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ABSTRACT: Forums for discussion are one of asynchronous camuation tools that have been
widely employed in all platforms of distance leamgas important means for communications between
learners, and between learners and instructorsistisg forum users during and after their
communications and providing them more useful mfttion on their activities are our research
interests. We present in this article our reseanairks, which mainly focus on how to finely track th
user’'s communication activity on the discussiomfios. We state the potential elements of problems in
keeping tracks of the user's activities while ughgdiscussion forums and in exploiting the coddc
tracking data. We present next the approach folding the tracking system, applicable on different
discussion forums. An example of how the colletrsaking data are being analyzed and visualized in

order to help the participants in the learning pess, is also included.

KEY WORDS: E-learning, discussion forum, tracking system, Knag learners'
activities, exploitation of traces, and visualizingces
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1. Introduction

The tracking data of the learner's communicatidiviies on discussion forum is known as a
significant source of information, allowing the ingtors to be aware of the activities that
were carried through, along with their outputs. le&racking data collected within learning
environments is considered an important elemengpikg the instructors informed of
different learning aspects of learners, like thegpess of the learners’ activities [1] and the
exchanged communications between the learners][2][Bis allows the instructors to
supervise each individual as well as groups ofnkea while being in remote situations.
Furthermore, by analyzing the traces in collabweatearning environments, the instructors
could evaluate social and cognitive aspects ohlar[4]. The synthetic information derived
from the analysis could as well help learners meuigeir own behavioral aspects and that of
others [5]. Last but not least, tracking data plagsther role in helping both the researchers
and the developers improve the learning platforms develop adaptable educational tools
that match better the needs of each user [6]. Athese references affirm the reasons why
each trace acquired from learning environments ohagusly become more advantageous to
various participants in the learning process, idiclg, the teachers, the researchers and the
developers.

Our research is particularly interested in designamd developing a generic system for
tracking user’s activities while using communicattools in their distance learning activities.
The approach we present in this paper is for bugidracking system for observing and
analyzing users' activities on any type of disaus$orum. Later in this section, we will focus
on a study of principal elements of challengesracking user's activity in forums and
exploiting tracking data. In section 2, we desctihe different components of our approach.
We present in section 3 a Web-based tracking sydtdtowed by an example of visualizing

traces.

1.1. Reflections on how tracking data are being cap tured and

exploited

We discuss in this section the lack of functiomeditof existing forum tracking systems and
the ways traces are being exploited.

» Log files and their difficulties :
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Log files are often used by forum developers tpkieack of user's communications in forum.
Data (traces) in log files are in general a sesiesvents, dated, timed, and accompanied by
other event attributes, which represent activitiea single or multiple users while interacting
within the forum (i.e. display messages, post nexgsages on forum, etc.).

However, the traces stored in log files have beealy exploited by the forums users (learner
and instructor) either because of the ignorandbaf existence, or because the traces do not
match the exigency of the users. Moreover, the &brof traces in a log file varies from one
forum to another, due to the absence of standdraizand the fact that each log file depends
on how it was generated. This point often causedlpms for the reusability and the
exploitation of existing traces. Besides, thera lack of semantic aspects for traces stored in
log files (i.e. pure text log file). To manipularaces in log files without specific tools, some
operations such as searching, sorting and updalitg, are constrained and laborious for
non-computer specialist.

Therefore, creating and storing traces of commuioicaactivities should be done with strict
specifications in accordance with the standardsrales so that the recorded traces can be
accessible by the participants in the learning ¢gec as well as the researchers and
developers. As an example, the traces should berided and structured by using only
extensible and explicit model of trace.

e Capturing users’ activities on forums :

In order to track finely the users’ communicatiatiaties on forums, the tracking system
must observe closely where the activities are gtinge carried on. However most systems
were designed to observe user's activity only ensérver side, the user's interaction on the
client side is completely ignored. In this case ¢nanularity of traces should be rather large
and the information returned from the trace analysight not be accurate enough to reflect
the complete activities of users during their comroations on the forum. In our study, we
define the traces of user's activities by a contfwosiof two parts of the traces: a part that
represents activities on the server side, whiatolkected at the moment of exchanging user
queries between client browser and server, anchanpgrt that represents interactions on the
client side, which is collected when the user besvthe forum without sending request

queries to the server (editing messages, movirailisars, etc.).

Another remark we made about the existing traclkipgfems is that the activities of lurkers
on forums have never been tracked down and fimadhe of the tracking data of the lurkers

has been recorded. Even lurkers are sort of usdre do not participate in the
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communications between other users and who areisibte to other users when online, they
are recognized as an important part of Internetroanity, as mentioned in [7]. The research
works presented in [8], [9] are dedicated to steidad lurker's behavior on virtual
communities (groups of discussion, newsgroup, Usene but not the traces of their
participation in those communities.

One of the particularities of our research is tnaghurker's activities and studying their traces
by hoping to address more convenient supports iafausers, especially the instructors so
that they can be more aware of other user’s aisvih the forum, including lurkers'.

» Storing the collected tracking data :

We usually encounter in this stage some problerase to the choice of representing the
traces and the repository type to store the tre8ege each choice was made just to match
each individual need, traces of user’s activitiesesl on existing forums is often carried out
in an ad-hoc manner, which either confines thealeilisy of data in different purposes or
makes data exploitation difficult (i.e. traces d¢@nhard exploited independently by different
exploitation tools). To avoid this kind of situatiotraces should be represented in a generic
format, from which another standard or specificnfat can be created to represent the
identical trace.

For the tracking data that being collected fromtinics sources (client and server), the
synchronization process must be envisaged. A tiraale will be the result of synchronized
and structured tracking data. It is also needfdawsider at this stage, the means to enrich the
recorded traces: the fact that traces are beingifiedcdby adding more descriptive data
(supplementary information) to its original repnesgion, allowing traces to be restructured,
transformed into another format of representatmm, reusable for other future uses.

* Analyzing and visualizing tracking data :

The tracking data are made up of certain infornrmatwhich is not directly interpretable by the
forum users without the assistance of trace armalgsid visualization tools. The major
problems we are regularly facing in this stageratated to the effectiveness and the quality
of the analysis. The treatment and analysis metised must be able to extract from traces
the synthetic information that describes explicitilge activities carried through the
communication activities on discussion forum (What exactly happens after this student has
logged on to the forum? How to tell if a message mat been entirely displayed by a user?
etc.).

Regarding the traces visualization, various visoahs of traces are to be considered: textual,
histogram, or graph with multi dimension. The malea is to allow the forums user to
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visualize easily the results returned from the ysial In order to facilitate users in visualizing
traces, the visualization tools must be equippeth vitiendly Graphic User Interface
components, by which users could easily interroglatetrace repository by simple formal
query and transform traces into graphical represems. Yet some visualization tools
provide only the overview of users' activities aritén in a unique form. To improve upon the
deficiency of such tools, the visualization todi®sld enable users to visualize, as rigorously
as possible, the traces of users' activities anel $hme traces in different visual

representations.

1.2. Research objectives and methodology

We are interested in contemplating the possible sway finely tracking the users’

communication while using discussion forms in théistance learning activities. Based on

the results of our first Web-based tracking sysféfj, which was specially developed for

CONtextual FORum (CONFOR) [11],[12], we are ableidentify more precisely the most

fundamental elements of problem related to theectbn and exploitation of user’s tracking

data while using discussion forums, like mentioimethe section above. Thus, the approach
presented in this paper is to accomplish the fahgvobjectives:

* Keeping tracks of any sort of user, including lugkeand on both client and server side,

» Define the granularity of traces (compilation adking data on server side and tracking
data on client side) and handle necessary opesatooh as synchronizing, structuring,
updating traces, etc.

* Represent collected traces in an extensive formdhat they can be easily restructured
and retransformed into another format of represemta

» Visualize traces with graphical representations.

e Support both instructors and students in theirdadkexploiting traces of users' activities
on forum.

We have studied a number of discussion forumsconemon points and the particularities of

each forum. This allows us to propose trackingewsarchitecture, which is applicable in

different discussion forums. We have as well taketo account of AFNOR (French

Association for NORmalizations, http://www.afnoy,frabout technical information on

collaborative tools and data modeling in discuss@mums. The choice of working with this

standard allows us to:
(1) Identify all common functionalities used for comnzation within forums,
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(i) Clearly define which user's activities to be tratkevithin their forum

communications,

(i) Build our approach of modeling traces of user'svdigts, without being slanted to

any particular discussion forum.

Regarding the system development, each system cwnpeovas developed as independent
modules, and each module can be integrated inreliffetypes of forums with a minimum
modification in the existing forum codes. In oueustudy cases, we have created different

use scenarios and tested them with different tgpesers. The results obtained from the tests

were then used for evaluating our system.

2. Suggested approach

The figure 1 presents our suggested approach ftaitg tracking system for forums and the

chain of trace exploitation. The approach can egved in three levels:
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Figure 1. Overview of Suggested Approach for Buildig Tracking
System for Discussion Forums

- First level is bbserving and generatingtracking data”. The different observation
componentsare specifically designed with a numberTofices Collectors (TC) which

take care of observing and capturing the userigitges on the forum. An observation
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component describes how an activity on the forum lwa performed by a user and how
the trace collector generates instantaneouslyirédoking data representing that activity.
The trace collectors on the server sidECK server) observe the activity of the
communications occurring on the server. The tragéaors on the client sideTCj
client) observe the interactions on user workstatioreiitlinternet browser). The raw
tracking data generated by each trace collectdrbeihext synchronized and transformed
(structuring and transforming tracking data) into a structure, which conforms to a
describeduse model(cf. part 2.1) before being stored in the traces#pry.

Second level is éxploiting and enriching traces. The trace repository presented in
this level can be a database server or a collecfidites that contain the structured traces
submitted from the first level. The exploitationtb traces is defined by operations such
astreatment and analyzing traces,and a series gbrocedures for visualizing traces
The traceenrichment operations we have mentioned earlier, are foruestring traces
by adding more information to their original repretations; or transforming traces into
another format, which can then be used in otherloggpion tools. The synthetic
information extracted from the analysis will paksotigh the pipeline of procedures for

visualizing traces.

Third level is“visualizing traces. Each module of this level is built with GrapHitser

Interface components for visualizing synthetic miation provided by the second level.
The visualization is also feasible in differentuas forms, according to the parameters
indicated within the information to be visualizethd independently of the visualization

tools.

We give below the explanation of whatuse modelis, and for what purpose it is used. Next,

we present how traces are being structured anedstorthetrace repository.

2.1. Use model for user's activity on forums

A use model enables us to (i) define the contexisef’s activities and (ii) identify every user

action on the interaction object and its associatezhts. As shown in figure 2, a use model

for an activity called «Post a new message» onfaheém. The interaction objects in the

context of this activity could be a «Post new» titta «Form for a new message», and a

«Submit» button, by which users employ to postva message.
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User Action Interaction Obiect Events

@ — Post new ——@

Form for a
new message

O T R Gt

Figure 2. An example of a use model for an activitgPost a new message»

The arrow (1) represents a sequence of event hagpehen the user clicks on the «Post
new» button to open the «Form for a new messagesder to write a new message. This

form comprises several other interaction objectsluding a «Submit» button. When the user
clicks on the «Submit» button (arrow 2), there mother event called «Send message»,
representing the action that the user's messadeeiisy submitted to the server. The

identification of the interaction objects and the&caessive events to be observed let the
tracking system take into account every user'saotmns with those objects, and to produce
simultaneously the tracking data of user's acésiin accordance with its defined use model.
In this way, each use model indicates how to olesemhen to capture the interaction, and

what to generate as tracking data.

2.2. Structuring Traces of User's Activity on Forum

Figure 3 presents the structure of traces beingedto the trace repository. We define a

general structure of trace by an alternate sequefistatesandtransitions.
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Activity i at new instant Tj

Activity i > Events

Instant Ti Transition

Instant Tj

Figure 3. Structure of Traces of User's Activity onForum

A state represents the instantaneous state of an activitthe forum. Atransition results
from one or many events produced by users' interectduring their activities on forum,
which particularly make changes to the states ofetivity from instantTi to instantT].
According to figure 3, ainstant Tj a user performs aActivity i, in which more than one
event can be occurred. Within this activity, an réaveakes a transition and changes the
current state of thActivity i to another state (atstant T), which can be either a new state of

the sam@é\ctivity i or a new state of another néativity j.

Let us give an example of how we structure theesaaf the activity Rost a new message
The event that represents the user's interactiorthear browser, such as typing a message,
moving scrollbar upward or downward, etc., will t&@ptured by traces collectors on client
side.

The tracking data will be generated and temporatilyed on user's workstation. Such event
does not make changes to the state of the curedivityn But, if the user clicks on the
«Submip button, there is a transition: the written messisgbeing submitted to the server.
After the submission of the message, user is ngeloat his/her current activityPest a new
message, but he/she is now at another state of another aivity, as isplay posted

message or Return to forum index
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At each transition, the temporary tracking dat&vmusly stored on client workstation, will

be submitted to the server. These data will be sgrthronized with those on the server,

structured and stored in the trace repository.

2.3. Trace Repository

We chose the relational database MySQL to implentteattrace repository. The choice of

using a relational database for storing traces sefr'sl activities on the forum has several

advantages such as:

Traces are structured in a rich format.

Traces can be easily restructured and transformi@danother format, such as TXT or
XML.

The operations for traces manipulation such agstiose modification, etc., can be easily

performed with simple SQL queries.

We present briefly below the five tables of thec&raepository that contain the relational

information used for structuring traces.

Table User. In general, each forum database possesses a ttadilestores only the
information of the forum subscribed members. In case, the tablgseris used to store
the information of every other user, such as guestsout password or non identified
users.

Table UserType contains the information that represents user'silgsoon forum (i.e.
learners, instructors, etc.).

Table Activity stores the information of the different activitieé communication on
forum (i.e. browse forum, exchange messages omfoexchange private messages, etc.).
TableActivityCategory is for storing the information of the differenttegories of traces
(i.e. traces of users' activities on forum, tracEs users' interactions on remote
workstation, etc.).

Table Transition contains the final result of traces representimg wser's activities in

forum.
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3. A

Web-based tracking for contextual forum

3.1. Recorded tracking data of a use scenario

The system we have developed is a Web-based syaffeming support for the task of

tracking a user's activity on a contextual forum.n@mber of tests were conducted with

different use scenarios, which mainly represent momcation activities of both active

members and lurkers. We present below one amorgy affe scenarios that consists of user's

activities on server side as well as user's intenas on client side.

w0 NP

m

IDTran « User
1904 Gregory
1905 Gregory
1906 Gregory
1907 Gregory
1908 Gregary
1909 Gregory

1910 Gregory

A userGregory, logs on to the server, where the forum is hosted

He displays th&hotoShogorum

He clicks on théHelp hypertext to read the help messages of forum

He clicks on a title of the message in the forBmotoShopto read the message
contents

He moves the vertical scrollbar downward to repar of the message

He continues moving the vertical scrollbar downwéod reading till the end of the
message

He clicks on thd&replybutton to answer this message

Activity Attribute Date Time Delay RefTran Comments

Connection login=Gregary 2006-06-12 02:05:10 MULL 0 WULL
Browse a coursefforum structure IDF orurm=4586 2006-06-12 02:05:22 MULL 0 WULL
Wisit a hypertext Help 2008-08-12 02:05:27 MULL 0 ML
Display the content of message in forum IDForum=4586 |IDMsg=65 2008-08-12 02:06:07 00:00:41 0 MULL
Move scrollbar dowrnward IDForurm=4586 |DMsg=68 VScrollbar 2008-06-12 02:06:18 MULL 1907 MUEL
tove scrollbar downward {reaches the IDForurm=4586 |IDMsg=68 VScrollbar 2006-06-12 02:06:49 MULL 1907 WULL
bottom)

Reply to a message in forum IDF orum=4586 IDMsg=E3 2006-08-12 02:07:02 MULL 0 MULE

Figure 4. Traces of Communication Activities Perfomed by a UserGregory

The traces of the given use scenario are storéfteitableTransition of the trace repository,

as pictured in figure 4. TheAttribute” and “Delay’ properties are the two major

compositions of traces. Théittribute ” property describes the attributes of traces aaset

to each individual communication activity. Theélay’ property represents the total time that

the user spent on an activity. As an example, theetDTran = 1907 explains that user

Gregorydisplayed a messa¢ieMsg = 68 in the forumIDForum = 4586 This user spent 41

seconds to display (or probably read) this mesbafme performing another activity.
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From the tracéDTran = 1909 we are able to know that the user moved theoadrsicrollbar

till the bottom of the message. This informatiom d@e very substantive for the automatic
analysis and to help the instructors make betwuraptions on user's activity while reading a
message in forum. For example, after displayingdigpghe message and if user has not
touched or moved the vertical scrollbar downwarel page, we conclude that the displayed
message has not been entirely read. Nonethelassagbumption can not be made in the
opposite way. Even after displaying the messagadaretimes long enough and the vertical
scrollbar has been moved downward (and to the mmotbthe page), we can not justify that
the user has read the entire message.

3.2. Visualizing Traces

Getting started with the real needs of the instmgstthe tools for visualizing traces are
developed with friendly Graphic User Interface,oaling both instructors and learners to

easily interrogate the trace repository and to Wesvtraces in graphical representations.

« How do we know whether or not a displayed messagead? ». This question has been
frequently asked, particularly by the instructordsowegularly use discussion forums in their
teaching activities. Although we can not reallyy#af a message was read by the user who
displayed it, we can give some indicators to shioat & message has never been entirely read.
The given example below aims to offer better ways \fisualizing traces and necessary

elements for making hypothesis odReading a message in forsm

Figure 5 shows an example of visualizing trace nappical representation. It presents the
traces of
activity « Reading a message in forunof every users who have read the mesfalytsg =

25 on May 31, 2006 The main objective of this visualization is todiif the users have
displayed the message contents, if they have dadrenaon it, and for how long. Each sphere
shown in figure 5 represents an activity of readingessage and the diameter of the sphere is
proportional to the time spent by each user fodireathe displayed message. The distance
between two spheres represents the time gap betweedifferent readings. A sphere can be

in one of the three colors: orange, blue, or green.
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The green sphere notifies that the user read thesage by having moved the vertical
scrollbar downward, and to the bottom of the pagading till the end of the message). The
orange sphere expresses the fact that the usenhadisplayed the message contents without
touching the scrollbar. The blue sphere signifiest the user has displayed the message
contents, by moving the vertical scrollbar downwdmat not moved to the bottom of the page
(partial reading).

The label « ID Message: 25 | Users: All | Date:&08-31» located at the top of the graph
means that the trace being visualized refers tahaltraces of every user who read the
message number 25 on May 31, 2006. The labelsrtoStnd « End » indicate that on May
31" 2006, the message number 25 has been read dnlgése11:12:51 and 23:22:44. With
this view, when the user moves the mouse cursartbeesphere, an information tag fades in
with brief information corresponding to the readiactivity. If user clicks on the sphere, a

pop-up window is displayed to detail the informataf the reading.

ID Message : 25 | User @ All | Date : 2006-5-31

("’q_-‘-' N
_O_ L £ ¢
‘\fﬁ_; | -

o4

|User | Greqgoty, ab 02:06:07, during 00:00:41 seconds|
¥ Start Ernd W
11:12:51 232244

— ¢ Time slot between two readings

@ ¢ Vertical scrollbar reaches the bottom

@ Vertical scrollbar does not reach the bottom
v Wertical scrollbar has not been mowved

Figure 5. Visualizing Traces of« Reading a message in forum »
in Graphical Representation 1

The given example is only one of the possibilities visualizing traces in graphical
representation. The same traces can be of cousselided in other forms as well as in
different scale. Figure 6 shows another visual fofrthe same traces, except here the vertical

line presents the reading activity of a user aeditne that he/she spent on it.

1D Message ; 25 | User: All | Date : 2006-5-31

¥ Start End W
11:12:51 23:122:44

v Time slot between two readings

* ‘ertical scrollbar reaches the bottom

* ‘ertical scrollbar does not reach the bottam
Yertical scrollbar has not been mowved

Figure 6. Visualizing Traces of Reading a message in forum »
in Graphical Representation 2
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4. Conclusion and future work

There is a variety of discussion forums used in Waked learning environments, thus
building a tracking system for every single forsmbt a wise solution. That is why we have
studied the common points and the particularitiesach tool and to propose tracking system
architecture, which is applicable in different dission forums. The use model we presented
in section 2.1 permit us to identify what to obgeand how, as well as what to generate as
tracking data to represent the communication dgtoun discussion forums. We have stated as
well the potential elements of problems in trackimgper's activities on discussion forums,
which can be used as starting points for otherarebeworks, particularly those that are
involved in exploiting the tracking data to helpetiparticipants in the distance learning
process. Besides, our Web-base system that wenpiesie section 3, affirms the feasibility
of a system that is capable to track finely anydkih user and their interactions on both client
and server side.

In the forthcoming work, we wish to apply the conteanalysis methods in order to analyze
the contents of users' communications in the forWve aim to make our system more
competent in extracting from traces both quantigatand qualitative information, which

reflects more behavioral, social and cognitive etspef learners. Regarding the future
tracking system, we expect to develop it in thenfaf a package of functions, which can be

integrated in the existing distance learning plat® with limited technical skills.

Echanger Pour Apprendre en Ligne — Grenoblen 2007 - http://w3.u-grenoble3.fr/epal/
14




5. References

[1] Despres C., “Synchronous Tutoring in Distaneaitning”, AIEDSydney (Australia),
Edited by 10S Press, Atrtificial Intelligence in Ediion 2003, R. Mizoguchi (ed20-24 July
2003, pp. 271-278.

[2] Komis V., Avouris N., Fidas C., “Computer-supped Collaborative Concept Mapping:
Study of Synchronous Peer InteractioBtjucation and Information Technologi&&l.7,
2002, pp. 169-188.

[3] Donath J., Karahalios K., Viegas F.B., “Visuatig Conversation"’Proceedings of the
32" Annual Hawaii International Conference on Systarer®es\Vol. 4(4) 1999.

[4] Riccardo M., Dimitrova V., “CourseVis: Extermsing Student Information to Facilitate
Instructors in Distance Learning?roceedings of the International Conference inffuitl
Intelligence in EducationSydney July 20-24, 2003, pp. 279-286.

[5] Komis V., Avouris N., Fidas C., "Computer-supfeal Collaborative Concept Mapping:
Study of Synchronous Peer InteractioEfucation and Information Technologjegol.7,
2002, pp. 169-188.

[6] Avouris N., Dimitracopoulou A., Komis V., Margéis M., “Participatory Analysis of
Synchronous Collaborative Problem Solving Using@@AF Methodology and Tools”,
CSCL Interactive Event Propos&003. pp. 232-234.

[7] Smith A., "Invisible Crowds in Cyberspace : Me@ing and Mapping the Social Structure
of USENET", In Communities in Cyberspaces : Perspectives on Rewns of Social

Organization London, Routledge Press, 1999,

Echanger Pour Apprendre en Ligne — Grenoblen 2007 - http://w3.u-grenoble3.fr/epal/
15




[8] Whittaker, S., Terveen, L., Hill, W., Cherny,,'The dynamics of mass interaction",
Proceedings of the Conference on Computer Suppdfiedperative Work (CSCW 98)
Seattle, WA, 1998, pp. 257-264.

[9] Takahashi M., Fujimoto M., Yamasaki N., "Thetiae lurker: influence of an in-house
online community on its outside environmerftoceedings of the 2003 international ACM

SIGGROUP conference on Supporting group waao3s.

[10] May M., George S., Prévét P., "A Web-basedt&ysfor Observing and Analyzing
Computer Mediated Communicationgdroceedings of the IEEE/WIC/ACM International
Conference on Web Intelligen¢é¢ong Kong, 18-22 December 2006.

[11] George S., "Contextualizing Discussions intBige Learning SystemdProceedings of
the 4th IEEE International Conference on Advancedrhing Technologies (ICALT 2004)
Joensuu, Finland, August 30-September 1, 2004 26>230.

[12] George S., Labas H., "Fostering discussiortb farum tools based on e-learning
standards"|EEE and IADIS International Conference on Cogmtand Exploratory
Learning in Digital Age (CELDA 2005Forto, Portugal, December 14-16, 2005, pp. 60-68.

Echanger Pour Apprendre en Ligne — Grenoblen 2007 - http://w3.u-grenoble3.fr/epal/
16




