaintance, or membership in a common circle of
acquaintances, may have impacted the way that those in specific
groups interacted. It is also possible, as suggested earlier, that
the nature of this particular discussion question impacted the
way in which participants responded, as the subject matter may
have been less accessible or relevant for those from a specialized
background such as special education. Such situations, where
some participants have more extensive prior knowledge or
experience than others, may also lend themselves well to the use
of instructor strategies such as differentiation of questions for
different groups of students, participant choice in responding to
questions, or the use of a case-study format or analysis, in which
all participants start from a common, concrete set of
assumptions, facts and background knowledge.

CONCLUSION AND RECOMMENDATIONS FOR
FURTHER RESEARCH

This exploratory data analysis suggests that student
involvement, as measured by several quantitative indicators,
may be influenced by prior knowledge of subject matter. The
data analysis also indicates that social network analysis tools
such as NodeXL may be valuable elements in program analysis,
particularly in teacher education, as they provide graphical
evidence of student involvement, provide quantitative measures
of students’ interaction with one another and each student’s
relative importance to the course “network,” and offer a means
to view each student’s interaction with the instructors and with
other students of similar and diverse backgrounds. The value of
such analysis can be wide-ranging, as information gained from
analysis with NodeXL can be used for instructor review and
modification as well as program evaluation. Visualizations can
provide a powerful graphical representation of classroom
dynamics, can make additional relationships more readily
apparent than they might otherwise be, and can provide a
meaningful accompaniment to social-group metrics which are,
themselves, informative.

Given these findings, it is recommended that further research be
conducted to refine a method for using NodeXL to analyze
interaction in online courses; to determine whether participants
in online courses interact differently with those of similar or
dissimilar backgrounds and roles, based on their own
backgrounds or roles; to determine whether students’ relative
“closeness” within a network is impacted by the degree of
instructor involvement; to determine whether differences in
participation levels among various groups of students have
statistical significance and whether changes in instructional
practice lead to significant differences in participation; and to
determine, through qualitative as well as quantitative research,
the extent to which varying types of discussion prompts may
impact student engagement in online discussions. As social
network analysis has the power to quantify dynamics of
participation according to various factors, this method of
analysis also can facilitate the important goal of culturally and
linguistically responsive practice [9], as students’ interaction and
participation can be analyzed according to cultural and linguistic
background to identify questions, discussion practices,
instructional activities that facilitate optimal involvement for all
learners, however that term may be defined within the context of
a specific course, program or discipline.
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Within the context of teacher preparation, as previously stated,
students’ quantity and quality of participation, and ability to
interact with those of varying backgrounds, can be seen to have
direct implications for the development of needed professional
skills. Given the increasingly significant role of online
coursework in higher education and in teacher preparation, we
believe that social network analysis, including both visualization
and quantitative measures, has an important role to play in
helping instructors, course developers, and program
administrators to identify factors and dynamics which can
impact student involvement and mastery of course and program
objectives.
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