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Abstract. This paper describes a virtual class which is based on the principies of CSCW 

(Computer Supported Cooperative Work) and ICAL (Intelligent Computer Aided 

Leaming) systems. The virtual class proposed allows to a group of learners to 

participate in training sessions of an adapted tele-teaching system or adapted virtual 

class, this system takes into account progression rhythm differents inside a community of 

remate leamers. The virtual class allows to adapt the teaching system in a flexible, 

individua~ and collective way. This system allows also the implementation of a 

pedagogical method: the cooperative learning. This implementation is developed in a 

distance education context using a telematic network. An application of this system in a 

multi-site environment of teachlng of the accounting domain is described. The 

development ofthis system has been realized as a distributed application, the system of 

development used is the RPC (Remate Procedure Calling) product and the C and C++ 

languages. 
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I Introdm:tion 

The principie of the architecture proposed for an adapted training service is to allow the 
adaptation of knowledge transmission from a teaching function managing a virtual group of 
learners by a communication system (figure 1 ). Teaching functionalities are distributed taking 
into account the participation ofteachers, system, resources and leamers in sorne cases (when 
a learner has the knowledge or experience necessary for playing the teacher's role). 

Teachern 

<ti -
Communicaton link 
· Lccal or remote 
- Synchronous or asynchronous 

Figure 1: General architedure for each ¡¡¡dapted trairung se!t'Vice. 

The rnajority of learning telernatic systems developed do not or rarely enable the system to 
control the teaching module. In general this function is controlled by the teachers, in the same 
way as traditional classrooms. In thls paper, we propose for each adapted training service that 
the system controls the teachlng functionality with the participation of teachers, learners and 
resources in a virtual class system. 

II General arcbitedmre 

In the multi-site environment of tele-teaching (figure 15) [Hern, 95d], we propose that any 
training site must be represented according to the ARESFED (In french: "Architecture pour la 
Reutilisation et l'Exploitation des Services de Foimation dans le contexte de l'Education a 
Distance").This architecture is composed of three layers: support layer, laye:r of a set of 
reusable SITB (Service Independent Training Building Block) anda cooperative services layer 
[Hem, 94c], [Hern, 95c], [Hem, 95d] (figure 2). 
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VCTS 

GT§ 

SITB 

Information !Base Environment Network 
SITB: Service lndependent Training Building Block 
GTS: Group Training Servíce VCTS: Virtual Class Training Service 

Figure 1: Traini~rng architecture of a virtmd dass. 

In thls way, the representation of each training site is simpli:fied and standardized. Thus, we 
must specifY only an archltecture: the ARESFED. 

ll.l Support !ayer 

It represents a set offrameworks from whlch the training archltecture is built: 
Information Space, provides information management services relevant to the courseware 
developed (for example: an object-oriented database management system stocks all the 
reusable objects). 
Communication Space, supplies services supporting a distributed system and network services. 

ll.2 Layer of a §d of remable §ITB 

Thls layer is represented by a set of functional, independent, and reusable components. These 
components will be shared and reused for creating a new service. We have identified with a 
participation of educationalists two kinds of resources: didactic and information resources: 

a) Didactic resources represent a set of teaching activities [Canu, 94], [Vine, 94], these 
resources are constituted by a set of didactic "bricks" that can be teleloaded from each 
training center. 

b) Information resources represent a set of complementary information "bricks" of domain. 

From reusing of these types of resources a training service can be specified as a dynamic 
training service. The criteria of reusing of didactic and information resources are determined by 
learner's educational needs. The dynamic training service must diagnose an adequate resource 
that responds to learner's educational needs. In this way a dynamic training service is 
considered as an adaptable service. 
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II.3 Cooperative service !ayer 

This abstraction level represents the two kind of cooperative training services provided by this 
arcbitecture. We con.Sider two kind of adaptable services (figure 3): 

a) globallevel represents a virtual class compose~ ofa set ofremote learner groups and 
b) locallevel represents a particular learner group, each remote learner group is classified by a 

knowledge level. 

Type e1 
Control • pedagogicaJ goal, 

lnteraction · group composidon 
· change ofgroup, 

Class 
Controller 

Type el: 
· regression or progn:ssion, 
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e1 · end of ev.duation 
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srm: Seni« lndependent Training BoüdlnJ Block 

Figure 3: Interactions in the architecture of adapted virtual class. 

a 
e Y 
o e 
o r 
p 
e 

a 
t 

These two classes of cooperative services must be adaptables to learner's behavior in a training 
session. 
The composition criterion of virtual class takes into account a pedagogical context, this 
pedagogical context is based on the cooperative learning [Doyo, 91]. A virtual class wil1 be 
composed of a set of heterogeneous groups, each group allo'*s ~o a set of remote learners to 
participate to a training session. In a traditional class the homogeneity of knowledge level is 
not always assured. Sorne cases, this homogeneity of:: knowledge leve! becomes very 
superficial. For solving this problem, we consider a first l~vel of adaptation to learner's 
educational needs, this first level correspond to take into account a composition of a virtual 
class from heterogeneous'groups. These groups have a variable composition [Hem, 95d]. Each 
heterogeneous group corresponds to a different level ofknowledge allowing to c.haracterize a 
group oflearners with the same level ofknowledge about a particular domain. However, inside 
a group of learners is possible to find different behaviors of learners according to progression 
rhythm of each learner. The second level of adaptation is taken into account into 'a group of 
learners. A particular knowledge level associated to a group of learners may also become 
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superficial and not adapted. For preventing this problem, we propose to consider the behavior 
zones into a group of learners. In this case, it is necessary to allow and manage the change of 
behavior zone of a learner inside a group (inter-group change) for assuring an adapted 
knowledge level of learners inside a particular group (local view). For assuring an adapted 
virtual class (global view) is also necessary to allow and manage the change of group (intra­
group change). 

II.3 .1 The adapted training se mee of a virtual class 

The adapted training service of a virtual class has as principal functionalities: 

a) the managing ofprogression ofa set ofremote leat11ers, 
b) the controller of the VCTS (Virtual Class Training Service) takes into account a 

pedagogical, structural and adaptable control of a virtual class. 

An initial composition allows to create a set of heterogeneous groups, this initial composition 
is based on a learner evaluation. However, for preventing that the initial distribution becomes 
static and not adapted during a training session, we must consider a logical mobility of 
learners. This logical mobility must respond to learner's educational needs according to 
behaviors detected of a group of learnen; during a training session. So, two levels of 
distribution of learners have been considered: variables groups corresponding to level of class 
and inside a group oflearners, that is a set of behavior zones have been established (figure 4). 

knowledge le>•el j 

~ inter-group change 
-~ intra-erou¡; change 

Figure 4: The dist.ribution oHearners in tbe virtual dass. 

A controller of a Group Training Service (GTS) must adapt a training session to learner's 
educational needs. 
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The actors considered in a virtual class are: remote learners, teacher and shared didactic 
resources (didactic and domain entities). 
A didactic interaction is a teaching interaction of cooperative type based on the roles played by 
actors. A role may beplayed by severa! actors [Depa, 91]. 
A local didactic strategy is represented by activating didactic interaction. These didactic 
interactions are managed by the controller of a GTS. 
The controller of an GTS must establish a dialogue \Vith the controller of the virtual class. This 
dialogue allows to indicate either a learner may change of group ora learner has a problem or 
a leamer senda request (when he wants to express a problem or point ofview). 
We established with educationalist team three behavior zones inside a group, these behavior 
zones represent three types of possible progressions: normal, intermediate and critical zones 
(figure 5). 

Inferior 
C:dtical 

Arithmetic 
mean 

Figure 5: Behavior :rones inside a gro u p. 

These behavior zones represent a fine adaptation to knowledge leve! and to Iearner's 
educational needs. The control of behavior zones requires a set of control rules to manage of 
mobility of learners. In this way, the control of mobility of learners allows to manage a 
dynamic and flexible composition ofvirtual class. 
The execution ofindividual activities will allow to measure the leamer progression by a learner 
profile. This leamer profile is the element which allow toan ATG to detecta leamer behavior. 
An ATG controller analyzes and decides a set of adequate didactic interactions according to 
knowledge level. 
The analyze of a learner's pro file allow to adjust the composition of a group by a control of 
mobility oflearners inside the behavior zones. 

HI Speci.fkation of the VCTS 

The VCTS must assure the knowledge transmission of a domain to teach. The VCTS has to 
rnanage a training session of a virtual class which is composed of a set of remote learner 
groups. It must also supervise and adapt the execution of a pedagogical strategy in a flexible 
way, 

ill.l Architectuure of controller of the VCTS 

The controller ofthe VCTS is composed ofthe following modules [Hern, 95d] (figure 6): 

a) ro..anaging module of communication (event manager) with each controller of a GTS. This 
module must a.nalyze each event sent by a controller of a GTS. 
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b) pedagogical module must manage a pedagogical strategy. The principal objectives of this 
module are: managing of pedagogical goals (knowledge transmission and knowledge 
evaluating), supervising of homogeneity of knowledge level associated to each group, and 
providing pedagogical aiding. This pedagogical aidings may be provided by different ways: 
using a didactic resource which is represented by a computer intervention, a teacher 
intervention is necessary for having similar functions as a traditional class ( explanations, 
resolving doubts, providing advises, ... ), and in the context of cooperative learning a learner 
intervention is also necessary. 

e) behavior managing module of a group oflearners. The VCTS has a global view of a virtual 
class composed of a set of groups. The global view is represented by a set of group profiles. 
Each GTS has a local view which is represented by a set of learner profiles. 

Pedagogical module 

- Knowledge 
transm ission 

-Dynamique ,..-- -......, 
com position '--- __... "- __... 

- P edagogical 1 
Profile of Profile of 
group 1 

o o o 
aiding group n 

/ 

¡Event manager 

l 1 l 1 

Representation of 
o o o virtual class behavior 

¡. Dialogue 11 Dialogue 1 

with GTS 1 with GTS 2 

Figure 6: Architecture of controller of tbe virtual class (VCTS). 

Now, we are going to develop the architecture ofthe VCTS. 

III.2 Managing module of communication 

This module is represented as a module that manages a11 interaction with each controller of a 
GTS. ífhese interactions between controllers are represented by events. An event is considered 
as a client-server interaction between controllers. The controller of VCTS must manage each 
event sent by a controller of GTS. The event is analyzed and an interaction must be 
established. The controller of VCTS gives a response by an event. This event may be an 
pedagogical goal, a change of group, and get in contact with a teacher or another learner. The 
processing of events is represented by a repetitive selection (figure 7). 
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Pedagogical 
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Figure 7: Control ofEvents in tbe Virtual Clas§. 

All dialogue event between controllers is represented by a pedagogical control interaction 
according to an object-oriented approach [Hern, 95c]. The execution of an interaction 
correspond to execute a communication protocol [Hem, 95d]. 

111.3 Pedagogical module 

The IC.AL systern must adapta pedagogical method according to learner's educational needs 
[Canu, 90]. 
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Knowledge transmission 

A principal postulate of an ICAL system is to consider a learner behavior as a key factor in all 
decision taken by the system. In this context, knowledge transrnission takes into account a 
learner evaluating. Thus, an interactive evaluating ofleamer becomes essential. 
In an analogous way to Wenger [Weng, 87], we consider a set of interactions as a means for 
managing knowledge transmission. The controller ofVCTS has the following functions. 

• Point ofview: Structure 

The controller ofVCTS is based on the general architecture ofan ICAL system [:E-Iato, 92]: 
-a expert module must be enabled to salve any problem asked to leamers, 
- a group profile characterizes a behavior oflearner group (knowledge leve!), 
- a tutor module must to manage: 

- lmowledge transrnission of a domain, that is, from pedagogical objectives aimed and 
knowledge oflearner groups, this module by a teaching strategy must apply adequate 
learning situations (individual and collective ), 
- the dynarnic composition oflearner group, this is controlled by a validation ofinter­
group changes indicated by controllers ofGTSs, 
- infonnation provided by a human intervention in the context ofpedagogical aiding, 
-a dialogue module must assure the communication between controllers (VCTS and 

each GTS) and the lnteraction between controller ofVCTS and learners. 

• Polnt ofview: Knowledge transrnission 

Pedagogical managing takes lnto account individual and collective behaviors. Thus, a 
pedagogical strategy uses an evaluating function. 

A learner proille corresponds to an instance of learner profile class (figure 8) and a group 
profile corresponds toan instance of group profile class (figure 9). 

,_~~--~----------------~ 
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Figure 9: Pro file of a group. 
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The trammg session is adapted to each learner's pedagogical need and to the group's 
pedagogical needs taking into account a profile of each learner and group. We considered a 
leamer profile and a group profile de:fined by teachers working in collaboration ·with us. The 
virtual class controller works according to the decision rules and object-oriented 
representations. 

Training session 

A course is represented by a set of training sessions which are composed of general 
pedagogical objectives (figure 1 0). A progression class is rnanaged step by step: a general 
pedagogical objective is represented by a set of intermediate pedagogical objectives. Each 
intermediate pedagogical objective is associated to control interactions ("speak", 
"inform","tutor", and "ask-answer"). In this way, a course is organized by a hierarchy. 

Coune 

1 

V 
Training 
session 

V 
Pedagogical 

o bjedive 

Pedagogica! 
objective 

~ 
Intum ediate 

objedive 

1 \ 
Pedagogi~ai Pedagogical 

control control interaction 
interaction (evahnting) 

Figure 10: Representation of a course m the Virtual Class Tr2imng System. 

ADAS process 

The VCTS controller works according to Action-Decision-Analyze-Supervision (ADAS) 
process, this process is also used for specifYing the didactic module of a GTS controller. The 
general way of ADAS process is represented by the following representation. 

Supervisit:m ------- When an event is detected 
Analyze ------------------ Analyze type and context of an event 
Decisüm ---------------------- Diagnose roles and actors 
Action -------------------------------Establish to pedagogical control interaction and 

Execution of pedagogical control interaction 

An event may be: a status of a pedagogical objective (status-pedagogical-objective), an 
irnportant regression (regression) oran important progression (progression) of a leamer. 

Pedagogical obiective 

The transmission of a pedagogical objective is represented by a pedagogical control interaction 
(figure 11). 
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1 

Type of interaction: "pedagogkal o bjective" 
Parametews: "next pedagogical oiJjective" 

I
'Type of relation: "L.l" 
Context oí interaction 

Scope: stlring 

¡Actor_inHiator: "id_GTS" 
Role i: "dient" 

1 A~~:tor_ans:wer: "controller of VCTS" 
1Role_a: "seli"ver" 

Figure 11: Represent:ltion of the pedagogical control internction: 
next pedagogical objeetive. 

When status-pedagogical-objective 

Dynamic composition 

next pedagogical objective = pedagogical strategy 
(current pedagogical objective) 

instantiation ofnext pedagogical control interaction 
execution ofnext pedagogical control interaction 
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.A.n lnitial composition is created from an initial evaluating. The results ofthis evaluating allows 
to identny the k:nowledge level of a set of remote leamers. 
The leamer mobility in a virtual class is managed by a control of events sent by a GTS. The 
homogeneity of a group of leamers could be called into question when a leamer not progress 
to same rhythm. So, it is necessary to take into account possible inter-group regressions and 
progressions, 

Progression 

A learner which advances quickly inside his group, he is a candidate to change of group. So, a 
controller of a GTS send an event to indícate an inter-group progression. The processing of 
thls event is characterized by a suppression of the origin Ievel and an addition to next level. In 
this way, the controller of VCTS must establish and execute two pedagogical control 
Í.<1teractions: "suppression" (figure 12) and "addition" (figure 13). 

When inter-group progression (learner _id, knowledge _leve/, profile) 
If knowledge _leve! < maximum _leve! then 

instantiation of pedagogical control interaction: 
suppression (knowledge _leve!, learner _id) 
execution of pedagogical control interaction 
instantiation ofpedagogical control interaction: 
addition (knowledge _leve!+ 1, learner _id) 
execution of pedagogical control interaction 



110 

Regression 

XXII Conferencia Latinoamericana de Informática 

Type of interactioJrn: "§uppression" 
¡Parameters: id_learner 
IType of relatñon: "1..1" 

IContext of interadion 
§cope: string 

~A dor_initiator: "o;:ontrollell" of V CTS" 

I

Ro!e i: "client" 
Acto~_answer: id_G TS 

jRoJe_a: u serve:r" 

Figure 11: Representation of the pedagogicai control interaction: suppression. 

Type of interaction: "addition" 
Parameten: "id_learner" 
Type of relation: "1..1" 
ConteJit of interaction 

§cope: string 
A e toE' _i~mitiato1r: "co!ltroller of V CT S" 
Role_i: "dient" 
Ador_llnswer: "id_GTS" 
Rol~e_a: "server" 

Figure 13: Representation of tbe pedagogical control interaction: additimm 

A learner which is "very late in his progression" of a training session, he is a candidate to 
change of group. So, a controller of a GTS send an event to indicate an inter-group regression. 
The processing of this event is characterized by a suppression of the origin level and an 
addition to previous level. 

When inter-group regression (learner _id, knowledge _leve!, projile) 
lf knowledge _leve/ > minimum _leve! then 

instantiation ofpedagogical control interaction: 
suppression (lmowledge _level, learner _id) 
execution ofpedagogical control interaction 
instantiation ofpedagogical control interaction: 
addition (lmowledge_level-1, learner _id, projile) 
execution ofpedagogical control interaction 

The representation ofregression interactions are analogous to progression interactions (figures 
12 and 13), 

Pedagogical Aiding 

A pedagogical aiding may be necessary when the system detects a problem or when a Ieamer 
wants to express a problem (misunderstood concept, doubt, complementary information), In 
the last case the human intervention is necessary, especially for resolving any doubt or giving a 
comp]ementary h"lfonnatlon. 
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A decision of type of intervention (system or human intervention) is controlled by a 
pedagogical strategy. The system pro poses a type of intervention and the learner decides the 
intervention wished. 
In the context ofhuman intervention, we have identified two cases: 

Case 1 

When a measure of an error type exceeds to intervention limit, a human intervention is very 
important to explain again a concept (figure 14). 

Case2 

lf Group i.M-Score_error i >= intervention_limit then 
instantiation of pedagogical control interaction: 
get in contact (teacher/learner _id, Group i) 
execution of pedagogical control interaction 

Type of inteJr:sction: "get in contact" 

l
l"airameters: "id_ador1, id_actor2, profile_actorl" 
Type of rdation: "1..1" 

I
Context of inteuction 

§cope: sti"ing 
Actor_initiator: "cont¡-olin ofVCTS" 
Role_i: "clieJrnt" 
Actoi"_answe¡-: "id_GTS" 
,RoJe_a: v'l§errver" 

Figure 14: Representation ohhe pedagogical control inter:lllction: get in contad 

\Vhen a inter-group regression has been indicated and the knowledge level considered is 
smaller than other levels, in this case the human intervention is necessary for aiding to leamer. 

When inter-group regression (learner _id, knowledge _leve!) 
if knowledge_level = minimum_level then 

instantiation ofpedagogical control interaction: 
get in contact (teacher, learner _id) 
execution ofpedagogical control interaction 

The representation of get in contact interaction is the same to case 1 (figure 14 ). 

IV Implementation of :m adapted virtua! dass 

An example of a virtual class in the context of SE:tv.IIEC (In french: Service Evolutif 
Multimédia de Enseignement de la Comptabilité) has been developed at IPST (French institute 
for professional training) [Hern,93b]. The SEMIEC environment is based on a distributed 
configuration. Two kind of sites have been characterized (figure 15): 

a) The central site which provides a set ofreusable SITB from a server. 
b) The decentralized sites which allow to learners to participate in an adapted training dass. 
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Training Center 2 Teachers 

Figure 15: The multi-site configuration of SEMIEC. 

The public aimed has been represented by students of first cycle of management at CNAM (in 
french: "Le Conservatoire National des Arts et Métiers"). The class taken into account hadan 
"initiation" leve!, this leve! characterized to learners which are partially or completely novices. 
Thus, two knowledge levels were considered: "novice" and "intermediate". Each knowledge 
level was managed by a GTS controller anda class was associated to level "initiation'' which 
was managed by a VCTS controller. 
Now, we are going to describe the system used to implementan adapted virtual class. 

IV.l Remote Procedure Calling (RPC) 

The product RPC (ONC RPC 4.0 developed by Sun Microsystems) [Bloo, 92] allows to 
develop distributed systems. RPC allows to a program (client) to execute a procedure placed 
on a remete computer (server). A remete server listen a network detecting when an event has 
been sent by a client. The RPC library uses the Internet protocols (UDP and TCP). These 
protocols are the transport protocols more used on Unix. 

IV.2 The architecture with RPC 

The architecture used is based on reusing of reusable SITB. The pedagogical control is 
distributed between: the controller of virtual class (VCTS), the manager of SITB server, and 
the controller of group oflearners (GTS). 
Severa! RPC servers have been developed allo'Wing to manage the events (figure 16). We have 
specified a server associated to each learner, a se.rver is associated to the teacher, a server is 
also associated to controller ofVCTS for managing the communication with a controller ofan 
GTS, anda server ofreusable SITB is implemented to manage the reusing interactions .. 
This architecture allows a distributed processing of pedagogical control. The programming of 
this application has been realized using of language C for managing the communication 
channels and the language C++ for implementing th€cooperative interactions according to an 
object-oriented approach. 
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The architecture ofthe virtual class proposed is a response to traditional virtual classes which 
are not adapted. The virtual class proposed takes into account different types of learner 
progressions (behaviors). The virtual class considered is adapted allowing and controlling the 
learner mobility. This logical mobility may be inside a learner group (intra-group or change-of 
zone) and outside a learner group (inter-group or change of group). This system provides a 
teaching function distributed between different actors: learners, teacher and resources. This 
teaching function allows: to use of cooperative learning, to give remote pedagogical aidings, 
and to apply remote tutor functions. 
Works are in progress for implementin~ a server of reusable· SITB in the prograrnming 
methodology domain. This server will béimplemented using of Internet, the access to server 
will be analogous to a learning environment. The same server will be also used for reusing a set 
ofreusable SITBs and adapting them in a virtual class by Internet. 
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