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INTRODUCTION

Our Virtual Lab. has been experimented with a group of 40 students. This group represented half a class of 80. The target for this group was to prepare practical activities using the Virtual Lab. That is to say using virtual components and simulation by means of the SPICE programme [START_REF] Gerval | VELab: A Virtual Lab for Electronics Virtual Experiments[END_REF].

The other half was preparing practical activities as usual. That is to say using paper and pens! All these students were beginners in the field of electronics.

The main functionalities of the Virtual Lab. had been laid out to students during a short lesson. Then they had to prepare the practical activity by themselves. The students were expected to study various circuits that implemented operational amplifiers.

Our main goal through this experiment was to assess the relevance of the Virtual Lab. in the framework of the preparation of practical activities in electronics. Also, as we had split students into two different groups, we were expecting to make comparisons about the results of these two groups during practical activities.

Benefits from Virtual Lab. vary according to the students' behaviour. Students who are eager to work get better benefits from the Virtual Lab. while the others get only lower gains.

Since the Virtual Lab. resource has been constantly available, well-motivated students have been encouraged not only to work the courses but also to look further. Using the Virtual Lab. is a real added value for these students. As regards the other students, the Virtual Lab. remains a working tool like others. In this case, the Virtual Lab. does not increase schoolwork motivation.

On the other hand, this experiment emphasizes the fact that autonomous work using the Virtual Lab. cannot be applied so simply with the two types of student populations: naturally autonomous profiles and dependent profiles.

This state of fact is confirmed by their results:

 Naturally autonomous profiles are those who succeed better;  Dependent profiles try to get a benefit to escape teacher monitoring.

In order to avoid that students who have a "dependent profile" escape teacher monitoring, we have decided to implement a Virtual Tutor. The main idea is to give students the feeling they are working in an autonomous way. But in the fact they are monitored and this way they can get a feedback about what they are doing.

VIRTUAL TUTOR BEHAVIOUR

Describing Virtual Tutor behaviour

The first step is to find or to define a tool in order to describe the behaviour of the Virtual Tutor.

This has to be designed by a teacher. The challenge is to provide a tool that is easy to use and easy to understand by users who are not specialized in computer sciences.

This tool must also be "content independent". That is to say that this tool must not be especially dedicated to the monitoring of practical activities in the field of electronics. The developed approach of virtual tutoring should be reused in various cases of practical activities.

Concept maps are widely used to describe experts' knowledge from various domains, for example in the field of electronics [START_REF] Coffey | Knowledge Modeling and the Creation of El-Tech: A Performance Support and Training System for Electronic Technicians[END_REF] or medicine [START_REF] Michael | Learning from a Computer Tutor with Natural Language Capabilities[END_REF]… They can also be used to help students to integrate new concepts [START_REF] Vega-Riveros | Concept Maps in Engineering Education: A Case Study[END_REF] even more they have been adapted with preschool children who can't read yet [START_REF] Figueiredo | Things we know about the cow": Concept mapping in a preschool setting[END_REF].

Concept maps are graphs that connect nodes with arcs. Nodes represent concepts and arcs represent relationships between nodes. It is an intuitive and visual representation technique that seems to have "more computational efficiency" than any other forms of knowledge representation [START_REF] Kremer | Concept Mapping: Informal to Formal[END_REF].

According to the fact that in our Virtual Lab. most of behaviours have been developed in java language, we are naturally guided in choosing the same tool as an implementation language for the Virtual Tutor.

The behaviour of the Virtual Tutor is implemented by means of JESS (Java Expert System Shell). JESS is a Java implementation based on Clips [START_REF] Jess | The Java Expert System Shell, official Homepage[END_REF].

On the one hand, JESS has been used by other authors in order to control a virtual tutoring system and an architecture has been proposed in order to structure JESS rules [START_REF] Ch | Virtual Tutor, Proc. of ED-MEDIA 2002[END_REF].

On the other hand, concept maps have also been used to formalize JESS rules [START_REF] Coffey | Knowledge Modeling and the Creation of El-Tech: A Performance Support and Training System for Electronic Technicians[END_REF].

But the originality of our work is to propose a generic approach (a content independent approach) that would enable the automatic generation of a Knowledge Base from a Concept Map. The different steps of our approach are showed Figure 1: 1. Teachers design a Concept Map that represents the behaviour of the Virtual Tutor. Of course, this design must fit with the exercise that students have to achieve. Teachers are using CmapTools [START_REF]official Homepage[END_REF].

2. Rules are extracted from the Concept Map in order to feed JESS Knowledge Base.

3. The Virtual Tutor is a VRML [START_REF]VRML Standard Version 2.0[END_REF] avatar that will interact with students according to their actions in the virtual world. JESS takes in charge the control of the avatar.

Translating a Concept Map into rules

According to the fact that:

"Concept maps are not computational unless they have an associated semantics. That is, the maps' node and link types and their interconnections must be constrained to allow for computer support. [START_REF] Kremer | Concept Mapping: Informal to Formal[END_REF]"

we have defined a basic semantics in order to be able to compute a Concept Map:

 Maps' nodes are predicates or actions.

 Link type is unique and the meaning of the link is "implies".

An example of such a map is given Fig 2.

Fig. 2. A map fragment on Operational Amplifier exercise CmapTools enables the generation of an XML file describing the map. This XML file contains information concerning the topology and the semantics of the map (Fig. 3). We use semantics data from the XML file in order to generate rules as following (Fig. 4):

1. Set up a 2D array with Linking-Phrases as row and Concepts as columns. This method enables us to distinguish predicates and actions from the set of concepts. If there is a weight equal to -1 in a column that means this concept is a predicate. Otherwise it is an action.

VIRTUAL TUTOR IMPLEMENTATION

The Virtual Lab. server implementation is based on the DeepMatrix software [START_REF] Reitmayr | DeepMatrix -An Open Technology Based Virtual Environment System[END_REF] from GEOMETREK. This software enables users to enter 3D websites where they can interact with other users and objects. DeepMatrix implements client-server architecture.

Clients are Java applets running in a HTML Browser. The communication between VRML world and client applet is made by use of External Authoring Interface (EAI) (Fig. 5).

On the client side the EAI permits to achieve complex tasks by connecting the VRML Web Browser plug-in with a Java applet within the same web page. The avatars were designed on an approximate-body approach [START_REF] Capin | Avatars in Networked Virtual Environments[END_REF], which provides frequently position and orientation information to remote hosts, taking into account a minimal set of joint points. The plug-in updates the Java applet about users position and orientation in the virtual world.

The Virtual Tutor is represented in the virtual world by means of an avatar, which is not connected to any users. This avatar is controlled by JESS on the server side (Fig. 6). Thus all clients that share the same virtual world are sharing the same Virtual Tutor. Virtual Tutor actions are both text messages and sentences that are stored on server side by means of mp3 files. When a comment has to be provided to students the Virtual Tutor speaks to students and, in the same time, a text message is broadcast to all students.

CONCLUSIONS AND FUTURE WORKS

This implementation of the Virtual Tutor has been experimented in the framework of an exercise dedicated to Operational Amplifier.

On a pedagogical point of view, it is really easy for a teacher to create a Concept Map and to generate rules for JESS. Such an approach could be used in other context.

But the integration of JESS to the Virtual Lab., on the server side, requires some hand works in order to link predicates to events collected by DeepMatrix. This point should be improved by means of a dictionary of events.

The teacher could use this dictionary of events during the design phase of the Concept Map.

Semantics of our Concept Map should also be improved by means of new relations associated to linking-phrases.

The same method could be used in order to generate rules for each type of relation.

On a technical point of view, DeepMatrix enables the use of avatar gestures. Experiments will help us to design and implement avatar gestures according to end-users' needs. This would help us to improve Virtual Tutor behaviours [START_REF] Popovici | Virtual Perception Based Agents in Virtual Theater, Technologies for Interactive Digital Storytelling and Entertainment[END_REF].

We are also working on the integration of a speech synthesis module from MBROLA Project [14]. This module will enable the Virtual Tutor to speak without needing any pre-recorded mp3 file.
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 6 Fig. 6. Virtual Tutor implementation DeepMatrix offers network data structures, which enable clients to share data or to communicate together. DeepMatrix collects users' interactions. Events that are relevant to JESS rules are provided to JESS. Then JESS inference engine fires rules in order to select Virtual Tutor actions.