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Abstract

New applications in training and education are emerging daily trying to meet the requirements of distant learners. Network-based or WWW-based ITSs are expected to meet most of these requirements. In this context, software agents seem to be a promising distributed software technology that can be used to implement WWW-ITSs. In this paper, we present a multi-agent approach for constructing an educational application for distance learning. The proposed architecture exploits the assumption that each teaching subject can be regarded as the synthesis of elementary pieces of knowledge, each of which can be presented by an independent expert. Moreover, in order to better support individualized learning, a mobile agent is placed at the disposal of each distant learner.
Introduction

The increasing Internet penetration rate and the potential of World Wide Web (WWW) could be used as an enabling technological framework for the development of courseware applications, which could meet the requirements of distant learners. Indeed, popular courseware applications provide the trainees with location independent learning. But, in fact such applications only enhance traditional courseware systems with WWW capability. Inevitably, these applications inherit the disadvantages of traditional courseware systems such as: the educational material is static, usually stored in a database server and unable to be renewed without the interfering of the trainer, the application does not adapt to the different levels of trainee’s intelligence and needs, while they make no use of the already existing information on the WWW. Most of these shortcomings are not new; they were encountered again in the past and led to the development of ITSs (Alpert et al., 1999). 

Network-based or WWW-based ITSs are expected to meet most of the requirements of the distant learners. Moreover, they are able to respond directly to the learner and assume the active role of instructor/tutor. Such systems allow the emulation of a human tutor in the sense that an “intelligent” tutor can know what to teach, how to teach it, and are able to find out certain teaching related information about the learner being taught. 
Network-based ITSs are not necessarily distributed; on the contrary, most of them provide server-based access to the courseware. Such an approach, although having benefits in terms of development, maintenance and access control, lacks in flexibility and scalability.

In the light of these, an agent-based approach seems to be a promising distributed software technology that can be used to implement flexible, truly distributed WWW-ITSs. Many different definitions of an agent and many more different interpretations from different perspectives have appeared in the literature. In this paper, an agent is considered as an autonomous software entity, which is capable of collaborating with peers and of exhibiting reactive and proactive behaviour  REF jennings_98_2 \h 
 \* MERGEFORMAT (Jennings and Wooldridge, 1998). Then, a Multi-Agent System MAS is considered as a loosely coupled network of communicating and cooperating agents possibly situated on distributed machines, which provide complementary services (Sycara, 1998). The first attempt of embedding agent technology into ITS approach was by implementing an ITS as a single agent (Sycara, 1998). This approach is not particularly attractive for creating software that operates in environments that are distributed and open, such as an Intranet or the Internet. The main disadvantage of ITS consisting of one agent is that agent’s knowledge, computing resources, and perspective is bounded. Nowadays, in order to overcome single agent’s limitations, the Multi-Agent System (MAS) approach has been introduced for implementing network-based intelligent courseware (Omar and Marietto, 2000; Triantis et al., 2000a). 

This paper presents the first results of an ongoing research, which constitutes the initial phase of a complete agent-based courseware development environment. The proposed architecture does not attempt to solve all the distance-learning issues presented in section 2. In its current version, it deals mainly with the technology-related issues and some of the issues that emerge from the need to support network-based learning (namely, knowledge management – especially dynamic synthesis of course material, mobility and instructional strategy specification).

A brief survey of WWW-ITS architectures and agent-based systems on the web is presented in sections 3 and 4 of this paper. Then, in section 5, this paper proposes a new software architecture for distributed courseware applications, which is based on the multi-agent paradigm. Three applications of the proposed architecture are described in section 6, while one of them is being presented as a case study. The advantages of the proposed architecture are discussed in the last section of the paper. 

In brief, the main features of 4Ds, the proposed architecture are the possible distribution of teaching knowledge among different network nodes and the support of end-user mobility. 4Ds uses a network of communicating agents and exploits the assumption that each teaching subject can be regarded as the synthesis of elementary pieces (or aspects) of knowledge, each of which can be presented by an independent expert. Moreover, in order to better support individualized learning, a mobile agent is placed at the disposal of each distant learner.

4Ds has been initially designed for and applied to the development of medical courseware. In general medical education involves the transfer of voluminous knowledge that is constantly growing, hence medical courseware has to be upgradeable and scalable. Moreover, traditional medical education adopts a system-oriented approach: each system of the human body is examined from several perspectives of medical interest. Hence, in the proposed architecture, the information to be taught is distributed in more than one medical expert. Contemporary medical education aims at guiding students into acquiring a set of basic problem-solving skills. The successful application of medical skills calls for a synthesis of different, independent knowledge sources, which sometimes offers contradictory and incomplete information.

Issues related to distance learning courseware

When designing a courseware to be used by distance or network-based learners, designers should take into account issues related to technology and to the special learning situations.

Technology-related issues include:

Availability of training service: In contrast to stand-alone learners, network-based learners may suffer from network unavailability or breakdown. A counter measure may include the use of mirrored servers or the distribution of content and services across different network nodes

Robustness: The software should guarantee a minimum level of educational services available under all conditions

Quality of service: This issue is in fact a complex one and can be analyzed in constituent issues, such as:

· Accessibility, which may depend on whether the learner logs via a LAN or WAN (Internet), or uses a dial-up connection to the educational service provider. Different educational software designs need to be developed for different platforms of learner access

· Performance, which may prove of paramount importance if large files of dynamic data have to be transferred across the network. Again, modularity of content and stream-based transmission may improve the situation

· Response time: Learners are aware that they are using interactive software; so the latter should behave as one. Experience shows that consistent response delays in excess of 100 ms may hinder effective learning. Furthermore, research has shown that once a learner starts a one-hour lesson, there should be a probability higher than 95% that he/she eventually gets through the lesson (Rindos et al, 1995).

Issues that stem from the special nature of network-based learning include:

Management of learner profiles: In order to achieve personalized tutoring, the educational software has to maintain learner profiles. These will be used during the tutoring interaction, so that educational content is better adapted to the needs and abilities of the particular learner. Moreover, the software could provide learner profile management services, in order to group learners depending on their abilities or interests, to suggest follow-up courses etc. If the software is to maintain a learner profile, then it has to authenticate each user and maintain a track record of each user's "learning trajectory". Server logs are not enough for the purpose and a record of each user's answers to questions is the least acceptable level of monitoring.

Self-learning, communication and collaboration: Many distance learners will in fact use the software in their homes or in their office, in the absence of any tutor or domain specialist. This might create a feeling of isolation (even despair) if the software does not anticipate well the learners' needs or does not provide communication facilities. These may include asynchronous services (file exchange, mail and chat), but might extend to synchronous collaboration and conferencing, depending on the nature of the training subject. Communication initiated by the service provider towards the learners may increase their confidence to the process. Collaboration may be required between a group of learners, between learners and tutors or even involve the participation of experts (Andre et al, 2000).

Knowledge management: a tutoring system should support knowledge management, which includes (a) access to distributed information databases over WANs, (b) updating the information that is presented to the trainee, (c) filtering a large amount of information according to currently teaching procedure’s needs, and (d) dynamically compose a teaching material for each learner through interaction with him/her. Such systems that provide knowledge management embody networking technologies for accessing these databases as well as AI techniques for exploiting an “efficient” way of management including either system performance and /or quality of educational material.
Mobility: Contemporary learners tend to use a variety of network access devices and locations. Educational software should be able to adapt the content presentation depending on the access point and device used. Moreover, each learner's learning environment (which might contain the state of the tutoring process, his/her personal preferences etc) should be accessible from any location (provided this is not prohibited by other reasons, such as security)

Instructional strategy: Because learners differ in many respects, an educational software system should track these differences and adopt the instructional strategy. Currently in the literature exist four kind of instructional strategies (Clark, 1998): (a) Receptive: in which the learner has the minimum control of his/her own learning; (b) Directive: in which the learner responds to several instructional events, in order the system to offer a personalized and immediate feedback; (c) Guided discovery: in which the system only depends of the answers given by the learner to accomplish its tutoring actions; and (d) Exploratory: in which, complete freedom is given to the learner to navigate in the instructional system
In addition to these, there exist a few more issues related to the educational content:

Interactive and dynamic content: Network or distance learners may easily be distracted from the process by events that take place in the environment. That is why the educational software should engage the learner in a highly interactive learning process. Factors affecting the degree of interaction include the design of the content, the selected instructional strategy and the QoS delivered by the service provider. Moreover, the educational content should be adapted to the requirements of each learner, even during the delivery of the educational service (dynamic adaptation)

Property rights: This issue is mainly a concern of the educational service and content providers. Since everything distributed via the Internet can be publicly accessed, educational service providers have to ensure that (a) they have the right to distribute educational content and (b) only subscribers to the service access the content

Certification: In the era of network proliferation, virtually everybody can distribute educational content. Subscribers to educational services need to be assured of the high quality of the educational content and the training process. The value for the money and the resources they have invested is only judged by the end result, which mainly depends on the level of education and the degree of support they receive

ITSs on the Web

As standalone ITSs do, network-based ITSs can be used to act as the learner’s private tutor, while the human trainer or tutor is then free to focus on more complex and individualised learner needs. This requires the representation of a domain expert’s knowledge (called the Domain Module), an instructor’s knowledge (called the Instructional or Tutoring Module), the learner that is being taught (called the Learner Module) and the way of learner – computer interaction (Interface Module). Figure 1 displays two popular WWW-ITS architectures.

_Insert Figure 1 here_

In the first one, the learner uses an Internet browser with a downloadable Java applet or pure HTML script (representing the Interface module of the ITS) to interact with the ITS whose Domain, Student and Tutor modules reside on a web server. An example of this architecture is the AlgeBrain equation-solving tutor (Alpert et al., 1999), which provides an environment for practicing algebraic skills learned in a separate instructional setting. 

In the second architecture, most of the modules of the ITS reside on a downloadable Java applet and only some data needed for student modelling reside on the web server. An example adopting this architecture is The Animated Data Structure Intelligent Tutoring System (ADIS) (Triantis et al., 2000a), which is being used as a teaching aid for a course on Data Structures to enhance students' understanding of data structures such as linked-lists, stacks, queues, trees and graphs. 

Multi agent courseware over the web

Agent-based courseware, as an evolution of the traditional ITSs, is built upon previous research on intelligent tutoring systems. Furthermore, it has to deal with many of the same concerns that agents in general must address, such us managing complexity, exhibiting robust behaviour in rich, unpredictable environments, coordinating their behaviour with that of other agents, and managing their own behaviour in a coherent fashion, arbitrating between alternative actions and responding to a multitude of environmental stimuli. 

In respect to the issues discussed in section 2, a MAS approach in building educational systems ensures: 

Quality of service: agents are inherently distributed in nature, and can take advantage from the presence of a computer network (agents can be placed on different machines). As a result MAS systems exploit (a) availability of the tutoring process to learners that are LAN, WAN or even mobile users, (b) high response time, (c) adaptability to network failure.

Communication and Collaboration: even though distributed agents would seem to overload network communication, practically agents exchange messages only when necessary. Such communication requires low network bandwidth and provides the ability of supporting flexible collaboration among learners through exchanging messages.

Knowledge management: distributed and mobile agents provide access to distributed information databases over WANs, in order to update information that is presented to the trainee and agents due to their nature may embody AI techniques in order to filter that information according to currently teaching procedure’s needs,

Availability and Robustness: the MAS approach ensures a high level of workload scalability. This means that a Multi Agent System is able to share the workload through the pool of agents (variable in number) distributed on different machines in order to optimise the reply time and the workload of all servers.

From a software engineering point of view, MAS approach ensures a high level of functional scalability. New “intelligent” functions can in fact be added to the system simply by adding new agents providing such functions. No modification must be made to the system behaviour. Simply a new correspondence event – agent service must be added. Moreover, MAS approach enhances performance along the dimensions of computational efficiency, reliability, extensibility, robustness, maintainability, responsiveness, flexibility, and reuse. 
Currently, most of the multi-agent courseware systems implement (some or all) the modules of a traditional ITS architecture (Figure 2) as separate agents and the whole tutoring system is delivered to the learner through a web-based user interface.  Particularly, the Delivery Agent is responsible for monitoring and transferring user’s events to the rest of agents. The Student Agent is responsible for the creation and maintenance of a personalised student model. The Domain Agent retrieves information about the domain, which is stored in a database. And the Tutor Agent is responsible for the meta-strategies to be applied in the tutoring process.

_Insert Figure 2_

Typical examples of the above architecture (Figure 2) are the ITStrategic (Omar and Marietto, 2000) and ABITS (Capuano et al., 2000). ITStrategic is a prototype, running over the WWW, aiming to validate the main ideas of the architecture depicted in Figure 2.

ABITS (Agent Based Intelligent Tutoring System), is a Multi-Agent System (MAS) able to extend a traditional Course Management System (CMS) with a set of ‘intelligent’ functions, allowing learner modelling and automatic curriculum generation. The purpose of such functions is the improvement of the learning effectiveness based upon the adaptation of the didactic material to learner skills and preferences.

4Ds, the proposed educational application architecture

In order to support knowledge management for self-learners and possibly mobile learners, a software system has to provide:

Distribution of content: content should be split into units, which may be dispersed over a network; units of content may also be retrieved from the Internet. The use of Internet as a library of knowledge and information enables isolated learning in which the learner gains the required knowledge through the unconditional synthesis of distributed information, which sometimes may be contradictory,

Distribution of expertise: complex, interdisciplinary subjects are better taught by many co-operating experts (a practice already in use by the existing educational system). Traditional classroom practice has shown that for educational domains that deal with large amount of information, learners gain the appropriate knowledge through a guided composition of distributed, different but sometimes limited or incomplete expertise,

Support for Distributed learners: nowadays, learners are not grouped in time or place. Instead, they tend to participate to educational sessions asynchronously, logging on from remote sites. Thus, the software system has to support learners who form virtual, distributed classes, the members of which change dynamically depending on learner profiles and requirements,

Dynamic content synthesis: in order to meet the constantly changing requirements of the contemporary educational settings, educational applications need to dynamically synthesize educational content and strategy. In order to achieve dynamic synthesis, distribution of expertise is required. If computers were not around, then the best way to teach complex subjects would be to have the teacher consult several subject experts and then synthesize their views in order to present them to the learners as a unified course,

Sustainable sessions: on the other hand, educational sessions have to be sustained over time and space, because contemporary learners are usually on the move and have limited availability.

Web - ITSs and MAS – ITSs lack the capability of dynamic synthesis and distribution of expertise because in each case the domain module of the tutoring system resides either on the domain module of the ITS or on a single agent that embodies the domain module of the MAS – ITS. Moreover, in a Web – ITS, the learner, usually via a web browser, accesses the tutoring system, which is situated on a single server machine over the network (client – server implementation framework). As a result, such tutoring systems do not support management of distributed resources of knowledge, content and information as well as dynamic synthesis. Particularly, the adoption of client – server framework, allows the management of educational resources local to the server machine only. In any case, the author of the courseware is charged with the development of the appropriate content to be presented to the learner.

The architecture for distributed intelligent courseware proposed in this section implements a network of communicating agents, thus inheriting several advantages of the MAS approach. By distributing both domain knowledge and expertise into several agents, it allows the efficient management of distributed information resources and the dynamic synthesis of the information that is presented to the learner. 

Particularly, each educational application may consist of one instructional agent and many domain expert agents, the configuration of which dynamically changes during the teaching process (Figure 3).

_Insert Figure 3_

The instructional agent undertakes the responsibility to control the information that is presented to the learner based on a specific instructional strategy, which is embodied to instructional agent’s knowledge base. This instructional strategy is implemented as a set of teaching plans; each plan is a sequence of teaching steps, each of which can be carried out by a team of expert agents. Note that the instructional agent is only aware of the specialty of the expert agents required per plan step; it then dynamically configures agent teams, based on the set of agents that are active within the system at a particular instance of time.

A domain expert agent is responsible for providing information and educational material to the learner about its particular domain of knowledge. A domain expert contains a set of plans for recalling and presenting information modules (Learning Units) to the requesting agent. To this end, it is aware of the information resources, which are associated with a specific domain of the educational subject that the tutoring system deals with. In general, each domain expert agent can contribute a part of knowledge or an approach in different parts or cases of the subject; then a team of agents can collectively teach a subject that is beyond the individual capabilities and knowledge of each of the domain expert agents. The synthesis and the management of the distributed expert knowledge are the responsibility of the instructional agent.

A pool of search agents undertakes the responsibility of searching for educational material through local or remote information resources on behalf of each domain expert agent, who filters the results of the search according to its domain knowledge. 

During each step of the teaching process, based on the instructional strategy, the instructional agent forms a team of domain expert agents (based on the specialty and availability of each). Vertical communication between the instructional agent and the expert agents includes: 

· The request from the instructional agent to each expert agent to execute one of its plans,

· The acceptance or rejection of the request by the expert agent

· The response of the expert agent to the instructional agent with the information modules that, according to the expert agent, provide a better match to the request of the instructional agent.

Moreover, the members of each team communicate horizontally by exchanging messages in order to best meet the tutoring objectives. Such communication may involve:

· One expert agent requesting another expert agent to execute one of its plans

· One expert agent requesting another expert agent to act as its replacement for the execution of a plan

· The acceptance or rejection of the request by the expert agent

· The response of an expert agent to the request of another expert agent with the information modules that, according to then called expert agent, provide a better match to the request of the calling expert agent.

Then, each domain expert agent serves as a source of information (possibly synthesizing and) providing the appropriate educational material. 

In order to implement this teaching practice, two fundamental issues have to be resolved:

· Subject experts are available. They are capable of working independently, of sensing the educational context and of co-operating with the teacher and provide the knowledge bits he/she asks from each of them

· The teaching material is structured in a way that it can be efficiently communicated. Moreover, it includes a description of its content that can be used by the teacher to synthesize a broader course.

Each learner accesses the application remotely through a mobile agent. As long as the learner registers himself/herself once, through a web interface, this agent will follow him/her wherever he/she wants to start/continue the educational process. The mobile agent is the user interface of the tutoring application, hence its responsibility is to display the educational material to the learner as well as to track learner’s actions and to inform instructional agent about them. In a nutshell, the mobile agent ensures the sustainability of the educational session.

Applications of 4Ds

An application based on 4Ds architecture:

· Consists of an instructional agent and a set of domain expert agents. 

· Contains a logically integrated (but probably physically distributed) database of educational material. This is partitioned into self-contained modules called Learning Units (LUs). An LU is a hypermedia construct of multimedia material. In addition, each LU is described by attributes that represent both static information used to identify the unit (i.e. title, type, location, size, etc.) and dynamic information that describes the behaviour of the unit (i.e. pedagogical prerequisites and objectives, display constraints etc.)

The development of a 4Ds educational application involves the design of: (a) the instructional strategy that the educational system should adopt during a teaching procedure; (b) the domain knowledge for each domain agent that populates the multi-agent system; (c) the inter-relations among the agents and (d) the educational material that will be presented to the learner.

We have developed an integrated authoring environment for developing multi-agent distance learning systems based on the 4Ds architecture. It supports the implementation of (a) and (b) as libraries of plans with the use of Petri-Net based graphical model and a graphical editor. The system is able to deduce (c) from the application specifications, which it translates into Prolog clauses. The latter are input to a template multi-agent network. The structuring of (d) is the responsibility of courseware authors and currently is not supported by the system.

Using this system, and as a form of evaluating the approach, we have developed three 4Ds-compatible educational applications: Dermatology Tutor  REF zaharakis_98 \h 
 \* MERGEFORMAT (Zaharakis et al., 1998) for teaching psoriasis, CT Scanner – Tutor for teaching acquisition, processing and analysis of CT images and OPD – Tutor (Triantis et al., 2000a) for teaching the treatment of ‘outlet’ impingement in Orthopaedics. In these papers, the corresponding applications, together with initial evaluation results of their use, are described.

System architecture and implementation issues (agent architecture, communication mechanisms and protocols, etc.) of the developed applications are outside the scope of this paper. Details about the way that the applications were developed can be found in (Triantis et al., 2000b). However, it is worth mentioning that the development of the agents was based on the on the well-known BDI logical framework (Cohen and Levesque, 1990); every agent contains a plan library, an inference engine and a communication module. Plans describe the possible ways that an agent can bring about an intention. The Inference engine is the mechanism that handles and updates the agent’s mental state (beliefs, desires and intentions), selects, executes and rejects plans according to the mental state and processes the incoming message that transfers the observations of the agent’s environment.

Dermatology tutor - a use case

As mentioned above, Dermatology Tutor (Zaharakis et al., 1998) implements 4Ds architecture in order to teach psoriasis. Each medical discipline of the subject (e.g. physiology, anatomy, immunology, microbiology etc.) is taught by a specialized medical agent, who is responsible both for acquiring and for delivering the information pertinent to the subject, according to its specialty. 

In particular, the tutoring society for teaching CT images consists of eight agents (Figure 4). A learner registers to, starts or stops and generally interacts with the application through the mobile user interface agent, which processes all the events that come from the user and transfer theses events to the Dermatology Agent. There is only one mobile agent per learner and after learner’s registration to the application, the mobile agent follows the learner to whatever workstation he/she resides. Currently, a learner can initialise the tutoring process either by selecting a topic or by viewing the overall course.

_Insert Figure 4_

As the proposed architecture is composed for tutoring purposes, only the Dermatology Agent can act as an instructor; the instructional strategy necessary for the tutoring process is contained in this agent’s plan presented in Table 1. Each step of this plan constitutes a lower-level plan, which can be further analysed (Table 2). Based on its plans, the Dermatology agent can form and manage teams or communicate with the other agents via the communication channel. The domain agents populating the society, can be members of a team formed by the Dermatology Agent; they can also communicate with each other via the communication channel. 

For example, if the learner wishes to learn about the etiology and pathogenesis of psoriasis, the Dermatology Agent will try to teach the specific topic based on the corresponding plan  (Table 2). According to this plan, it needs to form a team with Biology, Biochemistry, Immunology, and Histology medical agents. Particularly, in order to fulfil its first partial goal (“Disorder of protein expression in keratinocytes”) Dermatology Agent requests, through message communication, the action from Biochemistry, Biology and Histology agents. As the Biochemistry, Biology and Histology agents have a corresponding plan about the requested action, they execute the plan and return the appropriate educational material to the Dermatology Agent. The Dermatology Agent controls the flow of the educational material that is presented to the learner according to learner’s events. The educational material is presented to the learner via the mobile agent. Finally, each domain agent uses a search agent in order to retrieve the appropriate LU from the database. Moreover, each search agent retrieves LUs based on a set of keywords that was given (in a form of message) by a domain agent.

_Insert Table 1 here_

_Insert Table 2 here_

Conclusions

The proposed architecture implements distributed intelligent courseware by using features of MAS. It approaches an educational subject as a set of distributed knowledge and expertise modules, and delivers educational content to the learner through a mobile user interface agent. There are several advantages that emerge from the proposed architecture:

Reusability: A domain expert participates in more than one tutoring system. Thus a domain expert can be part of the teaching procedure of more than one subject. In addition, an instructional agent of a particular tutoring system can be a domain expert to another application. 

Adaptivity: The instructional strategy can be adopted according to the needs of the instructional process since it is easy to replace the existing instructional strategy by replacing the instructional agent

Scalability: Each instructional agent defines a different tutoring application. Thus, the developer can scale up the proposed architecture to support multiple subjects by adding the appropriate instructional agent as well as the missing domain agents.

Rapid prototyping: The modular structure provides a variety of stable intermediate forms that are essential for the rapid development of complex systems.

Maintenance: Individual domain agents or organizational groupings can be developed in relative isolation and then added into the system in an incremental manner.

Distribution of expertise, as a result of the proposed educational architecture, which consequently provides quality control, independently from the educational domain, by a number of experts (domain expert agents).

Network Fault Tolerance through the existence of more than one expert agent that exploits the same expertise. In the case that a domain expert comes out of order, the request can be addressed to another domain expert that share the same knowledge with the previous one.

Communication decongestion: agents exchange messages among them only when necessary, without keeping a constantly open connection among them, as traditional Client/Server approach requires.

Mobile agents constitute an entirely different approach from Web-Based approaches e.g. applets, which are programs downloaded as the result of a user action, then executed from beginning to end on one host. They exploit several advantages that make them suitable for personalized and distance learning, such as:

Distance learning: A Mobile User Interface Agent may move through the network to learner’s place and interact with him/her. 

Availability of the courseware to a large number of learners (typically there is no upper limit) by producing only one educational application, which is a result of the following notions: (a) each mobile user interface agent that is attached to each learner is a clone of a generic one and (b) the rest of agents are common for all learners.
Reduction of network traffic: The information transmitted over the network is minimized, which has strong cost implications for devices connected by public wireless networks.

Support for disconnected operation: A mobile agent is still operational even though the client that it is situated on is disconnected from the network. Mobile users will frequently disconnect from the network, and perhaps connect later at another location with poor bandwidth. 
Security: It is possible now to deploy a mobile-agent system that adequately protects either a machine against malicious agents or the tutoring system itself and LUs’ copyrights through authentication of the user.
Future work 

After designing and implementing educational systems for medical education, we are now in the process of applying the described architecture to alternative educational subjects. Currently, the research team is designing an application for teaching aspects of educational software evaluation. Evaluating educational multimedia software is a difficult subject matter, since it ought to cover an extensive range of topics. It should be based on a predefined set of specifications and predictable results arising from the use of the evaluated product. This application deals with the process of evaluating educational multimedia software and in particular it considers the subjects of the evaluation factors and the guidelines needed for selecting and evaluating educational software.

Currently, even though learner’s events are monitored, they are not used for the maintenance of a student model which is essential in order the whole tutoring procedure to be more adaptive to learner’s needs. The embodiment of student modelling techniques to a 4Ds application may be achieved:

· either by implementing a separate student modelling agent, which will interact with instructional agent in order to adapt the instructional strategy to learner’s profile,

· or by enclosing these techniques to instructional agent plan library.

Finally, in the context of a research project the authors have already proceeded to the implementation of an integrated authoring environment for developing multi-agent distance learning systems based on the 4Ds architecture. The authoring system, which is currently under evaluation, allows the trainer (author user) to specify and describe the instructional strategy of the system as well as the plans of the participating agents via a graphical formal model. Based on this model, the authoring system produces automatically the educational multi-agent system, applicable to any educational domain, which is as complex, large, and dynamic as any medical domain.
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Table 1. Dermatology Agent plan for teaching psoriasis

	Plan name
	Teach psoriasis

	Pre-conditions
	

	Plan body
	Definition and Epidemiology 

	
	Clinical View 

	
	Histological View 

	
	Etiology and Pathogenesis

	
	Treatment


Table 2. Etiology and pathogenesis plan of the dermatology agent

	Plan name
	Etiology and Pathogenesis 

	Pre-conditions
	
	Associated Agents

	Plan body
	Disorder of protein expression in keratinocytes
	Biology, Biochemistry, Histology

	
	Antigenic stimulation and immunology activation
	Immunology

	
	Proteases and intense mitotic activity
	Biology, Biochemistry

	
	Metabolic disorders
	Biology

	
	Histopathologic changes of psoriasis
	Histology



[image: image1.wmf]Domain

Module

Student Model

Tutoring

Module

UI = Java

Applet /

HMTL-CGI

Web

Server

Web Browser

Domain

Module

Student Model

Tutoring

Module

Web

Browser

Web Server

Data

Interface Module


Figure 1. Web-enabled ITS architectures
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Figure 2. MAs-ITS functional architecture
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Figure 3. The proposed educational application architecture
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Figure 4. Dermatology tutor architecture
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