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Abstract.  Despite their many successes, Intelligent Tutoring Systems (ITS) are not yet
practical enough to be employed in the real world educational/training environments.  We
argue that this undesirable scenario can be changed by focusing on developing an ITS
development methodology that transforms current ITS research to consider practical issues
that are part of the main causes of underemployment of ITSs.  Here we describe an ambitious
research project to develop an ITS that has recently completed its first phase of
development at the Computer Research Institute of Montreal.  This project aims to address
issues, such as, making ITS handle multiple domains, developing cost-effective knowledge
assessment methodologies, organizing and structuring domains around curriculum views
and addressing the needs of users by considering their immediate goals and
educational/training settings.  This paper concentrates on the outcomes of the first phase
of our project that includes the architecture and functionality (specially user knowledge
assessment and pedagogical guidance) of the Intelligent Guide.

1  Introduction
The field of Intelligent Tutoring System (ITS) is almost three decades old but only a

handful of ITSs built so far made their way into real educational environment [12; 7].
ITS community is beginning to aware of this concern and a number of researchers
have already started to suggest different way outs for this situation (see for example,
[7]).  The field of ITS has great promise and potential to be effective in both
educational and training worlds but these two worlds have their own unique demands
and requirements.  One important step forward for ITSs, to be more practical, can be
achieved by identifying and addressing issues that are common to these two worlds.

One of the important issue that the field of ITS is currently facing is the “system
problem,” [12], i.e., “the design of ITS needs to be done with consideration for how it
will be used within an educational [or training] system, rather than just developing it
as a stand-alone entity” (p. 53).

The second issue is of making ITS capable of handling multiple domains at the
same time.  Most of ITSs developed so far deal with only single domain of
knowledge.  On the contrary, many potential educational and training applications
demand knowledge in multiple domains of expertise. 

Only cost-effective computer-based systems are capable of justifying their acceptance
in real world situations.  This is specially true for ITSs that make their way into



training domains.  These systems are still expensive to build, mainly as a consequence
that the development of an ITS still starts from scratch.  There is no ready-to-use
methodology and technology available that a developer can use to start with. 

Two other issues that are very closely related to the “system problem” are the
effectiveness of an ITS and its acceptability by the user.  An effective ITS should
produce a high gain in the user’s knowledge/skills.  This can only happen if the
system provides enough motivation for the user and justify its usage in the pursuit of
the user’s goal(s).

This paper describes an ambitious research project to develop an ITS that has
recently completed its first phase of development at the Computer Research Institute
of Montreal (CRIM).  This project addresses some of the important issues discussed
above.
2  Background

A solution to issues, described above, lies on the development of a generic
methodology to design an ITS.  This methodology should have power to handle
knowledge from multiple domains.  Many ITSs developed so far concentrated on a
single domain.  In general, this resulted in a powerful model of expertise but the
methodology used to develop that model becomes restricted to that specific domain.  A
flexible and generic methodology can result in cost-effective systems for real world
educational/training environments.  Developing one such generic methodology require
detailed understanding of the functioning and architecture of ITSs.

ITSs are complex systems.  A common trend in the ITS community is to organize
the development of a tutoring system around four functional components [13]:
diagnostic, (domain) expert, pedagogy, and communication modules.  In order for an
ITS development methodology to be flexible and generic it needs to prescribe the
development of each of these modules.  The nature of these modules depends upon the
consideration for the overall architecture for an ITS.  Wenger in [13] has characterized
ITSs as consisting of either model-based or curriculum-based architectures.  A model-
based ITS emphasizes the model view of the domain expertise.  Some example ITSs
in this class are: Lisp Tutor [1], QUEST [14], CIRCSIM-Tutor [8].  The curriculum-
based ITSs, on the other hand, emphasize the curriculum view of the domain
expertise, example ITSs in this class are: BIP [2], WUSOR [6], MHO [9].  In
Wenger’s [13] term the curriculum-based architectures “emphasize the notion of lesson
rather than that of model as a reservoir of domain knowledge (p. 149).  We believe
that the knowledge domains required for many real world educational/training
applications land well for curriculum-based ITSs.  Another advantage of this approach
is that, due to its very nature, it emphasizes the body of knowledge that specifies the
goal structure for the system [9].  As noted by Lesgold in [9] a vast majority of
courses developed in the educational world use explicit curriculum.  A use of explicit
curriculum in an ITS, it is hoped, will facilitate its integration in an educational
setting.

2.1  Intelligent Guide: An ITS that facilitates acquiring mastery
leve l
       competence in a domain



This paper describes a computer-based educational system, Intelligent Guide (IG),
that is currently under development at the Computer Research Institute of Montreal
(CRIM).  The first phase of development for this system has recently completed.
This paper concentrates on the outcomes of the initial phase of this project.

The long term goal of Intelligent Guide is to develop a generic Intelligent Tutoring
System (ITS) that could provide user knowledge assessment and pedagogy guidance for
a number of domains that require the user to master a number of concepts or skills to
achieve a satisfactory level of competence in the domain.  Our research has this
definite objective of bringing this system into real world educational/training
environment. 

Intelligent Guide has a generic curriculum-based architecture.  It is designed to
operate with a general knowledge assessment method [3].  This method uses a kind of
overlay type user model.   One of the advantage of this method is that it has power to
be effective in multiple domains. We are currently experimenting the Intelligent Guide
with a specific domain, the Graduate Management Admissions Test (GMAT). 
3  Architecture of Intelligent Guide

The typical knowledge domains we are envisioning for the Intelligent Guide will
consists of a large body of concepts and/or skills that a student needs to master.
Learning of a concept /skill will be tested by asking one or more questions to the
student.  All the concepts and skills can be arranged in a network of nodes that are
connected by several relationships (e.g., part of, prerequisite, analogy, co-topic).  In
other words, knowledge in our domains can be represented by a type of curriculum
structure.

The major objective of Intelligent Guide is to provide guidance to the user in the
pursuit of achieving satisfactory level of competence in a domain.  Intelligent Guide is
like a tutoring assistance that assesses the knowledge state of the student for a domain.
Based upon this assessment it points out areas in the knowledge domain that require
attention from the user.  Unlike the currently available software products (see Sec.
2.1), the degree of attention required by the user for these areas is part of the feedback
provided by Intelligent Guide.  Further, depending upon the user’s choice this tutoring
assistance can invoke a tutorial session for a domain concept/skill that needs to be
learned/mastered by the user.  Intelligent Guide is not designed to provide a full
delivery of contents for each domain topic but rather a brief but comprehensive
overview of major concepts required.  We assume that the users in our case know the
basics of the knowledge domains.  These users are mainly looking for assessment of
their knowledge level and an individualized (active) review of the different domains.
We do not attempt to restrict the user to learn domain contents from only Intelligent
Guide, in fact this system provides pointers to commonly available books and other
forms of resources for the user to acquire advance knowledge of the domain.

An ultimate goal of Intelligent Guide is to encourage the user to periodically use
this system while participating in a preparatory course or preparing for a test like
GMAT.  In this way the user would have an opportunity to keep track of his/her
progress in learning the domain material.  Considering this goal of our system it is
imperative to continuously evaluate the knowledge state of the student to individualize
feedback/guidance.



Fig. 1 shows a scenario for Intelligent Guide.  In this scenario the Intelligent Guide
is like a shell, missing the domain knowledge.  In order for this system to be
functional in a domain, the knowledge for that domain needs to be fed into it.  We
assume that this knowledge comes from a course designer in that domain.  Currently
we are developing a software tool, course development environment, that allows a
course designer to structure and organize his/her view of the domain knowledge.  This
tool then automatically transforms this knowledge into an intermediate form
recognizable by Intelligent Guide.  When Intelligent Guide is invoked by the user, it
reads this intermediate form of domain knowledge to create a knowledge base which is
used to perform reasoning in the domain.

Fig. 2 shows the internal architecture of Intelligent Guide.  The arrows in this figure
represent the data flow paths between components of this system.  As it is shown in
this figure, this system consists of six major components.  Intelligent Guide is
designed using an object-oriented methodology and is implemented using the C++
programming language.

The architecture of Intelligent Guide is influenced by Lesgols’s research (see [9]).
Besides this formalism two very practical issues influenced this architecture, these are:
making Intelligent Guide available on multiple platforms and plugging it with
multiple user interfaces.  Currently Intelligent Guide runs on UNIX and Windows
environments and uses a Web-based user interface.
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Fig. 1.  A Scenario For the Intelligent Guide



The knowledge network of Fig. 2 contains Knowledge Units (KU) or domain
entities (e.g., domain concepts) that are connected via multiple domain relationships
(e.g., prerequisite).  This network is created from an intermediate form of domain
knowledge provided by the curriculum development environment (see Fig. 1).  This
knowledge network is basis for the domain intelligence in the system. 

The subject data base is the second component that uses output from the course
development environment.  This data base consists of actual content of domain
entities that is communicated to the user, for example, content for various GMAT
questions is kept in various files of this data base.  When the pedagogy engine selects
a question that needs to be asked to the user, an appropriate file(s) containing this
question is accessed from the subject data base. 

The user knowledge assessment tool is responsible for assessing the knowledge state
of the user.  It uses a specific technique to keep track of the changing state of the
user’s knowledge.  Sec. 4 describes in detail the theoretical background and working of
this component.

The pedagogy engine is the heart of Intelligent Guide.  It is responsible for
interpreting the knowledge state of the student and, depending upon the currently
selected goals and the state of interaction with the user, it determines “what to do
next”  in a session.  Within the architecture of Intelligent Guide this component is
also responsible for coordinating the communication between other components of the
system.  Sec. 5 describes the theoretical background and functioning of this
component in detail.

Once the pedagogy engine has decided about what and how to present contents to the
user, it sends messages to the web page generator and manager (see Fig. 2) to
compose a HTML (Hyper Text Markup Language) page for the user.  It is this
component that queries the subject data base to develop a HTML page.  Once a page is
generated, it is sent to the user interface (see Fig. 2), the component that handles
communication with a HTML server.
4  Knowledge Assessment in the Intelligent Guide:
    A Generic User Model

One of the fundamental component of the Intelligent Guide is the user knowledge
assessment module (see [3; 4]).  This module is responsible for providing a user
profile of the knowledge network's state of mastery.  Based upon the information it
receives from the pedagogy engine about what knowledge unit (KU) is mastered by the
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user, the knowledge assessment module will infer the likelihood that every other KU
is mastered.

The knowledge assessment module adopts the overlay approach to defining the
whole domain knowledge. It uses a view of the knowledge network that organizes
fine-grained Knowledge Units (KU), or nodes, into a knowledge structure [5] that
represents the order in which KU are learned.  An individual's knowledge about the
domain, i.e., a knowledge state, is modeled by a collection of numerical attribute
values attached to the nodes. Each value indicates the likelihood (i.e., probability) of a
user's knowing a specific KU.  In the knowledge structure, KU are connected by
implication (precedence) relations.  An implication relation is, in fact, a gradation
constraint which expresses whether a certain concept has to be understood before
another difficult one, or whether a certain skill is acquired prior to an advanced one.  It
is these implication relations that enables the inferences about the mastery of KU.

In contrast to other work that also adopted similar approaches to knowledge
assessment (see in particular [6]), the knowledge structure is induced entirely from
empirical data composed of samples of knowledge states.  Because the knowledge
structure induction process is automatic, it allows a much larger number of KUs to be
included than other approaches which “manually” build the structure with the help of
domain experts.  A more detailed treatment of the knowledge structure construction
method is given in [3].

Once a knowledge structure is obtained, it can be used as a basis for knowledge
assessment.  The knowledge state of a user is built and updated as soon as some
observations are made (e.g., questions and exercises are answered).  Each observation
can be viewed as a piece of evidence.  This new information may be propagated to
other nodes in compliance with the gradation constraints (inference structure).
Standard evidence propagation techniques can be used to perform this process (a
number of such techniques can be found in [11]).  Again the reader is referred to [3] for
further details.
5  Pedagogy Guidance

This section describes the design and functioning of the pedagogy engine (see Fig.
2).  The major function of this component is to provide pedagogy guidance to the
user.  Its behavior depends upon (1) the domain knowledge in the knowledge network,
(2) user’s actions, (3) an assessment of the user’s knowledge state, and (4) the
pedagogy knowledge represented as rules in this component.

Like Lesgold (see [9]) we also make distinction between the domain knowledge and
curriculum (or goal structure) in our system.  The domain knowledge provides the
domain intelligence that the pedagogy engine tries to impart to the user but it is the
curriculum knowledge that provides a mean of planning a session and making
moment-to-moment decisions while communicating with the user.

Before we further describe the pedagogy engine, let us briefly sketch the organization
of the knowledge network.  This network consists of domain entities (Knowledge
Units - KU - or nodes) and relationships between these entities.  There are two major
sections of this network, we call them, subject-matter hierarchy and question
hierarchy.  The subject-matter hierarchy is organized into four layers: course layer,
section layer, topic layer, and concept layer.  The question hierarchy consists of nodes
for questions, solutions to questions, and problem-solving strategies to solve a



question.  Questions in this hierarchy test knowledge for various domain entities in
the subject-matter hierarchy.  These two hierarchies intersect at nodes (e.g., real
number division) representing the domain entities that need to be tested to evaluate the
user’s competence in the domain.

This type of break down of subject-matter contents is very important from our point
of view because (1) this is a common way of organizing domain knowledge by the
instructional system designers, (2) it also provides a view of curriculum that the
system needs to consider before engaging the user in a session, (3) it provides a
vehicle for generating system goals for the Intelligent Guide. 

It is one of the important goal of our research that the Intelligent Guide be designed
quickly and efficiently for a domain by minimally restructuring the contents of a book
to develop a domain knowledge network for our system.  We believe that the domain
knowledge organization used in our system provides a generic framework that can be
used to transform pre-organized knowledge in a book into a knowledge network for the
Intelligent Guide.  Using this framework we have transformed the math (review)
section of the book The Official Guide for GMAT Review by the Graduate
Management Admission Council to develop the current network for the Intelligent
Guide.

The pedagogy engine is a hierarchical, incremental instructional planner [10].  It
uses the subject matter classification of the knowledge network to develop plan at four
different levels:  course, section, topic, and concept (notice the similarity of  these
levels with the layers in the knowledge network).  Because of this multiple-level
organization it is possible for the pedagogy engine to develop plan at the global level
to consider the overall objective of a session and at the interaction level where
moment-to-moment decisions are made to continue a form of dialogue with the user.

The decision making process within the pedagogy engine is fueled by the pedagogy
rules.  These rules reside in a rule base.  The interpretation and execution of these
rules is carried by a rule base engine.  We have classified these rules as: meta-rule,
session management rule, goal refinement rule, goal execution rule, and the student
initiative handling rule.  Most of these categories are self explanatory.   Meta-rules are
rules that decide which rule category to consider in view of the current state of the
system.  The student initiative handling rules decide how to respond to the user’s
actions (e.g., questions, requests).  An English version of an example goal refinement
rule is as follows.

IF   current goal is to guide-the-student, and
         current planning level is topic-level

THEN  create sub-goals:
  *  sequence currently focused topics
  *  select a focused topic, and
  *  present (to the student) the selected topic

The behavior of the pedagogy engine can also be viewed as setting and execution of
goals at four different decision making levels.  This multi-level planning model is
based on the decision making process commonly used by the instructional designers.



Intelligent Guide provides option for the user to set some of the goals at each level.
This means that the user can select a course, a section, a topic, and/or a concept to
pursue with.  This, we hope, will provide enough motivation to the user to take
change of the system to achieve his/her goals.

The organization of the pedagogy engine is very generic (i.e., domain independent).
We believe that Intelligent Guide can handle most of the domains whose contents can
be organized into a curriculum-type structure described above.
6  Conclusion

One of the major objective of our current research and development track is to bridge
the gap between research and practical application of intelligent computer-based
teaching/training systems.  We are striving to develop a methodology and technology
for ITS that could facilitate to develop effective and economical systems that could be
easily integrated in a real world teaching/training environments.  Unlike the current
trend in the ITS community we are aiming for techniques that may not be very
sophisticated but effective enough to achieve our goals.  This require us to adopt and
transform currently available ITS research and also to develop new techniques for our
purposes.

Most of ITS developed so far were oriented towards developing methodologies for
single domains.  In order to achieve our goals we believe that we need to take the next
logical step towards ITS research, i.e., to orient our methodology towards a group of
domains and educational/training situations.  Our group oriented methodology, we
hope, will be a good candidate to effectively address the issues raised in the
introduction (see Sec.1). 

We have selected knowledge/skill evaluation tests like GMAT and preparatory
courses as our target domains for our research and development.  Moreover, we are
currently focusing on knowledge evaluation and pedagogical guidance as the main
functions for our system.  Considering our target educational situation we have
observed that our domains could be organized to explicit their curriculum structures.
These structures provide a very fertile ground for our knowledge assessment
methodology which already, theoretically and practically, have been proved to be
generic and effective (see for example [3]).  We have adopted current ITS research for
developing curriculum-based ITS to provide pedagogical guidance for Intelligent
Guide.

Our journey towards our goals has just started.  In our first phase of development we
have started to address some of our theoretical and practical issues.  In our second
phase we are aiming to develop a set of tools that could help course designers to
develop contents for our system.  We are also aiming to test our system in a variety
of educational settings that are originally intended for our project.  We do realize that
we are aiming for an ambitious project but with our clear, cautious, and practical
approach we hope to succeed in our goals.
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