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ABSTRACT

ALMODIEL, MYRA C., University of the Philippines Open University, January 2022, Who is
Speaking? Who is Listening? A Network Approach in Analyzing Communication Structures

and Social Construction of Knowledge in Online Discussion Forums

Adviser: Dr. Melinda F. Lumanta

Network plays a central role in the knowledge construction formed from the
interactions and collaboration of online learners in asynchronous discussion forums. The
very nature of networks to form connections, relationships, and links uncovers unique and
wider opportunities for online learners to create higher levels of knowledge the more they
interact and collaborate with each other. The opportunities to construct knowledge among
online learners elevate as the connections and links formed from interacting with each other
widen and enlarge reach.

This study employed multi-analysis methodologies, with Social Network Analysis as
the primary research approach, in combination with Interaction Analysis Model (IAM) and
Cluster Analysis to uncover and understand connections, links, patterns, and structures
formed from online interactions (speaking and listening) that may influence the social
construction of knowledge that occurred in the online discussion forums. This paper
suggests that the network structures of online interactions (speaking and listening), both in
terms of posts contributed and posts viewed, have potential influence on the knowledge
construction of online learners based on the results of the study.

Keywords: network, Social Network Analysis (SNA), Interaction Analysis Model (IAM),

online learning, asynchronous discussion forums (ADFs), data mining
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Chapter One

INTRODUCTION

A. Background of the Study

Network comes from the basic structural idea that there are connections and
relatively stable pathways of communication among individuals (Littlejohn & Foss,
2008). The use of networks in analyzing communication structures in a system is
certainly not a recent development. As early as the 1930s, organizational scholars
already began their research on the use of networks to present the communication
structure of a system as a bigger picture of patterned flows of information exchange,
moving the main concern of communication research to the dialogue, to the
exchange of information as the central focus (Rogers & Kincaid, 1981).

Networks are social structures created by communication among individuals
and groups, and as people communicate with others, links are created (Littlejohn &
Foss, 2008). Network theory posits that the basic unit of relationship is not the
person nor two individuals but interaction, and over time, the nature of relationships
is formed or made through a series of interactions - responses to responses to
responses (Littlejohn & Foss, 2008, p.197). From a network perspective,
communication structures can be understood and analyzed in terms of the multiple
networks of relationships and how interactions are patterned or who communicates

with whom (Eccles & Nohria, 1992, Littlejohn & Foss, 2008).
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The concept of network is prominent in the theory of connectivism which
| argues that learning is a process of building networks of information, contacts, and
resources that apply to real problems (Anderson & Dron, 2011). Connectivism posits
~that the knowledge in the network arises from the interaction within a group of
knowledge construction, presenting a model of learning that acknowledges the
tectonic shifts in society where learning is no longer an internal, individualistic activity
but where learners will be at the center of the learning experience, rather than the
tutor and the institution, and where learners will be instrumental in determining the
content of the learning, in addition to deciding the nature and levels of
communication, and who can participate (Kop and Hill, 2008, Martinez & Frutos,
2018, Siemens, 2004).

Individual behavior is believed to be influenced through the relationships of
the individual with others, as such, knowledge of an individual's network links allows
interpretation of their social behavior and offers a basic explanation for the
individual's behavior change (Rogers & Kincaid, 1981). Understanding how
individual actors are positioned within a particular network can help us understand
such questions as who is important to that network, who makes things ‘happen’ in
the network or who holds the network together, as well as who faces fewer
constraints and have more opportunities than others, who are in favorable structural
positions to extract better bargains in exchanges, and who have greater influence,
and maybe a focus for deference and attention from those in less favored positions
(Hanneman & Riddle, 2011; Prell, 2012).

SNA has long been utilized in a wide variety of contexts to analyze network
behaviors in various fields and recently among new generations of online learning

practitioners and researchers. In an online learning environment where there is a
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very limited or none at all face-to-face interaction among teachers and students,
SNA provided avenues to explore connections on the conversational exchanges
between individuals as to how often and who directs what conversation to whom as
pictures of the social structure of the participants through data visualization
(Haythornthwaite & Twidale, 2002). SNA offers both a visual and mathematical
analysis of human relationships and visualizations of social networks which can
show whether interactions are occurring between all members of a group or whether
some group members are communicating more (or less) with other specific

individuals (Erlin et al., 2009).

Social Network Analysis (SNA) is a perspective or a paradigm that takes as its
starting point the premise that social life is created primarily and most importantly by
relations and the patterns they form, looking beyond the specific attributes of
individuals to consider relations and exchanges among social actors (Marin &
Wellman, 2011; Garton et al., 1997). SNA is a popular approach for studying social
relations and their structuring which involves concepts, methods, and analytical
techniques to uncover the social relations that the individuals and groups together,
the structure of those relations, and how relations and their structures influence (or
are influenced by) social behavior, attitudes, beliefs, and knowledge (Prell, 2012).

SNA measures such as network centrality and density were used in recent
studies to measure students’ engagement and social level of interaction in online
learning forums (Durairaj & Umar, 2015; Scott & Carrington, 2011). The most widely
used approach to understanding the structural sources of individuals’ advantage and
disadvantage relative to their neighbors is that of network centrality where the core
idea is very simple: actors who are more ‘central’ to social structures are more likely

to be influential or powerful (but possibly also more constrained) (Hanneman &
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Riddle, 2011, p. 363). People who occupy central positions in a network are said to
be visible, tend to know many people, and many people know them (Prell, 2012).
Measures of centrality have typically been used as indicators of power, influence,
popularity, and prestige (Scott & Carrington, 2011). Density, on the other hand,
provides a measure of the overall connections between the participants and
indicates the level of engagement in the network or how active the participants are
involved in the discourse (Erlin et al., 2009). The direction of interaction indicates to
whom a participant’'s response is in a discussion forum and is shown through arrows

in a network diagram (Durairaj & Umar, 2015).

Interaction has a long history of study and recognition as a critical component
of the educational process and context, a defining component of the educational
process that occurs when the student transforms the inert information passed to
them from another and constructs it into knowledge with personal application and
value, oftentimes seen as the primary criterion for selecting media for educational
delivery (Anderson, 2003).

In a distance education context, Moore (1989) suggested three types of
interaction: learner-content interaction, learner-instructor interaction, and
learner-learner interaction, while Anderson and Garrison (1998) expanded these
categories by including three more types of interaction namely teacher-teacher,
teacher-content, and content-content interaction.

For the past decades, interest in research studies focusing on how interaction
and learning take place in a student-centered online learning setting has elevated
among online learning advocates and practitioners. Several research studies argued
that the level of learners’ interaction affects the quality of learning and the learning

process itself, thus making it an important factor in the success of online learning
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and teaching (Anderson & Garrison, 1998; Anderson & Kanuka, 1998; Aviv et al.,
2010; Bento & Schuster, 2003; Corich et al., 2007; Durairaj & Umar, 2015; Garrison
& Anderson, 2003; Power & St-Jacques, 2014). Research studies revealed that the
level of students’ interaction is found to be important in learning because the
interaction affects the quality of learning and it will affect the learning process as well
(Durairaj & Umar, 2015; Garrison & Anderson, 2003).

The advent of computer-mediated communication (CMC) and learning
networks, introduces new perspectives on how social interaction and learning takes
place in an online learning environment. Computer conferencing systems such as
discussion forums have become a primary focus of educational research in recent
years, as educators and psychologists examine learning environments that allow
students to develop basic skills within authentic contexts and that also promote
meaningful and collaborative learning (Pena-Shaff & Nicholls, 2004). Unlike didactic
or teacher-centered models that view learners primarily as passive recipients of
knowledge or information transmitted from an expert, network learning is premised
upon a learner-centered model that treats the learner as an active participant,
interacting with others in the group and actively constructing knowledge by
formulating ideas built upon through reactions and responses of others to the
formulation (Harasim et al., 1995).

A computer-mediated conference like asynchronous discussion forum (ADF)
is seen as the “heart and soul” of online education and one of the most powerful
tools for creating online learning communities because of its potential to support a
learning environment where learners actively interact and construct knowledge
(Corich et al., 2007; Jonassen, 1994; Harasim, 2000). In online classrooms that seek

to facilitate knowledge construction, ADF is the most common space in which this
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collaborative = knowledge  construction is demonstrated (Hall, 2010).
Computer-mediated asynchronous communication tools offered new possibilities for
a study that was not available in traditional learning models, making the process of
collaboration more transparent by looking at the transcripts of ADFs which can be
used to assess individual roles and contributions and the collaborative process itself
(Aviv et al., 2010). ADFs seem a remarkable fit for constructivist and collaborative
approaches to learning as it not only allows students and teachers to interact with
each other, permitting both parties 'to shape the nature of the exchange, but also
prompts students to review posted information and analyze their Toideas before
responding because they are not constrained to respond immediately, and because
most online communication is text-based, it has the potential to strengthen writing
skills and encourage more deliberate articulation of ideas (Pena-Shaff & Nicholls,
2004). The opportunity for asynchronous interaction facilitates communication across
time zones and increases control by the user over time and pace of participation,
providing participants the opportunity to comment immediately or to reflect and
compose a response thoughtfully. (Harasim et al., 1995).

In an online learning environment, ADFs provide potential convenience by
allowing students to interact with each other and with the instructor when and where
they want, and even to control the pacing of instruction, without the direct stimulation
of real-time interaction (Bento & Schuster, 2003). The asynchronicity of online
interaction allows participants time to reflect on a topic before commenting or
carrying out outline tasks (Harasim et al., 1995). The distance-and-time-independent
nature of online asynchronous discussion forums provides students more time to
look into posts made by themselves and others and more opportunities to respond to

others' messages at their own pace, if and how they choose to.
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As we move from traditional to virtual classrooms, the challenge of
understanding and nurturing student participation in class discussions is being
considered not just something “nice to have,” but an essential part of the teaching
and learning process in a student-centered and constructivist approach to education
where control shifts from the teacher to the learner (Anderson & Garrison, 1998:;
Bento & Schuster, 2003; Corich et al., 2007).

The pedagogy supporting the use of asynchronous communication tools
within learning communities has its roots in constructivism and social constructivism
where interactions provide an opportunity for learners to create their own
understanding by communicating with others and collaborate by sharing experiences
and information in a way that promotes critical thinking and knowledge construction
(Corich et al., 2007). Unlike the traditional classroom activity, in which the teachers
direct the instruction, lead the lessons, prompt responses, and pace the class, online
group learning is student-centered and requires a different role for the teacher, of
facilitator rather than lecturer (Harasim et al., 1995).

The social construction of knowledge is a phenomenon defined by
Gunawardena (1997) as a function of interaction, which is understood as a reciprocal
influence among individuals that engage in dialogue (Gomez, 2018). Social
constructivist pedagogy acknowledges the social nature of knowledge and its
creation in the minds of individual learners, and each learner constructs means by
which new knowledge is both created and integrated with existing knowledge
(Anderson & Dron, 2011). According to constructivist learning theories, how we
construct knowledge will depend on what is already known, and what we know
depends on the kinds of experiences that we have had and how we have come to

organize these into existing knowledge structures (Anderson & Kanuka, 1 998).
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Social constructivism is currently the most accepted epistemological position
associated with online learning and in this view, the assumption is that knowledge is
grounded in the relationship between the knower and the known and that knowledge
is generated through social intercourse, and through this interaction, we gradually
accumulate advances in our levels of knowing (Anderson & Kanuka, 1998). The
value of another person’s perspective, usually gained through interaction, is a key
learning component in constructivist learning theories and in inducing mindfulness in
learners' interaction has always been valued in distance education, even in its most
traditional, independent study format (Jonassen, 1991; Anderson, 2004). Works on
collaborative learning are said to illustrate potential gains in cognitive learning tasks,
as well as increases in completion rates and the acquisition of critical social skills in
education (Anderson, 2004).

Modern constructivist theorists stressed that the learner-to-learner interaction,
an inter-learner interaction, between one learner and other learners, alone or in
group settings, with or without the real-time presence of an instructor, is an essential
and extremely valuable resource for learning and in investigating and developing
multiple perspectives (Anderson, 2004; Moore, 1989).

For many years, the focus of research studies among online learning
practitioners and researchers is how interaction and learning take place in an online
learning setting. In a traditional bricks-and-mortar school, teachers can see who
among the students are participating in a class discussion - who are speaking or
participating, who are listening (or at least those who seem to be listening) and who
are not. This can be quite difficult in an online learning setting since the social cues
that teachers need to identify who is listening and those who are not, are not easily

seen or visible inside the online classroom.
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The type of interaction that usually happens when a participant communicates
with other online participants through contributing posts and replying to other’s posts
in online discussion forums can be referred to as the speaking interaction pattern.
These are the interactions that are more visible to the participants in the online
classroom. On the other hand, the listening interaction pattern is the type of
interaction between online participants when a participant accesses, reads, or views
forum posts contributed by other participants. These interactions among participants
are not easily visible or not visible at all to the students since these activities can only
be seen by extracting records from the log records in the learning management
system (LMS) and they are only accessible to the teachers or LMS administrators.

Although interactions are highlighted as an essential element in learning and
knowledge construction, student participation is mostly associated only with the
speaking interaction patterns (contributing and replying to posts). Listening
interactions (viewing or reading posts) in online learning settings are not very popular
and oftentimes less explored in research studies. Participation which is considered
apparent only via the textual trace that a participant leaves by posting a message
can typically serve as visual evidence, but is a limited indicator of student
engagement since discussion itself requires a pattern of call and response, with
turn-taking and listening being as important as contributing thoughts to the dialogue
(Dennen, 2008; Lapadat, 2002). While much has been written regarding the learning
behaviors of students participating in online courses, little research has been
conducted to ascertain whether or not students are still engaged and actually
learning when students are listening, not actively involved, or not actively seen in

online discourse with other students (Beaudoin, 2002).

In a typical online learning management system, participants don't usually
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see what posts other learners have opened, read, or accessed. Listening interaction
patterns of students are commonly left tagged as non-participation and assumed to
be of no contribution to learning. More frequently, these ‘invisible’ interactions where
learners viewed or ‘listened’ to other learners’ posts were not considered as another
form of learner-to-learner interaction and were oftentimes left unrecognized as part
of learners’ participation and learning. In most cases, the non-existence of a
learners’ posts in ADFs are assumed as non-participation of learners and was
assumed to lead to all sorts of negative feelings toward those students who are
“missing” and apparently do not care about the course content or their peers, and an
assumption that ultimately will result in no learning, a disastrous grade, or the
student quitting the course (Bento & Schuster, 2003). What is not seen in
asynchronous environments, literally and figuratively, is what else is going on that
contributes to participants’ learning, thus, it is easy to assume that unless learners in
online formats are actively participating by posting frequent and relevant
contributions, they may be benefiting relatively little from this more passive

experience (Beaudoin, 2002).

Wise et al. (2013) emphasized that productive participation in online learning
conversations requires more than just making posts - the students should read the
existing messages in the forum before posting their messages to create quality
interactive discussion. Moreover, other research studies suggested that a great deal
of learning occurs even when learners are not posting (Dennen, 2008; Sutton, 2000;
Wise et al., 2013). Several authors refer to these listening interaction patterns in
different terms such as “listening behaviors™ (Wise et al., 2013, Durairaj & Umar,
2015), “vicarious interactions” (Sutton, 2000), “lurking” (Beaudoin, 2002: Chen et al.,

2006; Dennen, 2008), “witness learning” (Fritsch, 1997), or sometimes “silent
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participation” (Nonnecke & Preece, 2003).

Research studies suggested that engaging with other's posts can support
productive discussion not only as part of a direct sequence of events leading up to
making a post, as participation in online discussions requires attention not only to
learners’ overt activity in making posts but also to the less public activity of
interacting with the posts of others (Wise, et al., 2013). Previous research studies
argued that students’ action or task with existing posts in the online discussion is
considered as their engagement in the forums or their listening behavior patterns
(Durairaj & Umar, 2015; Wise, 2012).

Finding ways to capture these moments of “non-participation” and learning
how they relate to active participation and, ultimately, to student learning and
performance will help better explain how students might get the most out of their
online course experiences (Dennen, 2008).

Thus, in order to have a deeper understanding of student participation in an
online learning setting, one must be able to look both at instances when students
speak (contribute posts) and also when they listen (access posts), as well as what
the students are posting and what posts the students are reading, accessing, or

viewing inside the discussion forums.

This study is an attempt to look into the advances of employing a network
approach to uncover connections, patterns, and structures of students’ online
interactions (speaking and listening) and their level of the social construction of

knowledge using social network analysis (SNA) as the primary research method, in

combination with content analysis and cluster analysis.
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Recent studies on the use of SNA measures, in combination with content
analysis and cluster analysis, to analyze both the' speaking and the listening
interaction patterns, and knowledge construction in online discussion forums are
relatively very scarce or not investigated at all. Resuits of this study will hopefully
contribute to the studies on methodologies and approaches to explore online

interactions focusing on both the speaking and listening patterns.

B. Research Objectives

The focus of this study is to explore the advances of employing social network
analysis as the primary research method, in combination with content analysis and
cluster analysis, in explaining the characteristics of communication network
structures (speaking and listening) that may influence the occurrence of the social

construction of knowledge in the online discussion forums.

Specifically, this study aims to:

1. Identify the level of knowledge construction that occurred in the discussion
forums using content analysis (Interaction Analysis Model);

2. Describe and visualize the extent of students’ interactions (speaking and
listening) in the discussion forums using social network analysis and cluster
analysis; and

3. Explain the characteristics of online interactions (speaking and listening) and
the level of knowledge construction of students with central positions in the

online discussion forums.
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This study hopes to contribute to the thickening and advancing of literature on
the application of three multi-analyses methodologies - SNA, Content Analysis, and
Cluster Analysis, to explain network structures of online interactions (speaking and
listening) and social construction of knowledge in asynchronous discussion forums.
This study also hopes to be a part of the research studies that explore frameworks
and approaches that can be used by online researchers, teachers, and practitioners

to analyze online interactions.

C. Research Questions

This study attempted to answer the following research questions:

1. What level of the social construction of knowledge occurred in the online
discussion forums in an online graduate class?

2. To what extent are students interacting (speaking and listening) in the online
discussion forums?

a. What are the speaking patterns of the students in the online discussion
forums?

b. What are the listening patterns of the students in the online discussion
forums?

3. How does the network centrality of students’ interactions influence the
occurrence of the social construction of knowledge in online discussion
forums?

a. What are the interaction patterns (speaking and listening) of students

with central positions in the online discussion forums?
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b. What level of knowledge construction that students with central

positions in the online discussion forums reached?

D. Ethical Considerations

To preserve the anonymity, privacy, and confidentiality of the participants in
this study, names of participants were not revealed in the data collection, data
analysis, and dissemination and reporting of the study findings. Necessary
permission and requirements were obtained to secure a copy of the course site
where the names of the participants were anonymized and the course name was
replaced by a code. Moreover, the name of the university, course name, and
academic year where the data was generated was not mentioned.

The results of the study will be shared with the participants and will be
reported and disseminated through the thesis dissertation as part of the researcher’s
course requirements. In the future, the researcher plans to disseminate the results of
the study through conference presentations and to publish this paper in the form of a

journal article.
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Chapter Two

REVIEW OF THE RELATED LITERATURE

Interactions in an Online Learning Environment

Interaction has long been defined as a critical component of the educational
process designed to induce and promote learning through intellectual stimulation and
the exchange of ideas (Anderson, 2003; Galikyan & Admiraal, 2019). Interaction
serves to achieve common meanings among group members, and the meanings
among group members and the meanings that individuals together assign to
information provide the mechanism by which we come to some common
understanding (Littlejohn & Foss, 2008).

For the past decades, interest in research studies focusing on how interaction
and learning take place in a student-centered online learning setting has elevated
among online learning advocates and practitioners. Previous studies revealed that
the level of learners’ interaction affects the quality of learning and the learning
process itself, thus making it an important factor in the success of online learning
and teaching (Anderson & Garrison, 1998; Anderson & Kanuka, 1998; Aviv et al.,
2010; Bento & Schuster, 2003; Corich et al., 2007; Durairaj & Umar, 2015; Garrison
& Anderson, 2003; Power & St-Jacques, 2014). Durairaj & Umar (2015) have argued
that the quality of the interaction determines the success of online learning and that
the teaching and instruction are more effective when it occurs in a dialogue form

where students can interact with their peers or instructors who guide their learning.
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There are several types of interactions such as learner-content interaction,
learner-instructor interaction, learner-learner interaction, teacher-teacher interaction,
teacher-content interaction, and content-content interaction (Moore, 1989, Anderson
& Garrison,1998)

The learner-to-learner interaction which is the focus of this study is defined as
an inter-learner interaction, between one learner and other learners, alone or in
group settings, with or without the real-time presence of an instructor, is argued to
have an essential and extremely valuable resource for learning and in investigating
and developing multiple perspectives (Anderson, 2004; Moore, 1989). This study
explores both the speaking and listening patterns among online learners in
asynchronous discussion forums.

Speaking is the type of interaction that is typically visible and easily measured
in an online classroom. This type of interaction usually happens when students
communicate with other participants mostly through writing posts or replying to other
students’ posts in online discussion forums.

On the other hand, the kind of interactions between learners that are not very
popular and oftentimes less explored are those interaction patterns of students when
students access, read, or view discussion forums to view or read their forum posts or
posts contributed by other students. This type of interaction is also called the
“listening” interaction pattern. Compared to face-to-face conversations, in online
discussions, learners have greater control of what comments they choose to attend
to, when they chose to do so, and how long they spend “listening” to them (Wise et
al., 2013).

While much has been written regarding the learning behaviors of students

participating in online courses, little research has been conducted to ascertain
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whether or not students are still engaged and actually learning when not actively
involved in an online discourse with other students and faculty (Beaudoin, 2002).
Theoretically, speaking and listening are intimately interrelated activities in the
process of constructing knowledge through online discussions; however, such
connections have not yet been examined empirically (Wise et al., 2014). The
majority of research on collaboration in online discussions has focused on the
“speaking” aspects of conversation — studying the messages learners contributed
and how they interact to produce group meaning-making and much less attention
has been paid to the interactions learners have with existing messages and the often
extended sequences of listening behaviors they engage in during the processes
leading up to contributing (e.g. how learners navigate the existing discussion; how
many and which messages they choose to opén; how they interact with this content
once opened; how they compose their own contributions) (Wise et al., 2013).
Moreover, studies looking at both the speaking and listening patterns at the same
time, are very scarce or do not exist at all.

Wise, et al. (2013) emphasized that productive participation in online learning
conversations requires more than just making posts - the students should read or
view the existing messages in the forum before posting their messages to create
quality interactive discussion. The permanence of print and the extended time frame
allowed by the asynchronous medium permits students to look back, reflect,
compose, and revise, and by devoting extra time to thinking, reading, and writing,
and by holding higher expectations for the clarity and coherence of their
contributions, students engage in higher-order thinking, and thus potentially can
achieve deeper understandings (Lapadat, 2002). Importantly, in the specific context

of a discussion (whether online or face-to-face), listening is not an isolated endeavor,
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but an integral component of the larger activity of giving, receiving, negotiating,
building on, and challenging others’ ideas, making an important contribution to
speaking by supporting subsequent comments that relate to those already made
(Wise et al., 2014).

Related research studies suggested that a great deal of learning occurs even
when learners are not posting (Dennen, 2008; Sutton, 2000; Wise et al., 2013).
Some authors refer to these “listening” interaction patterns in different terms such as
“listening behaviors”, ‘“invisible learners”, ‘“vicarious interactions”, or ‘“silent
participation”, while others use terms as "silent learners”, “observers”, “browsers”,
“read-only participants”, “vicarious learners”, “free-riders”, “witness learners”, or
“legitimate peripheral participants” to refer to participants who never post or post
infrequently (Beaudoin, 2002; Chen et al., 2006; Dennen, 2008; Durairaj & Umar,
2015; Honeychurch et al., 2017; Nonnecke & Preece, 2003; Sutton, 2000; Wise et

al., 2013).

Sutton (2000) used the term “vicarious interactions” to refer to interactions
when a student actively observes, absorbs, and processes the ongoing interactions
between other students and between other students and their instructor. Dennen
(2008) argued that while most often visible or active messages are assessed or
measured and implicitly valued in online class discussion, the act of writing
messages is not the only factor that contributes to student learning. Findings in her
study revealed that both posting and reading messages contributed to the students’
ability to learn and students who participated solely to meet course requirements and
who focused on posting messages more than reading messages had less positive

impressions of the discussion activity’s impact on learning.
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Beaudoin (2002), in his study on tracking the ‘invisible’ online students, found
- out that students spent a significant amount of time in learning-related tasks,
including logging on, even when not visibly participating, and they feel they are still
~ learning and benefiting from this low-profile approach to their online studies. Chen et
al. (2006) argued that lurkers, who are said to engage in participation but in a limited
- way, need not necessarily be viewed as passive participation but, instead, as sets of
tension and negotiation that are encountered by these less confident learners, and
" their seemingly silent participation conveys even deeper engagement than that of the
“non-lurkers. Nonnecke & Preece (2003) added that lurking is a strategic activity that
involves more than just reading posts.

Wise, et al. (2013) conceptualized the term “online listening behaviors" as a
pre-condition for productive interactivity and knowledge construction through
engagement with the posts contributed by others. Wise, et al. (2013) further
suggested that productive participation in online learning conversations requires
more than just making posts - the students should read the existing messages in the
forum before posting their messages to create quality interactive discussion. They
also added that engaging with other's posts can also support productive discussion
not only as part of a direct sequence of events leading up to making a post, as
participation in online discussions requires attention not only to learners’ overt
activity in making posts but also to the less public activity of interacting with the posts
of others. Students’ action or task with existing posts in the online discussion is
considered as their engagement in the forums or their listening behavior patterns
(Durairaj & Umar, 2015; Wise, 2012).

Wise et al. (2014) suggested that listening behavior patterns can be

calculated according to four dimensions, namely breadth, depth, temporal contiguity,
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and revisitation. Listening breadth refers to the extensiveness of listening and can be
considered both in terms of the total quantity of other’s posts attended to (indicating
the potential the diversity of ideas to which a learner is exposed) or their proportion
out of the total number available (suggesting their ability to respond to the discussion
as a whole). Listening depth refers to the degree to which learners consider others’
ideas while listening revisitation refers to the extent to which a learner returns to
posts made by themselves and others that they have attended to previously.
Temporal contiguity is how a learner manages and divides their time within a

discussion.

Asynchronous Discussion Forums (ADFs)

The advent of new communications technology such as computer-mediated
communication (CMC) and learning networks has facilitated new ways of teaching
and learning, opening up new perspectives on how interaction and learning take
place in an online learning environment. The growth of online learning environments
entails an understanding of how to promote collaborative knowledge construction
processes and create learning environments that support meaningful student
engagement and interactions (Galikyan & Admiraal, 2019). More than simply a
common meeting place, an online learning community allows for mutual exploration
of ideas, a safe place to reflect and develop those ideas, and a collaborative,
supportive approach to academic work (Palloff & Pratt, 2007).

The exchange of messages among a group of participants using networked
computers, to discuss a topic of mutual interest, is referred to as computer-mediated
conferencing or computer conferencing (Gunawardena et al., 1997). Of all

networking media available to educators in the 1980s and 1990s, conferencing

A NETWORK APPROACH IN ANALYZING COMMUNICATION STRUCTURES ~ DCOMM Dissertation ALMODIEL, 2022
AND SOCIAL CONSTRUCTION OF KNOWLEDGE IN ADFS Page 20



systems were the most amenable to instructional design and can be thought of as
‘spaces” that can be shaped to create an educational forum (Harasim, 2000).
Contemporary educators who view learning as interactive, discursive, and situated
have argued that well-designed online conferencing environments may be
particularly suited to provide the socio-cognitive support for learning seen as
fundamental to constructivist pedagogies (Lapadat, 2002). A computer-mediated
conference like asynchronous discussion forum (ADF), which is also considered as
the “heart and soul” of online education, is seen as one of the most powerful tools for
creating online learning communities because of its potential to support a learning
environment where learners actively interact and construct knowledge (Corich et al.,
2007; Jonassen, 1994; Harasim, 2000). ADFs have become the main vehicle
through which the teaching-learning process in online courses is facilitated
(Gunawardena et al., 2016).

Online learning typically uses a learning management system (LMS) such as
Moodle which serves as the online classroom where students and teachers meet
and conduct classes. One of the most popular tools in LMS is the online
asynchronous discussion forum (ADF) feature where the participants have the
opportunity to exchange their experience through interaction in a forum, react to the
course reading and even give comments on the viewpoints of their peers on the
topics discussed in the course (Dooga, 2010, as cited by Roseli & Umar, 2015). In
online classrooms that seek to facilitate knowledge construction, ADF is the most
common space in which this collaborative knowledge and meaning are actively
constructed, and the members of the community enhance the acquisition of
knowledge and understanding and thereby satisfying learning needs (Hall 2010:

Rigou, 2004).
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ADFs are intended to support knowledge construction and higher-order
thinking is becoming even more appealing for their predictive relationship with
learning (Galikyan & Admiraal, 2019). Online forums provide the potential for new
forms of collaborative work, study, and community that reduce barriers of time and
distance and their asynchronous qualities increase access and expand opportunities
for discussion, interaction, and reflection (Anderson & Kanuka, 1998: Harasim,
2000). In discussion forums (DFs), critical thinking is evident when participants
construct meaning while communicating with fellow participants, and when used
appropriately, DFs can enable rapid dissemination of information and can encourage
feedback and the refinement of ideas among participants (Corich et al., 2007).

Citing Lamy & Goodfellow (1999), Corich et al. (2007) mentioned that
educational researchers have also reported positive outcomes using threaded
discussions that encourage students to accept responsibility for building knowledge
by reflecting on course materials and discussing content with fellow participants.
Galikyan & Admiraal (2019) argued that learner interactions in computer-supported
collaborative learning (CSCL) environments such as discussion forums promote
learning through intellectual stimulation and the exchange of ideas.

The pedagogy supporting the use of asynchronous communication tools
within learning communities has its roots in constructivism and social constructivism
which suggest that the optimal learning environment is one in which there is a
dynamic interaction between instructors and learners, and these tasks provide an
opportunity for learners to create their own understanding by communicating with
others and collaborate by sharing experiences and information in g way that
promotes critical thinking and knowledge construction (Corich et g, 2007). Wang et

al. (2009) suggested that group collaboration and class discussions contributed to
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students' social knowledge construction. Moreover, online course activity based upon
asynchronous communication is argued to yield an entirely new learning pattern that
is highly active engagement (Harasim, 2000).

Contemporary educators who view learning as interactive, discursive, and
situated have argued that well-designed online conferencing environments may be
particularly suited to provide the socio-cognitive support for learning seen as
fundamental to constructivist pedagogies (Lapadat, 2002). The characteristics of an
asynchronous conference to store chronological compilation of written messages
that course participants have composed, capacity to add incoming messages on a
dynamic basis, and the flexible structuring and sequéncing to enable users to sort,
and, in some cases, also to search the messages in various ways, have been
suggested to endow participants' textual contributions with interactivity and continuity

that have the “feel” of conversation (Lapadat, 2002).

Social Construction of Knowledge

The social construction of knowledge is a phenomenon defined by
Gunawardena et al. (1997) as a function of interaction, which is understood as a
reciprocal influence among individuals that engage in dialogue (Gomez, 2018).
According to constructivist learning theories, how we construct knowledge will
depend on what is already known, and what we know depends on the kinds of
experiences that we have had and how we have come to organize these into existing
knowledge structures (Anderson & Kanuka, 1998).

Social constructivism is currently the most accepted epistemological position

associated with online learning and in this view, the assumption is that knowledge is
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grounded in the relationship between the knower and the known and that knowledge
is generated through social intercourse, and through this interaction, we gradually
accumulate advances in our levels of knowing (Anderson & Kanuka, 1998).

Social constructivism reminds us that learning is essentially a social activity
and that meaning is constructed through communication, collaborative activity, and
interactions with others as it highlights the role of social interactions in the making of
meaning, especially the support of more knowledgeable others in knowledge
construction (Swan, 2005).

Social constructivist pedagogy acknowledges the social nature of knowledge
and its creation in the minds of individual learners, and each learner constructs
means by which new knowledge is both created and integrated with existing
knowledge (Anderson & Dron, 2011).

Social constructivism encourages us to consider the critical function of
language as the vehicle of thought and hence of knowing and learning, and to
understand how knowledge and knowing are culturally and historically determined
and realized (Swan, 2005). The value of another person’s perspective, usually
gained through interaction, is a key learning component in constructivist learning
theories and in inducing mindfulness in learners’ interaction has always been valued
in distance education, even in its most traditional, independent study format
(Jonassen, 1991; Anderson, 2004). Work on collaborative learning is said to illustrate
potential gains in cognitive learning tasks, as well as increases in completion rates
and the acquisition of critical social skills in education (Anderson, 2004).

Constructivists believe that learning is affected by the context in which an idea
is taught as well as by students’ beliefs and attitudes, that is, learners will be

constantly trying to derive their mental model of the real world from their perceptions
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of that world, and as they perceive each new experience, learners will continually
update their own mental models to reflect the new information, and will, therefore,

construct their own interpretation of reality (Bada & Olusegun, 2015).

Connectivism

The theory of connectivism is one of the most prominent of the network
learning theories that have been developed for e-learning environments which
postulates that learning occurs through the creation of networks with people and
information sources mediated and enhanced by technology, and overall
understanding is reflected by the patterns that emerge as a result of the network
(Goldie, 2016, Siemens, 2007).

Connectivism continues to play an important role in the development and
emergence of new pedagogies, where control is shifting from the tutor to an
increasingly more autonomous learner, where learners will be at the center of the
learning experience, rather than the tutor and the institution, and where learners will
be instrumental in determining the content of the learning, in addition to deciding the
nature and levels of communication, and who can participate (Kop and Hill, 2008).

The theory of connectivism asserts that knowledge is distributive and consists
of the network of connections formed from experience, conversation, and interaction,
on sharing, creation, and participation, on learning not as a separate activity, but
rather, as embedded in meaningful activities such as games or workflows (Downes,
2012). Learning, in other words, occurs in communities, and learning activity is, in
essence, a conversation forming a rich tapestry of resources, dynamic and
interconnected, created not only by experts but by all members of the community,

including learners (Downes, 2010).
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The theory of connectivism, which asserts that knowledge - and therefore the
learning of knowledge - is distributive, that is, not located in any given place (and
therefore not 'transferred' or 'transacted' per se) but rather consists of the network of
connections formed from experience and interactions with a knowing community
(Downes, 2010). Connectivity enhances the process of learning and knowledge
building in the network society, thus, for connectivism, knowledge is in the interaction
that occurs in the network (Martinez & Frutos, 2018).

Connectivism is a term coined by Goerge Siemens to describe the learning
networks, and at its heart, is the thesis that knowledge is distributed across a
network of connections, and therefore that learning consists of the ability to construct
and traverse those networks (Downes, 2012).

Siemens (2004) introduced the following principles of connectivism:

e Learning and knowledge rest in a diversity of opinions.

e Learning is a process of connecting specialized nodes or information sources.

e Learning may reside in non-human appliances.

e The capacity to know more is more critical than what is currently known

e Nurturing and maintaining connections is needed to facilitate continual
learning.

e Ability to see connections between fields, ideas, and concepts is a core skill.

e Currency (accurate, up-to-date knowledge) is the intent of all connectivist
learning activities.

e Decision-making is itself a learning process. Choosing what to learn and the
meaning of incoming information is seen through the lens of a shifting reality.

While there is a right answer now, it may be wrong tomorrow due to

alterations in the information climate affecting the decision.
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Connectivism is one of the most prominent of the network learning theories
that have been developed for e-learning environments (Goldie, 2016). In
connectivism, the starting point for learning occurs when knowledge is actuated
through the process of a learner participating, connecting to, and feeding information
into a learning community (Kop & Hill, 2008, Goldie, 2016).

Connectivist learning is a process of immersion in an environment, discovery,
and communication — a process of pattern recognition rather than hypothesis and
theory-formation (Downes, 2012). Connectivism is driven by the understanding that
decisions are based on rapidly altering foundations, and where new information is
continually being acquired, the ability to draw distinctions between important and
unimportant information, and the ability to recognize when new information alters the
landscape based on decisions made yesterday is vital and critical (Siemens, 2004).
Siemens (2004) added that the starting point of connectivism is the individual and
that the cycle of knowledge development (personal knowledge to network to
organization) allows learners to remain current in their field through the connections
they have formed. Connectivism posits that learning occurs through the creation of
networks (with people and information sources mediated and enhanced by
technology), and overall understanding is reflected by the patterns that emerge as a
result of the network (information is being considered, filtered, or discarded)
(Siemens, 2007).

Connectivism presents a model of learning that acknowledges the tectonic
shifts in society where learning is no longer an internal, individualistic activity
(Siemens, 2004). Connectivism continues to play an important role in the

development and emergence of new pedagogies, where control is shifting from the
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tutor to an increasingly more autonomous learner, where learners will be at the
center of the learning experience, rather than the tutor and the institution, and where
learners will be instrumental in determining the content of the learning, in addition to
deciding the nature and levels of communication, and who can participate (Kop and

Hill, 2008).

Social Network Analysis (SNA)

Social Network Analysis (SNA) is a perspective or a paradigm that takes as its
starting point the premise that social life is created primarily and most importantly by
relations and the patterns they form, looking beyond the specific attributes of
individuals to consider relations and exchanges among social actors (Marin &
Wellman, 2011; Garton et al., 1997). Unlike a theory, SNA provides a way of looking
at a problem but it does not predict what we will see nor provide a set of premises
from which hypotheses or predictions can be derived (Marin & Wellman, 2011).

At the heart of SNA is the branch of mathematics called graph theory, in which
individuals and other social actors, such as groups, organizations, and so on, are
represented by the points and their social relations are represented by the lines
(Scott & Carrington, 2011, Hanneman & Riddle, 2011). The three essential
components of a social network are a set of nodes (or actors) and arcs (or links), a
sociogram or graph (created with the nodes and arcs), and a sociomatrix (Willging,
2005). SNA used two kinds of tools from mathematics to represent information about
patterns and ties among social actors: graphs and matrices (Hanneman & Riddle,
2011). A graph or digraph is a visual representation of a social network, where actors

are represented as nodes or vertices and ties are represented as lines (also called

edges or arcs), while a matrix is an array (or list) of data (usually named with 3 bold
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letter) used to present information when there are many actors or many relations in a
network (Prell, 2012).

The concept of network is prominent in the theory of connectivism which
argues that learning is a process of building networks of information, contacts, and
resources that apply to real problems (Anderson & Dron, 2011). The date at which
researchers on the social structure began to explicitly use the idea of “social
network” is difficult to determine with any precision, while structural thinking has
deep roots in the sociological tradition (Scott & Carrington, 2011).

Network analysis is certainly not a recent development, although the main
emphasis it has received from social scientists has occurred primarily in the past
years (Rogers & Kincaid, 1981, p.90). SNA did not evolve via a neat, linear process,
but it resulted from multiple interactions among academics; some of these
interactions accumulated into their own unique research groups and sub-disciplines
while some interactions spanned across disciplines, and some resulted in more
formal, institutional frameworks that worked to promote and build the field in its own
‘discipline’ (Prell, 2012). German sociologist Georg Simmel was one of the first to
recognize the theoretical significance of networks in understanding behavior change,
based on Jacob L. Moreno'’s efforts on the development of sociometry, which was
widely considered as the precursor to Social Network Analysis (SNA) (Prell, 2012;
Rogers & Kincaid, 1981). SNA emerged during the 1960s and 1970s at the Harvard
sociology department where Harrison White led a group of young scholars focusing
on social network concepts and analytical techniques (Prell, 2012). The social
network perspective emphasizes multiple levels of analysis: differences among

actors are traced to the constraints and opportunities that arise from how they are
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embedded in networks: the structure and behavior of networks are grounded in and
enacted by local interactions among actors (Hanneman & Riddle, 2011).

SNA is used as a tool for studying relations as it provides both a visual and
mathematical analysis of human relationships (Erin et al., 2009). Some of the
theoretical approaches and frameworks used in the social network community look
at how pairs of actors are attracted to one another based on certain characteristics
or behaviors they possess (Social Selection Network Theory), how actors influence
one another’s thoughts and behaviors (Social Influence Theory), and how negotiated
bargaining scenarios between actors involving individual decisions to give (or not to
give) are shaped by unequal power relationships between individuals and influenced
by network structure in which actors are found (Network Exchange or Social
Exchange Theory) (Prell, 2012). Individual behavior is believed to be influenced
through the relationships of the individual with others, thus, knowledge of an
individual's network links allows interpretation of their social behavior and offers a
basic explanation for the individual's behavior change (Rogers & Kincaid, 1981).

In the most general terms, SNA is a structuralist paradigm: it conceptualizes
social life in terms of structures of relationships among actors rather than terms of
categories of actors (Scott & Carrington, 2011p.6). Network analysis is a method of
research for identifying the communication structure in a system, in which relational
data about communication flows are analyzed by using some type of interpersonal
relationships as the units of analysis (Rogers & Kincaid, 1981).

For a communicatioﬁ researcher, knowledge of an individual's network links
allows interpretation of their social behavior (Rogers & Kincaid, 1981). A network
consists of interconnected individuals who are linked by patterned communication

flows and this network in which the individual is embedded offers a basic explanation
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for the individual's behavior change (Rogers & Kincaid, 1981). It connects groups
and enables them to exchange information, and groups cluster together according to
common beliefs, values, and behaviors (Littlejohn, 1996).

Network analysis is the method of research for identifying the communication
structure in a system, in which relational data about communication flows are
analyzed by using some type of interpersonal relationships as the units of analysis
(Rogers & Kincaid, 1981). Network analysis describes the linkages created by the
sharing of information, and their interrelationships, in the interpersonal
communication structure (Rogers & Kincaid, 1981). This analytical approach is
beneficial to organization and communication researchers because it allows them to
“trace specific message flows in a system, and then compare this communication
structure with the social structure of the system in order to determine how this social
structure is interrelated with the communication network” (Rogers & Kincaid, 1981,
p.82).

In recent years, the popularity of the use of network analysis to analyze
interaction patterns and knowledge construction of students in online learning
communities has become evident in various research studies among online learning

advocates and practitioners.

SNA and Online Interactions

The basic unit of relationship is not the person nor two individuals but
interaction - behaviors responding to other behaviors, and such, over time the nature
of relationships is formed or made, through a series of interactions - responses to

responses to responses (Littlejohn & Foss, 2008). To understand how learners

interact in an online learning setting, it is important to look at how students
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participate and engage with other participants - who are speaking and who are
listening. In a traditional bricks-and-mortar school, teachers can easily see who
among the students are participating in a class discussion - who is speaking, who is
listening, and who is not. This can be quite difficult in an online learning setting since
the social cues that teachers need to identify who is listening are not easily seen or
visible in online classrooms. In linear bulletin boards threads, the dynamics of
conversations and social groupings that may emerge around conversational topics
are hidden in the lines of online postings, and is hard to determine who are not
engaged in the conversations or having a peripheral activity (Willging, 2005).

Social network analysis (SNA) has proven to be extremely powerful at
describing and analyzing network behaviors in various fields. SNA techniques paired
with recent developments in software for visualization could help provide a clearer
picture of what is happening in the online environment, creating the visual objects
that represent the online interactions (Willging, 2005). Research studies show the
use of network analysis as a primary research method for investigating interaction
and structural patterns to understand relationships, direction and strength of
interactions, group dynamics, and network connectedness and centralization in
computer-mediated environments and online learning communities (Cela et al.,

2015; De Laat et al., 2007; Jan 2018; Scott et al., 2005; Thormann et al., 2013;

Willging, 2005).

De Laat et al. (2007) argued that SNA can help in identifying patterns of
relationship between people who are part of a social network by illuminating the
‘flow’ of information and/or other resources that are exchanged among participants,
Their study also suggested that SNA can provide a useful window for teachers and

students to see how the students are engaged in the project as it provides
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information about the overall group’s functioning and the strength and direction of
their interactions.

Cela et al. (2015) who did a preliminary systematic review on the potentials of
SNA to understand and improve e-learning systems have strongly suggested that
SNA, particularly when combined with content analysis, can provide a detailed
understanding of the nature and type of interactions between members of the
network, allowing for optimization of course design, the composition of learner
groups and identification of learners in danger of dropping out.

Jan et al. (2019) argued that the intricate relationship between networks and
communities, structural parallels between the two, and access to retrospective and
real-time big data from LMS, make SNA the ideal technique for structurally
investigating learning communities.

Willging (2005) used SNA techniques and visualizations to examine
interactions in an online asynchronous forum. His study revealed that SNA provided
useful information about virtual interactions in asynchronous spaces and SNA
metrics and three-dimensional representations were able to reveal structural
characteristics of the group, identifying central members, bridges, and isolates in the
class.

Another study concluded that SNA provides more meaningful students’
interactions analysis in terms of information of communication structures, level of
participation, identifying who is the central participant, identifying who is involved in
the discussion, bridge and isolate (able to determine who are not engaged in the
discussion) (Erin et al., 2009). Their study further suggested that SNA can be a
useful research tool for revealing network structures of online discussion in

asynchronous form and SNA techniques can be used by instructors and teachers to
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evaluate and monitor interaction among students, making them aware of social

interaction developed in online asynchronous.

Some of the social network metrics that can be used in network analysis to
measure students’ engagement and social level of interaction in asynchronous
discussion forums include centrality, density, the strength of ties, and direction of

interactions (Durairaj & Umar, 2015; Scott & Carrington, 2011).

SNA and Social Construction of Knowledge

Recent research studies used SNA measures to ascertain a possible
relationship between students’ online interactions and critical thinking (Thormann et
al., 2013), and as an analytic tool for interaction patterns in primary care practices to
construct a visual representation of the networks, illustrating the web of
decision-making consultations in each entire network (Scott et al., 2005).

Lumanta, et al. (2018) did an exploratory study that assessed student
interaction in an online graduate colloguium class using centrality and density
measures, and results indicated that the pedagogical approach maximizes
interaction among learners in an online learning community positively contributes to
knowledge construction. Using network analysis, the study was able to map
interactions in the online colloquium to show network density implying that there is a
strong connection among the students to actively share and exchange information

among themselves leading to knowledge construction.

In Aviv et al. (2010)’s study, the quality of the knowledge construction process

is evaluated through Content Analysis and the network structures are analyzed
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using Social Network Analysis among participants during online discussions. Their
research study concluded that a well-designed asynchronous learning network
develops significant, distinct cohesion, and role and power structures lead the
knowledge construction process to high phases of critical thinking.

Gomez (2018), on the other hand, used mixed methods on a research project
to identify interaction patterns among graduate students by analyzing discussion
forum posts, measuring student centrality, and generating social network diagrams to
explain the characteristics of posts and social networks that may contribute to the
social construction of knowledge. The researcher noted that evidence was found that
suggests a possible relationship between the centrality measure in-degree and high
levels of the social construction of knowledge.

Durairaj & Umar (20'1 ), proposed a collaborative approach combining
multi-analysis techniques which include content analysis, cluster analysis, and social
network analysis to measure students’ social interaction and knowledge construction
in an asynchronous online forum. They suggested that SNA can provide visual
information such as strong or weak ties in the network as well as information about
potential high achievers or low-performing students in the class.

Meanwhile, Heo, et al. (2010) employed SNA and content analysis to
investigate how online interaction in project-based learning influences successful
learning performances. Their study suggested that the visualized information on
interaction patterns and individual prominence in relations with others through
network analysis can provide both teachers and students with opportunities to reflect
on participation and interaction in collaborative work.

Tirado et al. (2015) used SNA and content analysis to study the effects of

centrality and cohesion on the social construction of knowledge in discussion forums.
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The results of their study showed a positive correlation between cohesion and
centralization, and the positive influence of the cohesion index and the centralization
index on social presence and cognitive presence in knowledge building.

In 2010, Buraphadeja’s study asserted that centrality measures in SNA and
mean level of knowledge construction are related based on the notion that
individuals construct knowledge by interacting with others, and thus more
interactions would result in higher levels of knowledge construction.

Gunawardena et al. (2016), on the other hand, suggested combining
interaction analysis with learning analytics and Social Network Analysis to
conceptualize the process by which knowledge construction takes place in online
platforms. They further concluded that the study of the relationship between the
social construction of knowledge and student centrality helps researchers gain a
better grasp of the characteristics of discussion postings and the degree of student

centrality associated with potential paths to higher levels of knowledge construction.

Social Network Analysis (SNA) Measures
Centrality

The most widely used approach to understanding the structural sources of
individuals’ advantage and disadvantage relative to their neighbors is that of
centrality where the core idea is very simple: actors who are more ‘central’ to social
structures are more likely to be influential or powerful (but possibly also more
constrained) (Hanneman & Riddle, 2011, p. 363).

Centrality measures have typically been used as indicators of power,
influence, popularity, and prestige (Scott & Cafrington, 2011). Network analysts often

describe the way that an actor is embedded in a relational network, and actors that
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face fewer constraints, and have more opportunities than others, are in favorable
structural positions which means that an actor may extract better bargains in
exchanges, have greater influence, and maybe a focus for deference and attention
from those in less favored positions (Hanneman & Riddle, 2011).

With regards to social relations in online discussion forums, the question of
who writes to who has important implications for information flow, so it is relevant to
analyze interaction patterns of both independent relations and the totality of
interconnected relations (Gunawardena et al., 2016). Student centrality is a concept
that accounts for the social aspect of knowledge construction in that it serves as an

indicator of student influence on other students (Gunawerdena et al., 2016, p.14).

a. Degree Centrality

Degree centrality is a method of evaluating centrality based on a student's
direct linkage to other students, presented by in-degree centrality and out-degree
centrality to represent popularity and activity (or expansiveness) (Erin et al., 2009).
Degree centrality measures an individual's involvement in the network - indegree
centrality reveals “popular” actors and outdegree centrality focuses on the expansion
of a focal actor’s network (Prell, 2016).

Degree centrality is the number of a student’s connections (links) with the
other participants. If an actor receives many ties, they are often said to be prominent
or have high prestige, that is many other actors seek direct ties to them, and this
may indicate their importance (Hanneman & Riddle, 2011). Being connected to
others that are not well connected makes one powerful because these other actors

are dependent on you, whereas well-connected actors are not (Hanneman & Riddle,

2011, p. 365).
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In-degree Centrality

In an online setting, the in-degree measure counts inbound posts (a reply to a
post made by a student) with other students and an indicator of network "prestige"
which results from the number of replies directed to a student's post and represents
the degree to which other students seek out that student for interaction, thus
students with high in-degree are notable because their information may be
considered more important than others in the discussion forum (Gomez, 2018).
Students with high in-degree centrality have more interactive activities and thereby
receive more information or comments from others which can indicate that his or her
ideas may be influential in the discourse, and the participant has more prestige in the

network (Erin et al., 2009).

Out-degree Centrality

Out-degree counts outbound posts (an initial post or reply sent by a student)
and an indicator of "influence", thus students with high influence are in contact with
many other students, as evidenced by the large number of discussion posts that they
send to others, while students with low influence post fewer messages and do not
contribute to the information flow as much as other students (Gomez, 2018).

Out-degree also describes the extent to which students learn actively. Actors
who have unusually high out-degrees are actors who can exchange with many
others or make many others aware of their views while actors who display high
out-degree centrality are often said to be influential actors (Hanneman & Riddle,

2011, p.364).
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b. Betweenness centrality
Betweenness centrality measures how each participant is connected to all
other participants, and whether and how participants have formed connections
among themselves.

In communication networks, betweenness centrality measures how much
potential control an actor has over the flow of information (Prell, 2012). Moreover,
betweenness centrality draws attention to who is critical for the network's information
flow, i.e. who connects different segments of the network together and is an
important intermediary or broker (Prell, 2012, p.113). If an actor rests between many
other actors in the network, then this actor can greatly influence the network by
choosing to withhold or distort information she or he receives (Prell, 2012, p. 104).

Betweenness centrality allows one to quantify how highly connected an
individual may be to others in the network, whether through direct or indirect
interaction (Doran et al., 2011). Betweenness centrality views an actor as being in a
favored position, that is, the more people depend on an individual to make
connections with other people, the more power that person has. Another way to think
about betweenness is to ask which relations are most central, rather than which
actors. (Hanneman & Riddle, 2011, p. 366). Erin et al. (2009) argued that if
information flows among students are often indirect and via a given student, the

student has a high betweenness.

c. Closeness centrality
Closeness centrality is considered a more global measure of centrality, as it
takes into consideration the entire network of ties when calculating the centrality of

an individual actor, emphasizing an actor’'s independence (Prell, 2012). The actor
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who is close to many other actors is a very independent actor and an actor with high
closeness centrality would also be seen as someone who could more easily mobilize
a network, as he or she can more easily reach out to everyone in the network (Prell,
2012, p. 106).

Closeness centrality is a measure of the distance between each participant
and all other participants and could provide an indicator of the overall closeness or
connectedness of the group and the relative connectedness of various members

within the group (Doran et al., 2011).

Density

Density refers to the proportion of ties in a network that are actually present
and looks at the extent to which all the individual actors in a network are linked
together (Prell, 2012). Density provides a measure of the overall ‘connections’
between the participants and indicatesto the level of engagement in the network or
how active the participants are involved in the discourse (Erin et al., 2009).

Density is used to show student involvement in the network as a whole, which
means that the density value becomes 100 if all students communicate with one
another whereas, if the density is 0, means the network does not have any
communication or contact among participants (Durairaj & Umar, 2015). The density
of a network may give us insights into such phenomena as the speed at which
information diffuses among the nodes and the extent to which actors have high
levels of social capital and/or social constraint (Hanneman & Riddle, 2005),
Direction of Interaction

The direction of interaction indicates to whom a participant's response in a

discussion forum and is shown through arrows in a network diagram (Durairaj &
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Umar, 2015). There are two types of interaction direction: unidirectional or
asymmetric and reciprocal or mutual interaction (Durairaj & Umar, 2015; Prell, 2012).
Edges are depicted with arrows showing the direction of information flow (Gomez,
2018). The direction of the arrows reflects the direction of interaction between the
two participants, and the thickness of the lines usually reflects the strength of the
interaction (Tirado et al., 2015). Relations with individuals also differ according to the

strength of the tie and the direction of the tie (Prell, 2012).

Network Visualization

A graph or digraph is a visual representation of a social network, where actors
are represented as nodes or vertices, and ties are represented as lines (also called
edges or arcs), while a matrix is an array (or list) of data used to present information
when there are many actors or many relations in a network (Prell, 2012).
Applications such as UCINET Netdraw are used to generate the network diagrams.
The increase in software applications that have been developed to support SNA
reflects the growing interest in the field, and the desire of software developers to

explore different aspects of the field (Prell, 2012, p. 226).

Content Analysis

Content Analysis is a systematic coding and categorizing approach to explore
large amounts of existing textual information in order to ascertain the trends and
patterns of words used, their frequency, their relationships, and the structures,
contexts, and discourses of communication (Grbich, 2013).

Content analysis, using the five-phase Interaction Analysis Model (IAM) by

Gunawardena et al. (1997) was used in this study to identify the level of knowledge
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construction that occurred in the online discussion forums using the transcripts that

were extracted from the learning management system.

Interaction Analysis Model (IAM)

The Interaction Analysis Model (IAM) of Gunawardena, Lowe, & Anderson
(1997) is an established method used for the content analysis of online course
transcripts which consists of five phases of the social construction of knowledge.
Gunawardena, Lowe, and Anderson (1997) proposed the Interaction Analysis Model
(IAM) to assist in examining the negotiation of meaning and co-construction of
knowledge in collaborative learning environments. The IAM is one of the most
frequently used instruments in the study of knowledge construction and the extent of
its use makes it one of the most coherent and empirically validated instruments in
the research field (Lucas, et al., 2014). The |IAM is focused on examining the
relationship between interactions and it was developed by Gunawardena, Lowe, and
Anderson (1997) to qualitatively examine the interactions (or discussions) during the
phases of knowledge construction (Gunawardena et al, 2016). IAM is a
constructivist model of content analysis used to analyze the construction of
knowledge in computer conferencing transcripts in an online forum and has been
used globally on examining the relationship between interactions to determine
occurrences of the social construction of knowledge in online discussions

(Gunawardena et al., 2016).

Gunawardena, Lowe, and Anderson (1997) theorized that the active
construction of knowledge moves through five phases (see Fig.1):
e Phase |. Sharing/comparing of information. In everyday transactions this

might take the form of ordinary observations, statements of problems, or
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questions. This phase may include an observation, opinion, agreement,
corroborating example, clarification, and/or identification of a problem.

e Phase Il. Discovery and exploration of dissonance or inconsistency
among the ideas, concepts, or statements advanced by different
participants. This is defined as an inconsistency between a new observation
and the learner's existing framework of knowledge and thinking skills.
Operations, which may occur in this phase, might include the identification of
differences in understanding of terms, concepts, schemas, and/or questions
to clarify the extent of disagreement.

e Phase lll. Negotiation of meaning and/or co-construction of knowledge.
This phase includes negotiation or clarification of the meaning of terms,
identification of areas of agreement, and proposal of a compromise or co-
construction.

e Phase IV. Testing and modification of proposed synthesis or co-
construction. Events that occur in this phase include testing against an
existing cognitive schema, personal experience, formal data experimentation,

or contradictory information from the literature.

e Phase V. Phrasing of agreement, statement(s), and applications of the
newly constructed meaning. This phase encompasses summarizing
agreement(s) and metacognitive statements that illustrate new knowledge

construction and application.
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Figure 1. Interaction Analysis Model (IAM) (Gunawardena et al., 1997)

PHASE I: SHARING/COMPARING OF INFORMATION. Stage one operations include:

A. A statcmcent of obscrvation ar opinion (PhL'A]}
B. A statcment of agreement from one or more other participants (Phl'B]
C. Carroborating cxamplcs provided by one or more participants {PhL:C)
D. Asking and answering questions to clarify details of statements [PhL'D}
E. Definition. description, or identification of a problem {PhL'E]

PHASE II: THE DISCOVERY AND EXPLORATION OF DISSONANCE OR
INCONSISTENCY AMONG IDEAS, CONCEPTS OR STATEMENTS. (This is the
operation at the group level of what Festinger [20] calls cognitive dissonance, defined as
an inconsistency between a new obscrvation and the learaer's existing framework of
knowledge and thinking skills.) Operations which occur at this stage include:

A. ldentifving and stating arcas of disagreement [PhII:A)
B. Asking and answering questions to clarify the source and cxtent of disagreement  [Phil‘B)
C. Restating the participant’s position, and possibly advancing arguments or [PRILC]

considerations in its support by references to the participant’s expericnce,
literature, formal data collected, or proposal of relevant metaphor or analogy to
illustrate point of view

PHASE 111: NEGOTIATION OF MEANING/CO-CONSTRUCTION OF KNOWLEDGE

A. Ncgotiation or clarification of thc meaning of terms {PhIl’A]

B. Ncgotiation of the relative weight to be assigned to types of argument [PhIIL'B]

C. Identification of arcas of agreement or overlap among conflicting concepts {PRIILC)

D. Proposal and negotiation of new statements embodying compromisc, {PhIIL'D]
co-construction

E. Proposal of integrating or accommodating metaphors or analogies [PhIIVE]

PHASE IV: TESTING AND MODIFICATION OF PROPOSED SYNTHESIS OR

CO-CONSTRUCTION

A. Testing the proposcd synthesis against "received fact” as shared by the {PhIVIA)
participants and‘or their culture

B. Testing against cxisting cognitive schema [PRIV/B]

C. Testing against personal experience [PhIVIC]

D. Testing against formal data collected [PhIV:D)

E. Testing against contradictory testimony in the litcrature [PRIV'E]

PHASE V: AGREEMENT STATEMENT(S)APPLICATIONS OF NEWLY-

CONSTRUCTED MEANING

A. Summarization of agreement(s) [PhV-A]

B. Applications of new knowledge {PhV'/B)

C. Mctacognitive statements by the participants illustrating their undcerstanding that  [PhV/C)
their knowledge or ways of thinking (cognitive schema) have changed as a
result of the conference interaction

Cluster Analysis

Clustering is an unsupervised method for grouping and it groups the data into
sets of related observations or clusters (Myatt, 2007). Cluster analysis is applied to
determine the patterns of online listening behavior and to suggest clusters with

several patterns of listening behaviors among the participants in the online forum

(Durairaj et al., 2015).
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Wise (2013) suggested that listening behavior patterns can be calculated
according to four dimensions, namely breadth, depth, temporal contiguity, and
revisitation. This study adapted Wise’s taxonomy using the breadth, revisitation, and
temporal contiguity dimensions using 7 variables to describe and classify the
characteristics of the listening patterns of the students. Variables were identified and
revised according to the availability of data in the learning management system (see
Table 1). These variables were utilized using K-means clustering to come up with the
speaking and listening patterns using IBM SPSS Statistics version 27, a software

package used for statistical analysis.
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Chapter Three

METHODOLOGY

A. Research Design

This is an exploratory study using Social Network Analysis (SNA) as the
primary research method, in combination with two other approaches - Content
Analysis and Cluster Analysis, which aims to uncover patterns and structures of
~ online interactions (speaking and listening) of nine graduate students that may
influence the level of knowledge construction in the discussion forums of an online
class.

Content analysis, using the five-phase Interaction Analysis Model (IAM)
(Gunawardena et al., 1997) was used to identify the level of knowledge construction
that occurred in the discussion forums. IAM is a widely-used approach to analyzing
the social construction of knowledge and is premised on social constructivism.

Cluster analysis was used to categorize the interaction patterns (listening) of
the online learners in the discussion forums using Wise’s Taxonomy (2012) involving
the listening breadth, revisitation, and temporal contiguity dimensions using seven
variables.

SNA was used to measure centrality and density, as well as the strength and
direction of ties of the interaction patterns (speaking) of the online learners in the
discussion forums. Social network diagrarﬁs were generated to visualize the
structures of online interactions in relation to the occurrence of the social

construction of knowledge in online discussion forums. Figure 2A shows the study
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framework used in this research based on the conceptual framework of this study

(Figure 2B).

Figure 2A. Study Framework in Analyzing Communication Structures and

Knowledge Construction in Online ADFs
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B. Conceptual Framework
The conceptual framework used in this study is grounded on Network Theory
where the basic structural idea is that there are connections and relatively stable

pathways of communication among individuals (Littlejohn & Foss, 2008); on

Viygotsky’s Social Constructivist Learning Theory which posits that knowledge is
generated through social intercourse, and that interaction provides an opportunity for
learners to create their own understanding by communicating with others and
collaborate by sharing experiences and information in a way that promotes critical
thinking and knowledge construction (Anderson & Kanuka, 1998, Corich et al,
2007); and on Siemen’s Theory of Connectivism which asserts that learning occurs

through the creation of networks in computer-mediated communication and that
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knowledge is distributed across a network of connections formed from experience,

conversation and interaction, on sharing, creation and participation, on leamning not

as a separate activity, with learners at the center of the learning experience

(Downes, 2012, Kop and Hill, 2008, Siemens, 2004) (Figure 2B).

Figure 2B. Conceptual Framework in Analyzing Communication Structures and

Knowledge Construction in ADFs
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C. Unit of Analysis

This study utilized the transcripts and log records of nine graduate students
who participated in the discussion forums of an online class as part of their class
requirements in a graduate program. The data was extracted from an anonymized
copy of GradCourse01, an online graddate class using Moodle (Modular
Object-Oriented Dynamic Learning Environment), an open-source learning
management system (LMS) upon obtaining consent from the course
faculty-in-charge and students who were enrolled in the class. GradCourse01
contains discussion forums that are learner-managed. In this course, each student is
assigned a colloquium block where he or she will select a specific seminar topic that
focuses on research tools, research methods, research approaches, research
issues, and practices that are of relevance to and use in researching communication
phenomena. Each student is required to present, manage, and moderate a
colloquium for one week. Non-presenters, on the other hand, are encouraged and
expected to actively participate in all colloquium sessions. The transcripts that were
extracted from GradCourse01 contained a total of 732 posts from nine (9) discussion
forums. Log records of students’ activities including forum posts, views, and session
log-ins were also extracted to determine the listening patterns. Log records showed
that students accessed the LMS 8,525 times and viewed the discussion forums a
total of 3,179 times (Table 6).

To preserve the anonymity, privacy, and confidentiality of the participants in
this study, names of participants and course name were anonymized and replaced
with codes (ex. A1 for Student 1, GradCourse01 for the course name) in the data
collection, data analysis, and dissemination and feporting of the study findings.

Informed consent from the faculty-in-charge and the students to analyze the datg
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from the course forums for this research were obtained through online

communication.

D. Data Collection

Data mining process for data collection

This study adapted the process in data mining by Romero, et al. (2007) (see
Fig.3) as a tool for data collection. Transcripts of messages and log records of
students’ activities including forum posts, views, and session log-ins were extracted
from nine asynchronous discussion forums in an online graduate course. The online
course is a student-managed/driven course that focuses on research tools, methods,
approaches, issues, and practices. Data were generated using selected standard
report plugins for Moodle and were cleaned and preprocessed using Microsoft Excel
and Google Sheets (see Fig. 4). Extracted data used in this study includes
transcripts from nine discussion forums containing posts contributed and log records

of students’ activities including forum posts, views, and session log-ins.
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Figure 3. Data Mining Process in Moodle Course Site Using Standard Report Plugins

in Moodle (Adapted from Romero et al., 2007)
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Figure 4. Screenshot of the standard report plugin in the Moodle course site
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E. Data Analysis

This study utilized a mixed-method approach using SNA, Content Analysis,

 and Cluster Analysis to explain characteristics of the communication network

 structures (speaking and listening) and the level of knowledge construction of

learners in the online discussion forums of an online graduate class, GradCourse01.

Table 1 summarizes the data analysis procedures that were employed in this study.

- Table 1. Data analysis procedures

Research Questions

Procedure and Instrument

1. What of the social construction of

knowledge occurred in the online discussion

level

forums in an online graduate class?

Content Analysis using Interaction
Analysis Model (IAM)

2. To what extent are students interacting [ Cluster Analysis, SNA, and
(speaking and listening) in the online discussion | Network Visualization (UCINET
forums? NETDRAW)

3. How does the network centrality of students’ | SNA, Cluster Analysis, and

interactions influence the occurrence of the social
construction of knowledge in online discussion

forums?

Content Analysis
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Content Analysis to identify the level of knowledge construction using
Interaction Analysis Model (IAM)

Content analysis, using the five-phase Interaction Analysis Model (IAM) by
Gunawardena et al. (1997) (Phase I. Sharing/comparing of information, Phase |I.
Discovery and exploration of dissonance or inconsistency among the ideas,
concepts, or statements advanced by different participants, Phase Ill. Negotiation of
meaning and/or co-construction of knowledge, Phase V. Testing and modification of
proposed synthesis or co-construction and Phase V. Phrasing of agreement,
statement(s), and applications of the newly cpnstructed meaning) was used in this
study to identify the level of knowledge construction that occurred in the online
discussion forums using the transcripts that were extracted from the learning
management system.

Extracted transcripts were processed and saved as code sheets using Excel
and Google Sheet. Created code sheets for the posts contributed (speaking)
includes information such as username, message, date created, forum number, and
IAM phase number (see Fig.5). Each message/post contributed was chosen as the
unit of analysis for the coding and evaluation of the level of knowledge construction.
Messages in the code sheets were analyzed using Interaction Analysis Model (IAM)

(Gunawardena et al., 1997) to identify the level of knowledge construction that

occurred in the online discussion forums.
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Figure 5. Screenshot of Forum Transcripts Code Sheet

Forum Number IAM Phase Number
Username/StudentCode
Message Date Created

B rum 1 Codesheet i e ~

e Edit Viewfllinsert Formal Data Tools Add-ons Help

e k-] $ % 0 003 Calbri - - B 7 &5 A v. B L. s
F28
t
Forum Nun (D Student Code Meossage Level LAM
Forum ID Date subject
B1 30 anonfirstname4-m anonlastnamed  How do you deal with unrebable resulls in survey research?

How do you increase confidence in the survey process when
unveliabifity haunts?
1 12 29 Septer Re: Your questic
B1 31 anonfirstname6-I anonlastnamet It 15 a researcher's respons:bidity to produce rekable survey
results. To comply with this expectation, if one reakzes that at
¢ the end of the research, resulls are inaccurate, then he/she
must re-test. He/she should not publish said resulls unless
rehabity is mel 3 12 1 October Re: Your questic
B1 32 anonfirsiname3-1 anonlastnamed Since wo discussed the importance of sample size for validity,
should all survey researches use slatistically significant sample
sizo? My answer to this question depends on the purpose of tho
survey For example. statistically significant sample size do nol
matter in customer feedback surveys. What are some 2 12 10ctober Re: Your questic
B1 33 anonfirstnames-1 anonlastname6 Ideally, survey research should foliow the stabstically significant 1
sample size for validity purposes. When doing so, research
results are accepted with less doudt Thus for me, staustically j
significant sample size matlers in any lorm of survoy research |

Cluster analysis to identify listening patterns

This study adapted Wise’s taxonomy using seven variables to describe and
classify the characteristics of the listening patterns of the students and revised based
on the availability of data in the learning management system (see Table 2).

To analyze the listening patterns of students, extracted data of activities from
the learning management system including forum posts, views and log-ins were
processed and organized using Excel and Google Sheets. Exported log records
saved in Excel/Google Sheet format were processed and saved as worksheets
(Fig.6). Worksheets per forum were created for the posts viewed (listening) which
includes information such as username, message, date created, forum number.
Seven variables were adapted from Wise Taxonomy (2014) including the average

number of views per discussion, average number of posts viewed per discussion,
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number of times the student logged in the discussion, the total number of sessions in
which the student viewed the discussion, the total number of sessions in which the
student made a post, the total number of times the student contributed posts
discussion forums, and average # of posts per discussion. Variables were measured
using K-means clustering using IBM SPSS Statistics version 27, a software package

used for statistical analysis to come up with the listening patterns.

Table 2. Summary of listening variables (Adapted from Wise Taxonomy (2014)

Dimension Variables Definition

Number of times the student viewed the

Average # of Views per forum divided by the total number of

Breadth Discussion threads

Revisitation Number of times the student viewed the

# of Discussion Views discussion forum

Number of times the student logged in to

# of Sessions the discussion forum

Number of sessions in which the student
# of Sessions with Views |viewed the discussion forum

Number of sessions in which the student

# of Sessions with Posts  [made a post

Average # of posts per Number of times the student contributed a

discussion post divided by the number of threads
Temporal Number of times the student contributed a
Contiguity  |# of Posts post
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Figure 6. Screenshot of Forum Log Record Sheet

Date Created
Username/StudentCode
Forum Number Event Name/Activity
B L rd B e ~ 5 G
[ = J-TA } View ert Format Data Tools Add-origy Help
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K7135

Date User full name T Affe - Event context Component ~ Event name b 4 Descrip — Origin
23/10/20, 20:0 ancnfirstname2-f anonlas - Forum: Colloquium Block 1 Forum Discussion viewed 23, The user with id ‘9" h:
- 23/10/20, 20:0 anonfirstname2-f anonlas - Forum: Celloquium Block 1 Forum Discussion viewed 23, The user with id '9' hz
10/10/20, 21:1 ancnfirstname2-f anonlas - Forum: Collogquium Block 1 Forum Discussion viewed 10, The user with id '9* hz
8/10/20, 18:16 anonfirstname2-f anonlas - Forum: Colloguium Block 1 Forum Discussion viewed 8/1The user with id 9" hz
4/10/20, 00:29 anonfirstname2-f anonlas - Forum: Cclloquium Block 1 Forum Discussion viewed 4/1The user with id '9" hz
+  4/10/20, 00:29 anenfirstname2-f anonlas - Forum: Colloquium Block 1 Forum Discussion viewed 4/1The user with id '9" hz
8/10/20, 18:17 anonfirstname2-f anonlas - Forum: Colloquium Block 1 Forum Discussion viewed 8/1The user with id '9' h;
8/10/20, 16:30 anonfirstname2-f anonlas - Forum: Colloquium Block 1 Forum Discussion viewed 8/1The user with id ‘9" hz
:+ 30/09/20, 11:3 ananfirstname2-f anonlas - Forum: Colloquium Block 1 Forum Discussion viewed 30, The user withid '9' hz
30/09/20, 02:2 anonfirstname2-f anonlas - forum: Colloquium Block 1 Forum Discussion viewed 30, The user with id 9" hz
30/09/20, 02:2 anonfirstname2-f anonlas - forum: Colloguium Block 1 Forum Discussion viewed 30, The user with 1d '9' hz
27/09/20, 18:3 anonfirstname2-f anonlas - Forum: Colloquium Block 1 Forum Discussion viewed 27, The user with id ‘9" hz
27/09/20, 18:3 ancnfirstname2-f anonlas - Forum: Colloquium Block 1 Forum Discussion viewed 27, The user with id'9' hz
. 27/0Q070 1A:? annnfirctnama?-f ananlac - Fanim: Collaaiinm Rlnck 1 Farum Nicrnssian viewsd 27, The ncer with id '8 hs

SNA to identify patterns and network structures of the interactions

This study used UCINET, a software that supports SNA to analyze
interactions of nine students in the online discussion forums of an online graduate
course. Several network measures such as betweenness centrality, closeness
centrality, degree centrality, and density, as well as tie strength and direction of ties,
were measured to describe the online interactions of nine students in the online
discussion forums. Network diagrams were generated to visualize the extent of the
students’ participation and their level of knowledge construction during the
discussions in the online forums using the UCINET Netdraw application.

To analyze the network centrality and density of the online interactions, a

whole network data with a complete set of actors or participants is required. Thus,
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this study used the nominalist approach to identify the network boundary of the study
where only the class with consent from all members was chosen.

To identify the patterns and network structures of the interactions in the
forums, matrices of the interactions in the forums were created (Fig.7). The name of
the sender (name of the student who sent the message) and receiver (to whom the
message was sent or replied to (receiver) were identified for each message per
forum. The frequency of the message exchanges was also counted. These data
were then organized and structured into matrices using Excel/Google Sheet. To
analyze the centrality and density, as well as to determine the tie strength and
direction of ties of the online interactions, UCINET, a software for analyzing social

network data, and UCINET Netdraw were used to generate the network diagrams.

Figure 7. Sample matrix of interactions in the discussion forums
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RESULTS AND DISCUSSIONS

A. Level of Social Construction of Knowledge that occurred in the DFs

To identify the level of knowledge cohstruction that occurred in the online
~ discussion forums, content analysis, using the five-phase Interaction Analysis Model
; (IAM) by Gunawardena et al. (1997) was used in this study.
| A total of 732 messages from nine discussion forums were extracted for this
~ study and results showed that 78.96% of the messages were coded in Phase | of the
. social construction of knowledge, while less than one percent (0.27%) were coded
" under Phase Il, and some messages (20.77%) were coded under Phase lll (see
Table 3). All of the messages in the discussion Forum 2 and Forum 7 are coded in
Phase | of the social construction of knowledge(see Table 4). More than half of the
messages in Forum 1 (68.18%), Forum 4 (56.7%), and Forum 6 (59.46%) were
coded under Phase | of the social construction of knowledge (see Table 4). Most of
the messages in Forum 3 (82.72%), Forum 5 (74.14%), Forum 8 (93.42%), and
Forum 9 (93.06%) were also in Phase | of the social construction of knowledge (see
Table 4). This implies that the students’ interactions in the forums are mostly
statements on sharing and comparing information.

The messages in the discussion forums that were coded under Phase | of the
social construction of knowledge vary from statements of observation or opinion or
statement of agreement from one or more participants (‘| agree with your idea

that...”, “I think”, “In my opinion...”, “l believe that...”, “You are right..."), while some

are definitions, descriptions, or identification of a problem. Some statements in the
discussion forums were to ask or answer questions to clarify details of statements

(“‘Please enlighten me about how you plan to use...”, “| wonder how you will
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approach...?", “Do you plan on using Context Analysis...?", “Please let me clarify...”

). While some statements are corroborating examples provided by other participants

' (“l would like to base this post on my experience...”).

Some factors that might be attributed to why the messages in the discussion

- forums of this online course were mostly coded on Phase | of the social construction

of knowledge include how the forums were designed, the intention of the moderator,

~and the discussion points made by the moderators. Discussion forums that were

created in this online course were designed as learner-managed colloquium on

- communication research where students were expected to share a specific seminar

topic that he/she plans to implement as his/her dissertation. Moderators of the

discussion forums intended to share their research plans and how they are going to

implement them, while other students were expected to give their opinions and share

ideas that they think can help in the implementation of the research. Discussion

points such as “What do you think is the importance of...", “What are your
recommendations...”, “l would like you to share...”, “You can comment...” might lead
other participants to comment or share their opinions and personal experiences

regarding the topic, thus limiting students’ interactions to statements of observation,

opinion or agreement on the discussion topics. This result supports the findings of

Wang et a.l (2009) that the nature of discussion topics greatly influenced the depth of

online discussions and knowledge construction and that topics selected for online
discussions should be meaningful and relevant to participants, and challenging and
controversial enough to trigger different opinions.

While most of the messages are coded in Phase | of the social construction of
knowledge, only less than one percent of the messages are recorded in Phase Il, the

discussions on discovery and exploration of dissonance or inconsistency among
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' ideas, concepts, or statements (Table 3). This suggests that most of the students in

. this class were not keen on identifying or stating areas of disagreement on other

- students’ statements. Out of nine discussion forums, only Forum 1 contains

~ messages that identify and state areas of disagreement or dissonance. Statements

- such as “However, | see a loophole because, as researchers, we actually cannot

~ identify...” and “Thank you for pointing out other factors that may affect ....however,

what we wanted to establish in the discussion thread is....”. This could also be

| because discussion forums did not specifically call for participants to post diverse or

opposing views on the topic which was also noted by Gunawardena, et al. (2014) in
their study. Another aspect that can be considered why there is a very small number
of interactions under Phase Il of the social construction of knowledge can be
considered based on the idea suggested by Gunawardena, et al. (2014) as observed
by some researchers that discussion of dissonance or opposing ideas online may
not be culturally appropriate- that non-native speakers, particularly students from
Asian countries, consider it far less appropriate to challenge and criticize the ideas of
others.

Despite the very small percentage of discussions on Phase II, it is quite
interesting to note that the occurrence of discussions coded on negotiations of
meaning or co-construction of knowledge (Phase Iil of the social construction of
knowledge) were still observed in Forum 1 (29.55%), Forum 3 (17.28%), Forum 5
(25.86), Forum 8 (6.58%), and Forum 9 (6.94%), and almost half of the messages in
two discussion forums Forum 4 (43.30%), Forum 6 (40.54%).

The absence of messages under Phase IV and V of the social construction of
knowledge were observed in all discussion forums. This suggests that students in

this class were not able to reach the level where they test and modify the proposed
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~ synthesis or to agree and apply newly constructed meaning. This might be explained
: by the fact that at this stage, students are still in the planning stage of their research
: and they were given a limited time (only one week per discussion forum) to
. continuously interact with each other until they reach a higher level of knowledge
construction. Another factor that can be considered is the level of the student's
motivation to engage. As suggested by Gunawardena et al. (2014), the personal
| relevance of discussion topics may influence participants’ motivation and
engagement; motivated and engaged participants are more likely to employ deep,
~ reflective strategies, to weigh and compare ideas or arguments and change their
cognitive schema. The discussion points provided by the moderators can also be

attributed to the level of engagement and motivations to construct knowledge among

the participants.

Table 3. Level of Knowledge Construction in GradCourse01

PhaselLevel Frequency Percentage
| 578 78.96%
i 2 0.27%
1 152 20.77%
v - 0 0.00%
Vv 0 0.00%
Total 732 100.00%
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| Table 4. Level of Knowledge Construction per Discussion Forum

PHASE/ FORUM1 FORUM2 FORUM3 FORUM4 FORUMS5 FORUM6 FORUM7 FORUMS FORUM 9
LEVEL  (n=88) (n=48)  (n=81)  (n=97) (n=116) (n=74)  (n=80) (n=76)  (n=72)

| 68.18% 100.00% 82.72% 56.70% 74.14% 59.46% 100.00% 93.42% 93.06%
] 2.27% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
n 29.55%  0.00% 17.28% 43.30% 25.86% 40.54% 0.00% 6.58% 6.94%
v 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
\ 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

B. The extent of students’ interactions (speaking and listening) in the

online discussion forums

The extent of students’ interactions (speaking and listening) in the online

" discussion forums can be described through the patterns and structures of the

students’ participation and engagement in the online course, both on the extent that
students contributed posts and the extent they view or access the posts in the
discussion forums. The data extracted from the course learning management system
(LMS), including transcripts and log records of students’ activities (forum posts,
views, and session log-ins) were used to analyze the extent of interactions in the
online discussion forums among nine students of an online graduate course,
GradCourse01. The online course is composed of nine discussion forums and each

forum was analyzed to determine the speaking and listening patterns of the students.
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B.1. Online Interaction Patterns (Speaking)

The online interactions in terms of posts contributed by the students

(speaking) in the discussion forums were analyzed using SNA. To determine the

"level of engagements and connections between the students as well as their

_involvement in the discussion forums, the network centrality, and density, as well as

the direction and strength of ties for each discussion forum, were measured in this

1study. Network measures such as centrality and density were conducted using

- UCINET and network diagrams were generated using Netdraw to visualize the

network structures and speaking patterns in the discussion forums. Matrices created

from the students’ interactions in the nine discussion forums were analyzed using

SNA to determine who speaks to whom or who among the students were

speaking/contributing posts in the discussion forums and to what extent.

The degree centrality was used to measure the number of students’
connections or links, and their level of engagement in terms of the posts they

contributed or received in the discussion forums. The value of the outdegree

centrality refers to the number of ties or outbound connections given by the

actor/student to other students in the class or the number of participants that the
student speaks with within the discussion forums. Indegree centrality value, on the
other hand, refers to the number of ties or inbound posts or replies that the students
received from other students, or the number of participants that speak or replied to
the actor/student in the discussion forums.

Betweenness centrality values imply how much potential control the student
has over the flow of information in the discussion forums, while closeness centrality
values indicate the student's closeness to the group and histher level of

independence in terms of reaching other participants in the class for information.
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Figure 8 shows the number of posts contributed, the number of threads
initiated, as well as the network centrality of the nine participants in Forum 1.
Results showed that all students except A6 have a degree centrality value of 1,
implying that eight out of nine students interacted with only one person in the forum.
The graph in Fig. 8 showed that all students interacted with A8, who is the moderator
and speaker of Forum 1.

The closeness centrality value of all students except A6 is 53 percent. Student

3 AB, on the other hand, contributed the most number of posts (34) and the number of

threads initiated (8) and has the highest degree centrality value of 8, which implies

that A6 speaks with all the other students and all students replied to him/her in the

discussion forum.

Student A6 has a betweenness centrality value of 100 percent, which implies
that A6 is connected to all other eight students and has the biggest potential to

control the flow of the information and influence in terms of choosing what

“information to give or what to withhold from the information he/she received in Forum

1. Having a closeness centrality value of 100 percent also indicates that A6 is
connected to all the participants in the discussion forum and is in a position where
he/she can easily access information as he/she is very independent to reach other
students.

A star graph was generated from the matrices of interactions in discussion
Forum 1 to visualize the online interaction patterns of the students, and determine

who they speak with, as well as the direction and strength of their ties or interactions

(Fig. 8).

A NETWORK APPROACH IN ANALYZING COMMUNICATION STRUCTURES  DCOMM Dissertation ALMODIEL, 2022

AND SOCIAL CONSTRUCTION OF KNOWLEDGE IN ADFS Page 64



Considering the design of this discussion forum where the moderator is

assigned to interact with other participants, the expected structure where the

- moderator occupies the central position in the flow of information can be observed in
ithis forum. This pattern where the moderator/speaker of the forum has the most
“number of posts contributed and the number of threads initiated and has the highest

centrality values can also be observed in all other discussion forums.

Figure 8. Network Centrality of Student Interactions in Forum 1

‘Network Centrality of Student Interactions in Forum 1

Student Posts Thread Initiated OutDegree degi B Closeness
; A 9 0 1 1 0.00 0.53
i A2 7 0 1 1 0.00 0.53
A3 5 1] 1 1 0.00 0.53
Ad 8 0 1 1 0.00 0.53
AS 5 0 1 1 0.00 0.53
AB 34 8 8 8 1.00 1.00
A7 5 0 1 1 0.00 0.53
A8 2 0 1 1 0.00 0.53
A9 s 1] 1 1 0.00 0.53

o .

Graph showing who speaks to whom in Forum 1

ﬁ Student / Node “€—> Direction and Strength of Ties
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EForumZ
g Figure 9 shows the number of posts contributed, the number of threads

finitiated, as well as the network centrality of the nine participants in Forum 2. Student

|

1A2, who is the moderator/speaker, occupies the central position in Forum 2 with a

gdegree centrality value of 8 and betweenness and closeness centrality value of 100

!percent. This implies that A2 interacted with all students in the forum. All other eight

Estudents have a degree centrality value of 1 and a closeness centrality value of 53

%percent. This implies that all eight students interacted only with the

lmoderator/speaker of the discussion forum. Visual representation of who speaks to

ﬁwhom in Forum 2 is shown in Fig. 9, including the direction and strength of ties in the
discussion forum.

Considering the design of this discussion forum where the moderator is
assigned to interact with other participants, the expected structure where the

moderator occupies the central position in the flow of information can be observed in

‘this forum.
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Figure 9. Network Centrality of Student Interactions in Forum 2

Network Centrality of Student Interactions in Forum 2

Student Posts Threéd I“n‘iti.étéd CutDegree Indegree Betweenness Closeness
Al 5 0 1 1 0.00 0.53
A2 27 1 8 8 1.00 1.00
A3 2 0 1 1 0.00 0.53
A4 4 0 1 1 0.00 0.53
A5 2 0 1 1 0.00 0.53
A6 3 0 1 1 0.00 0.53
A7 1 0 1 1 0.00 0.53
A8 1 0 1 1 0.00 0.53
A9 2 0 1 1 0.00 0.53

Graph showing who speaks to whom in Forum 2

6 Student/Node <—> Direction and Strength of Ties
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Forum 3

Figure 10 shows the number of posts contributed, the number of threads

initiated, as well as the network centrality of the nine participants in Forum 3. In this
forum, student A3, who is the moderator/speaker, occupies the central position with
a degree centrality value of 8, a betweenness centrality value of 96 percent, and a
closeness centrality value of 100 percent. All other students have a degree centrality
value of 1 and closeness centrality value of 53 percent except A8 and A9 who have
a degree centrality value of 2 and a closeness centrality value of 57 percent. This
~implies that all students interacted with the moderator/speaker of the discussion
i forum, except the 2 students (A8 and A9) who also interacted with each other.
Visual representation of who speaks to whom in Forum 3 is shown in Fig. 10,
“including the direction and strength of ties in the discussion forum. The graph shows
everyone interacted with A3 who is at the center of the network, while A8 and A9
also interacted with each other.

While it is expected that the moderator occupies the central position in the
flow of information considering the design of this discussion forum where the
moderator is assigned to interact with other participants, it is also interesting to note
that two students (A4 and A9) also interacted with each other in this forum.

Based on the transcripts extracted from their communication exchanges,
these are the noted reasons why two students (A4 and A9) interacted with each
other, aside from interacting with the moderator.

1. To clarify and/or ask questions related to the information posted by the other
student (“May | ask something on the theory-building approach...”, “Would that

approach follow a Grounded Theory Methodology considering...?”)

A NETWORK APPROACH IN ANALYZING COMMUNICATION STRUCTURES ~ DCOMM Dissertation ALMODIEL, 2022
AND SOCIAL CONSTRUCTION OF KNOWLEDGE IN ADFS Page 68



2. To confirm and acknowledge the relevance of shared information, and/or
agree with the other students’ posted message (“It's interesting that you
mentioned.. Indeed, observing culture...”, “Yes, it's true..", “Thank you very much,
###4#, for mentioning the Institutional Review Board...".)

3. To provide additional information and share own experiences related to the
other student’s posted message (“Another compounding issue in extracting any
type of data is.."," In my university, we are not allowed to conduct...,")

4. To answer an inquiry/question from other students ("It is not always voluntary
participation, ####. It depends on the researchers on how they involve their
participants in their research. In my uni, when you apply for an IRB research

approval, ...").

A NETWORK APPROACH IN ANALYZING COMMUNICATION STRUCTURES DCOMM Dissertation ALMODIEL 2022

AND SOCIAL CONSTRUCTION OF KNOWLEDGE IN ADFS Page 69



Figure 10. Network Centrality of Student Interactions in Forum 3

Network Centrality of Student Interactions in Forum 3

Student Posts Thread Initiated OutDegree Indegree Betweenness Closeness
Al 5 0 1 1 0.00 0.53
A2 8 0 1 1 0.00 0.53
A3 31 7 8 8 0.96 1.00
A4 8 0 2 2 0.00 0.57
AS 4 0 1 1 0.00 0.53
: A6 6 0 1 1 0.00 0.53
i A7 1 0 1 1 0.00 0.53
' A8 3 0 1 1 0.00 0.53
: A9 8 0 2 2 0.00 0.57

®H

ré M%

Graph showing who speaks to whom in Forum 3
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E Forum 4

|

} Figure 11 shows the number of posts contributed, the number of threads
I

| initiated, as well as the network centrality of the nine participants in Forum 4. Student
[

;A4. who is the moderator/speaker of Forum 4, occupies the central position with a
|
%degree centrality value of 8, a betweenness centrality value of 93 percent, and a

i closeness centrality value of 100 percent. Almost half of the students (44%), A1, A3,
!

§A6, A9 have a degree centrality value of 2 and closeness centrality value of 57

|

| } percent while four students, A2, A5, A7, and A8 have a degree centrality value of 1
f

‘ and closeness centrality value of 53 percent This implies that all students interacted

' with the moderator/speaker of the discussion forum, while except four students (A1,

A3, A6, A9) interacted with each other. Visual representation of who speaks to whom

‘in Forum 4 is shown in Fig. 11, including the direction and strength of ties in the

: discussion forum. The graph shows everyone interacted with A4 who is at the center
of the network, while A1 and A3, and A6 and A9 also interacted with each other.

While it is expected that the moderator will occupy the central position at the

flow of information considering the design of this discussion forum where the

| | moderator is assignhed to interact with other participants, it is also interesting to note

that four students (A1, A3, A6, and A9) also interacted with other students in this

‘ forum. Based on the transcripts extracted from their communication exchanges,

these are the observed reasons why A1 and A3, and A6 and A9 interacted with each

| other, aside from interacting with the moderator.

1. To clarify and ask questions related to the information posted by the other

student (“Can you send me a link to a sample research article?”, “If g

researcher is going to do an interview and observation..?”).

1
|
|
|
i
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2. To confirm and acknowledge the relevance of shared information, and/or
agree with the other students’ posted message (‘| also share the same
dilemma of whether to do an ethnography or an autoethnography...”, “Thank
you for this question, ##...", “Thank you ##HH# for the clarification...”).

3. To provide additional information and share their own experiences related to
the other student’s posted message (‘Regarding validity, the quantitative study
requires..., Most of the research articles I've read that employed
autoethnography are focused on...").

4. To answer an inquiry/question from another student (“Hi! Perhaps this link can

add to our understanding.”).
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Figure 11. Network Centrality of Student Interactions in Forum 4

Network Centrality of Student Interactions in Forum 4

Student Posts Thread Initiated OutDegree Indegree Betweenness Closeness
Al 5 0 2 2 0.00 0.57
A2 9 0 1 1 0.00 0.53
A3 8 0 2 2 0.00 0.57
Ad 40 6 8 8 0.93 1.00
A5 0 1 1 0.00 0.53
X A6 0 2 2 0.00 0.57
v AT 0 1 1 0.00 0.53
| A8 ] 1 1 0.00 0.53
| A9 10 0 2 2 0.00 0.57

Graph showing who speaks to whom in Forum 4

Q Student/Node <€—> Direction and Strength of Ties
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I

Forum 5

Figure 12 shows the number of posts contributed, the number of threads

Zinitiated, as well as the network centrality of the nine participants in Forum 5. Results
fshowed that Student A1 contributed the most number of posts (34) and the number
éof threads initiated (8), and has the highest degree centrality value of 8, which
’implies that this student speaks with all the other students and all students replied to

|

'him/her in the discussion forum. Closeness centrality value of all other students is 53

percent except A1 who has a betweenness centrality value of 100 percent, which

|
| {lmplies that A1 is connected to all other eight students and has the biggest potential

Ito control the flow of the information and influence in terms of choosing what

] .
‘information to give or what to withhold from the information he/she received in Forum

‘5. Having a closeness centrality value of 100 percent also indicates that A1 is
‘connected to all the participants in the discussion forum and is in a position where
he/she can easily access information as he/she is very independent to reach other
students.

A star graph was generated from the matrices of interactions in discussion
Forum 5 to visualize the online interaction patterns of the students, and determine
who they speak with, as well as the direction and strength of their ties or interactions
(Fig. 12).

Considering the design of this discussion forum where the moderator is
assigned to interact with other participants, the expected structure where the
moderator occupies the central position in the flow of information can be observed in

this forum.
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Figure 12. Network Centrality of Student Interactions in Forum 5

Network Centrality of Student Interactions in Forum 5

Student Posts Thread Initiated OutDegree Indegree Betweenness Closeness
Al 55 9 8 8 1.00 1.00
A2 9 0 1 1 0.00 0.53
A3 7 0 1 1 0.00 0.53
Ad 6 0 1 1 0.00 0.53
A5 4 0 1 1 0.00 0.53
A6 6 0 1 1 0.00 0.53
A7 7 0 1 1 0.00 0.53
A8 7 0 1 1 0.00 0.53
A9 6 0 1 1 0.00 0.53

3 =B

=EBe

v

A3
7.0

Lg :

Graph showing who speaks to whom in Forum 5

& Student / Node <—> Direction and Strength of Ties
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{

!
|
f Figure 13 shows the number of posts contributed, the number of threads
|
!
| initiated, as well as the network centrality of the nine participants in Forum 6. Student

A7, who is the moderator/speaker, occupies the central position in Forum 6 with a
?

;degree centrality value of 8 and betweenness and closeness centrality value of 100
| percent. All other eight students have a degree centrality value of 1 and a closeness
;centrality value of 53 percent. This implies that all eight students interacted only with
ithe moderator/speaker of the discussion forum. Closeness centrality value of all
lother students is 53 percent except A1 who has a betweenness centrality value of

|
100 percent, which implies that A1 is connected to all other eight students and has

: the biggest potential to control the flow of the information and influence in terms of
‘choosing what information to give or what to withhold from the information he/she
received in Forum 5. Having a closeness centrality value of 100 percent also
indicates that A7 is connected to all the participants in the discussion forum and is in
‘a position where he/she can easily access information as he/she is very independent
;to reach other students. Visual representation of who speaks to whom in Forum 6 is
?shown in Figure 13, including the direction and strength of ties in the discussion
forum.

Considering the design of this discussion forum where the moderator is
‘assigned to interact with other participants, the expected structure where the

moderator occupies the central position in the flow of information can be observed in

this forum.
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Figure 13. Network Centrality of Student Interactions in Forum 6

Network Centrality of Student Interactions in Forum 6

Student Posts Thread Initiated OutDegree Indegree Betweenness Closeness
Al 4 0 1 1 0.00 0.53
A2 4 0 1 1 0.00 0.53
A3 6 0 1 1 0.00 0.53
A4 5 0 1 1 0.00 0.53
A5 4 0 1 1 0.00 0.53
A6 5 0 1 1 0.00 0.53
A7 30 8 8 8 1.00 1.00
A8 2 0 1 1 0.00 0.53
A9 6 0‘ 1 1 0.00 0.53

Graph showing who speaks to whom in Forum 6

é Student / Node <—> Direction and Strength of Ties
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; Forum7

Figure 14 shows the number of posts contributed, the number of threads
‘initiated, as well as the network centrality of the nine participants in Forum 7. Student

‘AQ, who is the moderator/speaker, occupies the central position in Forum 7 with a

'degree centrality value of 8 and a betweenness and closeness centrality value of
100 percent. All other students have a degree centrality value of 1 and a closeness
?centrality value of 53 percent. This implies that all eight students interacted only with
ithe moderator/speaker of the discussion forum. This also implies that A9, who is at
%the center of the network, is connected to all the participants in the discussion forum
?and is in a position where he/she can easily access information as he/she is very
Eindependent to reach other students. Visual representation of who speaks to whom
“in Forum 7 is shown in Fig. 14, including the direction and strength of ties in the
; discussion forum.

Considering the design of this discussion forum where the moderator is
assigned to interact with other participants, the expected structure where the

moderator occupies the central position in the flow of information can be observed in

this forum.
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Figure 14. Network Centrality of Student Interactions in Forum 7

Network Centrality of Student Interactions in Forum 7
Student Posts Thread Initiated OutDegree Indegree Betweenness Closeness
Al 4 0 1 1 0.00 0.53
A2 5 0 1 1 0.00 0.53
A3 5 0 1 1 0.00 0.53
A4 8 0 1 1 0.00 0.53
A5 4 0 1 1 0.00 0.53
A6 7 0 1 1 0.00 0.53
A7 1 0 1 1 0.00 0.53
A8 a4 0 1 1 0.00 0.53
A9 37 5 8 8 1.00 1.00
8
o
4.0
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Graph showing who speaks to whom in Forum 7
§ Student/Node <€—> Direction and Strength of Ties
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!
S Figure 15 shows the number of posts contributed, the number of threads
}mltlated as well as the network centrality of the nine participants in Forum 8. In this
}forum student A5, who is the moderator/speaker, occupies the central position with
a degree centrality value of 8, a betweenness centrality value of 98 percent, and a
{closeness centrality value of 100 percent. All other students have a degree centrality
{value of 1 and closeness centrality value of 53 percent except A2 who has an
}ln-degree centrality of 2 and A4 who has an outdegree centrality value of 2. A2 and
‘A4 have a closeness centrality value of 57 percent. This implies that all students
}interacted with the moderator/speaker of the discussion forum, and A2 received
imessages from A5 and A4, while A4 sent messages to A5 and A2. Visual
%representation of who speaks to whom in Forum 8 is shown in Fig. 15, including the
jdirection and strength of ties in the discussion forum. The graph shows that
‘everyone interacted with the moderator (AS) who is at the center of the network,
while A4 also attempted to interact with A2 by sending a message to him/her.

While it is expected that the moderator will be the most central actor who will
occupy the central position in the flow of information considering the design of this
discussion forum where the moderator is assigned to interact with other participants,
it is also interesting to note that one student (A4) also interacted with another student
(A2) in this forum. Based on the transcripts extracted from their communication
exchanges, A4 interacted with A2 to acknowledge the relevance of the shared
information and provide additional information related to the other student’s posted
message (‘It is interesting that ### mentioned survey method in quantitative

communication research. The advantage of the survey result is...").
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Figure 15. Network Centrality of Student Interactions in Forum 8

Network Centrality of Student Interactions in Forum 8

Student Posts Thread Initiated OutDegree Indegree Betweenness | Clorseness
Al 5 0 1 ' 1 0.00 0.53
A2 5 0 1 2 0.00 0.57
A3 5 0 1 1 0.00 0.53
A4 5 0 2 1 0.00 0.57
AS 35 5 8 8 0.98 1.00
A6 4 0 1 1 0.00 0.53
A7 4 0 1 1 0.00 0.53
A8 3 0 1 1 0.00 0.53
A9 5 0 1 R 000 0.53

A pommms
i
1.0
P oY
Graph showing who speaks to whom in Forum 8
Student / Node <€—> Direction and Strength of Ties
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Figure 16 shows the number of posts contributed, the number of threads
initiated, as well as the network centrality of the nine participants in Forum 9. Results

showed that, in this forum, student A8, who is the moderator/speaker, occupies the

icentral position with a degree centrality value of 8, a betweenness centrality value of

'98 percent, and a closeness centrality value of 100 percent. All other students have
}a degree centrality value of 1 and closeness centrality value of 53 percent except A9
|

who has an in-degree centrality of 2 and A4 who has an outdegree centrality value of

‘2. A4 and A9 have a closeness centrality value of 57 percent. This implies that all
istudents interacted with the moderator/speaker of the discussion forum, and A9

\
received messages from A4 and A8, while A4 sent messages to A2 and A9. Visual

|
'representation of who speaks to whom in Forum 9 is shown in Fig. 16, including the

jidirec’(ion and strength of ties in the discussion forum. The graph shows that
‘everyone interacted with the moderator (A8) who is at the center of the network,
‘while A4 also attempted to interact with A9 by sending a message to him/her.

While it is expected that the moderator will be the most central actor who will
‘occupy the central position in the information flow considering the design of this
‘discussion forum where the moderator is assigned to interact with other participants,
it is also interesting to note that one student (A4) also interacted with another student
‘(A9) in this forum. Based on the transcripts extracted from their communication
‘exchanges, A4 interacted with A9 to provide additional information related to the
other student's posted message (“Systematic reviews are an increasingly common

research method employed to collect...”).
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Figure 16. Network Centrality of Student Interactions in Forum 9

Student
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\Connectedness (Network Density) of the Online Class

The extent to which the students are linked or connected to each other is also
measured by looking at the network density of the discussion forums, and the class,
‘las a whole. Results showed that as a whole class, the online course has a network

| density of one hundred percent (100%), which suggests that, overall, all participants

were able to connect and engage with each other (Table 5) in the discussion forums.
i
'However, it is very important to note that the network density values measured for

{

ieach discussion forum are low. Results showed low-density values of 22% for
EForums 1, 2, 5, 6, and 7, 25% for Forums 3,8 and 9, and 28% for Forum 4, which
|

Esuggests that for each discussion forum, students did not speak with all the
participants and just engaged with one or two students other than the moderator.
‘This coincides with the above observation on network centrality that in most cases,

students were only speaking with the moderator, or with at most two other students

in some cases such as in Forums 3, 4, 8, and 9.

Table 5. Network Density in Discussion Forums of GradCourse01

Forum Nodes Density
Forum 1 9 0.22
Forum 2 9 0.22
Forum 3 9 0.25
Forum 4 9 0.28
Forum 5 9 0.22
Forum 6 9 0.22
Forum 7 9 0.22
Forum 8 9 0.25
Forum 9 9 0.25
Whole 9 1.00
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Direction and Strength of Ties in the Online Class

: To visualize who speaks to whom in the online class as a whole, a graph

generated from the valued matrix of the students’ interactions is shown in Figure 17.

The direction of interaction indicates the direction of information flow and the
Idirection to whom the student is speaking through a network diagram. The values in

‘the valued matrix in Fig.17 indicate the strength of the interaction or the tie strength

‘which determine the overall frequency of the number of posts contributed by the

|
!
I
i
|

'students or replies made to other students. The thickness of the lines also reflects
1the strength of ties (Fig 17). The valued matrix in Fig. 17 shows that overall, A1(93),

‘ A4(86), A9(83), and A6(77) have the highest number of posts contributed, while

| A1(92), A4(89), A6(86), and A9(83) have the highest number of posts received. The

%graph in Fig. 17 also indicates that all students interacted with each other.
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Figure 17. Valued matrix and graph of students’ interactions - Who speaks to whom?

Student A1 A2 A3 A4 A5 A6 A7 A8 A9

AT - 13 13 10 9 15 12 11 10

A2 15 - 10 14 7 10 5 7 8

A3 4 6 - 11 9 9 6 7 9

A4 0 9 12 - 7 13 10 5 20

A5 9 7 9 8 - 9 8 7 9

A6 12 7 10 12 9 - 7 7 13

A7 10 4 6 9 8 10 - 4 6

| A8 12 7 17 7 7 1 4 - 8
| A9 1 7 11 18 9 13 7 8 -

Visualization of who speaks to whom?

|
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B.2. Online Interaction Patterns (Listening)
; Online interaction patterns in terms of posts viewed or accessed by the
Estudents (listening) in the discussion forums were analyzed using Cluster Analysis.
%This study adapted Wise’s listening patterns taxonomy using the listening breadth,
?revisitation, and temporal contiguity dimensions and seven variables based on the
'availability of data in the learning management system to describe and classify the
;characteristics of the listening patterns of the students (see Table 2). Interaction
\ patterns of students in terms of listening or viewing of posts in the discussion forums
1were evaluated using three dimensions - the listening breadth to determine the
iextensiveness of the listening, the revisitation to determine the extent to which a
'learner returns to posts made by themselves and others that they have attended to
‘previously, and the temporal contiguity to describe how a learner manages and
3divides their time within a discussion, in this case, on nine discussion forums.
Variables evaluated under the listening breadth, revisitation, and temporal contiguity
includes the number of times the student viewed or accessed the posts in the
‘discussion forums, the number of times the student log-in in the discussion forums,
the number of sessions that the student viewed posts, the number of sessions that
the student contributed a post, and the number of posts that the student contributed
in the discussion forums.

A total of 8,525 views were recorded in the online course GradCourse01
based on the data extracted from the LMS (Table 6). The number of sessions (536),

| discussion views (3179). and posts contributed (732) were also extracted to evaluate

the listening patterns of the students in nine discussion forums in the online class

(Table 6).
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j‘l‘able 6. Number of Sessions, Views, and Posts of Students in GradCourse01
% of DF % of DF
LMS #of DF  Sessions Sessions
FORUM Views  #of Views # of Posts Sessions with Posts with Views
Forum 1 1240 474 88 83 28.92% 63.86%
Forum 2 575 204 48 69 27.54%  62.32%
Forum 3 1248 510 | 81 68 42.65% 75.00%
Forum 4 1138 461 97 67 38.81%  77.61%
Forum 5 1399 478 116 54 46.30%  85.19%
Forum 6 862 360 74 58 34.48% 72.41%
Forum 7 715 241 80 52 4423%  75.00%
Forum 8 688 239 76 39 38.46%  74.36%
Forum 9 660 212 72 46 36.96%  65.22%

"TOTAL 8525 3179 732 536 36.94% 71.83%

Forum 1

Table 7 shows the listening patterns of the nine participants in Forum 1 based
on the characteristics of the clusters. Results showed that in Forum 1, there is
‘22.22 percent of students belonging to Cluster 1 which is characterized as the group
of students who rarely viewed and contributed posts in the discussion forums.
Students belonging to this group also logged in and accessed the discussion forums
very seldomly. Almost half (44.44%) of the students were in Cluster 2 which is
characterized as moderate listeners with a moderate number of views and posts,
frequently log-in to DFs, and contributed posts seldomly. Two students who belong to
Cluster 3 are frequent listeners and logged in to the discussion forums on an

average of 13 times in Forum 1. One student belongs to Cluster 4, who has 3 high
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' level of listening breadth, revisitation, and temporal contiguity which implies that

i he/she has an extensive level of listening and was able to divide and manage their

i
i

Table 7. Listening Patterns of Students in Forum 1

time in the discussion forums very well. Table 7 also recorded that students in Forum
1 logged in to the discussion forum very frequently. It is also interesting to note that
in all clusters in Forum 1, it can be observed that the more the students log-in in the
discussion forums, the higher the number of times that the student listens (view

posts) and speaks (contribute posts) in the discussion forums (see Fig.18).

CLUSTER CHARACTERISTICS

STUDENT

CASE PER
CLUSTER

Infrequent Listener, Infrequent Speaker,
Low number of log-ins to DFs, Low
number of sessions with views, Low

1 number of sessions with posts.

A5,A8

22.22%

Moderate Listener, Infrequent Speaker,
High number of log-ins to DFs, Moderate
number of sessions with views, Moderate
2 number of sessions with posts.

A1,A4,A7,A9

44.44%

Frequent Listener, Infrequent Speaker,
Very high number of log-ins to DFs, High
number of sessions with views, Moderate
3 number of sessions with posts.

A2 A3

22.22%

Very frequent Listener, Very active
Speaker, Very high nhumber of log-ins to
DFs, Very high number of sessions with
views, Very high number of sessions with

4 posts.

A6

11.11%
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Figure 18. Listening Variables by Cluster - Forum 1
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Forum 2

Table 8 shows the listening patterns of the nine participants in Forum 2 based
on the characteristics of the clusters. Results showed that in Forum 2, more than
half of the students (77.78%) who are in Clusters 2 and 3 are infrequent listeners
and speakers and moderately logged in the discussion forums. One student who
belongs to Cluster 1 is an infrequent listener and speaker and seldomly logged in the
discussion forums. Only one student belongs to Cluster 4 (Very Frequent Listener,
Very Active Speaker, Very High number of log-ins to DFs, Very High number of
sessions with views, Very High number of sessions with posts). In terms of listening
dimensions, the student belonging to Cluster 4 has the highest level of listening

breadth and temporal contiguity (see Fig.17). It is also interesting to note that in a||
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discussion forums (see Table 8).

Table 8. Listening Patterns of Students in Forum 2

clusters in Forum 2, it can be observed that the more frequent the students log in to
the discussion forums, the higher the number of times they viewed posts and
contributed posts in the discussion forums (see Fig. 19). Forum 2 recorded the

lowest total number of discussion forum views (204) and posts (48) among the nine

CLUSTER

CHARACTERISTICS

STUDENT

CASE PER
CLUSTER

Infrequent Listener, Infrequent Speaker,
Low number of log-ins to DFs, Low
number of sessions with views, Low
number of sessions with posts.

A5

11.11%

Infrequent Listener, Infrequent Speaker,
Moderate number of log-ins to DFs,
Moderate number of sessions with views,
Low number of sessions with posts.

A1,A6,A7,A8,
A9

55.56%

Infrequent Listener, Infrequent Speaker,
Moderate number of log-ins to DFs,
Moderate number of sessions with views,
Moderate number of sessions with posts.

A3, A4

22.22%

Very frequent Listener, Very active
Speaker, Very high number of log-ins to
DFs, Very high number of sessions with
views, Very high nhumber of sessions with

posts.

A2

11.11%
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Figure 19. Listening Variables by Cluster - Forum 2
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Table 9 shows the listening patterns of the nine participants in Forum 3 based
on the characteristics of the clusters. Results showed that in Forum 3, almost half of
the students (44.44%) who are in Cluster 1 are infrequent listeners and speakers
and logged in to the discussion forums very seldomly. Two students who belong to
Cluster 2 are infrequent listeners and speakers and moderately logged in the
discussion forums. Two students who belong to Cluster 3 are moderate listeners,
infrequent speakers, and logged in to the discussion forums very frequently. Only
one student belongs to Cluster 4 (Very Frequent Listener, Very Active Speaker, Very
High number of log-ins to DFs, Very High number of sessions with views, Very High

number of sessions with posts). In terms of listening dimensions, the student
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|

‘belonging to Cluster 4 has the highest level of listening breadth, revisitation, and
I - | |
temporal contiguity (see Fig.20). It can also be observed that in Forum 3, the more

|

]}frequent the students log in to the discussion forums, the higher the number of times
!they viewed posts and contributed posts in the discussion forums (see Fig. 20)
Forum 3 recorded the highest number of discussion forum views (510) among the

!
!nine discussion forums (see Table 9).

‘Table 9. Listening Patterns of Students in Forum 3

CASE PER
CLUSTER CHARACTERISTICS STUDENT CLUSTER

Infrequent Listener, Infrequent
Speaker, Low number of log-ins to
DFs, Low number of sessions with
views, Low number of sessions with
| 1 posts. A5,A6,A7 A8 44.44%

Infrequent Listener, Infrequent
Speaker, Moderate number of log-ins
to DFs, Moderate number of sessions
with views, High number of sessions
2 with posts. A4 A9 22 229,

! Moderate Listener, Infrequent

Speaker, Very high number of log-ins
to DFs, High number of sessions with
views, Moderate number of sessions
3 with posts. A1,A2 22 220

Very frequent Listener, Very active
Speaker, Very high number of log-ins
to DFs, Very high number of sessions
with views, Very high number of

L 4 sessions with posts. A3 11.11%
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Figure 20. Listening Variables by Cluster - Forum 3
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Table 10 shows the listening patterns of the nine participants in Forum 4
based on the characteristics of the clusters. Results showed that in Forum 4,
one-third of the students (33.33%) who are in Cluster 1 are infrequent listeners and
speakers and logged in to the discussion forums very seldomly. Thirty-three percent
of the students who belong to Cluster 2 are infrequent listeners and speakers and
moderately logged in the discussion forums. Two students who belong to Cluster 3
are moderate listeners, and speakers, and logged in the discussion forums
moderately. Only one student belongs to Cluster 4 (Very Frequent Listener, Very
Active Speaker, Very High number of log-ins to DFs, Very High number of sessions

with views, Very High number of sessions with posts). In terms of listening
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: dimensions, the student belonging to Cluster 4 has the highest level of listening
' breadth, revisitation, and temporal contiguity (see Fig.21). It can also be observed in

' Forum 4 that the more frequent the students log in to the discussion forums, the

Ehigher the number of times they viewed posts and contributed posts in the

. . .
" discussion forums (see Fig. 21). Forum 4 recorded a high number of discussion

Tt
 forum views

' Table 10. Listening Patterns of Students in Forum 4

(461) and posts (97) (see Table 10).

i
|

CHARACTERISTICS

STUDENT

CASE PER
CLUSTER

|CLUSTER

Infrequent Listener, Infrequent
Speaker, Low number of log-ins to
DFs, Low number of sessions with
views, Low number of sessions with

posts.

AS5,A8 A7

33.33%

Infrequent Listener, Infrequent
Speaker, Moderate number of log-ins
to DFs, Moderate number of sessions
with views, High number of sessions

with posts.

A1,A8,A9

33.33%

Moderate Listener, Moderate

Speaker, Very high number of log-ins
to DFs, High number of sessions with
views, Moderate number of sessions

with posts.

A2,A3

22.22%

Very frequent Listener, Very active
Speaker, Very high number of log-ins
to DFs, Very high number of sessions
with views, Very high number of
sessions with posts.

A4

11.11%
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Figure 21. Listening Variables by Cluster - Forum 4
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Forum 5

Table 11 shows the listening patterns of the nine participants in Forum 5
based on the characteristics of the clusters. Results showed that in Forum 5, three
students who are in Cluster 1 are infrequent listeners and speakers and logged in
the discussion forums very seldomly. Almost half of the students (44.44%) who

belong to Cluster 2 aré infrequent listeners and speakers and moderately logged in

the discussion forums. One student who belongs to Cluster 3 is a moderate listener,

infrequent speaker, and logged in to the discussion forums very frequently. One

student belongs to Cluster 4 (Very Frequent Listener, Very Active Speaker, Very High

number of log-ins to DFs, Very High number of sessions with views, Very High
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- number of sessions with posts). In terms of listening dimensions, the student
| belonging to Cluster 4 has the highest level of listening breadth, revisitation, and
~ temporal contiguity (see Fig.22). It can also be observed in Forum 5 that the more
| frequent the students log in to the discussion forums, the higher the number of times
they viewed posts and contributed posts in the discussion forums (see Fig. 22).
Forum 5 recorded the highest number of contributed posts (116), and the highest

number of sessions with posts (46.30%) and views (85.19%) among the nine

discussion forums (see Table 11).

Table 11. Listening Patterns of Students in Forum 5

CASE PER
CHARACTERISTICS STUDENT CLUSTER

Infrequent Listener, Infrequent
Speaker, Low number of log-ins to
DFs, Low number of sessions with
views, Low number of sessions with

CLUSTER

A4,AS,A6 33.33%

1 posts.
Infrequent Listener, Infrequent
Speaker, Moderate number of log-ins
to DFs, Low number of sessions with
s, Low number of sessions with

view
2 posts.
Moderate Listener, Infrequent
Speaker, Very high number of Iogtms
to DFs, Moderate number of sessions
with views, Low number of sessions

3 with posts.
Very frequent Listener, Very active.
Speaker, Very high number of |°g.-'ms
to DFs, Very high number of sessions
with views, Very high number of

A3,A7,A8A9 44.44%

A2 1.11%

A1 1.11%

4 sessions with posts.

—_— e —
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Figure 22. Listening Variables by Cluster - Forum 5
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Forum 6

Table 12 shows the listening patterns of the nine participants in Forum 6
based on the characteristics of the clusters. Results showed that in Forum 6, three
students who are in Cluster 1 are infrequent listeners and speakers and logged in
the discussion forums very seldomly. Almost half of the students (44.44%) who
belong to Cluster 2 aré infrequent listeners and speakers and moderately logged in
the discussion forums. One student who belongs to Cluster 3 is a very frequent
listener, an infrequent speaker, and logged in to the discussion forums very
frequently, One student belongs to Cluster 4 (Very Frequent Listener, Very Active
Speaker, Very High number of log-ins to DFs, Very High number of sessions with

views, Very High number of sessions with posts). In terms of listening dimensions,
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Table 12. Listening Patterns of Students in Forum 6

sessions with views and 34.48% are with posts (see Table 12).

‘|the student belonging to Cluster 4 has the highest level of listening breadth,
revisitation, and temporal contiguity (see Fig.23). It can also be observed in Forum 6
!‘that the more frequent the students log in to the discussion forums, the higher the
number of times they viewed posts and contributed posts in the discussion forums

(see Fig. 23). Out of the 58 sessions made by nine students in Forum 6, 72.41% are

FORUM 6

CHARACTERISTICS

STUDENT

CASE PER
CLUSTER

Infrequent Listener, Infrequent
Speaker, Low number of log-ins to
DFs, Moderate number of sessions
with views, Low number of sessions

with posts.

A4,A5 A8

33.33%

Moderate Listener, Infrequent
Speaker, Moderate number of log-ins
to DFs, High number of sessions with
views, High number of sessions with

posts.

A1,A3,A6,A9

44.44%

Very frequent Listener, Infrequent
Speaker, High number of log-ins to
DFs, Very high number of sessions
with views, High number of sessions

with posts.

A2

11.11%

Very frequent Listener, Very active
Speaker, Very high number of log-ins
to DFs, Very high number of sessions
with views, Very high number of
sessions with posts.

A7

11.11%
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Figure 23. Listening Variables by Cluster - Forum 6
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Table 13 shows the listening patterns of the nine participants in Forum 7
able

based the characteristics of the clusters. Results showed that in Forum 7, most
ased on

ed in the discussion forums very seldomly. One student who
d

speakers and logd
. frequent listener, an infrequent speaker, and logged in
belongs to Cluster 3 15 @ very
; frequently. One student belongs to Cluster 4 (Very
to the discussion forums very
; High number of log-ins to DFs, Very
i Active Speaker, Very
Frequent Listener, Very
i ok igh number of sessions with posts). In
i i with views, Very Hig
High number of sessions
s the student belonging to Cluster 4 has the highest

i ' i ion
terms of listening dimens

dth, revisitation, and temporal contiguity (see Fig.24). It can
breadin,

level of listenind
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also be observed in Forum 7 that the more frequent the students log in to the

discussion forums, the higher the number of times they viewed posts and contributed

posts in the discussion forums (see Fig. 24). Out of the 52 sessions made by nine

students in Forum 7, 75% are sessions with views and 44.23% are with posts (see

Table 13).

' Table 13. Listening Patterns of Students in Forum 7

|
\
|
\

FORUM 7

CHARACTERISTICS

STUDENT

CASE PER
CLUSTER

Infrequent Listener, Infrequent
Speaker, Low number of log-ins to
DFs, Low number of sessions with
views, Low number of sessions with

posts.

A5,A7

22.22%

Moderate Listener, Infrequent
Speaker, Low number of log-ins to
DFs, Moderate number of sessions
with views, Moderate number of

sessions with posts.

A1,A3,A4,A6,A8

55.56%

Frequent Listener, Infrequent
Speaker, Very high number of log-ins
to DFs, High number of sessions with
views, Low number of sessions with

posts.

A2

11.11%

Very frequent Listener, Very active
Speaker, Very high number of log-ins
to DFs, Very high number of sessions

with views, Very high number of
sessions with posts.

A9

11.11%
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Figure 24. Listening Variables by Cluster - Forum 7
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Forum 8

Table 14 shows the listening patterns of the nine participants in Forum 8
based on the characteristics of the clusters. Results showed that in Forum 8, many
students (66.67%) who are in Cluster 1 are infrequent listeners and speakers and
logged in to the discussion forums moderately. One student (11.11%) who belongs to
Cluster 2 is a moderate listener and an infrequent speaker who moderately logged in
the discussion forums. One student who belongs to Cluster 3 is a very frequent

listener an infrequent speaker, and logged in to the discussion forums very

frequently. One student belongs to Cluster 4 (Very Frequent Listener, Very Active

Speaker, Very High number of log-ins to DFs, Very High number of sessions with

views, Very High number of sessions with posts). In terms of listening dimensions,
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the student belonging to Cluster 4 has the highest level of listening breadth,

| revisitation, and temporal contiguity (see Fig.25). It can also be observed in Forum 8

that the more frequent the students log in to the discussion forums, the higher the

sessions with views and 38.46% are with posts (see Table 14).

Table 14. Listening Patterns of Students in Forum 8

5 number of times they viewed posts and contributed posts in the discussion forums

' (see Fig. 25). Out of the 39 sessions made by nine students in Forum 8, 74.36% are

FORUM 8

CHARACTERISTICS

STUDENT

CASE PER
CLUSTER

Infrequent Listener, Infrequent

Speaker, Moderate number of log-ins
to DFs, High number of sessions with
views, Moderate number of sessions

with posts.

A1,A4,A8,A7,A8,A9

66.67%

Moderate Listener, Infrequent
Speaker, Moderate number of log-ins
to DFs, High number of sessions with
views, High number of sessions with

posts.

A3

11.11%

Very frequent Listener, Infrequent '
Speaker, Very high number of Iog.-lns
to DFs, Very high number of sessions
with views, Very high number of
sessions with posts.

A2

11.11%

Frequent Listener, Very active .
Speaker, Very high number of Iog.-ms
to DFs, Very high number of sessions
with views, Very high number of
sessions with posts.

A5

1.11%

et ——— T
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Figure 25. Listening Variables by Cluster - Forum 8
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Forum 9

Table 15 shows the listening patterns of the nine participants in Forum 9

based on the characteristics of the clusters. Results showed that in Forum 9, most

of the students (77.79%) who are in Clusters 1 and 2 are infrequent listeners and

speakers and logged in the discussion forums moderately. One student who belongs

to Cluster 3 is a very frequent listener, an infrequent speaker, and logged in to the

discussion forums very frequently. One student belongs to Cluster 4 (Very Frequent

Listener Very Active Speaker, Very High number of log-ins to DFs, Very High

number of sessions with VIEWS, Very High number of sessions with posts). In terms

of listening dimensions, the student belonging to Cluster 4 has the highest level of

listening breadth, revisitation, and temporal contiguity (see Fig.26). It can also be
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‘ observed in Forum 9 that the more frequent the students log in to the discussion

forums, the higher the number of times they viewed posts and contributed posts in
 the discussion forums (see Fig. 26). Out of the 46 sessions made by nine students in

" Foru 9 i ith vi i
| m 9, 65.22% are sessions with views and 36.96% are with posts (see Table 14).

’ Table 15. Listening Patterns of Students in Forum 9

|
1 CASE PER
'| FORUM 9 CHARACTERISTICS STUDENT CLUSTER
Infrequent Listener, Infrequent

Speaker, Moderate number of log-ins

to DFs, Low number of sessions with

views, Moderate number of sessions

' A5.A9 22.22%

; 1 with posts.

Infrequent Listener, Infrequent
Speaker, Moderate number of log-ins
to DFs, Moderate number of sessions
with views, Moderate number of

2 sessions with posts.

A1,A3,A4 A6,A7 55.56%

Very frequent Listener, Infrequent
Speaker, Very high number of log-ins
to DFs, High number of sessions with
views, High number of sessions with

3 posts. A2 11.11%
Very frequent Listener, Very active
Speaker, Very high number of log-ins
to DFs, Very high number of sessions
with views, Very high number of
4 sessions with posts. A8 1.11%
-
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Figure 26. Listening Variables by Cluster - Forum 9
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C. Interaction Patterns and Level of Knowledge Construction of Students

With High Centrality

The characteristics of the interaction patterns (speaking and listening) of nine
students and the level of knowledge construction reached in Forum 1 are illustrated

through a graph in Fig. 27. In Forum 1, one student, A8, who is at the center of the

star graph has the highest centrality values (degree (8), betweenness (1.0), and

closeness (1.0)) (Fig.8). A8, who belongs to listening pattern cluster 4 was able to

reach knowledge construction level/phase I, II, and lll. A6 who logged in to the

discussion forums Vvery frequently is also a very frequent listener who viewed the

discussion forums 145 times, and a very active speaker who contributed a total of 34
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posts and 8 threads in the discussion Forum 1. The graph in Fig. 27 also shows that
in most cases, those students who continued interacting/exchanging messages with
other students in Forum 1 were able to reach a higher level/phase of knowledge

construction.

Figure 27. Visualization of online interactions between students in Forum 1
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Figure 28 illustrates the characteristics of the interaction patterns (speaking
and listening) of the students and the level of knowledge construction reached in
Forum 2. In Forum 2, one student, A2, who is at the center of the star graph has the
highest degree (8), betweenness (1.0), and closeness (1.0) centrality values (Fig.9).
A2, who belongs to listening pattern cluster 4 also reached knowledge construction
level I. A2 who logged in to the discussion forums very frequently is also a very
frequent listener who viewed the discussion forums 137 times, and a very active

speaker who contributed a total of 27 posts and one thread in the discussion Forum

2,
Figure 28. Visualization of online interactions between students in Forum 2
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Figure 29 illustrates the characteristics of the interaction patterns (speaking
and listening) of nine students and the level of knowledge construction reached in
Forum 3. In Forum 3, three students, A3, A4, and A9, have high centrality values.
A3, who is at the center of the star graph has the highest degree (8), betweenness
(1.0), and closeness (1.0) centrality values (Fig.10). All three students reached
knowledge construction levels | and lll. A3 belongs to Cluster 4, while A4 and A9
belong to Cluster 2. A2 and A4 are infrequent listeners and speakers who logged in
forums moderately. A3, who logged in to the discussion forums very

to discussion

frequently, is also a very frequent listener who viewed the discussion forums 274

;times, and a very active speaker who contributed a total of 31 posts and 7 threads in

ithe discussion Forum 3.

I
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Figure 29. Visualization of online interactions between students in Forum 3
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Figure 30 illustrates the characteristics of the interaction patterns (speaki
ing

and listening) of nineé students and the level of knowledge construction reached i
n

Forum 4. In Forum 4, five students, A1, A3, A4, A6, and A9, have high centralit
) ality

values. A4, who is at the center of the star graph has the highest degree (8)

betweenness (1.0), and closeness (1.0) centrality values (Fig.11). All five student
. s

reached knowledge construction levels I and Ill. A6 belongs to Cluster 1, A1 and A9
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belong to Cluster A2, A3 belongs to Cluster 3 and A6 belongs to Cluster 4. A6 is an
nfrequent listener and speaker who logged in to discussion forums very seldomly.
A1 and A9 are infrequent listeners and speakers who logged in to discussion forums
moderately. A3 is a moderate listener and speaker who logged in to the discussion
forums very frequently. A4, who logged in to the discussion forums very frequently, is
also a very frequent listener who viewed the discussion forums 274 times, and a very

active speaker who contributed a total of 31 posts and 7 threads in the discussion

‘Forum 4.

:

'
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Figure 30. Visualization of online interactions between students in Forum 4
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The characteristics of the interaction patterns (speaking and listening) of nine

students and the level of knowledge construction reached in Forum 5 are visualized

hrough a graph in Fig. 31. In Forum 5, one student, A1, who is at the center of the

star graph has the highest degree (8), betweenness (1.0), and closeness (1.0)

centrality values (Fig.12). A1, who belongs to listening pattern cluster 4 was able to

each knowledge construction levels | and Ill. A1 who logged in to the discussion
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:f highest degree (8), betweenness (1.0), and closeness (1.0) centrality values
‘ (Fig.13). A7, who belongs to listening pattern cluster 4 also reached knowledge

I
~ construction levels | and Il. A7 who logged in to the discussion forums very
| frequently is also a very frequent listener who viewed the discussion forums 79

times, and a very active speaker who contributed a total of 30 posts and 8 threads in

- the discussion Forum 6.
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Figure 33 illustrates the characteristics of the interaction patterns (speaki
aking

and listening) of niné students and the level of knowledge construction reached i
ed in

Forum 7. In Forum 7, one student, A9, who is at the center of the star graph has th
S the

highest degree (8), petweenness (1.0), and closeness (1.0) centrality valu
es

pelongs o listening pattern cluster 4 also reached knowled
ge

(Fig.14). A9, who
construction levels | and Il. A9 who logged in to the discussion forums ve
ry
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frequently i
y is also a very frequent listener who viewed the discussi
sion forums 77

the discussion Forum 7.

Figure 33. Visualization of online interactions between students in F
n Forum 7
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Figure 34 shows the characteristics of the interaction patterns (speaking and
an

listening) of nine students and the level of knowledge construction reached in F
orum
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8. In Forum 8, three students, A2, A4, and A5, have high centrality values. A5, who

is at the center of the star graph, has the highest degree (8), betweenness (1.0), and

" closeness (1.0) centrality values (Fig.15). A4 and A5 reached knowledge

- frequently. A4, who log

| frequent listener who viewed the discussion

' speaker who contributed a t

construction levels | and Il while A2 reached level |. A4 belongs to Cluster 1 and A2
belongs to Cluster 3, while A5 belongs to Cluster 4. A4 is an infrequent listener and
speaker who logged in to discussion forums moderately. A2 is a very frequent

listener and an infrequent speaker who logged-in to discussion forums very
ged in to the discussion forums very frequently, is also a very

forums 35 times, and a very active

otal of 35 posts and 5 threads in the discussion Forum 8.
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and A4 belongs to Cluster 2, while A8 belongs to Cluster 4. A2 and A9 are infrequent

listeners and speakers who logged in to discussion forums moderately. A8, who

logged in to the discussion forums very frequently, is also a very frequent listener

who viewed the discussion forums 63 times, and a very active speaker who

contributed a total of 34 posts and 4 threads in the discussion Forum 9.
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Chapter Five

SUMMARY

| This study employed multi-analysis methodologies, with Social Network
Analysis (SNA) as the primary research approach, in combination with Interaction
Analysis Model (IAM) and Cluster Analysis to uncover and understand connections,

links, patterns, and structures formed from online interactions (speaking and

:listening) that may influence the social construction of knowledge that occurred in the

l .
lonline discussion forums.

A. Level of Knowledge Construction Reached in ADFs

To identify the level of knowledge construction that occurred in the online

discussion forums, transcripts that were extracted from the learning management

{system were evaluated using the five-phase Interaction Analysis Model (IAM) by

. Gunawardena et al. (1997) (Phase |. Sharing/comparing of information, Phase II.

T..

eaning and/or co-construction of knowledge, Phase V. Testing and modification of
lfoposed synthesis or co-construction and Phase V. Phrasing of agreement,

}atement(s), and applications of the newly constructed meaning).

The result shows that most of the messages in the nine discussion forums are

éoded under Phase | (78.96%), less than one percent under Phase Il (0.27%), and
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20.77% under Phase lll, while the occurrence of messages under Phase IV and V

are not present in all discussion forums.

This study suggests some factors on why, based on the results, most of the
messages in the nine discussion forums were coded under Phase | or the

! Sharing/comparing of information level: 1) how the forums were designed, 2) the

intention of the moderator, and the 3) discussion points made by the moderators

i
1 The online course in this study was designed where moderators of the discussion

forums were expected to share their research plans and how they are going to

" implement their research, while other students were encouraged to give their

' opinions and share ideas that they think can help in the implementation of the

research. This study suggests that the discussion points such as “What do you think

is the importance of...”, “What are your recommendations...”, “| would like you to

" might have led other participants to give statements

share...”, “You can comment...

" and comment or sharé their opinions and personal experiences regarding the topic

thus limiting students t0 give statements of observation, opinion or agreement on the

discussion topics.

I percentage of the messages are recorded in Phase Il, the

The sma
discussions on discovery and exploration of dissonance or inconsistency among

ideas concepts, Of statements suggest that most of the students in this class were
identifying or stating
can be considered to explain the result is that the design

not keen on areas of disagreement on other students’

statements. Oneé factor that

rums in this study did not intentionally encourage participants to

of the discussion fo
r opposing views in the discussion forums as part of

freely post appropriate diverse 0
g. Another factor that can be considered is the observation

their collaborative leamin
h studies that discussion of dissonance or opposing ideas online

from other researc
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[
|

y ot be CUIt
u a" [ i
may n I y applopllate, pa icula |y students fro Si u es wh
rt I n from Asian co ntri i i
chis

- far less a i
ppro -
propriate to challenge and criticize the ideas of others (G
rs (Gunawardena
, et

al,, 2014). Alth i
ough this reason has yet to be determined applicable i
e in the current

-~ stud ing di
y, perhaps by asking directly the participants in future research
earch.

The
absence of messages under Phase IV and V in all di
scussion forums

indicat : ;
e that students in this class were not able to reach the level
evel where the
y test

! and ; .
modify proposed synthesis or to agree and apply newly construct
ructed meanin
g. A

OS M . . .
possible explanation for this is that, at this stage, students are still
' still in the plannin
g

sta i
ge of their research and they were given a limited time (onl
y one week per

iscussion forum) to continuously interact with each other until th
ey reach a higher

| .
evel of knowledge construction. Another factor that can be considered
ered is the lack of

t : ‘ati
he student's motivation to engage which can also be associated

discussions were moderated.

B. The extent of students’ interactions (s i
peaking and listening) i
ing) in the

online discussion forums

Employing SNA provided the measure on the extent of
student's en
gagement

e student's non-engagd
nt to which the students participated in the discussi
ons,

as well as th ement in the discussion forums. This study
: was

able to determine the exte
to whom, oOf who among the students were

speaks
n the discussion forums, and through graphs, provided
' Ige

identified who

speaking/contributing posts |
ell students areé linke

h as betweenness centrality, closeness centralit
ity,

visualization on how W d or connected to each other

measures suc

Network
y, as well as tie strength and direction of ties in th
e

degree centrality, densit

] 2
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- forums. Results sho

~ discussion forum. This is be

discussion forum n n
oru i
s were useful in understanding the strength of i
| of interactions and
connectedness among students. Graphs generated using Netdraw mapped ou
information flow i |
between students in the discussion forums and visualized
alized the extent

of the s ! icinati
tudents' participation and connection during the discussi
ons in the online

|- forums.

Network density provided th
e measure of the extent to whi
which the studen
ts are

linked or con
nected to each other and the level i
of their engagement i
ent in the discussi
ion

wed that overall, students in this online class
were very

co
nnected and were able to engage with each other in the discussi
| - ssion forums.
Interestingly, it is also important to note that the network density valu
es measured for

each discussion forum aré low (Table 5), indicating that the co
nnection and

engagement of students with each other are very limited or low if
It measured per

cause for each discussion forum
! ru result
1 s showed th
at

students only engaged with the moderator and their i
eir interaction with
other students

was very limited or noné at all.

This study was able to describe the extent of students’ interacti
ions in the
s through the patterns and structures of the stud
ents’

online discussion forum
gagement in the onl
Iso to the extent of how they view or access th

e

participation and en ine course, not only on the extent th
nt that

students contributed pOstS but a

n forums. The transcripts that were extracted f
rom

posts in the discussio

tained a total of
of students’ activities including forum posts, view
) s, and

GradCourse01 con 732 posts (speaking) from nine (9) discussi
ion

forums (Table 6). Log record®
o extracted to deter
the online course GradCourse01 based on th
e

mine the listening patterns. A total of

session log-ins weré als

8,525 LMS views Were recorded In

COMMUNICATION STRUCTURES DCOMM Dissertation ALMODIE
L, 2022

A NETWORK APPROACH IN ANALYZING
KNOWLEDGE IN ADFS
Page 124

AND sociaL CONSTRUCTION OF




~ patterns of students i

general, students in Cl

contiguity dimensions and seven

data ext
racted from the LMS (Table 6). The number of sessions (536), di
, discussion

view i

| s (3179), and posts contributed (732) were also extracted to eval

; | valuate the

| ..

y istening patterns of the students in nine discussion forums in the online cl (T:
ass (Table

| m M m m m
| 6). The data extracted from the Moodle learning management system, includ
, including

transcripts and log records of students’ activities (forum posts, views, and
. - . and session

|
log-i i

g-ins) were used to analyze the extent of interactions in the online di
scussion

forums among nine students of an online graduate course, GradCourse01

Cluster analysis provided ways to describe the characteristics of the listeni
ning

n the discussion forums. Using Cluster Analysis, this study wa
' )

able to determine the extent of the students’ participation (listening) in terms of th
s of the

posts they viewed of accessed in the discussion forums. This study also ad
adapted

Wise's Taxonomy (2012) using the listening breadth, revisitation, and tem |
, pora

variables extracted from the learning management
system. Variables Weré measured using K-means clustering using IBM SPSS

sion 27, a software packad
r each discussion forum, students were grouped into four

Statistics ver e used for statistical analysis to come up with

the listening patterns. FO
n the listenind preadth, revi
n cluster patterns and the number of cases. But in

clusters based © sitation, and temporal contiguity. Each

discussion forum has its oW
uster 1 are the infrequent listeners and speakers who logged

ussion forums very seldomly. While students in Cluster 4 are very

in to the disc
ry active speakers who logged in to the discussion forums

frequent listeners and ve
this study was able to describe the characteristics

g cluster analysis,

frequently. Usin
of the student’s interaction patterns in terms of the listening breadth or the

stening. revisitation or the extent to which a learner returns to

extensiveness of the li
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posts made by themselves and others that they have attended to previously, and the

temporal contiguity or how a learner manages and divides their time within a

discussion.

C. Interaction Patterns and Level of Knowledge Construction of Students

With High Centrality

Network centrality has provided a way of looking at the extent of interactions

'and the direction or flow of information in the discussion forums as seen in this study

|

E Degree centrality serves as indicators of the number of student's links or connections

;’with other participants and the flow of information in the discussion forum such as

'who speaks to whom, who receives information from whom (in-degree centrality), or

|
JWho sends information to whom (outdegree centrality). Betweenness centrality

 provided information on who among the students has a great influence or potential
While closeness centrality measures the student’s

_control on the flow of information.

potential to easily access information in the discussion forums.

Using network diagrams, this study was able to map the extent of the
‘StUdents’ participation (speaking and listening) and their level of knowledge
_construction during the discussions in the online forums.
Characteristics of students who occupied central positions in the discussion
forums in terms of their listening patterns and level of knowledge construction were
visualized through network diagrams. All nine students with the highest centrality in

n forums were found to be under Cluster 4, seven of which (77%) have

nine discussio
uction Level 3, while two students in Forums 2 and 7

reached Knowledge Constr

reached Knowledgé Construction Level 1.
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In this study, moderators in the discussion forums were found to have the

highest centrality. Being at the center of the network, moderators are found to be in a

f relevant position in the network which can influence the views of other students.

I
l
|
i
l
|
i

!
|
|

Results showed that moderators receive the most messages or information from the

participants and they are in the position to connect the participants. Moderators have

a high influence in terms of information sharing and information flow.

Visualization of students’ interactions in Forums 1, 2, 5, 6, and 7 showed that

participants interacted with the moderator only. Graphs of students’ interactions in

Forums 3, 4,8, and 9 showed that aside from interacting with the moderator, a very

small number of students engaged (gave and received messages) with other

students as well.

While it is expected that the moderator occupies the central position in the

flow of information considering the design of this discussion forum where the
0
moderator is assigned t0 interact with other participants, it is also interesting to note
oderator |
that aside from interacting with the moderator, a very small number of students
at aside
. ith other students in the discussion
eived messages) with o
engaged (gave and rec

 forums.

'these are the noted reas

. from their communication exchanges
ripts extracted ,
Based on the transC

ons why the students interacted with each other, aside from

he moderator: 1) to clarify and/or ask questions related to the
e .

interacting with t
other student; 2) to confirm and acknowledge the

information posted bY the
. e with the other students’ posted
- _formation, and/or agre
relevance of shared IN
" i tion and share own experiences related to
1o additional informa
message; 3) to provide o
message, and 4) to answer an inquiry/question from other

the other student's posted

students.
NICATION STRUCTURES DCOMM Dissertation ALMODIEL, 2022

Page 127

NALYZING COMMU

A NETWORK APPROACH IN A - KNOWLEDGE N ADFS

AND SOCIAL CONSTRUCTION



Chapter Six

!
| CONCLUSIONS AND RECOMMENDATIONS

i Network plays a central role in the knowledge construction formed from the

interactions and collaboration of online learners in asynchronous discussion forums.

The very nature of networks to form connections, relationships, and links uncovers

unique and wider opportunities for online learners to create higher levels of

'knowledge the more they interact and collaborate with each other.

|

The opportunities to construct knowledge among online learners elevate as

ks formed from interacting with each other widen and enlarge

i tudy found relevant indicators to conclude that the network structures of

|
;the connections and lin
{
ireach. This s

| online interactions (speaking and listening), both in terms of posts contributed and

posts viewed, have the potential to influence the knowledge construction of online
|
‘learners.

The emergence of computer-mediated communication (CMC) and learning

networks, introduces NeéwW perspectives on how social interaction and learning takes

| place in an online learning environment. The distance-and-time-independent nature

of onli synchronous discussion forums provides students a learning environment
ine a

learners 0 actively interact and construct knowledge, at their own

' that encourag€s

pace, if and how they choose to.

The design of student—centered or student-managed discussion forums used
e

provided 2 learning €

teracting and collaborating with each other. Findings imply

; , nvironment that encourages online learners to
in this study

construct knowledgé by in

y minimum supervision of the teacher, knowledge construction

that, even with onl

h interactions and collaborations occurred in a student-centered or
g

formed throu
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opportuniti i
ities to interact and collaborate with each other

This paper su
ggests that the network position of a student in the d
e discussion

aS a .
g

based on
the
results of the study. Most of the students in central
positions (those

students who frequently interacted with other students by contributi

viewing or accessing posts) weré found to reach higher levels I:f -

construction, indicating that as learners interact with each other in th :ﬁOWIedge

relationships, and links were formed, and thee n:::S:on
ey

forums, connections,
higher the probability that th i
ey will construct i
a higher

interact with each other, the

level of knowledge.
measures have typically been used as indicat
ators of

While network centrality

power, influence, popularity, and prestige (Scott & Carrington, 2011)
. ’ . hetwork

y of looking at the extent of interactions a
mong

so provided a W@

centrality has al
n or flow of informatio

n in the discussion forums as

students and the directio

observed in this study-

centrality serve

articipants and
who receives information from whom (in-d
-degree

s as indicators of the number of student’s link
INKS or

Degree
the flow of information in the discussi
on

Connections with other P

forum such as who speaks 10 whom,
(outdegree centrality). Students with

Centrality), or who sends information to whom
high in-degree centrality in each discussion forum received more informatio
n or

other student

< while students with high outdegree centrality
are

Messages from
mation to other students in the foru
m.

those who contributed or gave nfe
orovi ded information on who among the students has a great
a
ow of information. Students with high

ntial contr ol

[
hfluence or pote
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student'’s i i
potential to easily access information in the discussion f
ion forums. Stud
. ents

with high closene e i i
g seness centrality are in the position to easily reach out t
ut to everyone, th
, thus

they are i
very independent and have the potential to easily a
ccess and share

information.

e

f
orums generated 2 network structure where the moderator oc
cupies the centr
al

position in the flow of information since as the moderator/speaker of
he/she has the most opportunity to interact and collaborate with other t0 -
The role of the students with the highest centrality implicates,S Uder']t's.
influential position in an online learning environment. As the central o
information, students with high centrality are in the position to lead ands;lo'urce .
of discussion in the forums. Being at the center of the network, stude e
assigned as moderators were found to be in a critical positio'n in thr:Sn\::: V‘I:ere
ork to
of other students and to receive important information from othe
r

influence the views

e moderators of each
n initiators of interactions and
collaboration b
etween the

Stude , ,
nts. Th discussion forum are the primary source of th
e

information and the mai
or has the power and i

/she is in the best position
to connect the partici
participants

students. Moderat nfluence since other participant
nts are

on him/her and he

dependent
erators have 2 high influence in t
erms of informatio
n sharing

with each other. Mod

n flow, hence. the role of moderators is :
crucial in the kno
wledge

and informatio

construction in the discussion forums.
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While it is expected that the moderator occupies the central position in the

discussion forums, it is also interesting to note that this study found some instances

{

|
lwhere, aside from interacting with the moderator, students also engaged (gave and

received messages) with other students in the discussion forums. This indicates that
the opportunities for knowledge construction in the discussion forums in this study
are wider since both the student-to-student and moderator-to-student (or

student-moderator) interactions were formed in the discussion forums.

The findings of this study corroborate with the conceptual framework
|

| 1grounded on network theory which posits that relationships are formed or made
through a series of interactions - responses to responses to responses (Littlejohn &
Foss, 2008), on the theory of connectivism, which asserts that knowledge is
distributive and consists of the network of connections formed from experience,
conversation, and interaction, on sharing, creation, and participation (Downes,

2019), and on social constructivism which acknowledges that knowledge we

generated through social interactions gradually accumulate advances in our levels of

knowing (Anderson & Kanuka, 1998).

Recommendations for future research

This study emphasizes the potential of providing more opportunities for online

learners to create knowledge by empowering students through the creation of a

!
]
|

learning environment that encourages interactions and collaborations among
themselves. Thus, the researcher recommends online teachers and practitioners to
i:put into consideration the following factors in creating their discussion forums: 7) how

Ethe forums were designed, 2) the intention of the moderator, and 3) the discussion

points made by the moderators.
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As learning occurs through the creation of networks (Siemens, 2007), it is also
recommended that both the student-to-student and moderator-to-student (or
| student-to-moderator) interactions are encouraged in the discussion forums to widen
“their potential to create knowledge through interactions and collaborations with other
students. It would also be helpful to consider the factors indicated in this study why

.

‘the students interacted with each other, aside from interacting with the moderator as

A guide in designing an online learning environment.
Results of the study recorded a very small percentage of the messages in
bhase |l the discussions on discovery and exploration of dissonance or

nconsistency among ideas, concepts, or statements, implying that most of the

students in this class were not keen on identifying or stating areas of disagreement
on other students’ statements. However, Siemens (2004) suggested that dissonance

may contribute 1o knowledge construction as learning and knowledge rests in

diversity of opinions. Thus, it would be noteworthy to consider incorporating in the

i . . .
designs of discussion forums a learning environment where students can freely

express their disagreements with the intentions of collaborative learning. It might

also help if explanations on the objectives of the encouragement for healthy and

!

Eproductive disagreements are intentionally and explicitly indicated and incorporated
1

in the course guidelines so students are informed at the start of the class.

| : :
1 Further study on the use of multi-analysis methodologies focusing on network

:approach to look into the centrality of interaction in terms of posts accessed or
cussion forum is also recommended by the researcher, should there

viewed in the dis

be available data in the leaming management system.
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