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Abstract—Keeping track of user's communication activities in
Web-based environments has always been considerecc@amplex
task. It requires tracking systems that are capableof efficiently
tracking users’ activities and producing tracking data that can be
useful to various users. The objectives of this papare twofold:
(i) to present an approach for better observing thalifferent levels
of Human & Computer Interactions during a Computer
Mediated Communication activity, and (i) to presen the
technical aspects of a Web-based tracking system rfo
communication tools such as discussion forums. Ouresearch
applications can be applied to educational settingsn this paper,
we focus particularly on what, where, when and howvto collect as
thoroughly as possible the tracking data of user aomunication
activity in distance learning situations. We also gesent the three
cases of experiments that we have conducted, alongth the
results analysis, and some examples of how we caxplit the
tracking data to support the participants in the learning process.

Tracking system, tracking data, Computer Mediated
Communications, Human-Computer I nteraction

. INTRODUCTION

It is quite obvious that Computer Mediated Commatian
tools (CMC) are widely employed in all platforms diftance
learning as important means for communications betw
learners, and between learners and teachers. CM€doch as
Chats, discussion forums, whiteboards, and col&thear
learning environments, play a very important role i
knowledge sharing between the participants in #aning
process. Particularly, discussion forums provideimportant
learning opportunity for students [1]. A lot of dission topics
related to the learning contents, research projects so on,
can be brought up and exchanged between the ssudedt
teachers with the assistance of CMC tools. Furtbegimusing
asynchronous communication tools, like discuss@amrh has
the potential to improve the teaching and learr@rgeriences
in traditional classroom formats [2], as well as distance
learning [3]. Thus, communications have becomegaphit of
the students’ activities in the distance learnimacpss.

In order to provide convenient support to CMC-tasérs,
particularly to both teachers and students, we lcanelucted a
research project, which is involved in tracking angbloiting
the recorded traces of student’s communicationvides
during the learning process.

One of the main objectives of this research wottk istudy
how to efficiently track the different levels of khan and
Computer Interactions (HCI) within Computer Medédate
Communication activities. We also aim at assistimgth
teachers and students, during and after their corwations
and providing them more useful information on ttegtivities.
As an example, by exploiting the recorded trackilaga, we
would like to keep the teachers informed of stusiesnttivities,
and to give feedbacks to the students on what tlaeg done
during a learning session.

Tracking data is the core item for this researchrkwo
The tracking data of a user’s activity can be chils “traces of
use”, generally generated by tracking system imo@ance
with its defined trace format or model [4]. In Whhsed
learning environments, the trace of learners’ @@ is a
significant source of information that reveals rwotly the
activities themselves, but also their outputs (d®ults of the
activities that the learners carried through tleriag process).
The properties of the tracking data inside therliear contexts
have been particularly studied in this researchkwidowever,
due to their riches and complexities, some aspietprivacy
issues regarding the users and the use of tracitatg in
academic institutions will not be discussed in thigper.
In short, we are interested in a study of possilags to closely
observe the students’ communications when theyuairg
Computer Mediated Communication tools in their iy
activities. We are also interested in exploiting ttollected
traces for the sake of both students and teachers.

The rest of this paper is structured as followghesecond
section, we discuss about the important researshess in
collecting and exploiting learner’s tracking daia @ number
of interesting related works. The third sectiomléslicated to a
presentation of our approach, which mainly focusasthe
different levels of Human and Computer Interactidgasbe
observed during the tracking process. An examplié la
given to show how a user activity in discussiorufos is being
observed and how the tracking data at each levigitefaction
are being used for. We discuss in the same settotechnical
aspects of our Web-based tracking system. In seétior, we
present the three cases of our experiments, fotlole the
results analysis, and the use of tracking data stist the
participants in the learning process.
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Il.  TRACKING DATA IN WEB-BASED EDUCATION

A. Why Tracking Data?

The traces of learners within a learning sessienkabwn
as important elements, keeping the teachers infbrrog
different learning aspects of learners, like thegpess of the
learners’ activities [5] and the communications fewged
between learners [6]. This allows the instructarsupervise
each individual as well as groups of learners whidng in
remote situations. Furthermore, by analyzing trecds in
collaborative learning environments, the instrustarould
evaluate social and cognitive aspects of learn&ig8].
The synthetic information derived from the tracealgsis
could help learners review their own behavioraleatp and
that of others [9],[10]. Tracking data plays anothele in
helping both researchers and developers improvéetiraing
platforms and develop adaptable educational tdws better
match the needs of individual user [11]. Last boitleast, the
concept of trace was also the subject of varioseaches
outside the educational settings such HCI
evaluation. [12]. For an example, in order to emdduthe
different aspects of an interactive applicatiorsteyn designer
studies the ways that “traces of use” should belyred and
exploited. Evidence can be found in [13], the déston of
two different approaches on exploiting the recordextes
from the use of interactive applications to evaduaheir
usability and utility.

B. Tracking Data: the Key Issues

A number of key issues related to the use of CMCking
data have been discussed in our previous workepted in
[14]. In this section, we would like to addressestimportant
research challenges in keeping track of
communication activities on CMC tools, starting nfrathe
generation to the visualization of tracking data.

e Observing learner's communication activities

In order to efficiently track the learners’ commeation
activities on CMC tools, the tracking system mukisely
follow where the activities will take place. Hovesy most
systems were designed to observe the user's gdivibnly the
server side, the user's interaction on the clieide Ss
completely ignored. In this case, the granularify traces
should be rather large and the information returfiech the
trace analysis might not be accurate enough teatefihe
complete activities of users during their commutiores.
In our research, the observation of users’ aatisiis done on
both client and server sides, thus keeping track)dfluman-

participate in the communications with other userd who is
not visible to other users when online. Lurkershhigg on to
the forum to view other users' discussions, butehawo
intention of exchanging any messages with the dison
groups. However lurkers are recognized as an irapbpart of
Internet community, as mentioned in [15]. Hencaching
lurkers’ activities and analyzing their traces piénns to better
understand lurker behavior and their influencesdistance
learning environments [16]. This is one of the igatérities of
our research: tracking all other users and studifieq traces.
In doing so, we hope to provide more convenienistpto
CMC-tool users, especially to increase teachergeavesas of
other users’ activities, including lurkers'.

e Structuring tracking data

Since each choice of modeling and structuring tragas
made to match each individual need, traces of uaetivities
stored on existing CMC tools are often carriedinwn ad-hoc
manner, which either confines the reusability oftadén
different purposes or makes data exploitation diffi (i.e.

designl antraces can be hard exploited independently by reiffe

exploitation tools).

We noticed that in related studies, most trackiggtesns
still used text log files to keep track of usershramunications
on CMC tools. Consequently, the traces storedgrfiles have
rarely been exploited by the users (instructors kxadners)
either because of the ignorance of their existeacdecause
the traces do not match the demands of the userthefFmore,
the structure of traces in a log file varies frone MC tool to
another, due to the fact that each log file depemdsow it was
generated. Yet, there is a lack of semantic asgectgaces
stored in log files (e.g. pure text log file).

learner’s To avoid this kind of situation, traces should bpresented

in a generic format from which standard or spedditnats can
be created for various communication tools. The nmai
advantage of formalizing a generic format is towllusers to
represent the identical traces in different formarsd to
manipulate the traces in a similar ways (e.g. whsing the
same operations for data processing in the phasgaoés
exploitation). In addition, we need to consider gossibilities
of enriching the recorded traces; the fact thatesaare being
modified by adding more descriptive data (supplesmmn
information) to their original representation, allag traces to
be restructured, transformed into another formad,raused for
other types of CMC traces exploitation tool. Moregvthe
repository type that stores the traces should Bependent of
the platforms that give access to it. This will @nesthat the
data are always accessible and the compatibilitietiata (i.e.

Computer Interactions, (i) Computer-Mediated Humanthe reusability of the data in other platformsglisays present.

Interactions (either Human-Human Interactions Miiaby
Computer), and (iii) Computer-Computer
This allows us to have various compositions ofdsawith a
finer granularity. This approach will be discus$edher on in
this paper.

Another observation we made about the existingkinac
systems is that the activities of “lurkers” on CM@bls have
never been tracked down. Let us consider an exaoipk
discussion forum. A Lurker is a type of user whaeslmot

Interactions

* Analyzing and visualizing tracking data

The learning’'s tracking data are somehow made up of

specific information which is not directly interpable by the
CMC-tool users without the assistance of the spetifols.
The traces can be analyzed quantitatively and/afitgtively
with both interactions analysis methods [17] anchteot
analysis methods [18]. The major problems that weally
encounter are due to the effectiveness of the rdetised and
the quality of the results returned from the traemslysis.
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In fact, the analysis can not be done efficieritlihe recorded
traces are not descriptive enough and when thetaclks of
traces indicators. Thus, the root of the probleenseto have a
higher degree of correlation to the collection loé tracking
data. Once again, the approach described in tHewiog
section shows how to efficiently track learnersmounication
activities.

With regards to the traces visualization, variousual
forms of traces are to be considered: textual,ofisim, or
graph with multi dimension. In order to facilitatesers in
visualizing traces, the visualization tools must dxuipped
with friendly Graphic User Interface (GUI) compotg&nby
which users could easily interrogate the trace si@y by
simple formal query and transform traces into giegdh
representations. Yet some visualization tools ml@wanly the
overview of users' activities and often in a unigfioem.
To improve upon the deficiency of such tools, timialization
tools should enable users to visualize, as rigdyaspossible,
the traces of users' activities and the same triecegferent
visual representations as well as in differentescal

I1l.  TRACKING HUMAN-COMPUTERINTERACTIONS
A CLOSERLOOK

We give below the explanation of the approach in a
general context. We focus particularly where, what, when
and how to track learner’'s communication activities on CMC
tools. We started by distinguishing different lesvef Human
and Computer Interactions in a Computer Mediated
Communication activity as shown in figure 1.

A. What and Where to Track?

During a Computer Mediated Communication activiiye
levels of interactions can be observed:

(1) The Human-Computer Interactions refer to ther'ss
actions while using the Graphic User Interface bfCCtools to
communicate with other users. If we look at an eplanof an
activity “Writing a new message”, the interactidmstween a
user and a CMC-tool interface can be “edit” mesdittge or
message content, “move” vertical scrollbars upward
downward, “drag & drop” smilies into the message, &ll of
these actions occurred only on the user interfatea Web-
based application, these actions occur on the bsmwser
without sending any request query to the serveo any other
user's machine. In our study, we define the tramkesiser's
activities by a composition of two parts of thecra: a part that
represents activities on the server side, whicdolected at the

We used the SW1H method (When, Where, Who Whatmoment of exchanging user queries between cliewtder and

Why, and How) to build our approach. By answerihgwho

server, and another part that represents the H@oamputer

andwhy questions, we were able to identify the real nesfds 'ntéractions on the client side (i.e. user Web Isexy

different participants in the learning process atal

contextualize the CMC activities to be trackedsltmportant
to mention here that every answer to the questizass useful
for us to define the objectives of the researchwal as the
tasks to be accomplished by the approach. We hagdoify

the nature of the tracking data to be collectedthrdusage of
the tracking data to support the CMC-tool usersthigir

communications.

Figure 1. Different levels of Human and Computer Interactidosbe
observed. (1) The interaction between user andctreputer interface.
(2) The interaction between users mediated by coenpuThe user's
computer can be connected either with or withoutvese (3) The
interactions between computers via physical P2Beover-based network.
(4) The user behavior while using computer to comicate with other

users. It is a non-mediated interaction. (5) Thmputer action without
user action.

Tracking Human-Computer Interaction on the clicidies
allows us to follow the successive user’'s actiond avents
that occurred during a CMC activity. The main reasu
having an observation system on the client sidhas most of
the time, users interact with the CMC tool inteefdry using
the “cache” memory on the client side without hagvito
exchange any request query with the server. Exangaa be
found when a user clicks on “backward” or “forwarlitton
on the CMC tool interface to edit the message loeroprevious
inputs. Such interactions represent a big parthef whole
activity (i.e. Writing a new message) and the kirag data of
these interactions are useful for rebuilding thecsssive
processes of the past activity (e.g. what did & dedo write a
new message).

We usually use the tracking data at this levetintify the
user’s behavior while using a CMC-tool interface the
communications.

(2) The Human-Human Interactions Mediated by Comput
refer to the content of the interaction exchangetvben users.
With the same example of “Writing a new messagéd’the
written text on the user interface will be subraitte the server
or directly to other user's machine so that thesags can be
read by other users. To do so, user has to clicksemd” or
“Submit” button on the user interface. The messiageeing
sent via a request query to the server or to thehina where
the message must be stored or displayed. Trackimgdntent
of the communication makes the tracking data more
descriptive, thus enabling us to know how a usétesia new
message and what the message is about.



hal-00345585, version 1 - 9 Dec 2008

Draft : May M., George S., Prévédt P., A Closer Laiklracking Human & Computer Interactions in Web-Ba€@mmunications,EEE 6th
International Conference on Human System Learning (ICHSL 2008), Toulouse, France, May 14-16, 2008,

The collected tracking data at this level will beleited
along with the tracking data at the first levek(iHuman-
Computer
reproduce not only the general context of the conication
activity that describes the successive sequenceusef’s
interactions, but also the content of the commuiung(i.e. the
semantic aspect of the activity).

(3) The Computer-Computer Interactions: keepingktraf
meaningful events means to track also the compuapert and
output processes while a communication happenstrabking

data of Computer-Computer Interactions serve twoinma

purposes: (i) evaluation of the quality of the caorep
processes in exchanging the communication data
(i) monitoring the CMC-tool performance. The rdsubre
most of the time very useful for the developers vgleek to
improve the CMC tools, and the researchers whorwaved
in development experiences. As an example, we carlynse
the tracking data at this level to debug our systemd to
strengthen the security of the communication.

(4) The user behavior/attitude while using CMC teoh
non computer mediated interaction. In other woitlss all
user’s other actions outside the computer environrieg. a
user makes a phone call during the learning sésdiorsome
circumstances, particularly in distance learnirigagions, it is
not sufficient to track only the computer mediasativities of
the learners. Video and audio recorders are maaetipal in
observing the learner behavior. The audio-visuah d@an be
then used for multipurpose, among which the analysuser’s
behavior while working individually or collaboraély. It is
important to mention here that we do not take adoount the
audio-visual data at the current stage of our rekeaork.
However, observing users’ behaviors with the awdsoal
tracking system has been considered for the futorg.

(5) The computer action without user action: thare
plenty of computer actions that occur automaticaityrout the

action of the user. Examples include a pop-up ngessa

indicating to the user that his/her session inctiat room will

be expired in 5 minutes, or a jingle to alert thatew member
has logged in to the forum. Tracking such compations can
be done on both the client and server sides. Owlitwet side,

we can capture most of events that occurred andeshap on
the user interface, as on the server side, theteweitl be

captured once the request query has been launchdd
executed. The tracking data at this level will bsedi as
supplementary information to complete the tracldiaga from

the other previous levels. They usually reflect tiedse

happens besides the Human-Computer Interactions.

B. When and How to Track?

Since there are a great variety of CMC tools in Wabed
learning environments, the wisest solution is rotbtild a
tracking system for each single tool. The most appate
solution is to study the common points and thei@aetrities of
each tool and to propose tracking system architectwhich is
applicable to a variety of CMC tools. For exampie,is
undeniable that every CMC tool provides a functidoal for
“writing a message”; that is the common
The dissimilarity is the possible ways a user caupley it to

Interaction). This usually leads us to ilgas

point.

write a message. The particularities of CMC tooks mainly
about the User Interfaces and the types of Humad an
Computer Interactions available in each tool — whenser
writes a message forum 1, placing the written message in to
a thread category which is feasible through a nselkected
drop list. The user would do that otherwisddrum 2, because
instead of multi-selected drop list, forum 2 progos set of
checkboxes for the thread categories. The finallte®f that
activity are the same; however, the way the uderasts with
the two forums is different. Therefore, we stattedormalize
the use models to describe the way users employ eac
functional tool to perform their communication attes.

and
Cleik

| Type
User | Edit

Action Move

I Drag & Drop
Past Mew
£ Button | Send
. Reset
I |attribute |/
EventHand... I\ Preview
— Interaction | S
(\Wirite a message ). Ohject Title
— |\_ Input | Message
___ Audio
S Formatting
b Wideo
hame | Smilies
LRL |
Open farm

Event | sendwritten message

Figure 2. An example of the identification of User actionferaction
€ objects and the associated Events of an activit§itd message”.

A use model enables us to (i) define the context oer’s
activities and (ii) identify every user action dretinteraction
objects and its associated events. As shown irrdidy the
identification of different user actions, interactiobjects and
the associated events within an activity «Writeessage». We
separated the Human-Computer Interaction from thelev
activity to see what action a user can perform @MC-tool
interface, what kind of interaction it is, and whaippens when
there is an interaction. The biggest advantageoofgdso is to
make the tracking system able to observe every lHuma
Computer Interaction (e.g. a user clicks on a Imytend the
associated event (e.g. what happens when a usés dh a
button) — and that is what makes a tracking systfficient.
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To better understand when and how to track a CMQ@ommunication activity on the CMC tool can be parfed by

activity, an example of a use model for the agtiviPost a new
message» in a discussion forum (c.f. figure 3)vsmgbelow.

User Action . Interaction Object Event
: —
:
3 I
i:zl- cick ] ]

Form for writing a
new message

User

Submit

Send
message

Figure 3. An example of a use model for an activity «Postewvn
message» in a discussion forum.

The interaction objects in the context of this\atticould
be a «Post new» button, a «Form for a new messageba

«Submit» button, by which users employ to post a ne

message. The arrow (1) represents a sequence wffs et
happened when the user clicks on the «Post newsrbt
open the «Form for a new message» in order to \aritew
message. This form includes several other intenactbjects,
in this example, a «Submit» button. When the u$ieks on
the «Submit» button (arrow 2), there is anothemewelled

a user and how the trace collector generates iastaously the
tracking data representing the interaction of usamd the
associated communication content.

Via figure 4, we will look at an example of a trawk
process, showing how an activity «Post a new messa@
discussion forum» is being tracked and how thekingcdata
are being generated and stored. The user's iritaraain the
forum interface, such as typing a message, dragog gmilies
into the message, moving the scrollbar up or dovilh lve
captured by traces collectors on client side. Theking data
will be generated and temporarily stored on useokstation.
When the user clicks on the «Submit» button, tieeHTTP
server request query to submit the written mesdagéhe
server. The trace collector on the server sideucagtthat
request query and generates simultaneously thiéricadata to
represent the communication activity (i.e. posew message)
as well as the content of the communication (i.eitten
message). At each HTTP request, the temporaryihgclata,
previously stored on client workstations, will bebmitted to
the server. These data will be next synchronizell thiose on
the server, structured and stored in the tracesigpg.

The given example showed only how tracking the Huma
and Computer Interactions at the first and the rsgédevels
works, the tracking process at other levels aredam the
same concept.

We had developed the trace collector on the chaig by
using JavaScript language and AJAX technologiesmaSeript
is a lightweight scripting language which is exedubn user's
Web browser (client side) and supported by any kihilveb
browser. AJAX (Asynchronous JavaScript And XML) as

«Send message», representing the action that tke€s us cross-platform technique usable on many differgugrating

message is being submitted to the server.

The identification of the interaction objects andet
successive events to be observed let the trackisigra take
into account every user's action with those int@yacobjects,
and to simultaneously produce the tracking datausdr's
activities in accordance with its defined use mottethis way,
each use model indicates how to observe, whenptureathe
user's actions and/or User-Machine Interactiond, \w&hat to
generate as tracking data.

C. A Web-based Tracking System

In [19], we presented in detail the architecture cafr
tracking system for CMC tool and how each systempument
was built. The following is a brief description tfie two
principal components of the system,
component and the trace repository.

e The observation components

the observation

systems and Web navigator as it is based on opewlads
such as JavaScript and XML. It should be notedlgaare not
developing any spyware-type application and we dbneed
to install any tracking application on the user hiae.

By using AJAX technologies, we are able to make \Mab-

based tracking system more flexible in term of rpalating

the tracking data directly at the client side, ¢fameration and
sending of the tracking data to the server in tiigkround are
done without interrupting the user's navigatione Pphedefined
use model of each communication activity allows trexes
collectors on both client and server sides to emghathe
information and to make the information cohereng.,ethe
server is capable of synchronizing the trackingadatt are
being submitted from clients with those on the serv

The trace repository

The trace repository was implemented as a cerdrdhliz
database server with MySQL. It contains the meta theat are
used to structure the tracking data from the tracdlectors of

The observation components were specifically design both client and server sides. The choice of usinglational

with a number of “traces collectors”, which ensuitee
observation of the user's interactions on the tlisite
(Human-Computer Interaction) and the user's compatitns

database like MySQL for storing CMC tracking datash
several advantages such as, (i) traces are stdctara rich
format, (ii) traces can be easily restructured &radsformed

on server side (Human-Human Interactions Mediatgd binto another format (e.g. XML/RDF or TXT), and Yiithe

Computer). The observation component is attachat wi
number of wuse models which describe

operations for traces manipulation such as inggrtio

how each
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modification, etc., can be easily performed witmgie SQL
gueries.

Server Client

accesses

S,

CMC Tools User interface

|

s N
AJAX & JavaScript
‘ Trace Collector }< - ‘

Trace Collector ’

on Server side T on Client side
Use Model | i |
generatestracking data
accordingly to the use

model

NEss

HCl and CA Traces

HHIMC MMI
traces traces

| |

Synchronizing and
Structuring traces

/

’ are being submitted to the serveralong
with HTTP request query

Traces are being synchronized and
storedin the trace repository

— e
/4

. Transformed tracking data
Trace Repository

Notesin schema:

HHIMC : Human-Human Interactions Mediated by Computer
MMI : Machine-Machine Interactions

HCI : Human-Computer Interactions

CA : Computer Action

Figure 4. General architecture of Web-based tracking syster@l@nt and
Server sides. The trace collector on server sidebeamplemented with the
script language that is supported by the servey. @HP, ASP, etc.). The
trace collector and client side can be implememigld AJAX technologies
and JavaScript language.

IV. EXPERIMENTS ANDRESULTS

To ensure that the integration of our tracking eystto
different Web-based communication tools could gds# done
even with limited technical skills, during its déwement
process a big number of tests have been made \fitiredt
types of discussion forum, including the most wydelsed

conducted three experiments with the participatibetudents,
teachers, and researchers from different discipliithe main
objective of our experiments is to evaluate theiefficy of our

Web-based tracking system and at the same timguidigy of

the tracking data. We also would like to study rs@l needs of
the participants from these experiments, so thatave make
use of the collected data to supports the CMC-umssrs,

particularly teachers and students in their comigation

activities.

A. Experiment Setup

We employed a free and Open Source Course Managemen
System, Moodle [21] for our experiments. Since Meod
possesses a log database to keep track of useitgmtian, we
were able to use it as reference trace repositodyvée could
look at some important aspects such as the quaqtility,
and data indicators of the recorded traces in bitbdle log
database and our trace repository.

A random course was picked up by our researach tead
added to the platform Moodle so that the partidipasould
carry out the discussions by concentrating on datents.
In order to make the discussions more relevanhaddarning
activities (e.g. the educational scenario thatriplemented in
the chosen course), a contextual forum, CONFOR {223
integrated in to the Moodle platform. Thus, the
communications between the participants were done o
CONFOR and not on the Moodle built-in discussionufo.
Thanks to the tracking system architecture thabased on
“Observation components” (c.f. section Ill point &d “Use
model” (c.f. section Il point B), new “Traces Cetitors” to
CONFOR and Moodle were easily added.

It is important to mention here that CONFOR is gipalar
discussion forum that was designed and developedroaect
the learning activities to the discussion actigiti€ ONFOR
has been employed in distance learning platformadite the
learners to use forum as a tool for discussion fangharing
knowledge between them. This means that the stsident
discussions are strongly based on their apprehige®.g.
guestions and answers on their lessons and assiggnetc.).
The reason of using CONFOR is that we are stroimigyested
in the communication activities that are only rethtto the
course contents and the given learning scenarios.

In each experiment, two different use scenarioehaeen
prepared to guide the participants in their comicaiion
activities. The two use scenarios consist of betrring and
discussion activities on different topics and d#fe orders.
They focus mainly on the following activities: Byowsing the
forum structure, (i) Viewing lessons, (iii) Pogiinnew
messages in the forum, (iv) Replying to messagéseifiorum,
and (v) Reading message in the forum. Each useasoenas
formulated to incite the participants not only @ through the
important steps as described in the learning si®raut also
to share their knowledge by posting messages odiskhassion
forum (i.e. CONFOR).

The first use scenario was distributed to the lodlthe
participants, and the second one to the other &k main
idea of having two use scenarios is to make sua ahbig

Open Source forum phpBB [20]. Besides that, we have,mper of participants will not do the same actioms the
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same things, or at the same time. By doing so, amecup at
the end of each experiment with a large numberecbnds

scenarios have been identified. However, from thecet

analysis, we also found out that more than 80% h&f t

which somehow describe the various activities of th participants from the third case did not reallyldal what

participants, and from which we could study diffareearning
situations of the participants while they are us@gmputer
Mediated Communication tools, like discussion forum

B. Results Analysis

exactly described in the use scenario.

Besides the quantitative analysis, we have padatibul
looked for other significant data indicators regagd the
semantic aspects of the users’ activities. Sucicators should
be able to tell us whether or not the participaeddly followed

We present below some quantitative analysis of thevhat they were asked to do, or if a particularipgnt started

experiments and two examples of the recorded tngcéata.
Table 1 gives us a summary on the experiment donditand
the number of records we have stored in the trapesitory
after each experiment.

TABLE I. INFORMATION ON THE EXPERIMENT SET UP AND THE
RECORDS FROM THE EXPERIMENT.S
No Number of Number of | Duration Number of Actions
" | Participants | Messages | (minutes) Recorded
1 8 62 30 1037
26 83 45 1399
3 26 147 45 2421

a discussion topic after viewing a lesson, and wihest

discussion was all about, etc. Before having a labla few
examples of how we can exploit those tracking tatsupport
the participants in the learning process, we gietow two

examples of the recorded tracking data, respegtsiebwn in

figures 5 and 6. We have mentioned in section diit C that
the tracking data are originally in relational f@aihand stored
in MySQL database server (i.e. trace repositoryje Biven
examples show the recorded tracking data, transfdimto an
XML format.

The tracking data of each communication activity is
described by a set called¢tivity”. The “Attri bute” and
“Del ay” properties are the two major compositions ofkiag
data. The Attri bute” property describes the data attributes
associated to each individual communication agtivit
It contains the information that link to other infmation which

The numbers of records from each experiment repteseis not recorded in the trace repository. Tibel‘ay” property

both- Human and Machine Interactions during
communication activities. In the first experimewith only 8
participants and within 30 minutes, we arrived ughwi037
records. This number is almost two-third highernthihe
records in Moodle logs database (in Moodle 1.9¢tadl_log
is for storing user logs). The explanation is quiienple.
Our Web-based tracking system is capable of ohsgrthe
Human-Computer Interactions which have been cawigdon
the client side (i.e. user Web browser). Every otiser action
that has not been gone through Moodle server hers thacked
by the “Trace Collector” on the client side and tfecking data
have been synchronized with the server side datactsred,
and stored in the trace repository, as we haveritbescearlier
in the section Ill part 3 of this paper. Thus, eaebord has
finer granularity that contains different actions wser and
machine during the user’s navigation in Moodle gl user’s
communication activity in CONFOR discussion forum.

In the second and third experiments, there is a bi

difference for the number of records even the twpeements
were conducted with the same number of participantsthe
same amount of time. Here is the explanation. énthird case,
the participants have exchanged a lot of messages usually
happens when there are interesting posts on apartitopic.
By looking at the recorded traces, we found out, tiiae
participants have done some other activities, whach not
described in the given use scenario. Since evayagtion has
been tracked, it is usual to find out at the endthef third
experiment, the number of records that high. Thesse
almost 73% of extra recorded data comparing tostond
case. Interesting information (e.g. data indicatogn be
extracted from these records. First of all, two fedént
communication behaviors corresponding to the tweemi

therepresents the duration of an activity. If we |adtentively at

the recorded tracking data, we can find some dagmt
information that reflects the whole activity of aen within a
communication activity.

Figure 5 is an example of tracking data for anvitgti
“Replying a message in the forum”. The particuladi¢ators
we could find in this record are the complete infation on
the message itself and the total time that spenser for
writing the message.

- =HCI id="8099">
=lUser=Lucas</User>
- <hActivity=
=Title=Reply to a message inforum<=/Title=

<Attribute=>IDForum=4586,IDMsg=263,IDMsgParent=68</Attribute>
=Date= 7=/Date>

=Time=02:09:35=/Tims=
[<Delay=00:04:39</Delay>
<Refict /=
«<fActivity>
</HCI=

L HET A -

Figure 5. An example of tracking data for an activity "Replynessage in
the forum". Inside the “Attribute” tag, we find dalie necessary information
regarding which message Lucas wrote (i.e. IDMsgF2@&$lying to which
message (i.e. IDMsgParent=68) and in which forue (DForum=4586).
In the “Delay” tag, we can see that Lucas spenirlites and 39 seconds to
write the message.

As shown in figure 6 below, the tracking d&tal =8096
explains that uset(cas) displayed a messag®vsg=68, in
the forum IDForum=4586. This user spent 3 minuted 26
seconds to display (or probably read) this mesdagfere
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performing another activity. From the tracking deGa=8097

vertical scrollbar downward the bottom of the megssabut

and HCl =8098, we are able to know that the user moved theperforming another activity instead (e.g. clicked another

vertical scrollbar to reach the bottom of the mgesa
Such data indicators are very substantial in auticnteaces
analysis. As an example, the
computationally analyzed to extract the significathta
indicators and the time-consuming tasks, such asuaiaor
semi-automatic traces analysis can be reduced.

- «HCI id="8096"=
<User=Lucas=/User=
- <Activity=
<Title=Display a message in forum«</Title>
<Attribute = IDForum=4586,IDMsg=68</Attribute=
<Date=19,/06/2007 </Date>
=Tj =02:06:03</T1 =
<Delay=00:03:26</Delay>
<Refict=0</RefAct=
<fActivity=>
</HCI=
- «HCI id="8097"=
<User=Lucas=/User=
- <Activity=
<Title=Mowve scrollbar downward</Title=
<Attribute = IDForum=4586,IDMsg=68,Scrollbar=V</Attribute =
<Date=19/06/ 2007 =/ Date>
<Time=02:07:18</Time>
<Delay /=
[<Refact=B096 </Refict=]
<fActivity=
</HCI=
- «HCI id="8098"=
<User=Lucas</User=
- <Activity>
«Title=Mowve scrollbar downward (Reach the bottom)</Title=
<Attribute=IDForum=4586,IDMsg=68,5Scrollbar=V </ Atiribute >
<Date>19/06/2007 </Date>
<Time=02:08:49</Time=>
<Delay /=
<RefAct=>8096</RefAct=
<fActivity=
</HCI=

Figure 6. Tracking data for an activity "Read a message exftrum®.
Two types of tracking data can be found here, tramunication activity
on the server side (i.e. HCI id=8096), and the ugeraction on the client
side (i.e. HCI id=8097 and HCI id=8098).

C. Exploiting Tracking Data

The following examples show how tracking data can b
exploited to assist the teachers in the tasks afitoring the
students in distance learning situations. Thesenpbes reflect
a real need of teachers who wish to observe varsetl and
evaluate the learning and communication activitistheir
students. The common objective of these examplés ssiow
how useful the tracking data with finer granulagtg and how
they can be exploited.

“How do we know whether or not a displayed mesdage
read?”. This question has been frequently asketicpkarly by
the teachers who regularly use discussion forumgheair
teaching activities. We are not pretending thatcae prove if
a message was really read by the user who displgyleat we
can tell if a message has not been entirely reaslabparently
that if a user has only rapidly displayed the mgssa
(e.g. less than 3 seconds) without touching or rpuihe

message), the displayed message must not haveebé&ssly
read by the user. Back to the recorded tracking dabwn in

recorded traces can MHigure 6, a user (Lucas) might have read till thel of the

message since he has not only displayed the medsatgaiso

moved twice the vertical scrollbar downward andhi bottom

of the message, and besides, he has spent 3 mimutie26

seconds on it (i.e. the windows that displays thlessage has
been active right after the message was displagddte user
has not performed another activity within 3 minutexd 26

seconds).

Furthermore, in order to support the teachersertdiks of
visualizing and interpreting the data indicatorsapiical
representations should be used to represent thade d
indicators. Figure 7 shows an example of visualjzoata
indicators for an activity “Reading a message ia thrum”.
Each bar shown in figure 7 represents an activitieading a
message and the height of the bar is proportianghé time
spent by each user reading the displayed messhgaliStance
between two bars represents the time gap between
different readings. A bar can be one of the follogvifour
colors: orange, blue, green, or grey. The greembdfies us
that the user read the message by having movedettieal
scrollbar downward to the end of the page (reatlihthe end
of the message). The orange bar indicates thetfatthe user
has simply displayed the message contents withowtng the
scrollbar. The blue bar signifies that the userdiaplayed the
message contents and has moved the vertical sarollb
downward, but not to the bottom of the page (i.ertigl
reading). The grey bar indicates that the messaae anly
displayed; the window that displays the message has
immediately been left inactive. Providing such #igant data
indicators with every little detail of the activitg very useful
for the teachers and a lot better than giving dhéy statistical
data like the number of hits on the message, octwhiser
clicks on which message, etc.

¥ Start
13:48:56

Usar Lucos
Messoge 68
Date 19,/06
Time
Dwring
Remaork

Scrollbor reached

the bottom of the messoge

Time gap between two readings
1 Message has been only displayed
I3 Message has been viewed partially
[ Message has been viewed till the end
Mezsage has been left inactive after being displayed

Figure 7. An example of data indicators for an activity « Bieg messages
in the discussion forum ». These indicators wenapmaed and visualized
with our TrAVis platform (Tracking Data Analysis @nVisualisation),
which is currently under development.
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Here is another example about viewing lesson ctsiten

The teachers would be very interested to know niume just
how many times a student has visited their onliegsdns.
The substantive data indicators to be providech&teacher
should be able to describe which student clickebich lesson
and when, whether or not the student has viewedetfson,
and for how long he/she spent to read it, etc. &the
experiment, the recorded tracking data contairirtfeemation
regarding the different
Interactions of a student activity, in which we casily find
all the necessary data indicators to give to thehers. We are
trying to provide not only the quantitative infortizem on a
student activity (e.g. how many times a studentuisited this
lesson), but more importantly the semantic aspdcthe
activity, such as the indicators that permit theckers to know
if a student has really viewed and read the ledsomow long,
if there was any discussion around that lessoneconand
what the discussion topics are all about.

Last but not least, another use of tracking dataskist a
teacher who wishes to monitor the student actiitigthin a
learning session. Imagine that a teacher has hlisdd a
learning scenario to his classroom and he exphatshe will
learn from the tracking data about what his stugléate been
doing and whether or not they have been followimg given
learning scenario. With the tracking data we hale,teacher
could look at the successive activities that theletts have
carried through. The teacher could also evaluaféerdit
aspects of each individual student, such as thalssspect of a
student. As an example, the teacher could be aofahew a
student communicates with the others in the classyahe
discussions that a student has made so far, andighession
topic he/she usually brought up during the sesstm,In this
case, tracking data will be the core element texydoited by
the teacher to keep himself informed about everglsiactivity
of the students. The teacher could also evaluadetrning

levels of Human & Computer

needs in tracking and exploiting the traces of Catep
Mediated Communication activities. We are curremttyrking
on the analysis of both the recorded traces from ttiree
experiments, and the results of the questionnaire.

V. CONCLUSIONS ANDFUTURE WORK

In this paper, we present an approach for effibient
tracking user’s communication activities on CMC I$doy
looking very closely at the different levels of Ham and
Computer Interactions, where the tracking processtnbe
carried out if we need to collect as thoroughlypassible the
necessary information about the CMC activities|uding the
content of the exchanged communications. We alstqubout
the key issues related to the problems in trackisgr's
activities on Computer Mediated Communication tceisl in
exploiting the traces that are collected within riéag
environments. The technical aspects of our Webebtaaeking
system were presented as well. We are currentlkingron
making our approach explicit that can be appliedbtth
synchronous and asynchronous CMC tools to supput
tracking process in various learning platforms.

Furthermore, we are willing to conduct more experits
with other communication tools and in different ridag
situations in order to produce more significantadiaidicators
for the participants in learning process. The tesahalysis
from the questionnaire will allow us to evaluater current
approach and to answer to the real needs of batihées and
students, who often request an increase in theafaseloiting
the CMC tracking data. We are also developing afqim
called TrAVis (Tracking Data Analysis and Visuatioa) with
the objective of assisting the CMC-tool users tnagge the
CMC tracking data. TrAVis is designed and builtiwitexible
user-interface, accessible by both teachers andersts,
allowing them to fulfil some important tasks in éifing
CMC tracking data, such as transformation, anglyaisd
visualization.
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