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Abstract

The purpose of this paper is to show how data mining may offer promise as a strategy for discovering

and building alternative representations for the data underlying asynchronous discussion forums. Presently,

the instructor’s view of the output of a threaded forum is limited to reviewing a transcript or print version

of the written dialogue produced by participants. With potentially hundreds of contributions to review for

an entire online course, the instructor lacks a comprehensive view of the information embedded in the

transcript. In this context, the authors attempt to sort out the question, ‘‘what is data from an online

forum?’’ among other key questions. The present work seeks to intersect the information (i.e., participation
indicators) an instructor may wish to extract from the forum with viewable and useful information that the

system could produce from the instructor’s query. Temporal participation indicators are used to show how

using data and text mining techniques in the query process could improve the instructor’s ability to evaluate

the progress of a threaded discussion.
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1. Introduction

Asynchronous discussion forums are used increasingly in courses in which students and in-
structors interact in academic and social contexts. In instances where online discussions replace or
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supplement face-to-face class participation, instructors often wish to assess the level and quality of
student activity in forums. Research continues to focus on assessing student activity within
asynchronous discussion forums, particularly with regard to how forums can be used to support
active engagement and discourse in instructional contexts (Garrison, Anderson, & Archer, 2000;
Goldman, 2001; Graesser, Gernsbacher, & Goldman, 2003; Jarvela & Hakkinen, 2003; Jeong,
2003). However, many problems contribute to the difficulty of assessing activity in a forum and
providing students with meaningful feedback about their progress and performance. The in-
structor needs to know what information is useful to extract from the transcript to begin a valid
evaluation of student performance in the forum and develop meaningful feedback to the student.
The instructor also needs to have a comprehensive view of the information that is contained in the
written dialogue. In this context, the authors attempt to sort out the question, ‘‘what is data from
an online forum?’’ among other key questions. The emphasis on assessment in this article relates
to how data and text mining concepts and techniques can be used to reduce the difficulties in-
structors currently face in using the output from their course related forums as data to assess
student progress and performance. The authors discuss how the manual process of assessing
threaded discussion forums can be simplified by merging data mining concepts with assessment
criteria and select participation indicators.

Threaded discussion forums are widely used, but there is not an accepted and tested method for
assessing student participation. There are many issues and challenges in assessing threaded dis-
cussion forums. A lack of theoretical grounding of Web-based communication tools for academic
use (Jarvela & Hakkinen, 2003; Koschmann, 1994) has been noted, indicating that the tools (from
an instructional view) have not delivered the extent of discourse instructors desire to achieve in
their online courses. Furthermore, from a system-related view, given the textual nature of most
asynchronous discussion forums, assessment is hindered by limitations of the query and reporting
toolset within the forum that most often produces rudimentary transcribed texts or frequency
count outputs of discourse (Jarvela & Hakkinen, 2003). Jarvela and Hakkinen noted that there is
an urgency to develop ways to organize and analyze data in Web environments to show the dy-
namics of online learning and interaction processes. An essential question is, ‘‘What are the
possible contextual and pedagogical contributors for high quality conversations?’’ (p. 93). The
authors of the present article contend that this question cannot be answered fully until the forum’s
query and reporting toolset advances to provide instructors with alternative representations for
the data underlying the forums. With different views of the data that can be extracted from a
forum, the instructor then has the opportunity to explore in further detail the possible contextual
and pedagogical contributors to online discussions.

For example, an important challenge in assessing threaded discussion forums is analyzing in-
teractivity in terms of its historical progress as a community of learners, or how discussion has
progressed over a period of time within a certain subset of participants (e.g., either for a course or
some other purposeful group collaboration). To determine the quality of engagement of a group
of participants over time, it is not enough to review each contribution simply as a separate and
distinct ‘‘mini-essay’’. Although the content of the posting is important, contributions as a whole
(primarily the flow and exchange of ideas) in the forum discussion process cannot be ignored. This
context can only be determined by viewing the way the forum progresses historically, or over a
determined period. From an instructional view, questions such as: ‘‘When did the student make
postings?’’ ‘‘Did the student respond to postings of other students?’’ ‘‘How immediate were those
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responses?’’, and ‘‘Did other students respond to this student?’’ provide a part of the criteria used
to assess a participant’s contribution as a member of the forum community. Many of these criteria
are not readily obtained from the forum system in an organized form. Rather, the instructor often
has to create a manual mechanism for extracting these ‘‘data’’ from the forum output, making
coding processes difficult and time consuming.

Researchers have developed models for analyzing the process of learning in asynchronous
computer conferencing. (Henri’s (1982) Analytical Model and Garrison, Anderson, & Archer,
2001, 2000) Practical Inquiry Model of Cognitive Presence, are extensive content analysis models
partially based on discourse theory, cognitive theory, and interaction theory. Garrison et al.
(2001) and Jeong (2003) provided an invaluable assessment tool for analyzing learning and in-
teraction constructs reflected in text-based computer conferencing transcripts. One key recom-
mendation that Garrison et al. (2001) made was that there is a need to develop tools that
effectively manage large numbers of messages in longer running online courses. Schrire’s (2003)
follow up study to Garrison, et al.’s work also indicated that the coding process relies heavily on
manual interpretation by the human rater, suggesting that more formidable content analysis tools
should be embedded within the threaded forum assessment toolset to automate coding processes.
Roblyer and Wiencke (2003) provided a rubric for assessing interactive qualities in distance
courses. Their rubric serves as ‘‘a tool to allow for more meaningful examination of the role of
interaction in enhancing achievement and student satisfaction in distance learning courses’’ (p. 77,
abstract). However, presently these and other rubrics are not implemented within the forum
toolset to produce a manageable view of the data that may represent the rubric criteria. The
instructor is relegated to performing a parallel process of mapping the rubric in some way to
whatever form the forum data is presented.

The research related to assessing student interactivity in computer conferencing and asyn-
chronous discussion forums continues to expand to provide new techniques that could be used as
standard assessment practice. In many cases, these works (Garrison et al., 2001; Henri, 1982;
Jeong, 2003; Roblyer & Wiencke, 2003, and others) point to the need for assessment tools to
reduce the cumbersome manual assessment process that burdens the instructor. In the present
article, the authors foresee yet another viable alternative, one that combines data and text mining
concepts within the discussion forum toolset, to simplify the burden the instructor carries in
manually assessing forums.

1.1. Purpose of the paper

The purpose of this paper is to show how data mining may offer promise as a strategy for
discovering and building alternative representations for the data underlying asynchronous dis-
cussion forums. Data mining is a process for examining databases to discover and display pre-
viously unknown interrelationships, clusters, and data patterns with the goal of supporting
improved decision-making (Benoit, 2002). Businesses have used data mining to analyze customer
demographics and transaction history to better target direct marketing efforts (Tsantis & Cas-
tellani, 2001). Although not yet widely used in education, several promising areas for data mining
have been suggested and at least partially implemented in academic administrative applications
such as a system to analyze transfer student records to identify predictors of success (Luan, 2002)
and to automate co-author citation analysis to support scholarly research (He & Hui, 2002). To
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date, no previous work has been found in the literature that combines data mining techniques
with the assessment of asynchronous discussion forums. The present article extends the research
by integrating data and text mining techniques in the forum query and reporting toolset and
extending the instructor’s ability to view various representations of data from a forum. The value
of the present work is to show that simple mining operations can produce useful information for
the instructor such as data related to time, pace, and sequence of contribution exchange. The
strategy for using data and text mining is to support an instructor’s method for providing
meaningful feedback to students.

Three goals are intended by the authors of this paper: (1) to discuss the general system-related
problems that contribute to the difficulty of assessing asynchronous discussion forums, (2) to
identify common participation indicators that instructors may wish to extract from the forum as
‘‘data’’ to use to assess student progress and performance in online discussions, and (3) to describe
data and text mining as a strategy for assessing forums, particularly in providing manageable views
of the data. The first two goals are intended to provide background for the discussion on the
strategy for mining data. The third goal, which is also the primary focus of the paper, is intended to
describe and demonstrate the data mining concepts in detail. The data mining strategy is described
by detailing the appropriate steps of mining data as applied to an analysis of threaded discussion
forum contributions. Demonstrations are given to show how mining provides extended views of
information from the forum. For the demonstrations, the authors have selected specific temporal-
related participation indicators to show how the data mining process can be used to simplify the
manual assessment of the forum, and in essence, to extend how student contributions and progress
can be viewed as data in the output of a threaded discussion. The present work seeks to intersect the
information (i.e., participation indicators) an instructor may wish to extract from the forum with
viewable and useful information that the system could produce from the instructor’s query. The
present work only provides the concepts for data and text mining applied to a forum. The dis-
cussion on text mining is limited to demonstrating one example indicator. In addition, the authors
do not provide an extensive interpretation of the example data in the form of student feedback.

1.2. Context

This paper should be viewed in the context of the following issues:
The authors discuss the system-related problems of assessing threaded discussion forums. The

application of data mining concepts to the assessment process is demonstrated from the view of
one single threaded discussion forum implementation. The authors’ institution provides an online
environment with a customized version of Allaire’s Cold Fusion forum software. This forum
software shares similar features common with those discussion forums widely used in course
management systems (CMSs) such as WebCT, Blackboard, or AltaVista. The techniques for
extracting data from the toolset of these CMSs may differ because of the lack of a standard toolset
for threaded discussion forums. For example, the actual code used to execute the data mining
operations is not included in the paper since the specific queries necessary to extract the desired
information will vary with the software. The data mining concepts that are demonstrated using the
Cold Fusion software can be applied to most CMS threaded discussion forums. Instead of actual
code used for the Cold Fusion software, the authors provide an algorithm for showing the un-
derlying logic of the code.
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The authors attempt to provide a sample of participation indicators that have been noted in the
literature. Common indicators are drawn to use as examples for how data can be extracted either
manually by the instructor, or mined through the forums dataset. The table of indicators (Table 1)
Fig. 1. Threaded discussion board organization – outline view (top) and compiled view (bottom).
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is intended to show only the range of indicators that may be used. The table is not intended to
serve as a rubric for evaluation or as a tool in itself. The authors have selected indicators (Table 2)
that are temporal, such as time, pace, and sequence, to provide a simple demonstration of mining
concepts. To address the aspects of quality assessment in various quantitative and qualitative
forms is beyond the scope of the article.
2. Background

2.1. General system-related problems of assessing forums

Many problems contribute to the difficulty of assessing threaded discussion forums. Two
critical system-related problems of assessing forums are presented in this section: the limitations of
common thread and message organization in a forum and the problems of using forums output as
data for assessing student participation and performance in a forum.

The online environment of the authors’ institution provides a customized version of Allaire’s
Cold Fusion Forum software. Such is similar to the main screen of a typical Web-based
asynchronous threaded discussion forum that contains an open screen where topics, commonly
referred to as threads, are posted. Typically, within a main thread, a group of messages on a
similar topic expands in the form of a response-to-response linear-type list, creating a branching
effect. The system provides an automatic tab indent of posted messages that brings visibility to
the linear progression of the response list. However, the extent of linear progression also de-
pends on manual placement of messages within a thread, allowing participants to manage the
organization of threads, messages, and discussion flow. In this manner, participants select the
thread to which they wish to respond and prepare a response to post directly under the previous
posting. Fig. 1 contains an example of a typical asynchronous thread organization pattern from
an outline view and a compiled view. To show an organized flow pattern from an outline view,
levels are indicated to show where topics are initiated (Level 0), where position statements are
given (Level 1), where response statements are placed (Level 2), and where there is a response-
to-response message placement. The top portion of Fig. 1 shows an outline view of the orga-
nization pattern.

Manual placement by participants produces problems in data organization and flow. An
exact and efficient organization scheme is not ensured given many messages are not placed in
the proper sequence of thread or message response origin. Some threads and message postings
are not well organized, creating a complex branching reply tree and difficulty in following the
flow of discussion. Similarly, threads often become fragmented by theme and by temporal as-
pects of time, pace and sequence (Cazden & Beck, 2003), frequency, and duration of discussion
as contributions build over time. These types of problems inherent in the arrangement of a
typical asynchronous threaded discussion forum restricts thread and message organization, and
to some extent, the level of engagement by participants. The bottom portion of Fig. 1 shows a
compiled view of the organization. The compiled view only contains a few contributions. With
potentially hundreds of contributions to review for an entire online course, the instructor lacks
a meaningful view of the information embedded in the transcript.
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Using forums output as data presents a challenge for the instructor who wishes to assess the
level of contribution and exchange in threaded discussions. The restricted organization of
threaded discussions makes assessing data (i.e., written dialogue) difficult to manage. The forum
design, in its native, textual, and static form, limits the options the instructor has from which data
to support assessment can be queried from the system. At minimum, assessment can begin
through reviewing a transcript or print version of a part of or the entire written dialogue ex-
changed by the class participants. However, the forums transcript is generally static, as messages
or other data cannot be easily moved or reorganized to improve the content flow as needed. Scale
is a related problem in that the dialogue is mainly textual and is varied in size and scope, i.e.,
where contributions typically contain a range from a few words to a few sentences and from short
to very long essay type postings. In addition, the fragmented nature of asynchronous forums in
general, restricts the assessment strategy to primarily a manual level of simple reading and re-
viewing contributions and discussion flow (Williams & Murphy, 2002). Discontinuity, fragmen-
tation, and loss of context of discussion are often evident in discussion threads, particularly when
contributions build over time. When threads become large and deeply nested in a response-to-
response linear list form, the instructor has a difficult challenge to assess the content in different
ways.

Asynchronous forums, like Allaire’s Cold Fusion Forum, may have embedded search tools in
the software that assist with the manual critique of discussion flow, but there are limitations to the
types of data that can be extracted with these tools. The search tools generally restrict assessment
to a query level such as counting the number of threads, messages, and frequency or time stamps
of when responses were posted. The coding scheme of messages is generally regulated to simple
counting and categorization of contributions that are easily visible within the forums transcript
(Jarvela & Hakkinen, 2003).

2.2. Participation indicators as data to assess student progress and performance in forums

A survey of the literature has not revealed a comprehensive participation indicator dataset from
which to draw consistent assessment practice. A defined participation indicator dataset could be
useful to show common or standardized approaches to analyzing threaded discussion forums. In
the present article, the authors use the term ‘‘participation indicators’’ to describe ‘‘data’’ that can
be used to represent the various ways threaded discussion forums can be assessed in qualitative
and quantitative forms. Garrison et al. (2000) used the term ‘‘indicators’’ to represent key words
and phrases that were organized into distinct groups from an analysis of computer conferencing
transcripts. In the present article, the authors contend that the number or type of participation
indicators are essentially unlimited in what instructors could use to define how activities in a
forum are used as data points for assessment.

However, identifying key indicators that are well defined, useful, and extractable in assessing
forums is difficult. Precise definitions for interaction and the levels of interaction, for example, are
not easily identified, as Moore (1989) indicated that the construct of interaction has been given so
many different meanings that the term is often misused. Further, it is difficult to isolate the extent
to which certain participation indicators are extractable from textual transcripts and other usable
forms given the textual arrangement of current threaded discussion forums. The promise of
participation indicators is a vast range of assessment data points from which instructors can
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choose. The challenge in current research is to identify and define clearly a standard set of key
participation constructs and indicators that can be commonly used to assess activity in forums.

In the present article, the authors have attempted to list some common participation constructs
and indicators that have been identified in the literature, specifically focusing on those that may
pertain to asynchronous discussion forums. Some ‘‘common’’ indicators identified in the present
article, having been drawn in ‘‘piecemeal’’ from previous studies, most likely represent only a
subset of the many that actually exist. Nevertheless, the present article draws out the common
indicators to use as examples for how data can be extracted either manually by the instructor, or
mined through the forums dataset. Table 1 provides a sample list of participation constructs and
associated indicators that are commonly used by instructors to assess forums. Many of these are
often undefined or are used in different contexts, making it difficult to appropriately categorize
and match patterns of constructs and indicators. In Table 1, literature citations are noted when
key constructs, phrases, or indicators have stood out in current research. The table is a start for
illustrating the need for a comprehensive list of participation constructs and indicators to be
addressed in future work.

Many of the indicators shown in Table 1 are manually derived by the instructor and not readily
available from the forum system as specific data points. Even in forums where highly organized
threads and manual placement of messages follow the proper sequence of discussion flow, content
analysis becomes difficult to manage. Primarily, the decision criteria an instructor may use to
assess forums vary with the instructor’s experience and training using forums and the level of
content analysis output the system provides the instructor. Content analysis of the forum becomes
a tedious process. If instructors wish to perform a content analysis on a forum, data must be
extracted from the system that represents a wider range of participation indicators than are
currently extractable.
3. A strategy for mining data and text in assessing forums

Since threaded discussion forums are built upon a computerized database foundation, an ex-
amination of that technology would be helpful in an investigation of how to better derive mean-
ingful information from the forum. A database is essentially a system for managing related data.
Data are pieces of meaningful fact that can be observed and recorded. The database provides
structure to these pieces of fact to create models of one or more aspects of the real world with the
goal of making those aspects more easily interpreted and understood (Elmasri & Navathe, 2000).

In the case of threaded discussion forums, the real world model produced by the database is
typically limited to a listing of entries organized by comments and the associated responses. This
structure shows the flow of discussion – tracking who responded to whom, but other meaningful
constructions could be developed from the data. One of the primary strengths of computerized
databases is the capacity to construct multiple views. The twofold challenge is to identify alter-
native views that represent the flow of discussion and restructure the display of the data to show
clearly, what actually occurred in the forum.

In both business and educational applications, data mining has been based on a computerized,
statistical analysis of extremely large databases (Benoit, 2002). Since the forum database is a
relatively small structure, a fully automated implementation of data mining technology is not



Table 1

Common participation indicators used to assess student progress in forums

Participation construct Example indicators (data derived manually by instructor)

Level of interaction in forum; � Level of discussion – high, progressive, low level (Jarvela &

Hakkinen, 2003)

Learner–learner interaction activity

(Moore, 1989)

� Message type: messages, contributions, responses, and general

postings

� Amount of interaction (Wentling & Johnson, 1999)

Degree of ‘‘presence’’ in forum � Early, middle, late, or last minute contributions

Cognitive and Social presence (Garrison

et al., 2000)

� Critical thinking skills – creativity, problem solving, intuition,

insight (Garrison et al., 2000)

� Practical inquiry – triggering event, exploration, integration,

resolution (Garrison et al., 2001)

� Encouraging collaboration among peers (Garrison et al., 2000)

Timing and pace: respond to � Instructor’s definition of the immediate vs. latent continuum

others in a timely fashion � Interval ‘‘wait’’ time (Cazden & Beck, 2003)

� For responses, time between initial posting and response

Staying on topic; � Meaningful and relevant keywords, phrases used to stay on topic

Learner-content (Moore, 1989)

Transitions; � Transitions/continuous discussion

Turn taking activity � Interval ‘‘wait’’ time (Cazden & Beck, 2003)

Shifts in topical focus � Initiating versus responding to topics (Williams & Murphy, 2002)

� Within/outside the boundaries of the thread domain; where the

changes occurred; subtle and dramatic shifts

Extent of instructor interaction; facilitation � Facilitation rating– highly facilitative, informative, useful, non-

facilitative

Instructor–learner activity � Instructor lag time; feedback (Caspi, Gorsky, & Chajut, 2003)

(Moore, 1989) � Defining and initiating discussion topics; focusing discussion

(Garrison et al., 2000)

Teaching presence (Garrison et al., 2000) � Instructor–learner knowledge building processes (Schrire, 2003)

Mandatory/non-mandatory participation � Lag time between postings

� Increased or decreased interaction and mandatory or non-

mandatory directives about topics and group size (Caspi et al.,

2003)

Lurking (Beaudoin, 2002); � Time spent on reading, writing, composing messages

Vicarious interaction � Extent of reviewing vs. participating (Beaudoin, 2002)

(Fulford & Zhang, 1993) � Extensive/exclusive use of summarizing postings

� Absence/lag time between postings

Shared resources � Citations from scholarly literature

� Usable resources such as links to informative websites

Accuracy of message content � Content is accurate, valid, and relevant; writing quality

Accuracy response placement � Responses are placed in the proper sequence

Contribution to ‘‘group process’’

(Gestalt view); group size

� Quality of contributions/the number of contributions made;

conflict/negotiation: agreements/disagreements made in responses

(Jeong, 2003; Gunawardena, Lowe, & Carabajal, 2000)
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Table 1 (continued)

Participation construct Example indicators (data derived manually by instructor)

� Position statements versus new points

� Group think versus individual effort

� Group size and proportion of interaction (Caspi et al., 2003)
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indicated; a manual application of the concepts underlying the data mining process should be
adequate. The strategy for mining data can be applied to an analysis of the forum database to
provide multiple views of the historical progress of a forum. The multiple views of the historical
progress would enable the instructor to assess student contributions in the context of the group
process inherent in the forum.

There is not a single model for mining data. Typically, however, nine sequential steps are in-
cluded in the mining process (Benoit, 2002). Because the database underlying the threaded dis-
cussion forums is a relatively small and well-structured dataset, all nine steps are not necessary to
extract successfully the information necessary to support improved assessment of contributions.
This may not be the case for all types of forums databases. The following section provides details
on how the appropriate steps of mining data as applied to an analysis of threaded discussion
forum contributions using Allaire’s Cold Fusion Forum software.

Step 1: Clearly identify the task

The first step in any data mining procedure is to examine thoroughly the reason(s) prompting
the analysis. In the case of the forum database, the general task to be accomplished is to improve
the assessment of student performance in threaded discussion forum assignments by placing the
student’s participation in the context of the forum’s group processes. Table 1 presents many of the
specific indicators commonly found in forum participation. The goal for this mining operation is
Table 2

Enhanced assessment of student progress in forums: Participation indicators/data extracted from the forum system

Participation construct Example indicators (data extracted from the forum dataset)

Degree of ‘‘presence’’ in forum What is the distribution and frequency of participant’s contributions

through the time frame in which the forum was open?

Lurking � Number of contributions

� Categorization of contributions – early, middle, late, last minute

Level of interaction in forum;

learner–learner interaction activity

What is the distribution and frequency of a participant’s contributions

in terms of initiating versus responding to topics?

Transitions; turn taking activity � Number of Level 1 contributions

Extent of instructor interaction; � Number of Level 2, 3, etc. contributions

facilitation; instructor–learner

activity

� Categorization of contributions – early, middle, late, last minute

Timing and pace: respond to others in a

timely fashion

For responses, how soon after the initial posting was the response

made?

� Listing of each Level 2, 3, etc. contribution

� Number of hours and days after the initial posting lapsed

Shared resources Text mining for keywords, phrases related to topic area
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to discover patterns of data that can provide insight into performance on one or more of those
indicators, such as the indicators listed in Table 2.

In Table 2, the authors selected seven indicators to show how data mining techniques can be
used to increase an instructor’s efficiency in extracting data from the forum system. For the
purposes of providing a simple demonstration of mining concepts, the authors selected indicators
that are temporal, such as time, pace, and sequence, to represent the historical progress of a
community of learners, or how discussions progress over time. These indicators include the dis-
tribution and frequency of the participant’s contributions, represented by number of contribu-
tions and how contributions are categorized in time frames; the distribution and frequency of
contributions in terms of what contributions were initiated versus responded to, represented by
the number of levels (1, 2, 3, etc.) of contributions; time frames of postings and between postings,
represented by number of hours and days lapsed between a response posting and the initial
posting; and, text mining for keywords and phrases related to the topic area to assess shared
resources.

Step 2: Get to know the data available
‘‘Knowing’’ the data available for the data mining entails understanding the underlying

structure of the database. What categories of people, places, or things – entities – are being
tracked? For each entity, what characteristics or attributes – fields – are being recorded? For each
field, what type of data – alphanumeric, long text, integer, date, etc. – is recorded? Finally, how do
the various entities interact – relate? Although one might try to infer this information by reviewing
the output from the database, the only way of knowing the nature of the data available is to
examine that structure. A database administrator would generally handle this task.

The next three steps – Acquisition of data, Integration and checking, and Data cleaning – are
necessary in large-scale data mining of poorly structured data. Because the forums database is
small, well structured, and includes measures to protect data-integrity, these steps are not of great
concern for this discussion.

Step 6: Develop initial questions

The data mining process itself will generate previously unformulated questions that can be
answered through an analysis of the data. However, it is important to start the process with at
least some general questions to be explored. The initial questions for the forums data mining, as
detailed in Table 2, include:
1. What is the distribution and frequency of a participant’s contributions through the time frame

in which the forum was open?
2. What is the distribution and frequency of a participant’s contributions in terms of initiating

versus responding to topics?
3. For responses, how soon after the initial posting was the response made?

Step 7: Mine the data
The actual mining of the data entails writing code to extract the desired information from the

dataset. Since the actual code used to extract the information necessary to answer the three
questions listed above is rather arcane and specific to the Cold Fusion software implementation
used for this study, it is of limited general interest. Of greater interest are the algorithms or logic
underlying the code shown in Fig. 2.

The final two steps of the data mining process – Step 8: Verification and Step 9: Interpretation –
focus on determining what the knowledge derived from the mining process means and how it can
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be used to promote better decision-making. These steps relate back to the start of the process in
which the Tasks were specified. Figs. 4–6 present the decision-support information mined from
the forums database using the algorithms detailed in Fig. 2. How this information will be com-
bined with the more qualitative measures of a student’s contributions to the forum to assess her or
his performance remains for the individual instructor to determine.

The authors selected indicators that are temporal, such as time, pace, and sequence, to rep-
resent the historical progress of a community of learners or how discussion progresses over a
period of time by group or by individuals. To provide the reader with a context for the dem-
onstration of the mining of these indicators, an example is given (Fig. 3) of a specific course
objective that is facilitated by requiring students to participate in a debate or a similar group
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interaction activity. The example also includes the instructor’s criteria and feedback of the online
discussion process.

Mining demonstration of distribution and frequency of contributions (time indicators)
The following demonstration is related to question #1 in Table 2 and Criteria item #3 (level of

interactivity) in Fig. 3:
1. What is the distribution and frequency of a participant’s contributions through the time frame

in which the forum was open?
2. When did the student make postings?
3. How immediate were those responses?

For example, to assess the degree of presence in a forum over a period, such as a week, several
weeks or an entire term, the instructor may be interested in reviewing the indicators relative to
distribution and frequency of contributions in specific time frames. To query the system, the
instructor would input possible date ranges for when and how many contributions were produced
by group or by individual. The scenario in Fig. 4 shows the output of that query: a time frame
range in date format, the author, the number of contributions by the author, and the total number
of contributions a group of participants have made to a specific thread. This information gives the
instructor an organized view of the distribution and frequency of contributions. The instructor is
then able to determine how often a student contributed and if these contributions were early,
middle, late or last minute contributions.

Mining demonstration of distribution and frequency of initiation vs. response (level of interaction
and frequency indicators)

The following demonstration is related to initial question #2 in Table 2 and Criteria item #3
(level of interactivity) in Fig. 3:
4. What is the distribution and frequency of a participant’s contributions in terms of initiating

versus responding to the topic?
5. Did the student initiate responses?
6. Did the student respond to postings of other students?

To assess participation constructs such as level of interaction, learner–learner activity, transi-
tions in discussion threads, and extent of instructor facilitation, the instructor may wish to query
the system to show the distribution and frequency of when contributions were made, what



Fig. 4. Distribution and frequency of contributions.
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contributions were initiated and what responses were position statements or responses to other
responses. In essence, the instructor can query the system for a view of the levels of interaction
(Levels 0–3), and how those patterns were of value to the participant’s effort to sustaining dis-
cussion throughout the thread. The scenario in Fig. 5 shows the output of the query – the week of
contribution, the author, the message level (level of interaction) and the number of contributions
posted. The instructor would then be able to better gauge the level of the student’s engagement
and the depth of exchange on the topic.

Mining demonstration of latency between initial posting and response (timing and pace indicators)
The following demonstration is related to initial question #3 in Table 2 and Criteria item #3

(level of activity) in Fig. 3:
7. For responses, how soon after the initial posting was the response made?
8. To what degree did the student make steady progress in the forum?

Timing and pace, and responding to others in a timely fashion are common indicators used to
assess a participant’s progress. The instructor would query the system to specify the level of in-



Fig. 5. Distribution and frequency of initiation vs. response contributions.
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teraction, the time posted, who the participant replied to, the original date the message was
posted, and the time elapsed (latency) between the initial posting and the response. The scenario in
Fig. 6 shows the output of an organized view for the instructor to determine the extent of steady
progress in the forum, by the individual and by the group.
3.1. Mining the text to assess on topic and shared resources

The majority of the forum data, and the information necessary to answer some of the most
interesting questions that can be generated from Tables 1 and 2 – ‘‘Was the contribution on
topic?’’ and, ‘‘Did the student share resources in the contribution?’’ for example – are contained in
a single, large text field in which the content of the contribution is stored. Since these data are in
an unstructured, text format, they are not accessible through data mining techniques. Text mining
technology is necessary to access this type of information.

Text mining offers access to ‘‘. . . information in unstructured textual form [that] is not readily
accessible to be used by computers’’ (Dorre, Gerstl, & Seiffert, 1999, p. 398). Included in text
mining are the dual functions of extracting items of information – features – from textual doc-
uments and analyzing the distribution of those features across multiple documents to identify



Fig. 6. Latency between initial posting and response.
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patterns of value. These functions can be accomplished through either an automated process
(clustering) in which a set of rules instruct the computer how to identify blocks of text that might
be of interest or a more manual procedure (categorizing) in which the user must first develop a
taxonomy of expressions of interest by which the computer would order blocks of text.

Unfortunately, text mining does not yet offer promise as a tool to evaluate threaded discussion
forum contributions to determine if the contributions were well written and on topic since those
concepts cannot yet be adequately constrained in the current technology. Text mining techniques
can, however, be used to examine the large blocks of text for the presence of specific content that
could address the quality of the posting.

Mining for shared resources. For example, text mining may be useful to assess the participation
construct ‘‘shared resources’’. As there is not a commonly accepted definition for ‘‘sharing of
resources’’ in a discussion forum entry, the authors operationally defined the term as including
Web references or citations from the literature. Web references can be easily mined by searching
the ‘‘Message’’ field for entries that include an ‘‘http://’’ string, and literature citations can be
identified by looking for strings that contain a ‘‘(####)’’ string, in which the # character is a
wildcard representing any numeral. It should be emphasized that a text mining operation of this
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nature will not guarantee the quality of the resources shared, only the presence of an indicator of
sharing of resources.

3.2. Mapping multiple views to student performance and student feedback

It is beyond the scope of this article to provide an extensive interpretation of the data that result
from the mining operations. The intent is to show the need for better visibility of the data. In
short, what is visible from the mining demonstrations of the selected temporal indicators is that
the instructor now has clearer information to work with to determine student performance based
on preset criteria pertaining to level of interactivity and degree of activity. A substantial contrast
is evident when comparing the view of the transcript output in Fig. 1 to the expanded views
provided in the mining demonstrations of the temporal indicators. The expanded views show
clearer patterns of activity and peer-to-peer discussion, ranging from the number of contributions
to the distribution of contributions and responses over a specified time. The expanded views also
provide time ranges, frequency of contributions, and what contributions were position statements
or responses to other responses. With this information, the instructor could begin to answer such
initial questions as ‘‘Did the student respond to postings?’’ ‘‘How immediate were those re-
sponses?’’ The output could be used to determine a student’s collaborative effort in a forum.
Instructors could assign course points or percentages to this effort. Meaningful feedback could
then be generated for the student.

Establishing criteria for forum participation may help students learn how to engage effectively
in an online forum. Therefore, the instructor needs to establish the criteria in advance and decide
what data is necessary to extract from the forum system that represents the criteria. However,
even with tools to assist instructors with managing forum data, providing meaningful feedback to
students will remain to a large degree a highly subjective and inexact method. In other words, an
enhanced tool will not replace the need for the instructor to manage and engage in the process of
assessing student performance and providing meaningful feedback to students. The tool will serve,
at best, to provide and organize information for the instructor.
4. Conclusions

The assessment of threaded discussion forums offers the instructor a number of challenges.
Since two common goals for a discussion forum assignment are typically to foster collaborative
learning and build a community of learners, it is not enough to evaluate each contribution in
isolation; contributions as a whole in the forum discussion process cannot be ignored. In essence,
the forum, as an instance of human discourse, must be at least partially assessed from a discourse
analysis perspective. Unfortunately, current discussion forum technology imposes a double bind
effect on instructors. Although the threaded discussion forum is widely used to support a variety
of course requirements, the instructor is faced with the difficulty of interpreting and evaluating the
learning and quality of participation reflected in the student contributions. When postings to a
single topic can run into the hundreds, span several weeks, and represent many types of contri-
butions, the view of an individual student’s experience in the learning activity is not clear. The
student’s success is represented by the content of the individual contributions posted and the
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context in which the postings were made. The sheer volume of postings makes it difficult, if not
impossible, to analyze content and context for each student. The instructor is faced with the
dilemma of having access to a great amount of data that could potentially be of use in evaluating
a student’s performance but has limited capacity for processing that data into meaningful
information.

Data mining and text mining techniques offer the promise of providing the instructor with
information upon which an analysis of the process aspects of a forum assignment can be based.
Although the results of the mining operations cannot, and should not, replace a careful reading of
each forum contribution, the results can show objective information to questions such as: ‘‘When
did the student make postings?’’ ‘‘Did the student respond to postings of other students?’’ ‘‘How
immediate were those responses?’’ ‘‘Did other students respond to this student?’’ ‘‘Did the student
share resources with others in his or her posting?’’ and ‘‘Did the posting cite a specific reference?’’
This information could lead to meaningful feedback about student’s performance in a discussion
forum. The authors used several time-related participation indicators to show how mining
techniques could be useful in capturing an organized view of the historical progress of a com-
munity of learners or how discussion progresses over time. Other participation indicators should
also be visible from the forums reporting toolset.

The discussion about participation indicators revealed an urgent need for future research to
identify key indicators that are well defined, useful, and extractable in assessing forums.
Without highly defined participation indicators, instructors lack common ground or a standard
set of criteria from which assessment can be consistently made. Participation constructs and the
associated indicators are found in the literature, but in piecemeal, lacking comprehensive or-
ganization and consistent use by educators. This lack of research raises a few important
questions, ‘‘What is data from an online forum?’’ ‘‘How can data be extracted from the forum
toolset?’’ ‘‘How should data from a forum be analyzed?’’ Until there is a more comprehensive
and standardized participation indicator dataset that can be easily extracted from the forum
system, instructors will mostly likely continue to extract manually their own indicators and data
points from transcribed texts. The manual effort can certainly decrease consistency in evalua-
tions and decrease efficiency of instructors’ work, requiring a substantial amount of time and
effort an instructor must expend in assessing forums. Data and text mining techniques can be
one part of the solution to reduce the difficulties instructors face in using their course-related
forums output as data.

The strategy for discovering and building alternative representations for the data underlying
asynchronous discussion forums is important to achieve to extend the instructor’s ability to
evaluate the progress of a threaded discussion. The authors contend that a mining strategy can be
effective, with various participation indicators, and with any formidable assessment model or
rubric that an instructor may wish to use insofar as the forum toolset is programmed to support
the model or rubric.

However, there are also challenges in the data and text mining technology that currently cannot
be mapped to many common discussion forum systems. In text mining, for example, the com-
plexities and inconsistencies inherent in natural language text places advanced text mining im-
plementation outside the scope of current technology (Dorre et al., 1999). Since there are virtually
an unlimited number of ways in which the same concept could be expressed, computers cannot yet
analyze and evaluate the content of text passages unless severe constraints are placed on the
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domain being investigated. Mining within highly specified domains using limited, preset vocab-
ularies has, however, proven to be not only possible, but also productive (Dorre et al., 1999; Li &
Yamanishi, 2001).

Current asynchronous forums and embedded search tools restrict how online instructors can
apply specific decision criteria to assess progress and participation in online discussions. The
deep information discovery level of discourse and participation is not often retrievable from the
reporting tools. The modeling opportunities coordinated by diverse visualization and data
mining techniques in threaded discussion forums could help provide such meaningful output
showing trends, patterns, summaries, and statistics to demonstrate the extent of contribution
and progress in the forum in short and long-term durations, and for other participation indi-
cators.

The authors demonstrated in this paper a strategy for using data and text mining approaches
to extract temporal information from a threaded discussion forum based on Allaire’s Cold Fu-
sion forum software. The general technique should be equally applicable to forums managed by
other systems such as WebCT, Blackboard, and AltaVista. Approaching the problem of mining
forums for useful information with external tools is a workable solution. It is also essential to
expand the query and reporting capabilities into the standard toolset within the forum system. It
is recommended that assessment capabilities become an integral element of a course management
system with the integration of SCORM and other standards for developing CMSs (Advanced
Distributed Learning, 2001; Learning Technology Standards Committee of the IEEE Computer
Society, 2001).
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