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Abstract. In this study we content analyzed the online discussion of several senior-high-
school groups on a forum of a virtual physics laboratory in Taiwan. The goal of our
research was to investigate the nature of non-course-based online discussion and to find

out some useful guidelines in developing such discussion forums for learning purposes.
We adapted Henri’s framework and models (1992) for our analysis. The content
analysis was conducted in terms of participation rate, social cues, interaction types, and

cognitive and metacognitive skills. In this study, we compared the result patterns of two
discussion conditions (‘required’ (R-) condition versus ‘non-required’ (NR-) condition)
of a non-course-based discussion forum and investigated how the quality of message

content changed in the processes of discussion. In the R-condition, participants were
required to reply to the thread before they were allowed to read other messages on the
forum, whereas participants in the NR-condition were not restricted to this demand.
The results showed that for both conditions, the most frequently involved interaction

type was ‘direct response’, and the most frequently used cognitive skill was ‘elementary
clarification’. Fewer participants of the R-condition strayed from the subject under
discussion in comparison to the NR-condition. However, larger percentage of message

content containing metacognitive components was found in the NR-condition. When
taking the sequences of postings into account, we found that for the R-condition, the
percentage of metacognitive component in the message content tended to increase in the

up-third postings, whereas for the up-third postings of the NR-condition the percentage
of non-cognitive components substantially increased. Overall, the results of our study
indicated that the way in which participants used cognitive and metacognitive skills

during the discussions was related to the discussion conditions. The initial requirement
of reply fostered the use of cognitive skills, but it did not necessarily induce the use of
high-level cognitive or metacognitive skills. We concluded that beside the discussion
conditions the moderators’ guidance would be influential in determining the quality of

online discussion on a non-course-based discussion forum.
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Introduction

Online discussion for education

Nowadays, computer-mediated communication (CMC) plays an
essential role in interpersonal communication. In the context of edu-
cation, it has been emphasized that communication or discussion,
respectively, facilitates deep learning.1 Berge and Collins (1995)
pointed out that

...It is through discussion that one person can influence or per-
suade others. Talk and discussion provide an opportunity to artic-
ulate and explain one’s own thing and perhaps to modify one’s
own ideas, beliefs or self-presentation in response to feedback from
others. Incorporation of new data, the testing of arguments, and
using one’s judgment and reasoning helps move a person toward
new perspectives and higher levels of thinking (p. 183).

In other words, instead of passively receiving knowledge from
teachers, students can develop their cognitive skills (e.g., problem
solving and knowledge construction), and metacognitive skills (e.g.,
critical thinking) in the processes of discussion (Blumenfeld et al.,
1996; Littleton & Häkkinen, 1999). This perspective is also consistent
with recent ideas of the practice of constructivism in education (Tsai,
2001; Chou & Tsai, 2002). Nevertheless, students seldom have enough
time to discuss with their teacher or among themselves in a conven-
tional classroom setting. Accordingly, CMC systems, such as elec-
tronic mail, computer conferencing, and bulletin board systems
(BBS), have been widely used to support online discussion (Lehtinen
et al., 1999). The applications of online discussion for educational
purposes can roughly be classified into two categories: course-based
versus non-course-based online discussion. The former refers to the
use of online discussion as an integral part of online courses or as an
extension of school lessons, whereas the latter serves to support the
communication in scholarly discussion groups including ‘‘electronic
discussion lists, Internet interesting groups, e-journals, e-newsletters,
Usenet newsgroups, forums that scholars participate in for scholarly
or academic discussion’’ (Spitzer, 1986).

Researchers have been investigating the nature of CMC within the
context of course-based online discussion. The characteristics of
course-based online discussion are: (1) the participants are limited to
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the students enrolled in the same class; (2) a teacher or an instructor
usually will join or supervise the discussion; (3) the tasks of the par-
ticipants are clearly defined; (4) the participation in the discussion is
mandatory for the students; (5) the participants cannot post their
messages anonymously (Examples of course-based online discussion
forums can be found in the studies by Marttunen and Laurinen
(2002), and Thomas (2002)). Recently, non-course-based online dis-
cussion has captured many researchers’ attention (Berge & Collins,
1995; Lai, 1997). It is believed that this kind of discussion will
become a new trend in the educational practice. The advantages of
non-course-based online discussion lie in that the participants of the
discussion are not limited to the members of a particular course, and
the participation in the discussion is based on common interests
shared by the participants. That is, the participation is totally volun-
tary and people may join or leave the discussion any time they want.
Potentially, more participants may join the discussion and accordingly
more ideas can be contributed to the subject under discussion.2 In
addition, the discussion is not confined to a certain period of time.
However, it is not easy to manage non-course-based online discussion
due to the (potentially) unlimited number of participants and time for
discussion.3 On the other hand, some people might use the discussion
forum for socializing. Consequently, the role of the moderator super-
vising the discussion forum of this kind is very important.

Learning effects of online discussion

Whether online discussion indeed facilitates learning is, however, still
controversial. A number of studies have provided evidence indicating
that online discussion can facilitate the collaborative learning of com-
plex scientific concepts (Roschelle, 1992), inter-professional collabora-
tion (Connor, 2003), and social construction of knowledge
(Warschauer, 1997; Dehler & Parras-Hernandez, 1998; Hara et al.,
2000). Some other studies showed that online discussion fosters the use
of high-level cognitive skills such as reasoning and argumentation skills
(Marttunen & Laurinen, 2002; Pilkington & Walker, 2003), critical
thinking, reflection, problem-solving (Orvis et al., 2002), and learning in
general (Booth & Hultén, 2003; Comeaux & McKenna-Byington,
2003). In addition, online discussion expands learning outside of class-
room and is not restricted to time and space. People have the opportu-
nity to discover their mentors somewhere in the world (Berge & Collins,
1995). Unlike the face-to-face communication, asynchronous online
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discussion provides people abundant time to think and write their argu-
ments. The message content is assumed to be more informative and
elaborative (Hara et al. 2000). Nevertheless, some other studies demon-
strated disadvantages of online discussion: First, the participation rate
is usually low in course-based online discussion. A student often does
not post more than one message a week on average (Hara et al., 2000;
Capsi et al., 2003). Second, the main discussion topic is often not sus-
tained, but proceeds along diverging short discussion threads4 that lack
a coherent structure and are not always on-topic (Thomas, 2002; Lip-
ponen et al., 2003). Third, the realization of interactive learning is lim-
ited. There is no real cooperative development of ideas between the
students (Thomas, 2002). Fourth, it is not easy to follow threaded dis-
cussion because of the information overload (Berge & Collins, 1995).
Fifth, the text-based communication lacks nonverbal cues such as ges-
tures, facial expression, and tone. Sometimes, it might lead to misunder-
standing (Daly, 1993; McGrath & Hollingshead, 1993; Wilson, 2003).
In addition, those who are not good in writing probably cannot benefit
from text-based communication (Berge & Collins, 1995). Finally, in
asynchronous online discussion, people have to wait for answers or
feedbacks from the others. Either the discussion might progress too
slowly, or their messages might never be answered.

Analysis of online discussion

The factors affecting the role of online discussion in learning are com-
plex. In order to find out how to best design a discussion forum,
researchers have been investigating the nature of online discussion by
means of both quantitative and qualitative analyses of the discussion
activity, which will be introduced below.

The analyses of course-based online discussion are usually carried
out in regard to the interaction patterns among the students or be-
tween the teacher (or tutor) and the students (Howell-Richardson &
Mellar, 1996; Hara et al., 2000; Marttunen & Laurinen, 2002;
Lipponen et al., 2003). These may include the number of messages
posted by a person, the length of messages, the number of login
times, the frequency of message exchange, the lag time between a
question and its answer, the lag time between two successive posts
of the instructor, and the message map that shows message clusters
in diagrams and specifies the connection between the messages (Ho-
well-Richardson & Mellar, 1996; Capsi et al., 2003). Nevertheless, all
the analyses cannot reveal the quality of the messages, i.e., whether
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the message content is relevant to the discussion and more impor-
tantly contains elaborative ideas or the types of cognitive skills that
students use in the discussion, and whether learning is really im-
proved by discussion, etc. For the deeper understanding of the nat-
ure of online discussion, it is necessary to conduct content analysis
(cf. Brace-Govan, 2003, p. 313).

Several models or frameworks have been employed to analyze the
quality of message content. The Structure of Observed Learning
Outcome (SOLO) taxonomy proposed by Biggs and Collis (1982) has
been used to analyze students’ cognitive engagement, which served as
an indicator of the levels of students’ understanding of a topic area.
The taxonomy contained five levels: prestructural, unistructural, multi-
structural, relational, and extended abstract (Thomas, 2002). Lipponen
et al. (2003) categorized the content of messages by means of the rele-
vance (on-topic or off-topic), the type of feedbacks (positive/negative/
neutral) provided by the notes, and the function of the notes (provid-
ing information/asking clarification/something else). The criteria for
the categorization were not predetermined, but data-driven. Moreover,
there are models for judging students’ levels of critical thinking. Garri-
son’s five-stage model (1992) has been regarded as the most relevant
one to the evaluation of critical thinking in computer-supported col-
laborative learning. The five stages are: Stage 1, problem identification
skill; Stage 2, problem definition skill; Stage 3, problem exploration
skill; Stage 4, problem evaluation/applicability skill, and Stage 5, prob-
lem integration skill. Moreover, a well-known model for analyzing the
content of CMC messages was developed by Henri (1992). According
to this model, message content was analyzed in terms of participation,
interaction, social, cognitive, and metacognitive dimensions. Although
Henri’s models provided an initial framework for detailed analyses of
online discussion, her models have been criticized for its complexity
and robustness of classification (Howell-Richardson & Mellar, 1996;
Hara et al., 2000). Yet, despite some criticism, some researchers still
employed Henri’s model for their research work (Angeli et al., 1998;
Benigno & Trentin, 2000; Hara et al., 2000; McKenzie & Murphy,
2000).

We chose Henri’s models as our research tool because her models
provide a wide range of analytical dimensions which can best support
our research purpose. Additionally, we modified Henri’s models so
that our data can be analyzed most appropriately (detailed informa-
tion about our modification is given in the section ‘Analytical frame-
works and models’).
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Research purposes

Studies on the effects of online discussion on learning seem to more
focus on course-based situations. Since the importance of non-course-
based online discussion in education gradually increases, we content
analyzed online discussion on a non-course-based discussion forum in
the current study. The goals of our research were to investigate the
nature of non-course-based discussion and to find out some guidelines
that could be useful for developing non-course-based discussion for-
um for learning purposes. In our study we set up two discussion con-
ditions (‘required’ (R-) versus ‘non-required’ (NR-) condition). We
hypothesized that the initial requirement of reply would encourage
students to actively participate in the discussion and to think and give
their opinions independently. Without setting up this requirement,
students might just read the messages but never participate in the dis-
cussion. Furthermore, we attempted to find out whether and how the
manipulation of discussion conditions would affect the interaction
patterns between participants and the quality of discussion. Finally,
we compared the quality of posted messages on the discussion forum
in regard to the order of postings. By means of this analysis we could
follow how the quality of messages changed as the discussion pro-
gressed. It should be pointed out that our study was a pioneer study
attempting to investigate the effects of different discussion conditions.
Although there is no prior research or specific theory from which we
can directly derive our study design, we have reviewed related litera-
ture and adapted valid analytical models for carrying out our re-
search. We believe that our study can provide insightful information
for teachers or educators who aim to design an online discussion
forum having functions similar to the one in our study.

Method

Discussion forum

The discussion forum analyzed in our study was set up by the Virtual
Physics Laboratory (VPL) of the National Taiwan Normal University
(NTNU), which was also called Demolab in the Chinese version
(http://www.phy.ntnu.edu.tw/demolab). The main function of
NTNU’s VPL was to assist teaching and learning in physics. It
provided abundant animation or videos for illustrating physical
concepts or simulating experiments. Teachers did not only find useful
tools for creating graphics or animation by themselves, but also could
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exchange their teaching experiences via their online discussion forum.
Besides, many examination questions were available for teachers.
Another important function of this VPL was that it set up several dis-
cussion forums for students. Basically, the forums were classified by
students’ grade: one was for junior-high-school students, another for
senior-high-school students, and the other for university students. The
discussion forum analyzed in our study was the one set up for senior-
high-school students.

Participants and discussion processes

In general, the discussion topics on the forum had to be suitable for
senior-high-school students to discuss. Most of the participants were
indeed senior-high-school students, but some of the participants could
be university or graduate school students who were interested in the
topics. The participants had to first get registered, but they were al-
lowed to use a pseudo-name on the forum. The discussion started
with a message containing a question that could be posted by any
participant. Whoever was interested in the topic could rely to it. The
size of discussion groups ranged from 1 to 213 participants. The
participation on the forum was voluntary.

Organization of the discussion forum

Two moderators.5 supervised the discussion forum. A moderator was
a physics professor in NTNU. The other one was a senior-high-school
physics teacher. They monitored the forum for the following aspects:
First, they checked out whether the posted topics (i.e., the threads)
were relevant to the content of physics textbooks used in the senior
high schools in Taiwan, and whether they were at the appropriate
level. Second, they supervised the discussion by providing clues for in-
depth thinking, explaining crucial concepts, correcting misleading con-
cepts or statements, and removing rude words from the messages. In
the discussion the moderators never directly provided an answer to a
question because they would like the participants to figure out the an-
swer in the processes of discussion on their own. A distinctive feature
of the discussion forum was that there were two different discussion
conditions, which could be set up by those participants who were
physics teachers: In some discussion-groups participants were asked
to first post their opinions on the subject under discussion, and then
they were allowed to read the messages posted by the other partici-
pants (the ‘required’(R) condition). After contributing one message at
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the beginning, they could login any time to join the discussion with-
out answering to the initial question first. In contrast, there was no
such requirement in the other discussion groups (of the ‘non-
required’(NR) condition). The aim of the R-condition was to foster
participants’ in-depth thinking and problem-solving skills. By means
of this requirement, each participant would actively think about the
possible solutions before he/she could get access to the other posted
messages.

Target groups and data collection

We selected six discussion groups on the forum for our analysis.
The selection criterion was based on the number of messages that
had a minimum of forty.6 We randomly selected three groups from
the R-condition, and three groups from the NR-condition. The data
consisted of a corpus of messages of these six groups, which were
collected in the period from September 2002 to November 2003. All
the discussion topics and the corresponding numbers of messages
are given in Table 1.

Analytical framework and models

For our analysis we adapted Henri’s framework and models (1992) to
meet our research purposes. Basically, we employed the original ana-
lytical framework with simplified analytical models of each dimension
because the original models sometimes had analytical categories that
were too detailed and were not relevant for our analysis. For exam-
ple, we did not distinguish ‘direct response’ from ‘direct commentary’.
Instead, we only used the term ‘direct response’ to represent both
analytical categories. Besides, we eliminated the analytical models of

Table 1. The target groups analyzed in the study

Condition Group Number of messages Topics

R 1 247 Why the clouds do not fall down?

R 2 45 Why 1 kg=9.8 m/s2?

R 3 91 About the concept ‘‘potential energy’’

NR 4 79 Calculus and instant velocity

NR 5 40 Another question about steam pressure

NR 6 73 W=Fd?

R: ‘required’ condition; NR: ‘non-required’ condition.
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‘processing information’ and ‘metacognitive knowledge’ because those
analyses strongly overlapped with those already included in the ana-
lytical models of ‘cognitive skills’ and ‘metacognitive skills’. More-
over, we also extended the analytical models so that they could
analyze our data more adequately. In this regard, we slightly modified
the definitions of participation rate, social cues, direct response, and
indirect response. In addition, we created two categories (i.e.,
OTHER and NONE) and added some indicators to the cognitive-
and metacognitive-analytical models.

The content of a message was analyzed based on its idea(s). An
idea expressed a complete thought, which might contain one or sev-
eral sentences or even several paragraphs. A message might consist of
more than one idea. The analysis was conducted according to five
dimensions: the participation rate, social cues, interaction types, cog-
nitive skills, and metacognitive skills. A detailed description of our
analytical models is given in Tables 2–4. Table 2 gives information on
the definitions, indicators, and concrete examples of participation rate
and social cues.

Table 3 explains the model for analyzing interaction types involved
in the discussion. Four categories of interaction were considered: ‘direct
response’, ‘indirect response’, ‘independent statement’, and ‘other’. The
definition and concrete examples are given to each category. We created
the category ‘‘other’’ for any statement that was unrelated to the topic
being discussed. It should be pointed out that the random letter string
‘‘443153484313546545341ujhnmvkjhugkhc’’ and the statement ‘‘I just
want to check out the new messages’’ indicated that the two partici-
pants of the R-condition did not really want to discuss the topic but
only wanted to get access to the other posted messages. They were actu-
ally warned by the moderator not to repeat it again. Otherwise, their ac-
cess to the discussion forum would be blocked.

Table 4 shows the models for analyzing cognitive and metacogni-
tive skills.7 The categories of cognitive skills include ‘elementary clari-
fication’, ‘in-depth clarification’, ‘inference’, ‘judgment’, and
‘strategies’, whereas the categories of metacognitive skills contain
‘evaluation’, ‘planning’, ‘regulation’, ‘self-awareness’, and ‘none’. We
created the category ‘‘none’’ for the ideas that did not contain any
cognitive or metacognitive component. In addition, we added ‘‘re-
quest clarification’’ to elementary clarification; ‘‘revising or refining
statements’’, ‘‘providing information on references related to the sub-
ject under discussion’’, and ‘‘using examples or analogy’’ were added
to in-depth clarification; ‘‘presuming/supposing’’ and ‘‘proposing a
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hypothesis’’ were put into the category inference; ‘‘raising doubts and
querying’’ was added to evaluation; we added ‘‘providing clues to fos-
ter in-depth thinking’’ to planning and ‘‘providing extra information
or references which is/are not directly related to the subject under dis-
cussion’’ to regulation; under self-awareness ‘‘expression of feelings
connected with one’s accomplishment’’, ‘‘being aware of one’s own
cognitive strategies’’, and ‘‘using a cognitive skill deliberately’’ were
added.

Coding processes

Each identified idea in a message was coded in regard to its social
cues, interaction types, as well as cognitive and metacognitive skills.
It should be noted that the categories of cognitive and metacogni-
tive skills (Table 4) were mutually exclusive because they were not
simultaneously revealed in a single idea. Three coders were involved
in the coding processes. Two coders first coded the messages inde-
pendently and then discuss their results with the third coder.
Together, they worked out the final coding results.

Results and discussion

Altogether we analyzed 575 messages containing 634 ideas, which were
posted by 349 participants. The results given in Table 5 showed that
the most frequently involved interaction type in the six discussion
groups was ‘direct response’, and the most frequently used cognitive
skills was ‘elementary clarification’. Overall, 19.72% of the ideas were
not relevant to the subject under discussion. Only 11.49% of the ideas
revealed metacognitive skills (i.e., those of ‘evaluation’, ‘planning’,
‘regulation’, and ‘self-awareness’), and 16.88% of the ideas did not
reveal any cognitive or metacognitive components considered in the
study.

The analysis of message content by discussion conditions

We examined the effects of the discussion conditions on the quality of
message content. The data concerned with the 3 R-condition groups
versus the 3 NR-condition groups are given in Table 6. There were
383 messages comprising 423 ideas of the R-condition and 192
messages including 211 ideas of the NR-condition. The total number
of participants of R-condition was 326, while that of NR-condition
was only 23.
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The results indicated that the participation rate and the percentage
of social cues of the NR-condition were significantly higher than those
of the R-condition. Although there were considerably fewer partici-
pants of NR-condition, a person posted 8.35 messages on average,
which is almost eight times of the number of messages posted by their
counterpart. Significant differences were also found in regard to the
interaction types and cognitive and metacognitive skills. The percent-
age of ‘direct response’ of the R-condition was substantially larger
than that of the NR-condition because people in the R-condition have
to first reply to the thread. Without this requirement, larger percent-
ages of independent or irrelevant statements were found in the ideas.
As to the cognitive and metacognitive skills, the percentage of ‘infer-
ence’ of the R-condition was larger than that of the NR-condition,
which might result from the nature of the discussion topics. The topic
of Group 1 (‘‘Why the clouds do not fall down?’’) was more related to
the daily life and therefore attracted many people to discuss it. How-
ever, the majority of the participants did not exactly know why the
clouds do not fall down. Thus, many of them could only infer the pos-
sible reasons. By contrast, the other discussion topics were concerned
with more specific and concrete physical concepts. No inference could
be made in the discussion. Since the number of ideas of Group 1 was
considerably larger than that of the Groups 2 and 3. The result could
be biased due to the unbalanced group size. Moreover, the percentages
of ‘judgment’, ‘planning’, and ‘‘non-cognitive components’’ of the
NR-condition were significantly larger than those of the R-condition.
The reason why many ideas of the R-condition did not reveal judg-
ment or planning components could be that it is not possible to judge
other opinions or to provide clues for in-depth thinking without first
reading other messages on the forum. Because most of the participants
of the R-condition only contributed one message to the discussion,
which was written before they could read other messages, there were
certainly very few judgment or planning components in the message.
The participants of the NR-condition, on the contrary, did not have
this problem. Finally, there was larger percentage of ideas that were
not relevant to the discussion in the NR-condition. This indicated that
the requirement of reply indeed help to reduce the percentages of ideas
containing irrelevant statements and non-cognitive components.

The analysis of message content by the order of postings

We further compared the quality of the message content in terms
of the order of postings, which referred to the sequence of messages
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posted by a participant. The aim of this analysis was to find out whe-
ther the participants would make some progress in regard to their use
of cognitive and metacognitive skills and how the interaction patterns
changed in the processes of discussion. Overall, we investigated the
first, second, and up-third postings.8 The data are given in Table 7.

The results concerned with interaction types showed that the most
frequently involved interaction type was ‘direct response’. A large per-
centage of ‘direct response’ was found in the first posting, but it gradu-
ally declined in the later postings. By contrast, the initial percentage of
irrelevant statements was small, but it substantially increased in the up-
third postings. In regard to the cognitive and metacognitive skills, the
most frequently used cognitive skill throughout all the postings was
‘elementary clarification’. The percentage of ‘inference’ considerably
decreased in the second posting (t(447)=3.565, p<0.001), whereas
the percentage of ‘evaluation’ (t(447)=)3.475, p<0.005), ‘regulation’
(t(447)=)2.365, p<0.05), and ‘‘non-cognitive component’’
(t(447)=)3.008, p<0.005) significantly increased in the second post-
ing. In the up-third postings the percentage of ‘evaluation’ slightly
decreased while the percentages of ‘inference’ and ‘regulation’
decreased a lot. The percentage of non-cognitive components
considerably increased in the second (t(447)=)2.806, p<0.01) and the
up-third postings (t(568)=)8.718, p<0.001; t(247)=)2.465, p<0.05).
It appears that the participants had to infer a possible solution at the
initial stage of discussion. As the discussion progressed and the
solution became more and more clear, no surmise was necessary.
Instead, metacognitive skills such as ‘evaluation’ and ‘regulation’ be-
came important in the later stage of discussion. On the other hand, the
percentage of statements that were not related to the discussion topic
considerably increased as the discussion progressed because many par-
ticipants strayed from the main subject and socialized with each other.
This was also revealed in the increasing percentage of social cues.9

The analysis of message content by the order of postings, separated
by discussion conditions

In order to examine to the role of discussion conditions in the analy-
sis mentioned above, we further analyzed the data for the two condi-
tions separately. The data are given in Tables 8 and 9.

There was similarity between the result patterns of the two discus-
sion conditions: The most frequently involved interaction type was
‘direct response’, and the most frequently used cognitive skill was
‘elementary clarification’. The result patterns, however, differed
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in many aspects. First, the percentage of ‘indirect response’ of the
R-condition significantly increased in the up-third postings
(t(374)=)4.478, p<0.001), while this was not the case in the NR-
condition. Although the participants of the R-condition were asked to
reply to the thread when they first joined the discussion, they did not
need to reply again afterwards. The data indicated that some of the
participants tended to respond indirectly in the up-third postings. The
reason could be that some people simply tried to summarize or re-
plied to many ideas already given in their group without quoting the
relevant messages. Contributions of this kind were regarded as ‘‘indi-
rect responses’’. Second, the largest percentage of irrelevant statement
was found in the second posting for the R-condition (29.79%),
whereas that of the NR-condition was found in the up-third postings
(43.2%). The considerably large percentage of irrelevant statement of
the NR-condition showed that when the number of the participants in
a group was small, the message content was often off-topic in the later
stage of the discussion. The deviation from the topic also happened in
the R-condition, but it concentrated more on the middle stage of the
discussion, and its percentage was not as large as that of the NR-con-
dition. Third, almost no inference was found in the NR-condition.
Again, this might be due to the characteristics of the discussion
topics. Fourth, the percentage of judgment of the NR-condition was
largest in the first posting while that of the R-condition was the small-
est. This could be explained by the fact that the participants of the
R-condition could not read other messages before they reply to the
thread. In other words, they had no chance to judge any other idea
except the thread. On the contrary, the participants of the NR-condi-
tion could read all the messages from the beginning, whereby more
judgment might be induced. Similarly, the percentage of evaluation of
the R-condition substantially increased in the up-third postings, which
could also be explained by the reason just stated. Finally, the result
patterns of non-cognitive component and irrelevant statement were
almost the same because the majority of the ideas strayed from the
subject did not show any cognitive or metacognitive components.

General discussion and implications

In the current study we content analyzed online discussion in regard to
a physics discussion forum of a virtual physics laboratory in Taiwan.
The message ideas were analyzed in terms of the participation rate,
social cues, interaction types, and cognitive and metacognitive skills.
The results demonstrated that the participation rate was considerably

302



low in the groups of the R-condition despite of the large number of
participants. In contrast, the participation rate was relatively high in
the groups of the NR-condition even though the number of partici-
pants of those groups was substantially small. The low participation
rates have been observed in many studies no matter whether the online
discussions were course-based or non-course-based. Capsi et al. (2003),
for example, found that in asynchronous, nonmandatory instructional
discussion groups, most of the students participated to a minimal de-
gree with a small portion of students posting more than 10% of a dis-
cussion group’s messages. The reason for the low participation rate in
online discussion could be that people were not internally motivated to
discuss. The lack of motivation could result from (1) the inability
or dislike of discussing through a text-based medium; (2) the inability
of following the threaded discussion; (3) receiving no comments or
feedbacks from moderators or other participants; (4) being time-con-
suming, or (5) the underestimation of the value of online discussion in
learning (Mason, 1993, 1994; Ross & Schulz, 1999). Based on our
data, the high participation rates observed in the NR-condition were
partly attributed to the large number of messages posted for socializ-
ing. On the other hand, we believe that the characteristics of the
participants in discussion group and those of the questions given in a
thread may also have a strong effect on the participation rate.

With regard to the interaction types and the use of cognitive and
metacognitive skills, the most frequently involved interaction type in
the R-condition was ‘direct response’, and the most frequently used
cognitive skills were ‘elementary clarification’, ‘in-depth clarification’,
and ‘inference’. Very few metacognitive skills were revealed in the
content of messages. Consider the discussion conditions as well as the
order of postings. Most of the participants of the R-condition
responded directly and used cognitive skills such as ‘elementary clari-
fication’ and ‘inference’ due to the initial requirement of reply. Other
cognitive or metacognitive skills were involved after the first posting,
which might indicate that the use of high-level cognitive skills such as
‘judgment’, ‘evaluation’, ‘planning’, and ‘regulation’, must be stimu-
lated by other ideas. Furthermore, our results showed that the most
frequently involved interaction types were ‘direct response’ and irrele-
vant statement. The use of cognitive and metacognitive skills did not
change very much in the different order of postings probably because
the participants could always read other messages. The most
frequently used cognitive skills were ‘elementary clarification’, ‘in-
depth clarification’, and ‘judgment’.
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Overall, there were considerably more cognitive components shown
in the ideas of the R-condition, but there were slightly more metacog-
nitive components shown in the ideas of the NR-condition. It appears
that the initial requirement of reply fostered the use of cognitive
skills, but it did not necessarily induce the use of the high-level cogni-
tive skills. The low percentage of metacognitive skills shown in the
R-condition was probably correlated with the low participation rate.
Many people only posted one message without using any metacogni-
tive skill in the whole processes of discussion. The result patterns
shown in our study indicate that the discussion conditions affect the
interaction types and the use of cognitive and metacognitive skills in
the discussion. Yet, it is not deniable that the characteristics of the
discussion topics may also influence those result patterns to a certain
extent. Certain types of topics might induce the use of particular
types of cognitive and metacognitive skills. Naturally, it would be bet-
ter to compare the effects of the discussion conditions by having all
the subjects discuss the same topic. However, we believe that the basic
result patterns of our study, such as large percentage of ‘direct
response’ in the R-condition, large percentage of irrelevant statements
in the later stage of discussion in the NR-condition, and the most fre-
quently used cognitive skills in both conditions – ‘elementary clarifica-
tion’, would hold across different discussion topics.

It is difficult to compare the levels of cognitive or metacognitive skills
used in online discussion across different studies because researchers
used different analytical models in their studies. However, we would
like to mention the results of several studies here. Hara et al. (2000)
conducted content analysis of course-based online discussions with the
help of a simplified version of Henri’s model. In their study, students
were engaged in a weekly course-based online conference using the
‘‘starter-wrapper’’ technique. A starter had to read all the readings for
the week and post his/her comments and questions on the forum,
whereas the wrapper had to summarize the discussions during the week.
According to their findings students’ messages were highly focused on
the tasks and met the criterion of in-depth communication. However,
the participation rate in their study was very low. Most of the students
wrote only one but lengthy message to meet the requirement of the
course. As the authors commented, ‘‘there was never a sense of real he-
ated or seminal online discussion with students negotiating meaning,
taking sides on issues, or coming to compromise’’ (Hara et al., 2000, p.
141). Moreover, the use of cognitive skills was strongly affected by the
characteristics of a starter’s questions (discussion thread). That is, the
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cognitive components exhibited in a starter’s questions were also found
in the messages in reply to them, which did not necessarily happen in
our study. Similar to our results, Hara et al. found that the number of
‘inference’ was larger in the beginning than at the end of the discussion,
and the number of ‘judgment’ was the other way round.

Lipponen et al. (2003) examined the patterns of students’ partici-
pation and interaction revealed in the discourse of a CSCL (com-
puter-supported collaborative learning) environment. Based on a
data-driven analytical model, they found that 42% of the comments
sent among students were off-topic, which indicated that the discus-
sion was not sustained, but contained many short discussion threads.
In addition, those on-topic comments mainly dealt with providing
information and asking clarification. Furthermore, they found that
some participants had central positions in the interaction while others
were more isolated. The impact of students’ positions in the interac-
tion on learning is still worth investigation. Thomas (2002) investi-
gated the levels of university students’ cognitive engagement and
critical thinking in the context of a course-based online discussion.
The results in relation to cognitive engagement demonstrated that
although some of the students were able to integrate relevant parts
for learning to get a coherent structure and meaning, over half of the
students could only pick up relevant or correct features for learning
without integrating them. In addition, almost half of the messages
showed evidence of high levels of critical thinking. Lai (1997) investi-
gated the patterns of communication and the content of messages of
an undirected as well as uncoordinated public messaging network set
up for teenage students in Hong Kong. The results showed that the
public forum was mainly used for socializing and information
exchange. Only about 13% of messages were related to opinion
exchange, and about 7% messages were involved with explaining or
elaborating opinions. These indicated that a moderator is needed to
foster in-depth and task-specific discussions on a public forum.

Overall, whether online discussion can help people to learn more
deeply depends on the quality of discussion, which can be influenced
by the features of participants and discussion topics, the interactions
between the participants, the purpose, design and organization of the
discussion forums, and not least the moderators coordinating the dis-
cussion. Our study provides an insight into how the participants of
the online discussion groups interacted and what kind of the cognitive
and metacognitive skills were employed during the processes of
discussion. This information may help educators to better understand
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the role of non-course-based online discussion in learning and to
know how to develop this kind of discussion forums for educational
purposes. Tentatively, our suggestions for developing an electronic
discussion forum are as follows. First, the role of moderators is cru-
cial in controlling the quality of online discussion. They can prevent
the participants from straying away from the topics and inspire them
when the discussion does not progress well. Thus, a successful discus-
sion forum must have good moderators supervising the discussion.
We did not provide any data to indicate the importance of modera-
tors in our study because our study was not focused on investigating
moderators’ role. However, the literature on moderation (Mason,
1991; Berge, 1995; Paulsen, 1995; Tagg & Dickinson, 1995; Beaudin,
1999; Salmon, 2000) provided suggestions or evidence supporting our
arguments. In the future research, it would be important for us to
further examine how different moderators’ supervising strategies
would influence the interaction among participants and the amount as
well as the content of the posted messages. Second, based on our
results, the requirement of reply did not really induce the participants
to use more cognitive skills but only could prevent them from deviat-
ing from the discussion topics. Besides, many of the participants of
the R-condition only posted one message on the discussion forum.
We believe that the participants would probably learn more if they
were encouraged to contribute more elaborative ideas to the discus-
sion instead of passively following it. Tagg and Dickinson (1995)
found that student activity was increased by greater encouragement
from moderators. According to Tagg and Dickinson (1995) encour-
agement given by successful online tutors is understood as follows:

Encouragement seems to work but not in the most basic sense of
an occasional ‘‘Well done!’’ Encouragement consists of students
perceiving a continual tutor presence, evidenced both by the
promptness and the frequency of responses. Encouragement con-
sists of messages that address overwhelmingly individuals rather
than the group in general. Finally, encouragement seems to come
through students being able to rely on a pattern of short, succinct
tutor messages that acknowledge an individual’s contribution and
immediately follow with guidance.

In our opinion, a moderator can, for instance, use a reward sys-
tem to constantly encourage the production of more relevant and
elaborative ideas. The reward could be a verbal or symbolic appraisal
awarded by the moderator, which is put by the side of the excellent
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ideas on the forum. In addition, we agree that a moderator should
frequently provide feedback to the participants so that they may feel
more involved in the discussion. Furthermore, assigning discussion
roles, cross-linking messages, and offering interesting topics could also
encourage discussion. Third, we suggest that a moderator can use a
warning or penalty system to discourage the participants from using
the forum for socializing purposes. This may help to reduce the
amount of irrelevant statements in the discussion.

Our study has examined many aspects of the characteristics of
non-course-based online discussion. Some issues are still worth further
investigation, for example, whether or how an individual’s learning is
improved or how an individual’s conceptual change in the processes
of discussion. Moreover, the influence of non-course-based online dis-
cussion on learning is mainly investigated by means of the analysis of
message content. However, people who visit the online discussion for-
um without posting any or any further messages might still benefit
from reading the messages on the forum. It could be interesting to
investigate to what extent those vicarious learners indeed benefit from
reading discussion messages and what may hinder them from posting
messages on the forum. Furthermore, there are limitations in CMC,
so that it does not have the advantages of face-to-face communica-
tions. For instance, the interaction between the participants is more
intensive during a discussion. A question can receive answers immedi-
ately. Besides, the participants can hardly stray away from the topic
in a face-to-face communication. It would also be interesting to inves-
tigate how CMC systems providing images of participants would
affect the effectiveness and the quality of online discussions.

Notes

1. According to Biggs (1987) and Marton (1983), deep learning is associated with

‘‘intrinsic motivation and interest in the content of the task, a focus on under-
standing the meaning of the learning material, an attempt to relate parts to each
other, new ideas to previous knowledge, and concepts to everyday experiences’’

(cited after Chin & Brown, 2000, p. 110).
2. One might argue that participation in discussion would not occur if it is only vol-

untary but not mandatory. Of course, in a non-course-based discussion forum the

number of participants may vary a lot. No participation might happen sometimes,
that is why we said ‘‘potentially’’ more participants may join the discussion, and
we did not say that it will ‘‘definitely’’ happen. However, we do believe that more
voluntary participation occurs in non-course-based discussion forums because the

participants are all volunteers. Our argument was not just a speculation. Based on
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our observation, the participation would depend on many factors such as discus-

sion topics, and discussion conditions, etc. If people can design a reasonable dis-
cussion forum, people will join the discussion willingly even though they do not
get any credit of a particular course.

3. Some researchers might argue that voluntary participation may easily lead to inter-
ruption of studies, and too many people participating in the online discussion of-
ten leads to fragmented discussion. We admitted that these pedagogical
disadvantages might happen, but not necessarily. Based on the findings of our

study (shown later), fragmented discussion occurred depending on the discussion
conditions and how the moderators supervise the discussion forums.

4. A discussion thread refers to the initial message comprising a discussion topic

(cf. Capsi et al., 2003). When the participants of a discussion group stray away
from the main discussion topic, several new discussion threads may appear.

5. One might be interested in knowing what kinds of prior experiences the modera-

tors should have in terms of facilitating online discussion, whether they were
trained before, what we exactly told the moderators, and how we decided these
specific moderators for this study. Firstly, we believe that a moderator must have
high expertise related to the issues being discussed. In our study, for example, the

moderators must be experts in physics, so that they can supervise the progresses of
discussion. Secondly, we believe that moderators must be good at guiding discus-
sions based on pedagogical principles. For example, they should know when and

how they should join a discussion and how to encourage further discussions, etc.
More information about moderators’ roles, functions, and other related literatures
can be found in the article by Paulsen (1995), Mason (1991), Berge (1995), Beaudin

(1999), Tagg and Dickinson (1995), and Salmon (2000).We did not decide the
moderators for our study and did not tell them anything because the discussion
forums already existed before we started our study. The moderators were already

experienced in supervising online discussions.
6. Since the analytical models we adapted already contained 10 dimensions (cf. Ta-

ble 4), we would need at least 50 ideas for conducting chi-square analysis (five
ideas for each cell). Hence, we estimated that only those discussion groups that

at least offered 40 messages (for each message may contain one or more than
one ideas) could meet our needs. Another reason was that there were not many
discussion forums of the NR-condition that contained more than 40 messages.

Taken together, we set up our selection criterion as such.
7. Henri’s analytical model of cognitive skills was based on the tendencies and orienta-

tions of North American teaching programs. For developing the model, Henri used

the taxonomy developed by Ennis (1986) and focused on the cognitive skills pro-
posed in this taxonomy. She grouped the skills into five categories, which were
shown in her analytical model of cognitive skills (cf. Henri, 1992, pp. 128–130). As to
the analytical model of metacognitive skills, she employed the definition proposed by

Deschênes who made a theoretical distinction between metacognitive knowledge and
metacognitive skills. In Henri’s analytical models, there were a model of metacogni-
tive knowledge and a model of metacognitive skills accordingly (cf. Henri, 1992,

pp. 131–133). We only adapted the second one to match the need of our analysis.
8. For example, a participant posed eight messages to a discussion topic. The first

message he or she posted was regarded as ‘‘the first posting’’, and the second

message was regarded as ‘‘the second posting’’, whereas from the 3rd to the 8th
messages were taken for ‘‘the up-third postings’’.
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9. One might argue that sometimes social cues and conversations actually help

participants come back to the online discussions and become more comfortable
with each other, which could lead to more discussions. In our opinion, the use of
social cues and conversations may have positive or negative effects on discussions

depending on the situations. Kling and Courtright (2003) reported their study on
the Inquiry Learning Forum (ILF) which functions as a ‘‘community of practice’’.
In this forum, teachers could discuss interesting teaching materials and reflect on
their own teaching practices. The authors argued that ‘‘in order to build the type

of community of practice sought by ILF, teachers must become willing to engage
in professionally risky conversations in order to build trust and group identity’’
(Kling & Courtright, 2003, p. 233). We agree that mutual trust, familiarity, and

group identity among the teachers can facilitate their discussions on ILF because
people usually would like to talk about their problems or share experiences and re-
sources with someone they are familiar with. That is, using social cues or conversa-

tions would help participants to get to know each other better and thus facilitate
discussions. However, the topics to be discussed in our study were all concerned
with concepts or phenomena of physics (such as ‘‘Why 1 kg=9.8 m/s2?’’, ‘‘Calcu-
lus and instant velocity’’, etc.) Since there is no personal feeling or problems to

talk about under such subjects, we do not consider ‘‘mutual trust, familiarity, and
group identity’’ a necessity or facilitator of this kind of discussions. Moreover,
based on our data, we found that most of the participants used funny words or

symbols as social cues to express their feelings during discussions. None of them
really sought to know each other better or tried to build mutual ties with each
other. Overall, the use of social cues in our study did not contribute to more dis-

cussions but rather led to irrelevant conversations.
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