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 
Abstract—The asynchronous discussion forum is one of the most 

widely used activities in learning management system environment. 
Online forum allows participants to interact, construct knowledge, 
and can be used to complement face to face sessions in blended 
learning courses. However, to what extent do the students perceive 
the benefits or advantages of forum remain to be seen. Through 
content and social network analyses, instructors will be able to gauge 
the students’ engagement and knowledge construction level. Thus, 
this study aims to analyze the students’ level of knowledge 
construction and their participation level that occur through online 
discussion. It also attempts to investigate the relationship between the 
level of knowledge construction and their social interaction patterns. 
The sample involves 23 students undertaking a master course in one 
public university in Malaysia. The asynchronous discussion forum 
was conducted for three weeks as part of the course requirement. The 
finding indicates that the level of knowledge construction is quite 
low. Also, the density value of 0.11 indicating the overall 
communication among the participants in the forum is low. This 
study reveals that strong and significant correlations between SNA 
measures (in-degree centrality, out-degree centrality) and level of 
knowledge construction. Thus, allocating these active students in 
different group aids the interactive discussion takes place. Finally, 
based upon the findings, some recommendations to increase students’ 
level of knowledge construction and also for further research are 
proposed. 
 

Keywords—Asynchronous Discussion Forums, Content 
Analysis, Knowledge Construction, Social Network Analysis.  

I. INTRODUCTION 

EARNING Management System (LMS) or Content 
Management System (CMS) is considered highly relevant 

and applicable in the field of education. It is a platform used to 
deliver online learning materials. LMS is a software 
application which enables educators to manage and implement 
online instruction. Several common LMSs include Moodle, 
Blackboard, and WebCT. Essentially, the forum has become 
one of the most widely used activities for teaching and 
learning in LMS environment. 

It provides space for students to make careful preparations 
as providing contributions or ideas with reference either 
before giving feedback, critique and comment on the posts in 
the discussion sessions. Asynchronous discussion can improve 
students’ understanding [2] and achievement [3].  

However, some of the findings on the use of asynchronous 
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discussion forums are of concern to educators. For instance 
students’ involvement in an online discussion forum is still at 
a low level [4]. Also, students are more likely to focus only on 
selected forums [5]. On the other hand, other researchers [6] 
found that students are more eager to answer their peers’ 
questions. They are also often scared and afraid to question the 
idea of their friends [7]. Besides that, the presence of 
instructors in discussion forums makes students feel less 
confident to express their ideas [8]. These are some of the 
barriers in achieving a higher level of knowledge construction. 
Meanwhile, [1] also found that higher knowledge construction 
rarely applicable among the learners. Thus, there is the 
necessity to look at the students’ level of knowledge 
construction to extend further evidence in online discussion.  

II. CONTENT ANALYSIS  

Content analysis is an effective technique for researchers to 
get a better understanding of the cognitive processes and the 
quality of online learning [1]. In this study, researchers have 
chosen to use the model of [1] known as the Interaction 
Analysis Model (IAM). Thus, in this study content analysis 
was carried out to obtain a deeper understanding on the quality 
of social interaction of each student that involved in the 
process of learning and knowledge co-construction in online 
discussion forums. According to [1], the knowledge 
construction process involves five phases, namely (i) 
Sharing/comparing information (Phase I), (ii) Discovery of 
dissonance (Phase II), (iii) Negotiation of meaning (Phase III), 
(iv) Testing and modification (Phase IV) and (v) Application 
of newly constructed knowledge (Phase V).  

III. SOCIAL NETWORK ANALYSIS  

Another supporting or an alternative tool that has been used 
to analyze students’ engagement in online forums is Social 
Network Analysis (SNA). Social network analysis has proven 
to be a resource to assess the overall pattern of social 
interaction and exchange of information that occurs in the 
discussion forum as a whole [9]. In addition, SNA can also 
reveal the patterns of communication and interaction 
structures [9]. The variables that can be used to analyze 
individual behaviors in SNA are the centrality (degree, 
closeness, betweenness) and density [9]. 

According to [10], network participants can show the 
importance or become prominent because (a) they have more 
direct contact with other participants (degree centrality), (b) 
they have closer position with other individual participants 
(closeness centrality), or (c) is in the advantageous position of 
the other participants (betweenness centrality). Centrality 
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measures who are central (powerful) or isolated in networks. 
In-degree centrality indicates the number of the messages 
received from others; meanwhile out-degree centrality 
indicates the messages that sent to others. Closeness centrality 
is the average degree to which an individual is close to other 
participants within the network [11]. The smaller the closeness 
value, the closer the participant to others and indicates that the 
information can be easily transferred directly to that 
participant in the network/ forum. Meanwhile a higher 
closeness value indicates that the information needs to travel 
through other participants in order to reach a particular 
participant.  

Betweenness centrality refers to the extent a node lies 
between other nodes in a network [11]. This participant can 
control the flow of information between students. Node with 
high betweenness centrality has great influence on the flow of 
information within the network. Eigenvector centrality is a 
measure of a participant's interaction with the other highly 
interactive participant or the tendency of interacting with the 
less active participants in the group. Eigenvector value 
provides an overview on how group members interact and 
how they have developed strong relationships with influential 
members or other active members within the group. Another 
variable that can indicate students’ involvement in the network 
as a whole is density. Density is a proportion that indicates the 
number of actual ties present in the group relative to the 
number of possible ties in the group [12]. If the density is 0, it 
indicates that the network does not have any communication 
or contact between its participants and conversely, if the 
density value of a network is 100%, this shows all students 
communicate to one another.  

Thus, through social network analysis, students' 
participation and the structure of their interactions can be 
examined. In addition, the investigation on the relationship 
between content analysis and social network analysis can 
provide useful information involving both cognitive processes 
and complex social interactions that occur through online 
discussion.  

IV. OBJECTIVES  

The objectives of this study are;  
1) To evaluate the level of knowledge construction in 

asynchronous discussion forum. 
2) To examine the students' participation and their structure 

of their interactions in asynchronous discussion forum.  
3) To investigate the relationship between the level of 

knowledge construction and the social networking. 

V. METHODOLOGY  

A. Participants and Learning Task  

The samples involve 23 postgraduate students undergoing a 
master program in a public university in Malaysia. A course 
was chosen in this study, which is taught in a blended format. 
The students had to attend classroom meetings (once in a 
week for a two hour lecture) as well as online learning 
sessions (participation in the forums is required on a weekly 

basis before attending the classroom session). 

B. Data Extraction and Processing (Quantitative Content 
Analysis is used IAM- Code System) 

Content analysis was carried out on the messages posted by 
the participants in the forum, in which those messages are in 
the form of input or questions. Table I details the coding 
system of each phase using the Interaction Analysis Model or 
IAM rubric [1] which consists of five phases of knowledge 
construction. In this quantitative content analysis, the coding 
was done by two independent coders, where initially both 
coders discussed and described each stage, using the examples 
of each stage in the IAM. Then the coders evaluated the posts 
separately. There were a total of 182 posts and course 
coordinator’s data were excluded from this analysis. Cohen's 
Kappa values for the inter-rater reliability were 0.89 for this 
study.  

 
TABLE I 

INTERACTION ANALYSIS MODEL (IAM) [1] 

Phase Description 

Phase I Sharing and comparing information 

Phase II 
Discovery and exploration of dissonance or inconsistency among 

participants 
Phase III 

Phase IV 
 

Negotiation of meanings or knowledge co-construction 
Testing the proposed new knowledge and modification meanings 

against existing experiences 

Phase V 
Phrasing of agreement and applications of newly constructed 

meaning 

C. Analysis  

The students’ participation in the online forum was 
analyzed based on the frequency of discussions or tasks 
carried out and recorded in the LMS. For this purpose, Social 
Networks Adapting Pedagogical Practice (SNAPP) - a social 
network analysis tool - was used to process the degree (in-
degree, out-degree), betweenness centrality and eigenvector 
centrality data. In addition, the network density and closeness 
data were obtained from Netdraw. 

The values for degree centrality, closeness centrality, 
betweenness centrality, eigenvector centrality and density are 
split into higher quartile and lower quartile. Students’ 
engagement is considered high if the posts / responses in the 
forum identified on the third quartile; the engagement is 
considered low if they are found in the first quartile [13]. 

D. Data Correlation between Level of Knowledge 
Construction and Social Network Analysis 

The Pearson correlation coefficient was used to investigate 
the correlation between the mean level of knowledge 
construction (IAM) for each student with the degree, closeness 
centrality, betweenness centrality and eigenvector centrality. 
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VI. FINDINGS 

A. Content Analysis (Knowledge Construction Levels) 

 

Fig. 1 Distribution for each phase of the knowledge construction  
 

Although the samples in this study involved 23 students, 
only 21 participate in the forums. There are altogether 182 
posts/ messages (Fig. 1) and the majority of the posts are in 
Phase I, followed by Phase II. Phase 1 consists of 117 
messages (64.3%) and Phase II involves 49 messages (27.0%). 
Only 8.7% of the posts involve the combination of phase III, 
IV and V. Phase III consists of 11 messages (6%), Phase IV 
consists of three messages (1.6%) meanwhile Phase IV 
consists of two messages (1.1%). According to [1], Phase 1 
and Phase 2 are indicating the lower levels of knowledge 
construction, meanwhile Phase III, IV and V which are 
associated with higher levels of knowledge construction. 
Overall, the finding indicates that the levels of knowledge 
construction among the forum participants are quite low.  

 
TABLE II 

CLASSIFICATION OF STUDENTS’ MESSAGE’S CONTENTS 

Phase Description Results 

Phase I Sharing and comparing information 
117 messages 

(64.3%) 

Phase II 
Discovery and exploration of dissonance or 

inconsistency among participants 
49 messages 

(27.0%) 

Phase III 

Phase IV 
 

Negotiation of meanings or knowledge co-
construction 

Testing the proposed new knowledge and 
modification meanings against existing 

experiences 

11 messages 
(6.0%) 

3 messages 
(1.6%) 

Phase V 
Phrasing of agreement and applications of newly 

constructed meaning 
2 messages 

(1.1%) 

 
The outcomes (Table II) indicated that there are not much 

influence on higher level of knowledge construction on the 
sharing of information. This means students tend just to share 
their thoughts, ideas, resources, experience or agree with their 
peers’ opinions. In other words, there is little disagreement 
among the participants of the forum, resulting in the 
interaction of the students remain in phase I. Further, only 6% 
of these messages indicate the negotiation of meaning where 
participants negotiate meaning or build knowledge together to 
propose solutions to the problems faced. This suggests that 
online learning should provide opportunities for students to 
collaborate and lead to the construction of new ideas has not 

been achieved as a whole. Due to the lack of discovery and 
exploration of dissonance (Phase II) and negotiation of 
meaning (Phase III), there is not much testing or modifications 
to the proposed new knowledge (Phase IV), which is only 
1.6%. This resulted in only 1.1% of messages related to the 
construction of new knowledge (Phase V).  

B. Social Network Analysis (SNA)  

1. Degree Centrality 

Table III shows the range of out-degree and in-degree value 
is between zero to six (except for the course coordinator). The 
participants who gained high out-degree values in the forums 
are HIL (6), SIT (4), KAR (4) and FAI (4). KOM and SOR 
have zero degree of interaction (indicating that no interaction 
exists between them and the other participants in the network). 
RAJ is reported to have the highest in-degree value (six) while 
FAI and ATI have five and four respectively. This is followed 
by HIL, LIM and SUK who scored an in-degree value of 
three. It was found that 13 out of 23 participants are with zero 
in-degree (no one responded to their posts).  

2. Closeness Centrality 

Referring to Table III, the closeness value is between 36 
and 59. RAJ has the lowest closeness value of 36 followed by 
ATI (37), indicating that they are the closest participants to the 
others in the discussion. NIZ and NAZ indicated the highest 
closeness value of 59 which means they are the farthest in 
terms of engagement from their peers.  

 
TABLE III 

VALUE OF DEGREES (IN-DEGREE, OUT-DEGREE), CLOSENESS CENTRALITY, 
BETWEENNESS CENTRALITY, EIGENVECTOR CENTRALITY AND DENSITY 

Num 
Students’ 

name 

Deg
ree 
(s) 

In-
degree 

(s) 

Out-
degree 

(s) 

Closeness 
centrality 

Betweenn
ess  

Centrality

Eigenvector
centrality 

* INU 20  20 0 27 128  0.524 

1 HIL 9 3 6 39 24  0.289 

2 FAI 9 5 4 41 5 0.261 

3 KAR 6 2 4 40 10  0.269 

4 SIT 4 0 4 43 1 0.253 

5 RAJ 9 6 3 36 11 0.371 

6 MAR 4 1 3 40 18 0.217 

7 LIM 6 3 3 40 19 0.263 

8 ERF 2 0 2 46 0 0.139 

9 ATI 6 4 2 37 32 0.276 

10 KHA 2 0 2 45 0 0.144 

11 LEE 2 0 2 57 2 0.055 

12 SUK 5 3 2 49 8 0.103 

13 NIZ 2 0 2 59 1 0.036 

14 AZA 3 1 2 44 12 0.100 

15 HAF 2 0 2 47 0 0.093 

16 NAZ 1 0 1 59 0 0.051 

17 MAH 1 0 1 57 0 0.049 

18 VAS 1 0 1 47 0 0.093 

19 RAD 1 0 1 47 0 0.093 

20 GEE 2 1 1 57 2 0.048 

21 PUR 1 0 1 47 0 0.093 

22 SOR 0 0 0 0 0 0 

23 KOM 0 0 0 0 0 0 

*Course Coordinator 
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3. Betweenness Centrality 

Based on Table III, the participants who gained high 
betweenness values in the forums are ATI (32), HIL (24), LIM 
(19), MAR (18) and AZA (12). 

4. Eigenvector Centrality 

The eigenvector centrality of the forum participants are 
0.036 and 0.371. NIZ has the tendency to interact with 
inactive members as he/she obtained the lowest eigenvector 
centrality value which is 0.036. Conversely, RAJ had the 
highest value which is 0.371 indicating his/her tendency to 
interact with the active members. The majority of the 
participant’s eigenvector centrality (12 participants) is in the 
range 0-0100.  

5. Density 

The overall communication among the participants in the 
forum is low as the network density value is 0.11.  

C. Correlation between Level of Knowledge Construction 
and Social Network Analysis 

Pearson's correlation coefficient (r) (Table IV) was utilized 
to examine the relationships between the level of knowledge 
construction and SNA variables such as in-degree centrality, 
out-degree centrality, closeness centrality, betweenness 
centrality and eigenvector centrality. Significant and strong 
correlations were observed between (i) in-degree centrality 
and level of knowledge construction (r = 0.806), (ii) out-
degree centrality and level of knowledge construction (r = 
0.718) and (iii) eigenvector centrality and level of knowledge 
construction (r = 0.706). Meanwhile the analyses indicate 
significant and moderate correlation (r = 0.425) between the 
betweenness degree and level of knowledge construction. On 
the other hand, examination of the closeness centrality 
between the level of knowledge construction revealed very 
weak, but insignificant correlation (r = 0.245).  

 
TABLE IV 

PEARSON’S CORRELATIONS COEFICSCIENT BETWEEN IAM AND DEGREE (IN-
DEGREE AND OUT-DEGREE), CLOSENESS CENTRALITY, BETWEENNESS 

CENTRALITY AND EIGENVECTOR CENTRALITY (N=23) 

Variables Mean Std Phase 

In-degree centrality 1.26 1.839 .806** 

Out-degree centrality 2.13 1.423 .718** 
Closeness centrality 

Betweenness centrality 
Eigenvector centrality 

42.47 
6.30 
.14 

15.13 
9.132 
.107 

.245 
.425* 

.706** 
Phase 1.26 .810  

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 

VII. DISCUSSION 

A. Content Analysis (Knowledge Construction Levels) 

The findings of this study showed that the highest 
percentage of interactions occur in Phase I, which is consistent 
with studies by [1], and [14]. In the study by [1], it showed the 
following findings; Phase 1 (93%), Phase II (2.4%), Phase III 
(1.9%), Phase IV (1%) and Phase V (1.9%). According to 
them, students constructed knowledge by moving from lower 
to higher mental functions, which means they usually start by 

sharing and comparing information before reaching higher 
levels such as negotiating, testing, and applying ideas 
collaboratively. According to [7], one of the major limiting 
factors in achieving higher knowledge construction is because 
students are often scared and afraid to question the idea of 
their peers. Similarly, studies by [6] found that students were 
more interested in responding to peers' questions only without 
further elaboration given, resulting low level knowledge 
construction. In order to create a quality and interactive 
discussion, students should read the existing messages in the 
forum before posting their messages [15]. Also, students need 
to understand by involving and expressing different points of 
view or criticizing others will not disrupt harmonious 
relationships among themselves. Thus, instructors need to 
encourage the students to develop positive attitudes toward 
engaging themselves in the discussion in order to create new 
knowledge and achieve higher thinking level.  

B. Social Network Analysis 

There are a few students who had a minimal degree of 
interaction in the discussion forum. Those students are KHA, 
PUR, GEE, KOM, and SOR. They have the risk of becoming 
low performing students in the class as highly engaged 
students in the discussion have the potential to achieve higher 
overall final grades [16]. Moreover, the analysis has identified 
11 students (KHA, NIZ, LEE, ERF, HAF, NAZ, MAH, PUR, 
SIT, VAS and RAD) who posted their messages in the forum 
but did not receive any feedback from others. According to 
[13], when the post sent uninspiring others, this will cause 
others not to reply. These 11 students were also reported to 
have a low-level of interaction in the overall online forum 
session. As such, according to [17], low interaction students 
are usually associated with lower grades [17]. Also, students 
with lower grades mostly are not fluent writers and readers as 
they may face difficulty in expressing themselves through the 
text and this is supported by previous studies [13].  

The findings are similar to previous studies by [18] which 
concluded that participants tend not to form strong 
connections among peers in an instructor driven forum. 
Conversely, they are highly connected to the course instructor. 
Based on this analysis, five participants, namely ATI (32), 
HIL (24), LIM (19), MAR (18), AZA (12) and also INU (128, 
course coordinator) who obtained the highest betweenness 
centrality values. The difference of range in betweenness 
centrality values between students and course coordinator 
indicates that the participants tend to communicate to the 
coordinator more than to their peers. This finding is also 
consistent with previous studies where instructor involvement 
demonstrates responsiveness to students, but this may 
influence on students’ response to peers [18]. 

C. Relationship between Level of Knowledge Construction 
and Social Network Analysis 

  This study reveals that strong and significant correlations 
between SNA measures (in-degree centrality, out-degree 
centrality, and eigenvector centrality) and level of knowledge 
construction. A moderate and significant correlation was 
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observed between betwenness centrality and levels of 
knowledge construction. Also, there is no correlation between 
closeness centrality and level of knowledge construction. 
However, this finding contradicts that of [19] who found that 
no significant correlation between the level of knowledge 
construction with in-degree, out-degree and betweenness 
centrality. There are no other studies being done on the 
correlations between the level of knowledge construction and 
SNA measures.  

There is a correlation between in-degree centrality and level 
of knowledge construction as the participants with a higher 
level of knowledge construction usually receive more 
messages, replies, and feedback. Other participants tend to 
communicate more to this group of participants as they have 
more knowledge or information. The same notion goes to the 
participants with higher out-degree centrality value who has 
more knowledge or information. This indicates a correlation 
between level of knowledge construction and out-degree 
centrality. Those participants tend to be involved more in the 
discussions and gave more input to others. In addition the 
relationship between level of knowledge construction and 
eigenvector centrality values confirmed that the participants 
with a higher level of knowledge construction tend to 
communicate with active participants. Furthermore, the weak 
correlation between a higher level of knowledge construction 
and betweenness centrality values shows that participants with 
a higher level of knowledge construction not necessarily 
control the flow of information among the participants. Thus, 
although there is a correlation between these variables, this 
influence is weaker on one another. On the other hand, there is 
no correlation between level of knowledge construction and 
closeness centrality values – indicating that the participants 
with higher knowledge construction levels not necessarily 
communicate with certain groups of students. Therefore, they 
are closely connected to all other participants in the network.  

VIII. IMPLICATION OF FINDINGS  

 Limited interactivity levels indicate that participants did 
not really focus their attention on their peer’s idea. Besides 
that, according to [15], in order to produce a two-way 
communication and quality discussion, the participants need to 
read existing posts before sending own post. Implementing 
much smaller collaboration in which each group member is 
given a certain responsibility in discussing the given topic can 
resolve low interaction level. This collaborative learning 
approach can assist students to develop a more meaningful 
knowledge compared to an individual learning [20]. In 
addition, an alternative way to simplify the process of 
discussion by electing student moderators each week to be 
responsible facilitating the discussion [21]. Other researchers 
[22] found that peer mentoring can promote active learning 
and meaningful as they rely on each other in a discussion. 
Essentially, the presence of the instructor is required at the 
beginning of the learning process to correct the 
misunderstanding, and instructors can maintain their presence 
to a minimum to encourage the discussion process [23].  

Meanwhile, [14] suggested that individuals should send a 

post as the basis for a discussion of certain on-line before it 
reaches the generation of knowledge at a high level. Besides, 
according to [1], individual construct knowledge by 
interacting with others means that more interactions would 
lead to higher levels of knowledge construction. In addition, 
the assignment must also be matched with existing knowledge 
and skills of the students because if the task is too complex 
discussion then the level of knowledge construction will be 
lower [14]. Also, the success of the discussions is depending 
on the topic of discussion or question which is more specific 
than the broad and more open questions [24]. Thus, instructors 
should provide adequate and full instructions in order to 
encourage the students to complete the discussions in 
advanced [14].  

Social Analysis Network allows instructors to identify 
students’ patterns and levels of social interaction in online 
discussion forums. This information may assist instructors to 
identify the tendency of low achieving students. Additionally, 
in this study, SNA has shown that correlations exist between 
the SNA variables (in-degree centrality, out-degree centrality, 
eigenvector, and betweenness degree) and level of knowledge 
construction. These findings suggest that students with the 
highest degree centrality should be grouped in different 
discussion groups for interactive discussion take place. 
Besides, participants with higher betweeness centrality values 
also contribute as they control the flow of information 
between students. Allocating these students in different groups 
aids the interactive discussion takes place. Hence, the 
researchers found that using the content analysis method can 
facilitate the instructors to measure the students’ level of 
knowledge construction from time to time. In addition, using 
content analysis and social network analysis could 
complement each other as these analyses can provide 
information inclusive of both cognitive processes and social 
interactions. 

IX. CONTRIBUTION TO KNOWLEDGE  

This study has made some contributions to the knowledge 
about online discussion forums.  
1) This study combines two analyses (content analysis and 

social network analysis) to investigate the relationship 
between the level of knowledge construction and the 
social networking. Previous researchers usually examine 
only on the aspects of social network analysis and/or 
content analysis in their studies without looking at the 
correlations.  

2) Next, a combination of content analysis and social 
network analysis gives comprehensive information on 
students’ engagement and knowledge construction. This 
suggestion will contribute to the online discussion 
literature. 

X. RECOMMENDATIONS FOR FUTURE STUDIES  

1) A study using a collaborative learning approach is 
proposed with combination of content analysis and social 
network analysis to be implemented to evaluate the 
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collaborative approach.  
2) Study of cluster analysis to classify the behavior of 

participants in an online forum is proposed. The 
combination of using different methods of analysis such 
as content analysis, social network analysis and cluster 
analysis could provide different information on the 
subjects. Each analysis has its own limitations which can 
be compensated for by using an alternative method to 
collect comprehensive findings.  

XI. CONCLUSION  

The effectiveness of asynchronous discussion forums to 
facilitate teaching and learning depends on the process 
undertaken, for example, students’ role, the extent of academic 
discussions carried out, the quality of students’ interaction and 
participation. Without the involvement of students as a whole, 
the benefits of forum in assisting their learning will not be 
achieved. 
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