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Abstract

The author has been deeply involved in technology-based learning and distance education since the seventies. The early projects were in the didactic of mathematics, on-line training of teachers in LOGO, authoring systems and AI-based learning environments. Since the creation of LICEF in 1992, the focus has shifted to knowledge-based instructional design, intelligent agents and virtual campus models and their implementations. This paper summarizes this more recent work and owes a debt to the many researchers and research professionals who have participated in the various projects at our research center on these questions.

We will first examine the new challenges to Instructional Systems Design (ISD) entailed by the growth of web based learning and knowledge management, to justify the need for a new effort in the field. Then, we will give an account of the main actual approaches in network based education, present our own proposals, and underline the larger set of questions that addresses new challenges to the ISD field. Then, the stage will be set to present a method for Telearning Systems Engineering that we have developed in the last eight years, together with a set of performance support tools for designers. We will finally discuss the foundations of this method and present a set of eighteen principles that can be applied to plan meaningful interactions in distributed learning models and telelearning systems.   

1. Challenges to Instructional Systems Design

At the beginning of this new millenium, some megatrends challenge the instructional systems models and theories developed in the sixties and the seventies (Reigeluth 83(, before the Internet era. This is not to say that these models and theories have become obsolete just because people have started to learn using new and rapidly evolving technology. Genetic evolution is a very long process and the human brain still functions in much the same way as it did forty years ago.

While most of the basic ISD principles still hold, the ISD field has not yet addressed the new challenges entailed both by the theoretical advances in cognitive and emotional psychology, and the many changes in the socio-technical environment that has coincide with the beginning of this new millenium.

The exponential growth of information is not a recent phenomena, but the pace has increased in the last decade, since a majority of workers in developed societies are now information workers. Education, health and management professional, scientists and technicians, persons working in the communication media, and more generally, people working in the tertiary sector of the economy depend on information acquisition, processing and communication to make a living. In turn, their growing production of information put a major stress on other workers, in all sectors of society, to engage in lifelong learning activities, but with less time to proceed to it.

Knowledge management has become a growing preoccupation in most major organization. For example, in one year, from1997 to 1998, a study from the Delphi group
 in 500 major american organizations has revealed that the number of companies undergoing a knowledge management effort had increased from 28% to 51%. And this was three years ago! The twenty-first century organization is not only concerned with data and facts management, but also with higher order knowledge such as processes, models, methods, principles, theories, together with the higher order skills needed for the personnel to process this knowledge. This new focus on knowledge management is first concerned with the quality of information, but it is also a way to cope with the growing quantity of information. This leads to a larger effort in training, but also to new ways to learn that are problem and project-based, more collaborative, and more continuous and interactive.

These are some of the reasons why distributed learning has become so attractive. While US global training expenses, were evaluated to 58,6 billions dollars in 1997 (Training and Development Journal), Lotus Development has estimated that in year 2000, distance learning only will represent between 10 to 25 billions dollars, accounting for 30% on all US corporate training expenses. For this purpose, companies have built corporate training institutes or universities, and are now building or expanding training Intranets within their organization. The most recent phenomena, training or e-learning portals, is a way to distribute thousands of courses on the web, both for corporate, university and school education.

The exponential growth of information and the management of knowledge, the ubiquity of networked media, the new needs for higher-order skills and new collaborative learning paradigms all lead to some form of telelearning or distributed learning that demands a second generation set of ISD models, methods and tools.
At the beginning of the nineties, some researchers had already pointed out gaps between these growing education needs and traditional ISD. (Gerry 91( has stated that “ traditional ID practices being too slow and costly for many situations, electronic performance support systems (EPSS) must be developed ”. (Gustafson 93( has had similar critiques: “ While there have been moderate additions to the tool set and some changing of perspective from a behaviorist to a cognitive psychological orientation, to date they do not represent a fundamental change in the tool set ”. In the same article, he adds: “ID methodology is just incomplete and inadequate for facing many of the challenges of the next decade and the coming millennium”.
These rather hard criticisms are still valid today. They address not mainly flaws in theories or models, but rather operational deficiencies, methodological inefficiencies. 

On the one hand, the demand to accelerate learning is increasing under the pressure of the knowledge society: people must learn more and higher level knowledge and skills, more rapidly than before. On the other hand, humans still need time to learn, so there is no simple response to the problem. Some results have been obtained through the rapid prototyping of educational software, but they address limited subjects and still take time to develop and maintain. In the last decade, the advent of the Internet has help produce a lot of so-called “courses”, a vast majority of which are limited to information pages in a book-like fashion. One might think that these kinds of courses are just increasing the information overload. Progress in technology sometimes means regress in the quality of pedagogy.

But it is true that part of the solution can be found in the widespread use of Internet technology. Learning environments can be made available anytime, anywhere through various telelearning models. Another part of the solution lies in the reuse and flexible integration in a web site of existing learning materials. The plurimedia approach is generally better suited to address the need for efficiency than the rapid prototyping of multimedia material. Finally, the ISD methodology itself must be reviewed and developed to integrate software and knowledge engineering approaches, support multi-agent collaboration scenarios and bring closer attention to the delivery processes of web-based education and training.

 TeleLearning Models

We will first look at some of the new learning possibilities offered by web-based technology.

1.1 A diversity of models

Behind terms like “distance education”, “on-line learning”, “telelearning” and “multimedia training”, is a multi-facetted reality from which we can identify many delivery models. Let us first consider six of these models.
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Figure 1 -  Web-based telelearning delivery models

“High-tech” Classooms group students and trainers in a single location, together with sophisticated multimedia and network equipment. Just because you are in a classroom for a certain time doesn’t mean you have to be isolated from the outside world. Networked computers can give access to web sites, Internet multimedia presentation as well as videoconferencing can bring new expertise in the classroom.  Many universities and organizations have built electronic campuses on this model to help manage the many possible transitions from a predominant classroom presentation model more interactive and flexible ways to learn and teach.

Distributed Classrooms are quite similar, close to the fact that learners and trainers are in two or more distant locations. Learning events use specialized, and sometimes costly, real-time videoconferencing system. Alternatively, desktop videoconferencing softwares can be used for real-time communication. This and the previous model are close to traditional classroom teaching, some would say with more hype but not much pedagogical gain.

Hypermedia self-training using learning materials accessible through the Web or using CD-ROM support an individualized learning approach to Education. In the “pure” model, there is neither trainer support nor collaboration between learners in the system. A training manager supplies the learning resources: self-training modules, interactive or passive Web sites, multimedia material on CD-ROM or DVD. The main benefit of this model is to enable the learner to progress at her own pace, wherever she is and whenever she chooses. 

Asynchronous “on line” training departs from this individualistic view. It is organized and led by a trainer or a teacher, priming interaction with the trainer or between learners for team work and discussion groups (Harasim 90, Hiltz 90(. Unlike the above classroom like models, these interactions are asynchronous, retaining some of the flexibility of self-training, with the exception that the pace between modules is decided upon by the teacher/trainer. The main tools and activities are forums, email, file transfer, together with less frequent audio or videoconferencing, on-line presentations and real-time collaborative activities.

Communities of Practice put the main emphasis on a professional task (Ricciardi-Rigault et al, 94(. The learners are basically content expert aiming to extend their knowledge through the asynchronous exchange of information via forums, email, or document transfer. They progress through solving problem collaboratively and sharing know-how around projects. Unlike the previous model, there is no trainer acting as a content expert or pedagogical coach, but a group animator that possesses less knowledge in the subject matter than the learners, but more knowledge of the methods to support group interaction.

Performance Support Systems integrate training even more closely to the actual work process and tasks in an organization (Gery 97(. Extensive use of the organization’s data banks and support software are made both ways: to use training material to help job performance and also to use real problems and tools to support training at and outside the job. On-line help, advisor systems, human supervisors support these training–working activities. This model promotes just-in-time information to help the user focus, alone or in teams, on real-life situated problems.

1.2 A Virtual Learning Center Model

Would it not be interesting to support any mixture of all these different models? We have described elsewhere (Paquette et al, 93 and 96( how we have built an object-oriented model of a Virtual Campus to do just that, especially to integrate the best features of the last four paradigms. In our Virtual Learning Center architecture, we identify five types of actors, an approach that is now embedded into some other delivery systems. Each actor is personified by different persons or media agents playing a variety of roles and relying on a variety of resources, documents, communication tools and interaction services with other agents. 

· The Learner’s main function is to transform information into personal knowledge. The learner achieves knowledge acquisition and construction by managing a learning environment planned by another actor, the designer, through collaboration with other learner agents and assistance from other actors.

· The Informer makes information available to the learner. The corresponding content agents may be persons providing information, but also books, videos, courseware, etc. The learner can also produce information available to others as a result of his/her production activities, thus producing an informer agent.

· The Designer is the actor planning, adapting and sustaining a telelearning system that integrates information sources (human informers or learning materials), and also self-management, assistance and collaboration tools for the other actors. 

· The Trainer provides pedagogical assistance or coaching by giving advice to the learner about her individual process and the interactions that may be useful to her based on the learning scenarios defined by the designer.

· Finally, the Manager provides organizational assistance to the learner (and other actors) by managing actors and events, creating groups or making teleservices available in order to insure the success of the learning process, based on the scenarios defined by the designer.

At delivery time, these actors each interact within their own computer-based environment. The Explor@ implementation (Girard et al, 99; Dufresne et al 99( is a web-based system built on this conceptual framework that helps the construction of a learning environment for each actor. This environment groups resources enabling the actor to play their role within a program or a course web site. 


Learner
Informer
Trainer
Manager
Designer

High-tech or distributed classroom
Getting presentations, doing exercices
Teacher presenting information
Teacher answering questions
Teacher preparing tech environment
Teacher designing plan and materials

Web/MM self-training
Navigating through MM content
Sites and MM materials
Help components, FAQs
Manager organizing events and support
Team designing web sites or MM

On-line training
Getting information Interacting in a forum
Teacher referring to learning material
Teacher animating forums
Manager organizing events and support
Teacher designing activities 

Community of practice
Exchanging expertise and know-how
Learners themselves and some documents
Group animator
Manager organizes events and support
Designing process based scenarios

Performance support
Solving situated real-life problems
Organization’s data bases and documents
Intelligent help systems
Manager supervises learners
Designing process based scenarios

Table 1 -  Actors’ role in typical delivery models

In table 1, we underline only the main roles of each actor within each of the delivery models presented in section 2.1. It is possible to support any mix of the components of these models through a web-based Virtual Learning Center (Paquette 97(. In the same program, course or learning event some modules can be based on autonomous training, others on community of practice, and still others on some form of distributed or high-tech classroom.

For this to happen, we need an open, flexible, extensible and interoperable architecture as shown on figure 2. This conceptual architecture is based on three levels. 

At the bottom level, plurimedia learning materials are selected, adapted, digitized or constructed to support content delivery in a subject matter.

Then the materials are integrated in a web site giving access to a network of activities, resources and production to be made. It is at this second level that the pedagogical strategy will be implemented. For example a simulation of a business process can be integrated in a course in administration, but the same simulation can also be used as an example of learning material to be analyzed in a course for trainers. The learning scenarios implemented in the web site will tell how a learning material such as this one will be used for learning in each case or  application domain.
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Figure 2 – Explor @’s three level architecture

Finally, at the upper level, the designer will add one or more telelearning environments to the course web site, one for each actor in the training delivery process. This environment will group resources for self-management of activities, information search and consultation, production of new content (home work), collaboration between learners or trainers and assistance in the form of guides, FAQs, resource persons or intelligent agents.

 The Explor@ Implementation

Figure 3 gives a concrete view of what happens at delivery time.
 From an organization’s portal the user moves to the VLC home page and provides his identification and password. The system then displays the list of the learning events he is assigned to in the Virtual Learning Center, together with the role he is authorized to play in each. When he chooses one of these events, two interrelated windows are displayed: the learning event web site and the Explor@ window giving access to an actor’s environment. 

This environment groups a set of resources according to the actor’s role towards the web site. The resources are distributed into interaction spaces. Here we show a distribution into five spaces, but other distribution patterns can be used. Each space is concerned with certain types of interactions: self-management of the telelearning system, interaction with information sources and production tools, collaboration with other learners or similar actors and, finally, assistance from other types of actors such as trainers, informers, managers or designers. 

As displayed on figure 3, a resource can be any tool, multimedia document, or support service to the users according to their roles in the learning event. Here a learner can get access to a calendar and a progress report for the management of her activities, look at a video streamed information source, collaborate with team mates through desktop videoconferencing, and produce a knowledge model as part of the course assignment.
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Figure 3 – A course website and the resources in an actor’s environment

To design such an environment, the roles of the actors must be described thoroughly by the designers and the resources are to be chosen accordingly. The example above shows that we are in a hybrid delivery model combining hypermedia self-training with on-line training and community of practice like activities. The resources have been chosen for a typical learner from a description of the learning scenarios, its activities and input resources, and the productions the learner has to make according to the assignments in the activities. A similar analysis would have been made for the trainer and the other actors by the designers in order to plan the environments of these actors. To achieve this planning, the designers need to use an instructional engineering method. We will now present such a method built to address the many dimensions of a telelearning system. 

 A Method to Face Telelearning Challenges

Up to this point, we hope to have convinced the reader that there is a large set of interrelated decisions to make when we build telelearning systems. These are decisions such as the following. What kind of telelearning delivery model shall we use or what mixture of these models? Will we support learners and trainers anywhere, anytime, at any pace; are there exceptions to this? What kind of learning scenarios do we need for this course? Should it be predefined, offer multiple learning paths or be learner-constructed? Which actors will interact at delivery time, what are their roles, what resources do they need? What kind of interactivity or collaboration should be included? Will we use multimedia or plurimedia materials? What materials can be reused and are there new ones to build? How are we to manage distributed resources on the networks? What kind of standards will be used? How can we support interoperability and scalability of the telelearning system? How do we take in account the technological diversity between groups of users within the target population? How can we promote reusability, sustainability and affordability of the web-based learning systems we are building?

1.3  The MISA method

To cope with all these decisions, an instructional design methodology is needed more than ever. We will now present such a new instructional engineering method called MISA. This method is the result both of research in the field of instructional engineering, but also of the practical experience acquired through the development of many telelearning courses. 

This effort started in 1992 and a first version of the method in 1994 was produced, embedded in a computerized support system for designers called AGD (Paquette et al 97, 99(.  The method was thereafter validated with instructional designers and content experts in nine organizations and was rebuilt according to results and observations gathered during these validations. In parallel, we have extracted and rebuilt a tool for knowledge modeling (MOT) to support a central aspect of the method. 

After another round of validation, we have turn our attention to learning object typologies, defining seventeen of them: knowledge models, skills taxonomy, learning scenario types, learning material categories, delivery models and so on. This effort led in 1998 to MISA 3.0. In MISA 3.0, these typologies are use to present many alternatives to the designer from which he can choose. Also, the method was restructured in six phases and four axis under which the main design tasks have been distributed. 
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Figure 4 – The structure of the MISA 4.0 instructional engineering method

The actual MISA 4.0 version, shown on figure 4, has been built in coordination with a new web-based support workbench for instructional engineering called ADISA we will briefly present in the next section.

The six phases help the designer progress from general to specific, going through definition of the project, preliminary analysis, architecture definition, learning material and resources design, learning system production and validation and, finally, delivery planning.

The four axes are deployed from phase 2 to 6. The first one aims at the of design content (DC), modeling knowledge and skills to be learned. The second, design pedagogy (DP), helps define learning events, scenarios, activities and resources. The third one, design material (DM), consists in building a conceptual design of new learning materials. The last, design delivery (DD), describes actors and their interaction processes at delivery time.

1.4  Main Tasks in the Method

MISA 4.0 actually supports 35 main tasks, shown on table 2 and figure 4, and 150 secondary tasks. Since the method was entirely modelled using MOT, an object-oriented model editor, users may navigate in hypertext graphic mode identifying and completing documentation component graphs and templates, thus building a complete set of specifications of a learning system. 
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Table 2 – Main instructional engineering task in the MISA 4.0 method

In way a similar to software engineering methods, each axis starts with the statement of orientation principles.  Each of these sets of principles in 210, 220, 230 and 240 are guidelines that the design team give to themselves. They help communication between team members, promote goal directed behavior and help in consistency maintenance throughout the design process.

Knowledge modeling is the backbone of the method. In each of the four axis, one or more graphic models are built. We build a structured view of the general content, a first global knowledge model using different types of knowledge objects and links (212). Then the content of learning units (310) and learning instruments (410) is described as sub-models of the global knowledge model. In the instructional axis, knowledge modeling is used to represent the structure of the learning events at the course or program level (222), and also each of the scenarios describing the activities in each learning unit (320). In the learning material axis, we model (432) for example a web site or an hypermedia software, showing the media components, their interrelations through hyperlinks, the media constraints and templates and the source documents to be displayed. Finally, in the delivery axis, we model (440) the actors, their roles, their interactions, their input resources and their productions at delivery time.

Most of the other tasks in MISA describe properties of the objects contained in the models created as the basis of the axis where they belong. For example, we describe target competencies (214) related to objects in the knowledge model, learning activities (322) or learning instruments (420) as properties of the objects in learning scenarios, source documents (436) in learning materials models, and finally tools, communication links (444) and services (446) in the delivery models.

In the context of the telelearning architecture shown on figure 3, models of the learning materials will specify the integrative web site and the learning materials that are linked to it, while the delivery models will help specify each the actor’s environments based on their roles in the delivery models.

The multi-agent approach in MISA is applied mainly through the design of the learning scenarios and, even more directly, while building the delivery models. Figure 5 shows such a delivery model focus on the roles of the trainer, here labeled as the tutor.
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Figure 5 – A delivery model for a trainer type of actor

A certain number of graphical conventions help interpret the above graph, both for the human eye and for a computerized support system. The hexagonal figures represent the actors and the oval figures represent the roles of these actors. An R link from an actor’s representation shows what roles this actor is responsible of. A C link outgoing from a role indicates sub-roles or components of a more general role. Finally, the rectangle figures represent resources, both input resources that help achieve a role (incoming I/P links to the role), and productions resulting from the execution of the role (outgoing I/P links from the roles). Resources can be sets of materials (E), tools (O), communications links (C), services (S) or delivery locations (M).

If we translate this graph into natural language, we find that the tutor in involved in tutoring roles and also, together with the learners, is involved in “using the learning system”. The tutor has four major roles in this learning system. He diagnoses the learners’ progress. He acts as a pedagogical coach to the learners. He animates forums. Finally, he evaluates the learners’ productions in the course, producing “evaluated productions” and giving two services: feedback to the learner and information to the administration. 

The tutor has access to the following support materials: the course web site, a printed manual and VHS videos and some trainer’s material. He communicates through a low band Internet line and works at home.

To support these roles, besides using the materials and the communication links, the trainer will have access to tools: a group profile to assess continuously students progress; a tool to maintain a frequently asked questions (FAQ) file; email and forum software to animate and support his group; finally, a transfer tool to obtain the learners’ productions and send information both to the learner and to the training manager. These tools, materials, communication links and services will form the basis for the trainer’s environment in a telelearning delivery system such as the one presented in section 2. 

1.5  Design Documents

Each of the 35 main tasks in the method is documented using graphic models or forms. These design documents are the productions resulting from the use of the MISA method. Together, they describe completely the learning system.
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Figure 6 – Two examples of design document produced using the method

On figure 6, we can see two of these design documents. The first one is a graphic model presenting a course structure subdivided into seven learning units (UA-1 to UA-7). This is the result of task 222, produced using the MOT knowledge editor.

The second one is a form resulting from task 224. It documents the properties of each of the learning units in the graph produced by 222. Using the form, a designer can give a short description of a learning unit, the proposed duration for each target population, the evaluation weight within the course, the associated knowledge model describing its content, the associated learning scenario describing the learning activities, resources and productions, and finally, the delivery mode through which the learning unit will become accessible to the learner..

1.6  ADISA and MOT Support Tools

To support the design of a learning system, and the propagation of data from one design task to the other, we have developed a knowledge editor (MOT) and a web-based instructional engineering workbench (ADISA). Figure 7 shows a screen from ADISA displaying part of the delivery model presented on figure 5. The knowledge editor is embedded in the ADISA system and thus is accessible through a web browser from any workstation linked to the Internet.

ADISA (Distributed Workshop for Training Systems Engineering) is a WEB tool that supports the use of the MISA method. It allows the co-ordination of a group of experts who plan and develop an instruction system, working on-line or off-line.  The design documents of MISA can be edited in a flexible order, can be modified, published in several stages, stored in archives, displayed on screen or printed.

The data in the design documents are introduced into a unified XML structure that allows an online or offline work with an integrated web-based interface, allows the propagation of data from one task interface to the other, and facilitates the use of the information by other systems. 
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Figure 7 – A screen from ADISA, a distributed web-based support system for designers

Benefiting from the facilities of DHTML, the dynamic Web interfaces adapt according to the previously introduced data in a flexible way. The interface for the edition of a design document is modified by the information introduced into other documents.  This propagation is sometimes automatic, data produced in one design document is transferred to another one without human intervention.  In other cases, some information from a document is offered to the user as a potential source from which she can extract what is useful in a new design document.  In other situations the user can use previously introduced data or graphs in a form of contextual help. Finally, the user can always consult (in parallel with editing) any other useful design documents.

1.7 ID Task representation

To support the construction of the ADISA system as well as the independent use of the method, MISA has been totally modeled using the MOT knowledge representation technique and tool. Each of the 35 main tasks of the method is modeled first as a component of one of the six phases and one of the four axes presented above. The relationship between tasks is represented using a process graph for each of the tasks. 
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Figure 8 – A context model for an instructional design task

For example, figure 8 presents such a contextual graph for the task “Define the instructional scenarios” which produces the design document 320 – Instructional scenarios. All the links in this model are input/product (I/P) MOT links, but some have been labeled automatic (A), source (S) or information (I) links.

The automatic link links between 222 and 320 is justified because 222 is where the list of the learning units is constructed, and the list will be automatically transferred to 320 where their learning scenarios will be built. For similar reasons, the automatic link coming out of 320 are needed because each learning scenario creates lists of instruments and activities to be further described in the design documents 410, 420 and 322.

The source link (S) between 320 and 430 is justified because 320 produces the list of instruments that will be grouped in materials to be included in the list of the materials (430) of the learning system. Unlike an automatic link, the source link will demand an action from the user who will decide how he will use the list of instrument to produce the list of materials.

Finally, the information links (I) mean that the design document at the origin of the link has some kind of influence on the one at the destination of the link. Figure 8 shows that the designer should consult design documents such as 210, 212, 310, 220, 230 and 240, before building the learning scenarios in 320. Similarly, he should consult 320 before constructing the delivery models (440).

Besides describing each design document by their contextual graphs, the documents are also explicitely modeled as concepts with a certain number of attributes that can take precise values. For example, 320 is a list of scenarios, one for each learning unit, each scenario containing a list of activities, a list of instruments, a list of productions, a list of navigation, evaluation, collaboration or adaptation rules, together with the links between these objects. 

2. The knowledge model describing MISA ensures the consistency of the method. It also helps guiding the navigation of the designer through the method. Contextual help or intelligent advice can be given for each design task, based on the relationships between it and the other tasks in the method and also on the consistency of values for the different attributes in a design document.

3.  Basis for the MISA Methodology

We will now turn our attention to the foundation of the MISA method. We define instructional engineering as a methodology to solve a particular class of problems, those aiming at the construction of learning systems that can increase human knowledge, skills and competencies.

These problems share the main characteristics of design problems in other fields such as architecture, engineering or computer science. The input of the design process is a set of general specifications, most of the time ill-defined at the beginning, together with constraints to fulfill. The resulting product is an artefact, here a learning system, constructed building more an more precise design specifications, until a set of materials and resources are considered ready for delivery to the end users.

3.1 A systemic methodology

Basically, MISA lies in the general framework of systems science [Simon 1973; LeMoigne 1977] in which a system is defined as a set of dynamically interacting elements, organized towards a goal. In our case, the method groups a set of design products, tasks and principles organized to support the engineering of a learning system, which is also a system to be used at delivery time by learners and different kinds of facilitators.

Instructional engineering integrates features from previous instructional design models as well as processes and principles from both information systems engineering and knowledge engineering.
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Instructional design

A century ago, John Dewey hoped for the development of a science that could fill the gap between learning theories and educational practice. At the beginning of the sixties, the new discipline was born under the influence of pioneering work from scholars like B.F. Skinner, Jerome Bruner and David Ausubel. In the seventies, several proposals were made for the construction of an instructional theory: explicit conditions of learning (Gagné), a cybernetic approach to instruction (Landa), a structural learning theory (Scandura), cognitive apprenticeship (Collins et Stevens), a component display theory (Merrill), an eleboration theory of learning (Reigeluth et Rodgers). We have used principles from these theories to develop the MISA methodology.

Information systems engineering. 

From a technical point of view, a telelearning system is basically an information system, a complex array of software tools, digitized documents and communication services. Similar to the evolution in software engineering, the artisan like construction of web based materials or the use of simplistic authoring tools are totally insufficient to cope with this inherent complexity of telelearning systems, as they are in general for the construction of complex information systems. Software engineering principles and processes have inspired the general organization of the phases and the organization of tasks and design documents in the MISA method.

Knowledge engineering 

The actual emphasis on knowledge management in organizations recognizes the importance of knowledge and higher order skills, as opposed to simple information acquisition.  Knowledge engineering is a well established methodology rooted in the development of artificial intelligence and expert systems. Knowledge elicitation, processing and communication, and also knowledge modeling methods and tools are at the center of our new instructional design methodology, in relation to the management of knowledge in an organization.
Multi-Agents systems

To be called multi-agent, a system must satisfy four properties. First, the agents, components of the system, are situated in an environment. Second, they are autonomous, they control their actions and states. Third, they are adaptive, reacting to change in a flexible way, taking goal-driven initiatives, learning from interactions with other agents. Finally, they are sociable, collaborating and coordinating themselves with users or other software agents (Sycara 98(. 

The multi-agent view, now dominant in software engineering, is an important way to view a tele-learning system as a set of agents, persons and computerized modules, interacting towards a goal, which is to help some of the agents to learn or facilitate learning. Multi-agent systems offer a good way to represent a telelearning system at delivery time. This approach corresponds well to the new pedagogical possibilities that web technology offers. The MISA method integrates a form of multi-agent modeling that helps define the actors, their environments according to their functions and roles, and also their interactions in the society of agents.

Plurimedia material and macro-design. 

Finally, the MISA method is a macro-design methodology, not a micro-design methodology. Other methods must be used during phase 5, to guide the construction of particular materials. Basically, MISA leads directly to an integrative web site together with the environments grouping resources to support each main actor at delivery time. This approach favors the integration of plurimedia material, which is a more flexible way to organize the learning and teaching materials than other previous approaches such as integrated multimedia. 

A plurimedia material is a set of large grained digitized files to be delivered on different supports: print, CD-ROMs, DVDs, web servers, etc. The emphasis on fine grained closely structured multimedia should decrease as designers observe that there are numbers videos, textbooks, courseware materials, and also multimedia materials, waiting to be digitized and integrated. Of course, multimedia simulations or presentations can fit in the web site that integrates the learning activities into more open and flexible scenarios.

3.2 Constructivist pedagogies and process-based scenario

Even though MISA can support any instructional strategies or delivery model, it will be most helpful in the context of constructivist instructional strategies. This is consistent with the kind of systemic approach presented above. 

Constructivist pedagogy, where learner are actively involved in knowledge and skills construction, require some form project-based learning, problem solving or process-centered environments to promote the acquisition of higher skills & competencies. If you propose problems or projects to the learner, he will need to use his analyzing, synthesizing or evaluating skills that will, in turn, orient the search for useful information.

At the opposite, a transmissive pedagogy will embed “just-in-case information”, wasting a lot of time presenting, whatever the media, masses of information to memorize, understand and sometimes apply later, in a few months or even years.

In MISA, it is possible to put more efforts into building problem based or project based learning scenarios, in order to help develop higher order skills and just-in time information. Of course, information sources will be provided to fuel the knowledge construction activities.
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Figure 5 –

Hierarchy of skills and to the role of information

Process-based learning scenarios are the central products of instructional engineering. The approach we propose is based on the fact that specific knowledge in a subject matter and metacognitive skills are being constructed at the same time. A learning scenario for a module should be described, whenever possible, as a generic process, corresponding a skill.  This skill is to be associated to the knowledge model describing the content to be learned in a module or a learning unit. 

In other words, if we want to develop knowledge in a subject matter together with skills like classification, diagnosis, induction or modeling, we should propose classification, diagnosis, induction and modeling problems or projects to the learner, to be applied to information in that subject matter. Then the collaborative activities as well as the information, production and assistance resources will be chosen accordingly. For example, in a classification task, sorting tools in a spreadsheet and collaborative classification activities could be embedded in the scenario, together with assistance taking the form of methodological advice to support the classification process.

· Figure 10 presents how we can build a scenario based on a generic synthesis task. This scenario can be used in many subjects, in different application domain.

· Figure 10a presents the generic process corresponding to one of the synthesis skills. It is represented as a MOT model with oval representing learning activities and rectangles representing information sources. These are either consulted or produced by the learner in an activity, and they are sometimes reused in other activities.
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Figure 10a -  The basic information processing process

· Figure 10b shows a certain number of tools for the consultation or the production of information, to be used in some activities. If the Explor@ delivery system is used, the suggestion to use these tools will be made in the web site, but the access to the tools themselves will be achieved through the Explor@ environment.
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Figure 10b -  Adding information and production resources to process

· Figure 10c shows how collaboration can be added to the scenario. Before that step, the activities could have been addressed to an individual learner. Now, we add that some activities are individual while others are done in teams, with some members of the team playing particular roles in the activities, as a project leader or a client.
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Figure 10c -  Adding collaboration rulles to the process

· Finally, figure 10d adds to this scenario the intervention of facilitating or assistance agents. Some are persons on-line or in the classroom, validating progress or coaching, others are persons mediated through a “frequently-asked questions” (FAQ) web page, and still others are computerized agents, for example a web-search advisor to help in the first task.
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Figure 10d-  Adding assistance agents to the process

4.  Principles for TeleLearning Design

From the preceding discussion of the learning scenario design process, we will now state a set of heuristic principles for engineering telelearning systems. The multi-agent approach at the basis of the MISA method is very useful to identify the types of interactions that can be integrated in a fully interactive telelearning system. We will consider here only interactions between theoretical actors, with limited consideration of their instantiation into particular agents. We will also limit ourselves to the learner’s viewpoint, at delivery time.

· Interactions between learner and designers are focused on the relation of the learner to the learning materials and resources into which the designer, more precisely an extended team of designers and producers, has “mediated” himself in the form of a telelearning system with its knowledge, instructional, media and delivery models. These interactions focus on the learners’ navigation in the learning system and on the self-management of the learning scenarios and resources by the learner.
· Interactions between learner and informer are enacted when the learner, individually, consults information made available by the informer agents and process them to produce certain results while building personal knowledge. These interactions are of course very different according to the nature of the information source (human or learning material), the media used or the type of information being accessed.

· Interactions between learners take many forms of collaboration or cooperation.  Interaction in small teams working on a task is very different from interactions involved in discussion forums. One can also study the interactions involved in different types of tasks such as management, information retrieval, problem solving or project development. Also, interactions can be synchronous or asynchronous, face-to-face or at a distance, using different communication tools and infrastructure.

· Interactions between learner and facilitator concern the assistance that the system can provide to the learner on both the pedagogic and the management dimensions of telelearning. We can study these interactions according to the different roles played by the facilitator: animation, feedback, coaching, learner evaluation, logistics, etc. We can also study the access mode to assistance whether it is given by a human facilitator on-line or in presence, through contextual help in the learning environment or by means of an intelligent advisor or an adaptive interface. Finally, types of assistance can vary by their object: do they aim to support learner navigation or self-management, information access, collaboration or assistance activities.
4.1 Self-Management and Metacognition

We will first examine the interactions between the learner and the designer corresponding to the learner self management of the telelearning system. Self-management interactions are where the learner has to analyze herself what she knows, should know or want to know, building a model of her own knowledge and skill. Self-management is a way to favor meta-cognition. Here, the structure of the knowledge models and the learning scenarios are critical to enable learners to self-manage their activities and trigger metacognitive processes that are essential to learning.

Principle 1 - Well-structured, large enough knowledge models

The knowledge model in a learning unit must be of sufficient grain size and structured using precise links. This first principle is very important to start with because small knowledge units, isolated knowledge units or a list of unstructured subjects does not provide a good basis for meaningful interactions. A learning unit should group a sufficient number of interrelated knowledge units : not a single small concept, but a concept with its main components and the procedures where it is used; not a single small procedure but also its inputs, products and control principles; not a single principle, but a set of related principles linked to the procedures they regulate or the concepts they define. 

Principle 2 - Knowledge related to skills  

Knowledge in a learning unit must be related to skills.  Knowledge specific to a domain and metaknowledge (knowledge about knowledge) are being constructed at the same time (Romisowski 81, Pitrat 91(. A learning unit without an associated target skill is like a set of data without any process acting on it. A skill brings dynamism to the knowledge to which it applies, favoring deeper interaction of the learner with the knowledge assigned to the learning unit. Furthermore, the explicit association of a skill to a set of knowledge units, will orient the choice of the learning strategies and the corresponding scenarios.
Principle 3 - Learning scenarios built upon a skill’s generic process

The learning scenarios should be described as a generic process, corresponding to the skill associated to the knowledge in the learning unit.   The learning scenario must propose problem to solve, tasks or projects to achieve, instead of static knowledge to contemplate. In other words, it must involve the learner in information processing activities directly related to the skills in the learning unit’s knowledge model. For example, if we want to develop skills like classification, diagnosis, induction or modeling, we should propose classification, diagnosis, induction and modeling problems or projects to the learner.
Principle 4 - Open and personalized learning scenarios

Learning scenarios must be open to different learning paths. In general, the information process in the scenario should not be too linear or detailed to a point where the learner cannot make any choice. If the sequencing is too tightly designed, the learner will not have a chance to think about his learning path and strategy. For instance, the activities can be structured in the form of a network where the learner can follow different paths. Then, an important interaction will consist in the learner managing the sequence of his activities within the scenario. To go further in that direction, the scenario can be designed with embedded adaptability principles. These will enable the learner, alone or with the help of a trainer, to reorder partly or totally the learning activities (as in some form of project-based learning), add or delete some of the resources, modify the collaboration or the assistance modalities in the initial scenario description. 
Principle 5 - Support tools to self-management (and metacognition)

Self-management tools and resources must be provided. These interactions with the scenario encourage the learner to evaluate regularly his progress, to self-diagnose his results and sometimes, to radically redefine his strategies. This metacognitive activity is essential to learning in a specific domain, but also to learn how to learn better. But it is a difficult task so tools like reports on progress in the activities, success in knowledge acquisition, time and task management are essential and must be designed in a way not to interfere with the learning activities.
4.2 Information Processing

Lets us now examine the interactions of a learner, with the informer agents. These agents are either on-line content experts or mediated information sources or learning materials. From a systems engineering viewpoint, this type of interaction corresponds to information acquisition triggering information processing activities through which the learner can construct personal knowledge and also, communicate new information he has produced to other learners.

Principle 6 - Rich and diversified information resources 

Learning scenarios must propose rich and diversified information sources. Search for information is a significant learning activity. It is important that the learner be offered a sufficient diversity of information sources, not only to “cover” the knowledge or different learning styles, but also to be engaged in an information selection process to choose the information most related to the work to be done in the learning activities.  This implies enough resources to cover the learning unit’s knowledge model with a certain level of redundancy and a variety of media, to let the learner choose interaction modes suited to her needs. But also, information resources should in general be focused, so the learner has time to process useful information.
Principle 7 - Dynamic information resources
Information resources must provide for bi-directional communication. One-way information transmission, whether face-to-face, through audio-visual material or web pages, is a limited way to provide information to the learner. Bi-directional information services between the learner and the information source can be often more effective. A good example is a teleservice called FAQ: “frequently ask questions”.  This asynchronous on-line service is generally managed by one or more content experts. In relation to his learning activities, a learner can ask for information through the FAQ. His request is matched to a FAQ list. If it is there, he gets an answer immediately. If not, the content experts will review the request list regularly to check for unanswered questions, providing for new answer to be added to the bank.
Principle 8 - Process-based scenarios guiding information search
Learning scenarios must define clear information goals. The large diversity of information sources can decrease the motivation of a learner in her quest for useful information. To counter this “lost in space” effect, it is essential that the learner has a clear view of the information she is looking for. Such a target can be given in the learning activity assignment or by a list of promising information sources provided by an informer. However, this list should not be seen by the learner as restrictive, preventing useful interaction through information search outside the initial list.
Principle 9 - Search, annotation, and rebuilding tools 
The scenarios must offer tools for information search, annotation, and structuring. Once the information search is started and the resource base has been identified, information search, annotation and structuring tools can be assigned to activities in the learning scenarios where they will be particularly useful. Search engines help the learner filter the right information according to the goals of the search. Annotation tools help assign short texts to a document where the learner comments on its usefulness for her activities. Information structuring tools can take the form of a graphic editor where the learner builds a knowledge model grouping the information he has retained with references to the source of this information
Principle 10 - Production tools adapted to the generic tasks

The Telelearning system must also offer production tools well adapted to the task involved by each learning activity.  The most crucial part of the learner’s interaction with information is the one where he will process the information to build a product of a learning activity.  For this, he must have production tools of different kinds, well adapted to the task proposed in the learning scenarios. Text editors, spreadsheets, DBMS, presentation, planning or modeling tools are example of these. The choice of tools associated to a learning unit depends very much on the skill, the generic process on which the activity is based.  For example, a planning process will necessitate a spreadsheet or a project management tool, while a taxonomy construction will make good use of a graphic editor.
4.3 Significant Collaboration

The interaction of a learner with her co-learners adds an important collaborative dimension to a Telelearning system.  From a multi-agent perspective, these interactions concern essentially the management of different agents in a learning activity, the distribution of responsibility between them and their coordination.

Principle 11 - Collaborative and individual activities sustaining one another

In a learning scenario, collaborative and individual activities must sustain and build on one another. Team or group collaboration provide for important learning interaction where the learners, through communication with equals, can express and clarify their evolving ideas, validate their emerging hypotheses and enrich mutually their growing solutions, models and theories. These collaborative interactions will be richer if they are well prepared individually by each participant, and if they are followed by other individual activities where each learner can investigate by herself more thoroughly the group’s conclusions.
Principle 12 - Collaboration adapted to the generic process in a learning unit

The collaboration modalities must be adapted to the generic process that characterizes a learning unit.  The mode of team interaction and coordination depends strongly on the generic process retained as a basis for a learning scenario. For example a generic process like induction can lead to a collaboration mode where the learners will take charge individually, or with a co-learner, of certain themes, followed by a partial synthesis in small teams, and finally by a thorough discussion by the whole group for a wider synthesis. A collaborative problem-solving activity should match the general resolution process: it could start by a discussion in small teams to analyze the problem statement, followed by a brainstorming to generate possible solutions to the problem. Afterwards, each solution approach could be distributed for analysis to individual or two-persons teams. A group discussion would finally end the process, aiming to identify all the valid solutions.

Principle 13 - Synchronous and asynchronous interactions

Collaboration must use well-coordinated synchronous and asynchronous interactions. Real time interaction, in presence or at a distance is useful to start a collaboration process and, from time to time, to manage the learning activities or to exchange ideas using all the sensorial attributes of face-to-face or telepresence meeting. However, synchronous interactions have their limits. They consume a lot of time during which many participants can become passive or unmotivated. More fundamentally, they require an immediate and spontaneous response which is part of their value for learning. But not all participants are equally suited for such interactions and certainly, very few are able to engage in it at the same time, without being given time to analyze the others’ statements. So the learning scenarios should assign the largest amount of time to asynchronous activities where the learners communicate with each another over a longer period of time, when they are ready for interaction, using different tools like email, computer assisted teleconferencing, audio and video mail. Asynchronous interaction between learners should be the default mode, punctuated by a certain number of synchronous meetings at strategic moments.

Principles 14 - Management tools for coordination

The collaboration model should identify management activities and tools for team coordination. Fruitful interaction between learners cannot occur without well-defined management activities and tools such as group agendas, communication software, groupware, individual and collaborative work plan viewers or self presentation materials made available to all learners. Assistance from the facilitators must also be well planned in the system to support collaboration. For example, a trainer acting as a group discussion animator, in synchronous as well as in asynchronous meetings, is absolutely essential for meaningful interaction. A manager can also help learners form subgroups and synchronize their individual and collaborative activities.
4.4 Personalized Assistance

Finally, we state some principles regarding the interaction of the learner with the facilitators, mainly the trainer and the training manager. Facilitators are resources providing help and assistance to the learning process, whether it is given by mean of a person or integrated to the computerized environment in the form of help files or an intelligent advisor or tutoring system.

Principle 15 – Assistance based on principles ruling the generic processes

Assistance interactions in a learning scenario must correspond to principles regulating the corresponding generic process. The assistance resources should be based on the principles regulating the generic process on which a learning scenario is constructed. These principles define the interventions of the trainer and the manager into the learning scenario. For example, if the scenario proposes a diagnosis project, the first part should be devoted to assist the learner in the analysis of the component structure of the system under scrutiny, for example an organization, a mechanical system or a physiological system. The assistance can be made available to the learner in different forms: as a check list to consult from time to time, as an intelligent advisor tracing the learner and providing advice, or as a guide to the trainers’ or manager’s interventions towards the learner.
Principle 16 - Multiple facilitators

Provide assistance scenarios with multiple facilitators. It can be counter-productive to rely on a single assistance mode. For example, a unique human trainer can become omnipresent or not well synchronized to the needs of certain learners, both situations reducing the quality of interaction.  At the other extreme, a completely computerized assistance system can frustrate some learners who will not necessarily find the level of help they need.  A combination of assistance from human facilitators with help from the computerized environment is preferable in most cases. The help or intelligent advisor system can offer a first level assistance readily available that can lead to deeper, but less frequent, interaction with a human trainer or manager.  In a Telelearning system, it is often fruitful to give different roles to human tutors working in teams. One tutor can give advice on the sequence of activities of each learner or team, while another gives advice on the use of learning materials and tools, the third acting more as an animator for group discussions and other collaborative activities.
Principle 17 - Careful assistance, mainly at the learner’s initiative

Assistance should be given carefully, mainly at the learner’s initiative. In the planning of a Telelearning system, it is important to design the assistance sub-system in a way that the trainer or manager will not constantly disrupt the learning activity. A facilitator or an assistance resource should intervene, most of the time, when being requested by the learner. But also, a set of intervention principles should guide the facilitator’s interventions, especially in certain extreme cases occur where the learner is heading for directions that could compromise the quality of learning.
Principle 18 - Heuristic and methodological guidance

The type of guidance from the assistance system should be mainly heuristic and methodological. An algorithmic guidance corresponds to principles so specific and precise that they try to take in account every possible move that could lead the learner to error, thus preventing her from making her own choices. A typical example of this would be close guidance in little application exercises where a unique solution is achieved by a systematic application of precise rules. At the other extreme, a heuristic form of guidance orients the facilitator’s intervention towards methodological help suggests to the learner fruitful ways towards a solution. Typically, the human trainer or the intelligent advisor system will suggest to build tables or graphs, decompose the problem or more generally or propose an analysis process based on his knowledge of the generic process on which the learning scenarios are based.
Conclusion

We hope that the ideas presented here have convinced the reader that a more systematic, structured and graphic form of instructional systems design is needed to face the multiple challenges of the knowledge society. The instructional design field needs a little revolution, similar to the one that has happened in the last ten years in software engineering.

The many models of distributed learning must be combined according to the training needs of the learner, the target competency and the pedagogical, technological, organizational and economic context into which the learning system is deployed and managed. Transitions must be managed from old forms of classroom training and distance education to more interactive models. It can be achieved through open, flexible and evolutive delivery systems on the one hand, and on the other hand, through more comprehensive instruction design processes that fully integrated the many dimensions of telelearning.

One of these dimensions is the way we structure content. Establishing a list of subject or a set of terminal objectives is not enough. The types of knowledge and skills must be clearly identified and linked together to form meaningful pieces of knowledge on which the learning activities and resources can be designed on solid ground. In other words, knowledge engineering must become a central instructional design activity to support higher order knowledge and skills acquisition.

The multi-agent systems’ view is also an important component of the new instructional design methodology. At the design and development phases, learning systems will be more and more frequently constructed by teams of specialists, each responsible for different types of tasks. This is why the MISA method develops the global design on four independent but interrelated axes. On the knowledge axis, content experts or informers will play the major role. On the instructional axis, education specialists will lead. The design of materials axis will need the involvement of media specialists while the delivery axis will rely on a new category of persons already present in distance education: the learning facilitators, tutors, trainers and managers.

The result of their activities, the learning system, will also contain a multi-agent definition of a delivery model. The main actors, the materials and the resources they use or provide to other actors, the roles they perform, lead directly to the construction of the environment they will need to assume their function. Useful interaction between actors, support to the self-management of learning scenarios by these actors, as well as support from multiple assistance agents to learners must be planned and implemented.

It is hoped that the new challenge of distributed learning will help us improve our methods and tools, giving a second impetus to a field that is more essential today in the knowledge society.  
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