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Abstract
Abstract: Previous research on online discussions has focused on university students
learning higher level subjects. The purpose of the current study was to examine
whether online discussions could be used effectively by secondary school students
attempting to learn introductory level topics. Forty-five male students, ranging in age
from 13 to 15 years old, participated in two consecutive online discussions used to
supplement the learning of HTML (24 days) and beginning programming (36 days)
respectively. Students w ere able to actively understand and apply new concepts and
procedures using an online discussion format. The majority of students posted clear,
good quality messages that covered material which went beyond the course curriculum.
Although attitudes toward using online discussions and participation rates were
uneven, most students reported gaining useful information from the discussion board.
More than three quarters of all discussion threads w ere resolved. Finally, and perhaps
most important, participation in the discussion board was significantly and positively
correlated with learning performance.
Résumé: Une recherche antérieure sur les discussions en ligne mettait l’accent sur des
étudiants de l’université s’intéressant à des matières plus avancées. L’objet de l’étude
en cours était d’examiner si les discussions en ligne peuvent être utilisées efficacement
par les élèves du secondaire qui tentent de s’initier à des cours de base. Quarante-cinq
étudiants masculins, âgés de 13 à 15 ans, ont participé à deux discussions en ligne
consécutives utilisées pour compléter l’apprentissage du HTML (24 jours) et pour
débuter la programmation (36 jours). Les étudiants ont été en mesure de très bien
comprendre et d’appliquer de nouveaux concepts et de nouvelles procédures en
discutant en ligne. La majorité des élèves ont enregistré des messages clairs et de
bonne qualité qui abordaient de la matière qui allait au delà du plan de cours. Même si
on a observé certains écarts quant aux attitudes relatives à l’utilisation de discussions
en ligne et quant au taux de participation, la plupart des élèves ont déclaré avoir pu
tirer profit du groupe de discussion. Plus de trois-quarts des sujets abordés ont trouvé
réponses. La dernière conclusion, et non la moindre, la participation au groupe de
discussion était corrélée au rendement de l’apprentissage de façon importante et
positive.

Overview
It has been well documented that properly structured, face-to-face, cooperative learning can have significant
positive effects on learning ( e.g., Dewey, 1966; Johnson & Johnson, 1994, 1998; Kagan, 1997; Sharon,
1999; Slavin, 1995), particularly when students are actively constructing meaning (e.g., Bereiter &
Scardamalia, 1989; Br uner, 1983, 1986; Scardamalia & Bereiter, 1999; Vygotsky, 1978). Over the past ten
years, considerable research has examined w hether the benefits of cooperative and constructive learning
models can be extended to a computer-based environment in the form of online discussion (e.g., Berge &
Muilenburg, 2000; Blignaut & Trollip, 2003; Bonk & King, 1998; Burstall, 2000; Hara, Bonk, & Angeli, 1998;
Knowlton & Knowlton, 2001; Li, 2003; Loomis, 2000; Love, 2002; Mazzolini & Maddison; 2003; Schrum &
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Hong, 2002; Shaw & Pieter, 2000; Son, 2002; Wickstrom, 2003; Wu & Hiltz, 2004; Zhu, 1998). The vast
majority of these studies have focussed on higher education students. Considerably less has been written on
the use of online discussion by secondary school students (Knowlton & Knowlton, 2001; Love, 2002).
However, evidence supporting cooperative learning and constructivism apply to a wide range of age groups,
including adolescents ( Johnson & Johnson, 1994, 1998; Kagan, 1997). It is reasonable, then, to expand the
analysis of online discussions to secondary school students.
The focus of online discussions has been on non-technical, higher level subject areas, such as astronomy
(Mazzolini & Maddison, 2003), cognitive psychology (Hara et. al., 1998), English (Love, 2002), environmental
studies (Thomas, 2002), nutrition (Shaw & Pieter, 2000), reading assessment (Wickstrom, 2003), research
methods (Loomis, 2000) and teacher education (Blignaut & Trollip, 2003, Li, 2003, Son, 2002). No formal
studies could be found involving the use of online discussion in more technical subject areas, such as
computer science or mathematics, particularly with respect to learning introductory level concepts. The
success of cooperative learning and constructivist models is not dependent on topics that are non-technical or
higher level ( Johnson & Johnson, 1994, 1998; Kagan, 1997). These models have been used in a wide range
of subject areas, depending on the level of the students being taught. Given that our understanding of how
to use online discussion in effective and meaningful ways has been described as minimal at best (Blignaut &
Trollip, 2003), it is prudent to expand the range of topics and cognitive processing levels that have been
investigated to date.
The purpose of this study is to broaden the scope of previous online discussion research by looking at
younger participants (Grade 9 students) who were learning introductory level concepts in a technical subject
area (basic computer programming).

Literature Review
A formal model has not been developed to coordinate the wide range of results reported on the use of online
discussions. This study proposes a framework based on Stephen Ceci’s (1990) model of intellectual
development. Ceci’s framework includes three key components: context, person and process. The context
component refers to environmental influences (e.g., initial question, role of teacher, content of discussion),
the person component encompasses personality dispositions (e.g., attitude, style, ability), and the process
component incorporates mental dispositions (e.g., cognitive processing, social interaction). Ceci’s model was
chosen because ( a) it is not excessively modular, like Gardner’s (1983) theory of multiple intelligences and
therefore does not restrict the range of variables that might influence the use of online discussions; (b) it
does account for process components, unlike Gardner’s (1983) theory; (c) process components are
considered domain-specific, unlike those in Sternberg’s (1990) model of intelligence, and this assumption is
consistent with current expertise research (Ericsson & Smith, 1991); and (d) Ceci’s person components permit
an analysis of non-intellectual factors such as attitude and style. Therefore, the “ context–person–process”
framework was used as a lens to organize and interpret online discussion literature over the past ten years.

Context Components
The context in which online discussion takes place has been looked at from several perspectives: quality of
initial question in a thread (Berge & Muilenburg, 2000; Hara et. al., 1998; Savage, 1998; Wickstrom, 2003),
role of the educator/teacher (Berge & Muilenburg, 2000; Blignaut & Trollip, 2003; Burstall, 2000; Figallo, 1998;
Hara et. al., 1998; Knowlton & Knowlton, 2001; Li, 2003; Love, 2002; Mazzolini & Maddison, 2003; Moller,
1998; Wickstrom, 2003), navigational structure (Burstall, 2000; Hammond, 2000; Hara et. al., 1998; Knowlton
& Know lton, 2001; Son, 2002; Wickstrom, 2003), and location of learning (e.g., Hara et. al., 1998; Love, 2002;
Schrum & Hong, 2002).
Previous research suggests that the initial question starting a discussion thread is germane to the quality of
subsequent interaction (Berge & Muilenburg, 2000; Hara et. al., 1998; Savage, 1998; Wickstrom, 2003).
Specifically, more successful questions are clear (Berge & Muilenburg, 2000), provocative (Love, 2002) and
promote higher level thinking (Savage, 1998). One might predict that questions about less provocative and
basic concepts like beginning programming would not stimulate effective discussions. However, Hara et. al.
(1998) noted that clear patterns in questioning were challenging to discover.
The role of the educator in online discussion has received considerable attention (Berge & Muilenburg, 2000;
Blignaut & Trollip, 2003; Burstall, 2000; Figallo, 1998; Hara et. al., 1998; Knowlton & Knowlton, 2001; Li,
2003; Love, 2002; Mazzolini & Maddison, 2003; Moller, 1998; Wickstrom, 2003), although researchers have
yet to agree on the most appropriate strategy for involvement. One school of thought proposes that
educators are critical to the success of an online discussion (Blignaut & Trollip, 2003; Figallo, 1998; Knowlton
& Know lton, 2001; Love, 2002; Moller, 1998). The educator serves to raise the level of discussion to a higher
level (Figallo, 1998). Moreover, giving students the responsibility to determine the direction of discussions
may not be a viable approach (Moller, 1998). The other school of thought claims that educators should let
students construct their own knowledge (Burstall, 2000; Li, 2003; Mazzolini & Maddison, 2003). These
researchers have reported that peer messages are more effective than educator messages at stimulating
discussion and that instructor presence can actually shut dialogue down (Li, 2003; Mazzolini & Maddison,
2003). One might speculate that more active participation of an instructor may not be necessary for lower
level subject areas because there is no need to ask higher level questions. However, an instructor may need
to be involved more in order to correct misconceptions that develop early on in the learning process.
Students and instructors can face considerable problems trying to navigate through a typical discussion
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board. Specific problems observed include length of message (Hara et. al., 1998), number of entries (Burstall,
2000; Hara et. al., 1998; Hammond, 2000; Knowlton & Knowlton, 2001; Son, 2002; Wickstrom, 2003), unclear
subject lines (Hara et. al., 1998) and lack of organization (Chen & Hung, 2002; Li, 2003). In other words, the
number and length of messages can be overwhelming, particularly if messages are not organized well. Chen
and Hung (2002) add that the traditional threaded discussion format may be inadequate for true know ledge
building. There appears to be no obvious reason why secondary school students learning beginning level
programming would experience less or more navigation errors than university level students studying more
complex subject areas.
A large number of online discussions are used in conjunction with face-to-face learning (e.g., Hara et. al.,
1998; Love, 2002; Schrum & Hong, 2002), yet there is no research on how much discussion actually goes on
outside of the school environment. While the assumption may be that students are spending time reflecting
and posting messages at home, there is no data to support this supposition.

Person Components
A wide range of person characteristics have been investigated with respect to online discussion use. These
characterises can be divided into three subcategories: attitudes, ability, and style. Attitude results have been
mixed with some students reporting relatively positive perceptions of online discussion use (Hammond, 2000;
Son, 2002), and others, especially beginners, being reticent to add messages (Hammond, 2000; Mazzolini &
Maddison, 2003; Wickstrom, 2003).
Research on ability has noted that some students have considerably difficulty typing messages (Hammond,
2000; Hara et. al., 1998). The negative influence of poor organization skills and low levels of self discipline
(Schrum & Hong, 2002) has also been documented.
Finally, research on style has revealed the role of humour, sarcasm, or tone in leading to misinterpretation
(Berge & Muilenburg, 2000; Knowlton & Knowlton, 2001) and the distinct roles that students acquire when
participating in online discussions: non participants (Hammond, 2000; Wickstrom, 2003), reflectors (Hara et.
al., 1998), and mediators (Palloff & Pratt, 1999).
An argument could be made that technologically savvy secondary school students might be more comfortable
with and be more able to use online discussion than their higher education counterparts simply because
computers appear to be playing an ever increasing role in adolescent life both inside and outside of school
(e.g., computer games, internet use, instant messaging). More positive attitudes and higher ability, then,
might lead to increased use of online discussion. It is less clear, though, whether secondary school students
would assume the specific roles observed with higher education students, such as reflectors and mediators.

Process Components
The process elements of online discussion have not been looked at in extensive detail. Two key areas have
been examined: social learning and cognitive processes. Vygotsky (1978) was a pioneer in exploring the role
of language in thought. He noted that conceptual learning was a collaborative effort requiring supportive
dialogue. Slavin (1995) added that widespread research supports the positive effects of cooperative learning
on achievement. Online discussion, then, has the potential to support collaboration and concept
development. A number of researchers, though, have reported that true social interaction leading to cognitive
development is rare (e.g., Berge & Muilenburg, 2000; Hara et. al., 1998; Son, 2002; Wickstrom, 2003). In fact
Hara et. al. (1998) report, that most students rarely participate a second time in an online discussion thread.
One might speculate that adolescent students w ould be more comfortable with technology, especially with
respect to communicating with peers. Consequently, social interaction may be more frequent with his age
group. However, it is difficult to predict whether increased interaction translates into socially constructed
meaning and the learning of new concepts.
While detailed content analyses of online discussion have been done by several investigators (Berge &
Muilenburg, 2000; Hara et. al, 1998; Zhu; 1998), only Berge and Muilenburg (2000) and Knowlton and
Knowlton (2001) used a theoretically-based taxonomy to investigate cognitive processes. To date, there is
little systematic research to guide the use of online discussion in promoting higher level thinking, although
Savage (1998) provides a list of reasonable, yet untested suggestions. The current study will use a revised
version of Bloom’s taxonomy (Anderson & Krathwohl, 2001) to look at both knowledge and processing level of
online discussion messages.
It should be noted that because the sample in this study was collected from secondary school students who
were 13 to 15 years old, the level of knowledge and processing may be concentrated at the concrete
operational stage (Piaget, 1954; 1974). In other words, some students may not have developed the ability to
think at a metacognitive or abstract level. Furthermore, the introductory level of the topic might preclude the
use of higher level thinking skills like analyzing or creating.

Summary
Stephen Ceci’s (1990) three pronged, “context, person and process”, model of intellectual development was
used to frame the literature review on online discussion use. Contextual components included the quality of
question starting off a discussion thread, the role of the educator, navigational structure of the discussion
board, and location of learning. Person components included attitudes, ability, and style. Process components
include social leaning and cognitive processes. This model is illustrated in Figure 1.
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Figure 1. Model for Examining Discussion Board Use
The principle research question guiding this study is “Can secondary school students participate meaningfully
and effectively in online discussion about a subject area that is technical and situated at an introductory
level?” The research methods used to explore this question are summarized next.

Method
Sample
The sample tested consisted of 45 secondary school students enrolled in an introductory computer science
course at a private boys’ school in a metropolitan area. The students, all males, ranging in age from 13 to 15
years old, were divided into two classes consisting of 22 and 23 students. The assignment of a student to a
particular class was based solely on his schedule at the beginning of the year. The data was collected and
analyzed a year after the students finished the course. Post facto permission to use the data was obtained
on the condition that the teacher, who saw all discussion board data and grades when the course was given,
would be the only person to view and analyze the data. All names were removed from the data to preserve
anonymity.

Procedure
Students were asked to contribute messages in tw o consecutive asynchronous online discussions used to
supplement the learning of HTML (24 days) and beginning programming (36 days). The online discussions
were part of a regular face-to-face course that met every other day for 90 minutes. Participation in the online
discussion was worth 10% of their final grade. Specific grading guidelines were not provided in order to
encourage as much participation as possible. It was emphasized that messages consisting of questions or
answers would be given equal weighting. It is worth noting that the majority of discussion board research is
based on courses where participation is graded (e.g., Burstall, 2000; Hara et. al., 1998, Li, 2003; Love, 2002;
Mazzolini & Maddison, 2003; Schrum & Hong, 2002; Son, 2002; Thomas, 2002; Wickstrom, 2003). The
discussion board was intended to be student led and the teacher would only intervene if there problems that
students could not resolve. After each of the course topics was completed (HTML first, programming last),
students were asked to fill in a survey consisting of two open-ended questions.

Data Collection and Analysis
Acquiring cohesive and useful information on the use of discussion boards is partially dependent on
developing a consistent, comprehensive, theory-driven metric to assess quality and effectiveness. Currently
there is considerable variation in the tools used to assess online discussion boards (e.g., Berge & Muilenburg,
2000; Blignaut & Trollip, 2003; Burstall, 2000; Henri, 1992; Love, 2002; Mazzolini & Maddison, 2003;
Wickstrom, 2003) which makes it difficult to combine results into a cohesive base of knowledge to guide
practice and education. In addition, the majority of studies have looked at only one or two aspects of online
discussion in detail. Several researchers have attempted more complete and detailed analyses (e.g., Hara et
al, 1998; Zhu, 1998), although the scope is still somewhat limited with respect to the full range of factors that
could influence successful performance.
Because a clear, comprehensive, theoretically-based metric of discussion board use has yet to be developed,
four steps were followed to collect and analyze data. First, an extensive review of the literature was done to
identify measures used to examine and evaluate discussion board use. Second, the measures were
organized according to Ceci’s (1990) “context–person–process” model of intellectual development. Third,
three sources of data were used in order to analyze all of the key measures identified in the literature review.
These included (a) coded online discussion board messages, (b) statistics accumulated by the discussion
board software (Blackboard 5.0) on actual use, and (c) attitude survey data at the end of each topic. Finally,
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where possible, two or more variables were used to evaluate specific context, person, and process
components in order to improve accuracy and validity. Appendix A provides a summary of the specific content,
person, and process components assessed, the list of variables used to measure the constructs, the data
sources, and the references supporting the use of the metric.

Coding of Online Discussion Board Messages
In order to make the coding scheme as transparent as possible, Appendix B provides a detailed rubric for the
key variables used this study.
Statistics on Use
The Blackboard program automatically collected the following statistics: time when message was posted,
number of times a message w as read by others, number of visits an individual student made to the
discussion board, number of days an individual student visited the discussion board, and total number of
posts an individual student made.
Survey Data
Two key questions were asked of students after they completed each course topic:

1. Did you use the discussion board? Please explain in detail why or why not.
2. Was the discussion board useful to you? Explain in detail why or why not.
The responses from students were examined to identify and categorize (a) reasons for/for not participating
and (b) why the discussion board was thought to be useful or not. Frequencies of each category were then
calculated.
Learning Perform ance
External measures of learning performance (term project and term test grades) were used to evaluate the
overall effectiveness of participating in discussion boards. Only one previous study could be found that looked
at how discussion board participation may have affected performance. In that study, Wu and Hiltz (2004)
looked at “perceived”, but not actual learning performance by the students. In other words, the students
rated how much they learned.
The current study examined the relationship betw een discussion board use and actual learning performance.
More specifically, the final term project grade and final exam score were correlated with a the total number of
visits a student made to the discussion board, total number of days that a student visited the discussion
board, and the total number of messages posted.

Results
Overview
Overall, a total of 260 messages were posted for both HTML and introductory programming topics. The mean
length of a discussion thread was of 3.5 messages (SD = 2.3; range 1 to 11 messages) and the average
number of words per message was 48.3 (SD = 46.2; range 1 to 263 words). Subject lines were moderately
clear (M = 1.68, SD =.9; scale range from 0 to 3) and the quality of messages was fair to good (M = 2.3, SD
=.9; scale range from 0 to 4). A typical message was read an average of 29.5 times (SD = 11.3; range 2 to
77). The average time to respond to a posted message was 3630 minutes or 2.5 days (SD = 7377 minutes;
range 1 to 49109 minutes).
With respect to content, a majority of messages were either related to or went beyond the official course
curriculum covered in class (n = 223, 86%). The primary purpose of a typical message was to ask a question
(n = 63, 24%) or to offer an answer (n = 175, 73%). The discussion board was rarely used for non-academic
purposes (n = 15, 6%).

Context Components
Initial question: The impact of the initial question in a discussion thread was assessed by looking at the
effect of five variables (whether the question was easily answered elsewhere, subject line clarity, message
quality, knowledge type and processing level) on the average number of messages read in a discussion and
the total number of messages posted. Ten one-way ANOVAs revealed no significant differences. In other
words, the quality of the first question in a discussion thread appeared to have no significant impact on
amount of subsequent interaction that took place.
Role of educator: Students initiated questions in 95% (n = 50) of the discussion threads started. Students
also posted the last message in a discussion thread a majority of the time (n = 49, 89%). Overall, there were
no significant differences between teacher and student messages with respect to the number of times each
were read, length of message, and how fast a message received a response (response time).
Nav igation: Navigation issues were examined by looking at the effect subject line clarity and location of
message within a thread (message number) on how many messages were read (reading rate) and how fast
a message received a response (response time).
The clarity of a subject line was not significantly related to reading rate or response time. In other words,
messages with clear subject lines w ere not read or responded to more quickly than messages with unclear or
confusing subject lines.
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Message number was significantly and negatively correlated with average number of times the message was
read (r = -.26; p <.001). There is a steady drop in the average number of times a message is read from the
initial message (M = 39.18) to message number 11 (M = 14.5). Message number was not significantly related
to response time.
From the post-task survey data, navigation was reported as the number one problem in using the discussion
board in both the HTML and programming topics (n = 35; 54%). Specific concerns voiced were that is was
hard to find specific content because there were too many messages and too much clicking required to access
messages. Several students thought that the discussion board was being diluted with messages because
students were being graded. A number of students suggested that there should be greater division and
classification of topics to decrease navigation time.
Learning location: Just over half (n = 142; 55%) of all messages posted on the discussion board were
completed outside of school hours. There were no significant differences between in-school and out-of-school
messages with respect to clarity of subject line, message quality, response, time, and number of words,
however messages posted out-of-school were rated as more difficult to answer than messages posted inschool (p <.05).

Person Components
Attitude: The measure of attitude in this study focused on perceived usefulness of the discussion board. In
the post-task survey, over one third of the students thought the online discussion was an effective learning
tool (n = 24/65; 37%). With respect to actual use, 38% of the students used the discussion board frequently,
25% occasionally, and 27% not at all. Almost two thirds (65%) of the students reported that they had
received useful information, while one third (39%) thought they had provided helpful information. Eight-two
percent of the students indicated that grade was not a key motivator for participating in the discussion board.
Ability: The discussion board ability of students was examined using four variables: message clarity,
message quality, course knowledge, and external resources used. A majority of messages were clear (n =
174, 67%) or somewhat clear (n = 70; 27%). Only 16 messages (6%) were unclear. Message quality was
good or excellent 41% of the time, fair 47% or the time, and poor or incorrect 12% of the time. The content of
messages was directly related to (n = 78, 30%) or went beyond (n = 145, 56%) the course curriculum
material. Non-academic (n = 24, 9%) and administrative issues (n = 6, 2%) were discussed infrequently.
Finally, students did not cite resources in their messages one third of the time, however they did refer to
specific coding examples (HTML or programming) in 41% (n = 105) of all messages posted. Web site
references were a distant second in terms of resources noted in a message (13 %; n = 34).
Style: Individual style differences among students who posted at least five messages were observed in the
average number of messages read (p <.001), average response time (p <.001), number of words used (p
<.001), and message quality (p< .001). Students also differed with respect to the number of messages they
posted ranging from 1 to 17. Students did not differ significantly with respect to clarity of subject line,
knowledge type, and processing level demonstrated.

Process Components
Social learning: Evidence for social learning was based on length of discussion threads, number of messages
read, primary focus of posted message, whether new knowledge was added, the number of situations where
students participated two or more times in the same discussion thread, and whether the discussion thread
was resolved.
The number of discussion threads containing 5 or more messages was 26/55 or 47%. The mean number of
times a typical message was read was 29.5 (SD = 11.3) and ranged from 2 to 77 times. Specific responses to
other students in the form of questions or answers occurred in 66% of all messages posted (n = 172). New
knowledge was added either indirectly (n = 69, 27%) or directly (n = 103, 40%) in a majority of messages
posted. Students participated in the same discussion thread two or more times in 13 out of 28 HTML
discussion threads (46%) and 10 out of 35 programming discussion threads (29%). Finally, collective
information was provided by students that either resolved (n = 51, 37%) or went beyond resolving (n = 49,
36%) questions asked in the discussion threads.
Cognitiv e processing: Based on Bloom’s revised taxonomy (Anderson & Krathwohl, 2001), the predominant
knowledge type demonstrated was procedural (n = 140, 57%), followed by conceptual (n = 51, 21%) and
factual (n = 50, 21%). Metacognitive knowledge was present in only 3 out of 244 messages evaluated. With
respect to processing level, students displayed understanding most (n = 85, 35%), followed by remembering
(n = 66, 27%), applying (n = 52, 22%), analyzing (n = 31, 13%) and evaluating (n = 10, 4%).

Learning performance
Learning performance (final grade on term project and term test) for both HTML and beginning programming
topics were significantly and positively correlated with number of visits, numbers of days visited, and number
of messages posted, with one exception—the number of visits the HTML discussion board was not
significantly correlated to the final w eb page project grade (see Table 1).
The results above are supported by the post task survey where over one third of the students reported
learning significant concepts using the discussion board (n = 24/65; 37%).
Table 1. Correlations Among Discussion Board Participation and Learning Performance Measures
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Discussion
The main research question in this study was “Can secondary school students participate meaningfully and
effectively in online discussion about a subject area that is technical and situated at an introductory level?”
Overall, the evidence suggests that students of this age group can use online discussions successfully to
learn basic programming. A majority of messages in the online discussion contained information that was
related to or went beyond the course curriculum and these were read frequently by nearly three quarters of
the class. Over 70% of all discussion threads were resolved. Additionally, significant correlations between
discussion board participation and final grades supports the premise that online discussion can supplement
the learning of technical, introductory level concepts for secondary school students.
A more detailed analysis, guided by Ceci’s (1990) “context–person–process” model of intellectual
development, reveals key similarities and differences between secondary school students discussing basic
programming concepts and university students conversing about higher level concepts.

Context Components
Initial question: The impact of the initial question in a discussion thread had a marginal influence on
participation, unlike previous results that specifically advocated the use of higher level, provocative questions
(Berge & Muilenburg, 2000; Love, 2002; Savage, 1998). A reasonable argument could be made that higherlevel, controversial questions would not be appropriate or necessary for a discussion board focussing on
basic level programming. The role of an initial question, then, may be dependent on the content being
discussed.
>Role of educator: The educator in this study did not dominate or excessively stimulate discussion. Students
initiated questions and provided conclusions for the vast majority of discussion threads. This finding supports
the philosophy of allowing students to construct their own knowledge (Burstall, 2000; Li, 20003; Mazzolini &
Maddison, 2003). Students w ere not only successful at interacting and building new knowledge, but their
participation appears to be related to better performance on final projects and tests. This result does not
preclude the possibility that they could have performed even better if the teacher had taken a more active
role. It does indicate, though, that students are capable of taking responsibility for a discussion and learning
new facts, concepts, and applications without significant teacher intervention and participation. Since much of
the knowledge covered in the discussion board went beyond the standard curriculum and students
participated in discussion outside of class more the fifty percent of the time, the online discussion board has
the potential to be a powerful supplement to a traditional computer science classroom format.
Nav igation:Navigation problems observed in this study were consistent with previous research. The large
number of entries (Burstall, 2000; Hammond, 2000; Hara et. al., 1998; Knowlton & Knowlton, 2001; Son,
2002; Wickstrom, 2003) and poor organization of messages (Chen & Hung, 2002; Li, 2003) were identified as
problematic by secondary school students. Unlike previous results (Hara et. al., 1998), subject line clarity had
little impact on whether a student read or responded to a message. Students in this study, who started with
a limited knowledge base, might have been less discriminating and more accepting of unclear subject lines
while they are learning basic concepts.
The observation that reading rate dropped sharply after the first message, and then declined at steady rate
brings up two critical questions: how many messages are users willing to read within a specific discussion and
why do they stop reading. Chen and Hung’s (2002) speculation that the traditional online discussion format is
limited with respect to supporting true and personal knowledge building was not backed up by the current
results. As stated earlier, most students, in spite of the navigation issues, managed to participate regularly
and learn effectively. Nonetheless, features such as notifying the author of a message when there is a
response to that message or providing specific prompts to encourage knowledge building may improve
learning (Scardamalia & Bereiter, 1999).
Location of learning: The discussion board in this study was used to supplement the teaching of a
secondary school course in introductory programming. Clearly, students were willing to participate outside of
school hours. This result is even more powerful given a majority of the topics covered on the discussion board
went beyond the curriculum and use of the discussion board was significantly correlated with learning
performance. In fact, more difficult topics were discussed at out-of-school than in-school time.
Successful, meaningful, and effective use of discussion boards outside of school hours could prove to be
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beneficial to educators. In large classes, it is often not possible to answer the range and number of questions
raised during class—the discussion board offers a viable and effective alternative.

Person Components
Attitude: The mixed attitudes toward online discussion expressed by secondary school students are
consistent with previous research on higher education students (Hammond, 2000; Mazzolini & Maddison,
2003; Son, 2002; Wickstrom, 2003). Roughly one third of all students said they used the discussion board
sparingly or not at all. They noted that either the discussion board did not match their personal style of
learning or that that they thought there were more efficient ways for them to learn (e.g., using a book,
talking with someone, using the Internet). Another third of all students appeared to have an indifferent
attitude toward online discussion, using it only on occasion. The final third were enthusiastic participants who
received and offered new ideas frequently. These differences in use and attitude should be noted by
educators. While some students may thrive with this tool, others need more convincing or may not be
prepared to use the discussion board at all. Note that the policy of grading participation, practiced by
numerous educators (e.g., Burstall, 2000; Hara et. al., 1998, Li, 2003; Love, 2002; Mazzolini & Maddison,
2003; Schrum & Hong, 2002; Son, 2002; Thomas, 2002; Wickstrom, 2003), may need to be re-examined if
only a limited number of students actively and enthusiastically contribute.
Ability: Secondary school students’ ability to use the discussion board appeared to be high. These students
posted clear, good quality messages that met or exceeded course expectations almost 90% of the time. Poor
typing skills (Hammond, 2000; Hara et. al., 1998) and low level of self discipline (Schrum & Hong, 2002)
reported previously did not appear to play a prominent role in this study.
Style: To date, individual differences in using a discussion boards have not been looked at in a systematic
way, although anecdotal evidence suggests that students have different styles or roles (e.g., Hammond,
2000; McGrath & Hollingshead, 1994; Palloff & Pratt, 1999; Wickstrom, 2003). The results from the current
study support previous anecdotal observations. Students could be differentiated based on number of
messages they read, how fast they responded to messages, number of words they wrote, and the overall
quality of their messages.

Process Components
Social learning and cognitiv e processing: There is clear evidence that the secondary school students in this
study were genuinely engaged in social activity. Many discussion threads exceeded 5 messages, and a
majority of posts consisted of specific responses to fellow students’ comments and problems. As well, roughly
one third of all students participated in the same discussion thread at least 2 or more times.
Social “activity” does not necessarily guarantee that social “learning” is taking place (e.g., Berge &
Muilenburg, 2000; Hara et. al., 1998; Son, 2002; Wickstrom, 2003). The analysis of the discussion board
messages in this study, though, suggests that students were actively and cooperatively trying to understand
and apply new HTML and programming concepts. Furthermore, they were successful in collectively resolving
almost three quarter of all discussion threads.
However, metacognition, analysis, and evaluation cognitive processing levels were not observed often. This
result is partially predicted by Piaget (1954, 1974), who notes that formal operations may not occur in
younger students. Case (1992, 1998) suggests that abstract thinking, indicative of the formal operations
stage, might be accelerated if a student acquired more advanced knowledge of a particular topic. However,
the two topics taught in this study w ere introductory in focus and it is unlikely that many students had a
highly developed knowledge base. One other explanation for the absence of higher level knowledge and
processing might rest in the task oriented nature of the introductory computer science curriculum. Students
were primarily focused on learning specific w ays to do particular procedures, not reflecting about the process.
The final piece of evidence to suggest the existence of social learning was the positive and significant
correlation between discussion board participation and performance on a term project and exam. Students
who participated regularly in the online discussion performed better than students who were less involved.

Theoretical Implications
Three key theoretical implications can be drawn from this study. First, the evidence collected in this study
suggests that that (a) secondary school students are capable and willing to engage in online discussion and
(b) introductory level concepts of a more technical nature can be discussed meaningfully and productively
using an online format. These findings are consistent with a considerable base of research on cooperative
learning ( Dewey, 1966; Johnson & Johnson, 1994, 1998; Kagan, 1997; Sharon, 1999; Slavin, 1995) and the
principles of constructivism (Bereiter & Scardamalia, 1989; Br uner, 1983, 1986; Scardamalia & Bereiter, 1999;
Vygotsky, 1978).
Second, Ceci’s (1990) model of intellectual development provided a much-needed descriptive framework to
organize previous research in online discussion and interpret the results of this study. This kind of framework
is an important start to bringing together the widely disparate results reported in previous online discussion
research.
Third, the comprehensive, theoretically driven, collection of measures used in this study to assess the use of
online discussion provided valuable and detailed information. Researchers should be encouraged to use more
wide-ranging metrics in order to resolve discrepancies that currently exist in the online discussion board
literature.
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Educational Implications
There are a number of educational implications for the use of discussion boards that emerge from this study:

1. Online discussion was used effectively by secondary sc hool Computer Scienc e students to solve
significant problems that would not have been discussed during a traditional class where the
teac her-student ratio is high;
2. Topics on the discussion board not only exceeded standard c urric ulum expectations, they were
resolved a majority of the time;
3. Participation by the instructor was not critical or necessary for effec tive discussion to oc cur;
4. Meaningful partic ipation in online discussion occurred outside of school hours;
5. There are individual differenc es among students and their use of discussion boards. Not all
students learned using this tool, however, most students gained some useful information from
online discussions;
6. The commonly used policy of grading participation in online disc ussions may need to be revisited
given that only one third of the students in this study actively participated;
7. Regular partic ipation in online discussion was signific antly correlated with c lassroom performance.

Caveats
The results of this study should be treated with a certain degree of caution for the following reasons:

1. The sample selection is c learly limited: all boys from a private school. Additional research needs to
be done on more diverse populations.
2. The topic of the discussion board in this study was computer-related. Different results might be
observed for other introductory level topic s.
3. The analysis of attitude in this study was based on two open-ended questions. A more detailed
examination using direct questions may reveal richer and more informative insights.
4. Even though a majority of students said that grading participation did not effect their
involvement, it would be worth examining online discussions where participation was not graded
5. Online discussion was used as a supplement to face-to-face c lasses. The results might be
markedly different if students did not have face-to-face interaction.

Future Research
A natural extension of this study would be to examine more diverse sample populations and different
technical subject areas such as mathematics or science. In addition, research is clearly needed on addressing
the navigation challenges that all students, regardless of educational level, appear to experience. Exploring
online, introductory level courses without face-to-face interaction would add another dimension to the results
observed in this study. Finally, and perhaps most importantly, researchers of online discussion need to work
toward building a model of discussion board use through the use of more systematic and comprehensive
metrics.
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Appendix A
Variables Used to Analyse Discussion Board Messages
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Appendix B
Detailed Rubric for Assessing Online Discussion Data
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