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Abstract O This paper deals with a project that aims at impngvstudents’ engineering skills especially whea th
actors of the project, the tasks to be achievedthacknowledge, are distributed between severédréifit countries. The
goal is to set up a digital environment that is able of hosting distributed and cooperative praaitiactivities for
groups of students from different universities difterent countries working together on the samiivaes. In terms of
learner's behaviour, we aim at increasing motivationinimizing passivity, stimulating group work aptbmoting
cooperation and interaction among the studentsidess at the level of academia, we aim at simpigyand rapidly
transferring new knowledge as well as popularizamgnplex aspects and forbidding subjects by using ineormation
technologies. In the following sections we lay @ut implementation of the virtual classroom metapduod we describe
how we distributed our virtual worlds (X3D/VRML,va&cript and AJAX). Further in the article we explaow we
coped with the constant need for change and extassn the context of distributed virtual enviromtse new objects to
fill the ever-growing 3D world, and in the cont@ftpedagogical activities: new activities, new tginew methods, etc,
by the means of a plug-in-like concept.

Index Terms O Distributed and Cooperative Practical Activitiesirtdal Classroom, X3D/VRML world, JavaScript
and Ajax3D

1. INTRODUCTION
1.1 Context

The aspects that make the subject of this paper tlge design and implementation of the EMULACTION
(Environnement MULtimodal pour Activités CoopératsvTransnationales de formatlON / Multimodal Ennirent for
Cooperative and Transnational Training Activitipsdject.

Most of higher educational establishments are dgwed) their international relations in order to raadtudents’
mobility easier. But on a world-wide scale, whichdften synonymous with international manpower novdedge
transfers, few establishments point out the reddest enhancing the links between people and tbtitees to students.
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This project aims to improve the students’ pra¢tstdlls through a distributed learning environmenith support
for collaborative tasks and knowledge, which camt®essed by users from different countries. Qugetas to develop a
Digital Environment (Web-Based Portal) in ordereioable distributed and cooperative practical d@ivi groups of
students from different universities and differeatintries working together on the same activities.

Practical activities are designed using conceptsheaqul therefore are translated into domain onto]JaySCORM
(Sharable Content Object Reference Model) is usea @ference model for pedagogical material seofaf The first
experiments that we will perform with EMULACTION prement practical activities in the following fisldElectronics,
Digital Image Processing, Numerical Analysis, CotepuScience and Signal Processing. Students frormeya
universities are involved in these experiments. &oofi them are also involved into the design of tgital
Environment.

1.2 Digital Environment Architecture

According to the work to be carried out by studeatseacher configures one (or several) virtuahr(s) where a group
of students will have to work. To configure virtuabms (Figure 1) means to:
1. define a teaching scenario: number of virtual rooassignment of activities to the rooms, orderhaf tooms
according to activities, requirements to accessdbens (pre-requisite);
2. select communication tools that will be useful$tudents (chat, forum, blog, voice, video, whitaboatc.);
3. choose software tools to be used by the students@iag to the nature of the practical activitiesarry out.

Broadcasting tools : Link to web browser
flash, mpeg, mp3 ... / (Chat) \ Flle manager

contalns contalns > Electronlcs Virtual Lab.
|C&ctureroom|— precedes —» [Virtual room#ll—— precedes —» [Virtual room #2)

takes place in takes place in takes place in takes place in
(student alone) (student alone) (student alone) (Group)

| |
Prerequisite Introducti Part #1 Part #2
g - ntro éjc |on\ a / a[g

consists of

|

is described by

Practical activity

FIGURE 1
EXAMPLE OF CONCEPTMAP

In order to monitor their activities, teachers abde to interact with students in the virtual rooi@gidents provide
reports from their practical activities. Teacheayd access to these documents in order to asselentst work (Figure
2).

Misterials | Reports
1
To manage ll' - rios 2 Tpml:h?..
Virtual classsroom | {students)
Ton;ui:hl
Practical Activities
FIGURE 2
DIGITAL ENVIRONMENT ARCHITECTURE
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The virtual room is a digital infrastructure thaiables a cooperative learning process [3]. Ouuaintooms are
developed in X3D (Extensible 3D). Users’ interant@re managed through JavaScript and AJAX. Osdheer side we
have a LAMP (Linux, Apache, MySQL, PHP) architeetur

In this paper we will focus on the design and thplementation of these virtual rooms as classrooms.
1.4 Designing practical activities

The web portal concept is used to enable the systasers to log into their account, manage thedfifer or view
information and statistics about the courses arattimal activities that are available, and helpsfdon an online
community of interactive lessons.

Accounts can take two forms depending on whethenser is a teacher or a student. Student accpumigle a
common management interface and also give the thgepossibility of joining an instantiated classrodo attend
courses and/or seminaries. Teacher accounts, addition to the student account, have the privilebeonfiguring and
instantiating the classrooms that contain the rezggdools.

Besides the 3D environment and the chat module lwiscavailable for all members of the proposed ramnli
community, interaction between teachers and stsderdlso made through a report system which alldeiments to
be shared and exchanged. These reports are usadlteate students’ tasks by the teachers, andno ssults and
feedback; they constitute the main method of assessof this distributed application.

Teachers can design their own customized classitmpohoosing from the available list of installedigins (plug-ins
are discussed later in this paper); this way a wéagye of configurations can be achieved, depengimthe purpose of
the course or seminary.

2 VIRTUAL CLASSROOM METAPHOR

The learning environment we propose is a place evlisers can draw upon resources to make sensd thihgs and
solve problems; here the learning may by fosteretisaipported [4]. A predominant metaphor is thettl classroom”.
According to [5], a virtual classroom is a locatishere students and teachers can communicate diabarate on the
basis of a “room metaphor” [6].

In such a classroom, it is considered that orgagithe learners in teams may reduce most of the lgapveen the
individual knowledge by increasing communicatiord acompetition (in this order) [7]. In this way, ropetition
becomes cooperation and increases the level of/atmh. Hence, the complexity that may arise inttnal” ways even
in the most “simple” subjects is a non-declaredivational factor when introduced gradually. Doirg & the learning
context, if the learners’ needs are satisfied dnedl texpectations are met, they will strive to depetheir professional
competences. They will be indirectly contributilogthe development of the learning context (seergi@y.

Mihai
Jean-Piatre

Mircea

FIGURE 3-A
SAMPLE OF A SHARED VIRTUAL CLASSROOM
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FIGURE 3-B
SAMPLE OF A SHARED VIRTUAL CLASSROOM

The potential of the proposed learning environmergignificant because it gives its users a spacexplore,
determine goals and learn activities as attractorecepts.

Students can share the virtual environment in #mesway they share the real one, and they natwstaty to form
small work teams in the virtual setup, based onréfa environment configuration. Later, these teawmdve based on
the complementary knowledge that the team memhssags, in order to assure high-level of team paence. At this
point, learning communities emerge [8]. Shared #gpees, based on common projects and learningcalar provide
different but complementary perspectives to thgexilof the lesson, depending on each individual.

3. DISTRIBUTING VIRTUAL WORLDS

In this section we try to explain why we used tindire 3D content paradigm in the educational cantekat software
solutions we chose to achieve a viable systemhamdwe made the system extensible.

3.1 Using web3d technologies in education

Very often we were asked a simple but hard to ansyuestion: Why are you using 3D for education instead of
classical or multimedia approach€s™ a discussion about Perkins' point of view abdearning environment,
expressed in [9], Wilson points out that if we slifypand pack instruction for consumption, the hdbks of the subject
can be bleached away, and so learning outsidedt@xt of its natural setting can also have theesaffect [4]. Using
3D virtual environments (VEs) can thus be a vetsaative approach in education process by recoctstigy as much as
possible, the real environment and context of tiaatl education.

For example, Chittaro showed in [10] the differeamponents to use in a VE in order to reach suigttfeness:
* Using three dimensional graphics;
« Interacting with another human being;
« Involving more senses in the acquisition process;
« Using collaborative VEs;
e Using virtual teachers, or animated pedagogicah&ge

Concerning the domains in which 3D VEs can be usededucation purpose one can mention: teaching and
learning optics, anatomy, manufacturing and maanter, robotics, etc. [11] Relying on the previouguanents and
references, we decided to adopt the web3D techpadtothe realization of the EMULACTION project togserve the
richness of the subject.

3.2 Software architecture of EMULACTION

Most interactive game-like 3D web applications asenmercial-ware means such as Adobe ElasHShockwave or
open-source but cumbersome Java applets which caoinate through dully configurable sockets to digmlantent.

One of the main features of EMULACTION is that &es open-source technology to create a viablahistd
learning environment using communication betweevaSaript (with AJAX) and the X3D/VRML world. Likeny

! http://en.wikipedia.org/wiki/Flash_animation
2 http://en.wikipedia.org/wiki/SWF
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complex web application, it uses a PHP and MySQtkbane for user and interface management, JQderynterface
enhancement, and FluxPla§ésr X3D rendering.

Having a means of communication with the 3D wodde now needs to add dynamism to the equationrtdabi
world is made of objects that have properties; tiosi rotation, size, colour, logical variablespin, output and even
URL addresses must be stored to properly genenagéeironment for practical activities. Distributioneans multi-user,
thus the world must contain avatars to impersotiaaisers who are present in it. Decorative aspruit also be taken
into account to add a realistic touch to the virtergperience. Just storing the objects in the dealis not enough
though; dynamism means movement and movement nspatial and logical coordinates.

To deal with these musts, EMULACTION benefits frardetailed database enabling the storage of infilmma
from the level of classrooms to the one of propsrtBut this information has to be used to dynallyiggenerate the
world, so AJAX was used to retrieve XML documenéngrated with PHP that contain the current stateefoom. To
simulate a direct connection with the server, aopkes request is made to update the world.

User interaction is handled through JavaScriptaibjsteners that tap into the X3D embedded fild ahanges are sent

to the server. Avatars are also treated as objeatsthe personal avatar is bound to the movementise user; in this
way each user can be aware of other users’ locdtisar’s interface is nonetheless important; windspace must be
used to its fullest to embed all functionalitiestioé application without the need to scroll dowQuéry is a JavaScript
framework that makes working with draggable windoasd collapsing tabs easy, and makes the choice for
EMULACTION's user interface.

A window-oriented interface is used to exhibit tio®m a user is present in, along with additionaldpsuch as

text/voice/video chat allowing communication betweenline users, as well as other tools such ted&ceditor,
workspace file manager, etc. for a smooth functibna

Browser PHP /HySOL Server
®30 & 2

J/IJPDATE objects
| SET pos.u=12.5 |
\\MHERE objid=4 /
: "%

addF ieldEventListenerily
|gitﬂnde(mﬂodeh

wor Ldgen.php
update.php

<?ohp

M 4 nJAx B mysal_connest (1
(J avaScript & 7 ‘” genlior L4XMLI) ¢
== «/"_"‘\-.,_,>
FIGURE4

ARCHITECTURE AND WORKING PRINCIPLE DIAGRAM OFEMULACTION

Figure 4 describes the communication that takesepteetween the components of the application. Aisbbbject-
oriented JavaScript engine solves client-side mamagt issues, while an AJAX module is used to qé@ryhe world’s
current state and to update the server with inftiinaThe update rate can be set down to 100 eiliads without
crashing the browser and resembles a real-timeemiom, making it possible for users to visualize actions of fellow
classmates and to interact.

3.3. Plug-in concept

When developing an application, regardless of iblel in which it will be used, one needs stablewsafe architecture,
code flexibility, but most importantly a means ttend the life of the application. Moreover, acdngdto Wilson, an
environment good for learning cannot be fully peekaged and defined [6]. This is the reason whymmemented a
mechanism of plug-ins.

The concept of plug-ins is a widely-known and édfit solution for enabling an application to beeexted after its
development has ended. A plug-in is a piece of cibdé can be developed by a third party and indemé an
application for usage. In the context of distrilautértual environments there is constant need fange: new objects to
fill the ever-growing 3D world.

® http://jquery.com
* http://www.vivaty.com
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Many successful web applications and software lisglug-in paradigm to enhance user’s interactigcurity or
performance (e.g.: Mozilla FirefdxJooml4, etc.).

To set grounds for plug-in support, a developeukhgeparate the software logics from the visuaiteot. The
project EMULACTION makes use of a MySQL databasettwre the configurations of the virtual classrodhet are
later used to create instances in which the usergractice. The main principle on which the wepligption was based
is to provide a flexible framework for classroonea&tion; a plug-in installation form is availablettenables the teacher
to use new educational entities such as sonar scsnelectronic circuit boards, graph simulatots, As simple as it
may sound, a single object may use quite a lotleg fo provide its functionality, thus we decidiedset a standard for
zip-archived object packages.

An object package for EMULACTION consists of a mX8D/VRML file that may use other *.x3d/*.wrl fileer
textures inside the archive, and an XML file thetructs the installer module about the propedfebat specific object:
a property can be any attribute ranging from pasito colour or Internet link. The real purposetttd properties is to
enable the JavaScript engine to tap into the Vitkuald and dynamically generate the scene withregtored aspect of
it.

The plug-in package was developed with the ideaaking its installation as simple as possible iheorto increase
user’s friendship; it consists of a GUI browsingiop that allows the user to select the zip arcluiortaining the object
package, and an install button (Figure 5.1). Omstalled, an object is accessible through the ass generation
module, in which the teacher can choose and plecedntent of a room (Figure 5.2).

Fig 5.2

1 Cube [ Edit ][ Remove

Object properties:

—poz
00.724-1556

biect_Kis\cone\cone zip| [ Erowse.

Apply Cancel

Fig 5.1

FIGURES
OBJECT INSTALLATION AND CLASSROOM CONFIGURATION INTERFACE

Through the concept of plug-ins we can developajiygication without the need to create all possilligect types
(infinite possibilities) from the beginning. Thisaw, third parties can create their own custom alrigadgets to use
inside this educational environment and effectivadgpt the system to new educational contexts.

4. CASE STUDIES

4.1. Electronics

In the framework of electronics, students havemplement and to simulate circuits. In order to achithese tasks we
provide them with a virtual world that containstwal components and virtual electronic equipmenspired from
previous work [12], implementation and distributiofh the virtual world are based on the same priesighat are
described in paragraph 3.2. A demonstration islabiai at the following addresittps://web-brest.isen.fr/Viab/

Students can use passive or active components. 8xangples are shown hereafter (Figure 6 and Figure

Students can choose a value for resistors or dapabiy selecting the right colours on the comptancording to
colour codes. Concerning the other components,raihas been implemented that enables student®tseta value.

® http://www.mozilla.com
® http://www.joomla.org
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FIGURE6
PASSIVE COMPONENTS

FIGURE7
ACTIVE COMPONENTS

Components are inserted into the virtual world ligkeng on the corresponding icon (Figure 8). Stutdecan move
(or rotate) components by means of virtual axigFe 9) that represent the directions of the movime

FIGURES8
COMPONENTS ANIEQUIPMENTS CHOICE

After they have placed components on the virtuaBRErinted Circuit Board), students can build thahcuit by
clicking on components’ pins behind the virtual PERyure 10).
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FIGURE9
MOVING COMPONENTS

FIGURE10
DRAWING THE CIRCUIT

Two types of virtual electronic equipment (Figur® are available: generators and oscilloscopesefa&rs enable
students to set up a signal in terms of frequenclfage and waveform. This signal will be appliedte circuit on the
inputs selected by the student. Oscilloscopes enshidents to view circuits’ outputs. That is ty:s&asimulation
results”. For each oscilloscope two channels aaflawe. Students can adjust voltage and/or tinaéesc

Laboratoire virtuel : Salle Test#2

FIGURE11
VIRTUAL ELECTRONICSEQUIPMENTS

In order to enable file sharing and to facilita@mmunication between students a file manager antaa
(Figure 12) have been implemented.
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~ Salle Test#2

%5 0l

BL7 Usic

FIGURE 12
FILE MANAGER AND CHAT

To improve interaction between participants, ani@awdnference module is available in each roomenmter the
conference, the user just has to click on the phooe (Figure 13). This module has been experinteirighe virtual
electronics laboratory.

Pour quitter faudio conférence,
fermer la fenétre |

FIGURE13
AUDIO CONFERENCE

There are examples of audio conference integratioX3D distributed world [13] but they are using 28
signalisation. Today more and more audio applicationplement the SIP protocol. Our system is basedsterisk’

Server for signalisation (SIP) and audio flux tfangRTP). Integration in the X3D world is made imgans of a Java
Applet which is hidden for users and starts auticaby.

3D World
Java | SIP+RTP
Applet [~
v
Asterisk
server
r
3D World
Java
Applet SIP+RTP
FIGURE 14

AUDIO CONFERENCE ARCHITECTURE

7 http://www.asterisk.org/
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In order to guide students practical activitiesjgmogical material had been designed. This matedhides three
parts:

1. Practising Pulse Electronicsincludes ten lessons that were complied by Engirileam Cong Hudn
Practicing lessons apply IC555 in creating StalMeytivibratior and Monostable.

2. Practising Digital Electronics includes ten lessons that were complied by Engifiéso Quang Kharfh
Practising lessons apply basic logic gates in @sc@ounter, Shift register, Demux, Mux, Decodeoder.

3. Practising Analog Electronics includes five lessons that were complied by Madtem Thi Minh Chati
Practicing lessons use amplifier and transistor.

4.2. Numerical Analysis

4.2.1. Introduction

The proposed activity consists in exploring, tegtamd implementing several methods used in nuniaaitaysis. The
studied case is the roots finding problem. The @nmnted algorithms are respectively: bisectionuleetplsi, fixed
point, Newton-Raphson and secant. Other methodbealeveloped separately and added to the envinarnmseplug-in
modules.

4.2.2. Description of the activity

The user and/or group of users implied in the #@gtivas the opportunity to participate in the aityivn different ways.

a) Reviewing the theoretical background of the metkadded as SCORM documents) as well as a graphical
demonstration of its operation (Figure 15).

FIGURE 15
GRAPHICAL DEMO OF THE SECANT METHOD

b) Testing the different pre-implemented algorithms arder to compare their performance (convergence,
accuracy, influence of their parameters, etc.)fédL6).

Methode de Secante

a
b:
Iteration:
Erreur.

FIGURE 16
TESTING THE SECANT METHOD

c) Actively implementing the algorithms by adding tleerresponding code to a proposed skeleton before
executing it (Figure 17). During this phase usems work individually or in a collaborative way bjaging
their results for the same or for different teséggbrithms.

8 Viettronics Technology College, Haiphong, Vietnam
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Compléter Ce Code Avec Une Boucle Avec Le
Méme Syntaxe

Tncludeevalmath class phpd,
Sut=08

Sx2=1;

$f=25"%-10%-1
Sxthe=sir_replace(x’ Sx1, 57,
Sy2ix=str roplace(x’| $x2 87,
$m = new Evalldath,

et = Sm->evaivale(Ex 1),
$c2 = Sm->avaluale{5x2ix).
Saidx3s-99.

Votre Code:

Smessage ! = sprintli Solulion proche de %27, $x3)
Smessagel=sprinf{Emew % 2F, Semeur),
FIGURE 17
ADDING CODE TO THE SKELETON

4.3. Digital Image processing
4.3.1. Introduction

The purpose is to make a group of students deaiapage processing Tool by dividing the tasks betwthem. This
will create maotivation, stimulate the group worldgsromote cooperation and interaction among theestis.

4.3.2. Method

The work is divided into tasks to be tackled asdabsions. We opted for the JAVA development fraotkveecause it
is open source, portable and reliable.

For each lab session, the objectives are defineshmple of the source code is given to guide theestts during
the developing process. Based on the fact thatEthearning platform would allow the file share atdnsfer, the
students will be able to exchange source codesasel study tests. Each student will tackle hidém separately. Then
the student submits the accomplished work to aoresiple of the merge operation. The latter will il all pieces of
work together in order to build a full operatiortaé image processing tool. To successfully complbie lab sessions
students should have some theoretical and techba@{ground such as the notions of pixels and ¢sjaand filters,
combining images...

Source code required to complete the lab sessiengizen to the group of students. Since the pwpesiot user
interface design, we prepared all control toolswants (buttons, keyboard events, menus, mousésevgrand put them
at the disposal of the learners, to spare the éedihat sort of complexity not related to the scopthe academic content.

Thus, students should only focus on image procgsail are not requested to be professional Javelapmr. To
help them successfully complete all the lab sessitirey are guided through a step-by-step protéssever they can
custom the code as they want. An example of completl is available for download as JAR file (extatle java
program). This will give the students and idea owishould be their results.

4.3.3. Lab sessions

The work is split up into five lab sessions asdofi

1. Installing the environment and developing the toaime with load (from file, web camera or printesen) and
save images.

2. Basic operations : like inverting the image, addimgltiplying two images ...

3. Qualities processing by applying basic filters likyramid, Uniform and Gauss filters and getting the
Histogram.

4. Characteristic extraction from the image (Prev@tibel and Canny filters)

5. Application: face recognition using cross-corr@atbased on FFT transformation.

International Conference on Engineering Education CEE-2010 July 18-22, 2010, Gliwice, Poland.
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4.3.4. Technical environment

JAVA is an open source platform used in many fiegldsomputer sciences. It uses its own library gj@aimageio) for
image processing but could be extended with otlaekages like JAI (Java Advanced Imaging) that adl@svanced
operations on images. JMF (Java Media frameworlglss used to manage the media flow and make gilplesto
capture images from devices linked to work stations

4.3.5. Case study

To test our solution in the collaborative architeet we asked three students (student #1, stu@ahd student #3) to
conduct one of the labs of image processing. Rastiation, we choose the second one (Lab 2 : tB@gierations”).

The students discussed distributing the tasks Imgumessages, file sharing and emails. Supposethibaapplication
window and its menu have been already prepardikipitevious labs. Based on that, the tasks welidatbas follows:

Student #1:Developing the code to calculate the negative afraage. The result is the following:

Input image: Output image:

FIGURE 18
SOURCE IMAGE

FIGURE 19
NEGATIVE OF THE INPUT IMAGE

Student #2: Providing the JAVA classes and codes for the “Sarggeration” window (shown hereafter) with the
button functions such as opening and displayiregfil

Student #3: The JAVA class for the three operations:
e Adding two images
e Subtracting two images
*  Multiplying two images

For example, for the two following images (Imagea#fd Image #2) as input we obtained the “resultingge” as
output:

FIGURE 20 FIGURE21
IMAGE #1 IMAGE #2

ADD OPERATION SUBTRACTION OPERATION MULTIPLICATION OPERATION:

FIGURE 22. FIGURE 23 FIGURE 24

IMAGE RESULTING FROM ADDITION IMAGE RESULTING FROM SUBTRACTION IMAGE RESULTING FROM MULTIPLICATION
International Conference on Engineering Education CEE-2010 July 18-22, 2010, Gliwice, Poland.
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After finishing all the tasks, the first studentsaasked to merge all source code into the existppication under
the “Basic operation” menu.

5. CONCLUSIONS AND FUTURE WORK

In this paper we have presented a Digital Envirommaedicated for pedagogical purposes. This enmant is
optimized for Mozilla Firefox 3.6 and compatibletlwthe latest versions of Microsoft Internet ExplgrGoogle Chrome
and Opera. It uses Flux Player as X3D viewer atids solely on Javascript for object management.

The EMULACTION environment will be tested by thedeof this year with students from six countriesn@aa, France,
Lebanon, Moldova, Romania and Vietham, complemgritatraditional practical activities.

The purpose is not to replace traditional practicdivities but to enhance the students’ abilitptactice. This way,
we hope to increase students’ performance as nuglossible during face-to-face activities, by presg the richness
and the complexity of the learning environment, anaviding tools and support for them to “learnitheay around”

[4].
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