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Abstract. Despite their many successes, Intelligent Tutor8ygtems(ITS) are not yet

practical enough to be employed time real world educational/trainingenvironments. We

arguethat this undesirablescenario can be changedby focusing on developing an ITS

development methodology that transforms current ITS resaarcbnsiderpractical issues
that are part of the main causes of underemployment of ITSs. Here we desaibeitious
researchproject to develop an ITS that has recently completed its first phase of

development at the Computer Research Institute of Montr€his project aims to address
issues, such as, making ITS handle multiple domains, develapisigeffectiveknowledge
assessmenimethodologies,organizing and structuring domains around curriculum views

and addressing the needs of users by considering their immediate goals and
educational/training settings. Thjgperconcentraten the outcomesof the first phase
of our project that includes the architectureand 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 buaionly
handful of ITSs built so far made their way inal educationakenvironmeni12; 7].

ITS communityis beginningto awareof this concernand a numberof researchers
have already started suggestdifferentway outs for this situation (seefor example,
[7]). The field of ITS has great promise and potential to be effective in both
educational and trainingyorlds but thesetwo worlds havetheir own uniquedemands
and requirements. One importatep forward for ITSs, to be more practical,canbe
achieved by identifying and addressing issues that are common to these two worlds.

One ofthe importantissuethat the field of ITS is currentlyfacingis the “system
problem,” [12], i.e., “the design of ITS needs to be done with consideratidrofoit
will be used within an educational [training] system,ratherthan just developingit
as a stand-alone entity” (p. 53).

The secondissueis of making ITS capableof handling multiple domainsat the
sametime. Most of ITSs developedso far deal with only single domain of
knowledge. On the contrary, many potential educationaland 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 developmenbf anITS still startsfrom scratch. Thereis no ready-to-use
methodology and technology available that a developer can use to start with.

Two other issuesthat are very closely relatedto the “system problem” are the
effectivenesof an ITS andits acceptabilityby the user. An effective ITS should
producea high gain in the user's knowledge/skills. This can only happenif the
system provides enough motivation for the user and justify its usatle pursuit of
the user’s goal(s).

This paperdescribesan ambitious researchproject to developan ITS that has
recently completed itfirst phaseof developmentt the ComputerResearchnstitute
of Montreal (CRIM). This projectaddressesomeof the importantissuesdiscussed
above.

2 Background

A solution to issues, describedabove, lies on the developmentof a generic
methodologyto designan ITS. This methodologyshould have power to handle
knowledgefrom multiple domains. Many ITSs developedso far concentratecbn a
singledomain. In general,this resultedin a powerful model of expertisebut the
methodology used to develop that model becomes restricted to that specific domain. A
flexible andgenericmethodologycanresultin cost-effectivesystemsfor real world
educational/training environments. Developing one fiatericmethodologyrequire
detailed understanding of the functioning and architecture of ITSs.

ITSs are complex systems. A common trégmdhe ITS communityis to organize
the developmentof a tutoring system around four functional components[13]:
diagnostic, (domaingxpert,pedagogyand communicationrmodules. In orderfor an
ITS developmentmethodologyto be flexible and genericit needsto prescribethe
development of each of these modules. The nature of these mdepéegisipon the
consideration for the overall architecture for an IT®engerin [13] hascharacterized
ITSs as consisting of either model-basgdturriculum-basedrchitectures. A model-
based ITS emphasizes the modelw of the domainexpertise. SomeexamplelTSs
in this class are: Lisp Tutor [1], QUEST [14], CIRCSIM-Tuf8f. The curriculum-
basedITSs, on the other hand, emphasizethe curriculum view of the domain
expertise,examplelTSs in this classare: BIP [2], WUSOR [6], MHO [9]. In
Wenger's [13] term the curriculum-based architectures “emphasize the notessoof
ratherthan that of model as a reservoirof domainknowledge(p. 149). We believe
that the knowledge domains required for many real world educational/training
applications land well for curriculum-based ITSs. Anothdvantagef this approach
is that, due to its very nature,@mphasizeshe body of knowledgethat specifiesthe
goal structurefor the system[9]. As notedby Lesgoldin [9] a vast majority of
courses developed in the educational worldaxgaicit curriculum. A useof explicit
curriculumin an ITS, it is hoped,will facilitate its integrationin an educational
setting.

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



This paperdescribesa computer-base@ducationalsystem, Intelligent Guide (1G),
thatis currently underdevelopmentt the ComputerResearchinstitute of Montreal
(CRIM). The first phaseof developmentfor this systemhas recently completed.
This paper concentrates on the outcomes of the initial phase of this project.

The long term goal of Intelligent Guidetis developa genericintelligent Tutoring
System (ITS) that could provide user knowledge assessment and pedagogy guidance for
a number of domains that require the user to mastan#erof conceptsor skills to
achievea satisfactorylevel of competencan the domain. Our researchhas this
definite objective of bringing this system into real world educational/training
environment.

Intelligent Guide has a generic curriculum-basedarchitecture. It is designedto
operate with a general knowledge assessment method [3]. This nustsadkind of
overlay type user model. One of the advantage of this method i tfepowerto
be effective in multiple domains. We are currently experimenting the Intell@egide
with a specific domain, the Graduate Management Admissions Test (GMAT).

3 Architecture of Intelligent Guide

The typical knowledgedomainswe are envisioning for the Intelligent Guide will
consistsof a large body of conceptsand/orskills that a studentneedsto master.
Learningof a concept/skill will be testedby asking one or more questionsto the
student. All the conceptsandskills canbe arrangedn a network of nodesthat are
connectediy severalrelationships(e.g., part of, prerequisiteanalogy,co-topic). In
otherwords, knowledgein our domainscanbe representedy a type of curriculum
structure.

The major objectiveof Intelligent Guideis to provide guidanceto the userin 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 thiassessmerit points out areasin the knowledgedomainthat require
attentionfrom the user. Unlike the currently available software products(see Sec.
2.1), the degree of attention required by the usethieseareasis part of the feedback
provided by Intelligent Guide. Further, depending upon the user’s ctiéctutoring
assistanceaninvoke a tutorial sessionfor a domain concept/skillthat needsto be
learned/masteretly the user. Intelligent Guide is not designedto provide a full
delivery of contentsfor each domain topic but rather a brief but comprehensive
overview of major concepts required. We assumetttetisersin our caseknow the
basics of the knowledge domainFheseusersare mainly looking for assessmertuf
their knowledgelevel and an individualized (active) review of the different domains.
We do not attempt to restritite userto learndomaincontentsfrom only Intelligent
Guide, infact this systemprovidespointersto commonly availablebooks and other
forms of resources for the user to acquire advance knowledge of the domain.

An ultimate goal of Intelligent Guideis to encouragdhe userto periodically use
this systemwhile participatingin a preparatorycourseor preparingfor a test like
GMAT. In this way the userwould have an opportunity to keep track of his/her
progress inlearningthe domainmaterial. Consideringthis goal of our systemit is
imperative to continuously evaluate the knowledge state of the studadividualize
feedback/guidance.



Fig. 1 shows a scenario for Intelligent Guide. In #denaricthe Intelligent Guide
is like a shell, missing the domain knowledge. In order for this systemto be
functionalin a domain,the knowledgefor that domainneedsto be fed into it. We
assume that this knowledge comes frarroursedesignerin that domain. Currently
we aredevelopinga softwaretool, coursedevelopmentenvironment,that allows a
course designer to structure and organize his/her view afaimainknowledge. This
tool then automatically transforms this knowledge into an intermediate form
recognizable by Intelligent GuideVhen Intelligent Guideis invoked by the user, it
reads this intermediate form of domain knowledge to create a knowbedgevhich is
used to perform reasoning in the domain.

Course Designer

Course Development
Environment

U

Domain Knowledge
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Fig. 2 shows the internal architecture of Intelligent Guide. The arrows in this figure
represent the data flow paths between componertgsogystem. As it is shownin
this figure, this systemconsistsof six major components. Intelligent Guide is
designedusing an object-orientedmethodologyand is implementedusing the C++
programming language.

The architectureof Intelligent Guideis influencedby Lesgols’sresearch(see[9]).
Besides this formalism two very practical issues influenced this architetttaseare:
making Intelligent Guide available on multiple platforms and plugging it with
multiple userinterfaces. Currently Intelligent Guide runs on UNIX and Windows
environments and uses a Web-based user interface.
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Fig. 2. Architecture of Intelligent

The knowledgenetwork of Fig. 2 contains Knowledge Units (KU) or domain
entities (e.g., domainconcepts)hat are connectedsia multiple domainrelationships
(e.g., prerequisite). This network is createdfrom an intermediateform of domain
knowledgeprovidedby the curriculumdevelopmenenvironment(seeFig. 1). This
knowledge network is basis for the domain intelligence in the system.

The subjectdatabaseis the secondcomponentthat usesoutput from the course
developmentenvironment. This data base consists of actual content of domain
entitiesthatis communicatedo the user, for example,contentfor various GMAT
questions is kept in various files of this data base. VWhepedagogyengineselects
a questionthat needsto be askedto the user, an appropriatefile(s) containingthis
guestion is accessed from the subject data base.

The user knowledge assessment tool is responsible for assessing the knowledge state
of the user. It usesa specifictechniqueto keeptrack of the changingstate of the
user’s knowledge. Sec. 4 describes in detail the theoretical background and wbrking
this component.

The pedagogyengineis the heart of Intelligent Guide. It is responsiblefor
interpretingthe knowledgestate of the studentand, dependingupon the currently
selectedyoalsandthe stateof interactionwith the user,it determines‘what to do
next” in asession. Within the architectureof Intelligent Guidethis componentis
also responsible for coordinating the communication between other componts of
system. Sec. 5 describesthe theoretical backgroundand functioning of this
component in detail.

Once the pedagogy engine has decided about what and how to present cotitents to
user, it sendsmessageso the web page generatorand manager(see Fig. 2) to
composea HTML (Hyper Text Markup Language)pagefor the user. It is this
component that queries the subject data base to develop a HTML page. Once a page is
generatedit is sentto the userinterface (seeFig. 2), the componentthat handles
communication with a HTML server.

4 Knowledge Assessment in the Intelligent Guide:
A Generic User Model

One of the fundamentacomponenbf the Intelligent Guideis the user knowledge
assessmenmodule (see[3; 4]). This moduleis responsiblefor providing a user
profile of the knowledgenetwork'sstateof mastery. Basedupon the information it
receives from the pedagogy engine about what knowledge unit (KU) is mastered by the



user, the knowledge assessment modile infer the likelihood that every other KU
is mastered.

The knowledgeassessmentodule adoptsthe overlay approachto defining the
whole domainknowledge.lt usesa view of the knowledgenetwork that organizes
fine-grainedKnowledge Units (KU), or nodes,into a knowledge structure [5] that
representshe orderin which KU arelearned. An individual's knowledgeabout the
domain,i.e., a knowledgestate,is modeledby a collection of numericalattribute
values attached to the nodes. Each value indicates the likelihood (i.e., probabéity)
user'sknowing a specific KU. In the knowledgestructure,KU are connectedby
implication (precedence)elations. An implication relation is, in fact, a gradation
constraintwhich expressesvhethera certain concepthas to be understoodbefore
another difficult one, or whether a certain skill is acquired prior to an advamneedit
is these implication relations that enables the inferences about the mastery of KU.

In contrastto other work that also adopted similar approachesto knowledge
assessmer(seein particular [6]), the knowledgestructureis inducedentirely from
empirical datacomposedof samplesof knowledgestates. Becausethe knowledge
structure induction process is automatic, it allows a much larger number abkds
included than other approaches whialanually” build the structurewith the help of
domainexperts. A more detailedtreatmentof the knowledgestructureconstruction
method is given in [3].

Oncea knowledgestructureis obtained,it can be usedas a basisfor knowledge
assessment.The knowledgestate of a useris built and updatedas soon as some
observations are made.g., questionsand exercisesare answered). Eachobservation
canbe viewedas a pieceof evidence. This new information may be propagatedo
other nodes in compliance with the gradation constraints (inference structure).
Standardevidencepropagationtechniquescan be usedto perform this process(a
number of such techniques can be found in [11]). Again the reader is referrefbto [3]
further details.

5 Pedagogy Guidance

This section describebe designandfunctioning of the pedagogyengine(seeFig.

2). The major function of this componentis to provide pedagogyguidanceto the
user. Its behavior depends upon (1) the domain knowledfe knowledgenetwork,
(2) user'sactions, (3) an assessmenbf 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 knowledgenetwork. This network consistsof domain entities (Knowledge
Units - KU - or nodes) and relationships betwéegseentities. Therearetwo major
sections of this network, we call them, subject-matterhierarchy and question
hierarchy. The subject-mattehierarchyis organizedinto four layers: courselayer,
section layer, topic layer, and concept layer. The quebtaarchyconsistsof nodes
for questions,solutions to questions,and problem-solving strategiesto solve a



guestion. Questionsin this hierarchytest knowledgefor variousdomainentities in

the subject-mattetierarchy. Thesetwo hierarchiesintersectat nodes(e.g., real
number division) representing the domain entities that need to be tested to ehaluate
user’s competence in the domain.

This type of break down of subject-matter contents is very important fromodoir
of view becausg1) this is a commonway of organizingdomainknowledgeby the
instructional systemdesigners(2) it also providesa view of curriculum that the
systemneedsto considerbefore engagingthe userin 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 thatintelligent Guide be designed
quickly and efficiently for a domain by minimally restructuring the contentshmok
to develop a domain knowledge network for system. We believethat the domain
knowledge organization used @ur systemprovidesa genericframeworkthat canbe
used to transform pre-organized knowledge in a book into a knowledge netwtrk for
Intelligent Guide. Using this framework we have transformedthe math (review)
section of the book The Official Guide for GMAT Review by the Graduate
Managemen®AdmissionCouncil to developthe current network for the Intelligent
Guide.

The pedagogyengineis a hierarchical,incrementalinstructional planner[10]. It
uses the subject matter classification of the knowledge network to develop fdan at
differentlevels: course,section,topic, andconcept(notice the similarity of these
levels with the layersin the knowledgenetwork). Becauseof this multiple-level
organization it is possible for the pedagogy engine to deyabopat the global level
to considerthe overall objective of a sessionand 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 pedageggineis fueledby the pedagogy
rules. Theserulesresidein arule base. The interpretationand executionof these
rulesis carriedby a rule baseengine. We haveclassifiedtheserules as: meta-rule,
sessionmanagementule, goal refinementrule, goal executionrule, and the student
initiative handling rule. Most of these categories are self explanatory. Metameiles
rulesthat decidewhich rule categoryto considerin view of the current state of the
system. The studentinitiative handling rules decidehow to respondto the user's
actions (e.g., questions, requests). An English version ekamplegoal refinement
rule is as follows.

IF current goal isto guide-the-student, and
current planning level istopic-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 viewedtting and executionof
goalsat four different decisionmaking levels. This multi-level planning model is
based on the decisianaking processcommonly usedby the instructionaldesigners.



Intelligent Guide provides optiofor the userto setsomeof the goalsat eachlevel.
This meansthat the usercan selecta course,a section,a topic, and/ora conceptto
pursuewith. This, we hope, will provide enoughmotivation to the userto take
change of the system to achieve his/her goals.

The organization of the pedagogy engise/ery generic(i.e., domainindependent).
We believe that Intelligent Guide can handle moghefdomainswhosecontentscan
be organized into a curriculum-type structure described above.

6 Conclusion

One of the major objective of our current research and development tradkidgo
the gap betweenresearchand practical application of intelligent computer-based
teaching/training systems. We are strivinglewvelopa methodologyandtechnology
for ITS that could facilitate to develop effective aambnomicalsystemsthat could be
easily integratedin a real world teaching/trainingenvironments. Unlike the current
trend in the ITS community we are aiming for techniqguesthat may not be very
sophisticated but effective enough to achieue goals. This requireus to adoptand
transform currently available ITS reseaafdalsoto developnew techniquedor our
purposes.

Most of ITS developedso far were orientedtowardsdevelopingmethodologiesfor
single domains. In order to achieve our goals we believe that we need toetalext
logical step towards ITS research, ite.orient our methodologytowardsa group of
domainsand educational/trainingsituations. Our group oriented methodology,we
hope, will be a good candidateto effectively addressthe issues raised in the
introduction (see Sec.1).

We have selectedknowledge/skill evaluation tests like GMAT and preparatory
coursesas our targetdomainsfor our researchand development. Moreover, we are
currently focusing on knowledgeevaluationand pedagogicalguidanceas the main
functions for our system. Consideringour target educationalsituation we have
observedhat our domainscould be organizedto explicit their curriculum structures.
These structures provide a very fertile ground for our knowledge assessment
methodologywhich already, theoretically and practically, have been proved to be
generic and effective (see fekample[3]). We haveadoptedcurrentITS researctfor
developing curriculum-based TS to provide pedagogicalguidance for Intelligent
Guide.

Our journey towards our goals has just started. In our first phase of development we
havestartedto addresssomeof our theoreticaland practical issues. In our second
phasewe areaiming to developa set of tools that could help coursedesignersto
develop contents for our system. \Atealso aiming to test our systemin a variety
of educational settings that are originally intendtadour project. We do realizethat
we areaiming for an ambitious project but with our clear, cautious,and practical
approach we hope to succeed in our goals.
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