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Abstract. This paper presents a formal model for the spetifin of knowledge domain structure and teachingtsgies. This
model allows automatic sequencing of engineerindagegical activities in intelligent tutoring systenn computer networks
(Internet or Intranet). The proposed model is exgilalle and able to deal with different pedagogicatae aiming at application to
complex themes and environments, such as thosd foumiversity courses. The present proposal isebleon the expert overlay
approach for modelling the student's model repné@n. In this approach the knowledge domain esented by a hierarchical
structure which will be visited through different patfor each student, depending on his or her oweldpment and performance
at the pedagogical activities. The choice of théhpas done after checking the teaching strategieshe knowledge domain, as
defined by an engineering expert teacher . The qsab also incorporates concepts and practices deroperability,
interchangeability and reusability sponsored byiniational standardisation consortiums and entities
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1. Introduction

Intelligent tutoring systems (ITS) are educatiordtvgares that use some artificial intelligence téghes to aid the
teaching-learning process. They are capable tolatenulecisions, playing the role of the speciaistcher. More
precisely, an intelligent tutoring system is a splést system applied to an educational area whi@nlarged with the
Student Model and Teaching Strategies (Burns angh&£&a®98), notions that will be better describedhim body of
this work.

The ITS can be utilized on the WEB, in distance legrrcourses, in regular courses and in others ilegrn
environments as the main tool for support the tisaclkearning process. Figure 1 shows the chronodgivolution of
modern tutoring systems.

A sprouting of ITS appeared in the 50’'s as the tesuthe evolution of the Computer Aided Instruati@CAl)
systems, which were called Linear Programs. Thesgrams considered knowledge in a linear form, sbnbaactor
could change the teaching rule established by ribgrammer.

In the 60’'s, the programmers started to considatr students’ responses could be used to contradttidy focus.
So, the Branched Programs aroused because theyneegesuitable since they enabled a feedback,wtihthey had a
fixed number of instruction possibilities in thensaway as the Linear Programs. But the focus wHghsti teacher:
The student must comprehend the contents proposételtgacher and answer the questions previoustyuiated to
measure the level of understanding.
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Figure 1. Historical evolution of ITS.

In the early 70’s the Generative Programs appedieely were capable to create pedagogical situatiogsiestions
that needed to be answered and corrected in amatitomanner. The proposal was to measure how itingchtudent
had learned. For example, the use of a random gemesf numbers could produce two numbers to be@dy the
student and then, the result evaluated by the ctanpould be compared with the result provided ly $tudent in
order to give the answer. This approach was réstrito a little number of knowledge domain aread @ solution
was the result of a procedure different from thenan mind process logic.



In the 80's the ITS appeared intending to correet nhistakes of the old Generative Programs. Theydcbal
considered as intelligent as the CAl systems, tsuttred in a different manner to work educatiashainains such as
the association of Al techniques and cognitive hsjagy techniques to guide the teaching-learniracgss. Sleeman
and Brown (1982) revised the state of art about €/dtems and created the term “Intelligent Tutoi8ygtems” to
distinguish ITS systems from CAIl systems. This téwam an implicit meaning about how to learn, foeggshe learning
experience in concrete activities. These systemedaih making easy the teaching-learning procesisagadt could be
effective, right and pleasant.

The traditional structure of an ITS (Barr and Feiganh, 1982; Yazdani, 1987; Self, 1988; Viccari, 1900veira,
1994) is shown in Fig. 2.
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Figure 2. Traditional structure of an ITS (ViccaQ(3).
1.1. How can an ITS beused in engineering teaching?

In Brazil, the increasing necessity for universiti@cancies is shown on the public policy to imprthe capacity to
supply these needs. This task is strongly limitedhe real number of education professionals, dheegrowth rate of
these professionals is not satisfactory. Moreaber technologic evolution impels the knowledge @gian, increasing
the amount of information and teacher qualificatiBiow to consider this necessity without comprongsihe quality
in engineering teaching?

The requirement for vacancies in Brazilian univeésitsuggests the necessity of an instrument thed thse
available technology and concepts of psychologyleadhing education, common to all knowledge areas.

The proposed model intends to modify the computer fliem a general hypermedia generator tool, intesaurce
generator tool for supporting the student privatilying the learning process. The teacher will &laee condition to
review the material used in teaching activitiegwen the teaching process.

The tutoring system developed is capable to attendtply each student in agreement with his netiessit offers
different manners to treat engineering applicati@ssthe valuation of presented results by theesiuith different unit
systems. It could be also considered the possilofilising the same graphical representation inired to the student
in a question, by using image-editor software. &ample, a student could easily draw the loadsigath a free body
diagram, and then obtain the answer directly ortedhehing environment.

Other characteristic of the system is the gaininbth by storing in specific libraries contents gretlagogical
activities elaborated regarding different courdd® libraries can be catalogued according to in&tion technology
rules and the learning objects are formulated nee@ment with standardization rules to enable tiegisability.

2. Model Description

This model is based on the interaction between ttpeiE Teacher and the Student in the learning psoasig
Artificial Intelligence techniques. It's composed Ihe following modulesKnowledge Domain, Student Model,
Diagnostic ModuleTeaching Module.

Knowledge Domainwhich represents the Expert Teacher knowledge mpieden a structured way and the
knowledge transfer rules. In this module the suldufes of Specific Data Basis can be identified, ahare the
Knowledge Tree and the Teaching Strategs#adent Modelthat denotes the actual level of the Studentsedge
during his interaction with the system, consistofgthe sub modules: Student Background, Interactdstory and
Student Knowledge; thBiagnostic Moduleis the process responsible for applying the rategained in the Teaching
Strategies according to the actual level of thel&ttis knowledge, defined at the Student’s Histdigaching Module
that refers to the interface between the Studeshtlas system.

Authoring Tools are friendly interface programsahie user, in this case the Expert Teacher. Thesg @welused to
design both, Knowledge Domain Module aogarning Objectsthat are a set of Contents and Pedagogical Aietvi
Descriptions presented according to Internatiopaic8ications.

In Fig. 3, Carvalho, 2000, presents the overaleswh of the inter relationships between the mainutesdand other
components of the ITS. More details on the companefithe ITS will be presented later in this paper.
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Figure 3. Intelligent Tutoring System architecture.

During thedesign timethe Expert Teacher will supply the basis of higegtise to the Knowledge Domain by using
Authoring Tools. A Student Model, initially in thewest level of knowledge of this expertise, will lpgdated in each
system’s iteration representing the Student’s iegrprocess. A register of the learning evolutioogess will, then, be
recorded at the Student History and will be used parameter in the decision tree pre set by thelEXgacher at the
Teaching Strategies. Each decision will lead the Stuhto a new pedagogical scenario.

3. Implemented Standards

In order to guarantee the reusability of conterstisduin the proposed model, specifications estaddlidhy IMS
Consortium and LTSC-IEEE, main international standatdin organisms, are adopted. Standard Specifitmtian be
noted at contents organization as well as in thenlag objects design, as shown in Fig. 3 legefte contents are
hierarchically organized, using XML technology, determined by IMS Content Packaging (IMS, 2004)siom 1.0,
Final Specification; this will guarantee intercheadility, interoperability and reusability characdtics to the system.

Learning Objects have their classification defingdUearning Object Metadata (LOM) from LTSC-IEEE (IEEE,
2004) standard, being implemented according to Ld&ming Resource Meta-Data, version 1.2.1, FinatBipation.

Specific characteristics of Learning Objects’ relatto the STI are defined in an external represientatata model
of Learning Objects as extensibility of LOM. This extal model can define, for example, the procesdirertives of
learning objects by the system as well as the defisitions properties of these learning objectd their applications
instances.

4. How doesthe system capture and transmit the Teacher Expertise?

The mechanism of expertise capture is done throhghKnowledge Tree definitions as well as the Teaching
Strategies and the Learning Objects development.eTit@ssurces are detailed in the following sections.

4.1. Knowledge Tree

The Knowledge Tree is the course syllabus presentachierarchal structure to organize the contemdsaativities
in the respective curricula items. It is descrilieé common text file, using the Knowledge Tree Bigbn Language
(KTDL), which is specifically established for thisirpose (Carvalho, 2000), (Faria, 2004). In tHes dire described: 1)
the curricula items, displayed in a sequence censtloptimum by the Expert Teacher, and 2) the efaand instances



of Learning Objects, which corresponds to the remeiwhich will be used to present the curriculm#igas classes,
tests, examples...

4.2. Teaching Strategies

Through the Teaching Strategies Definition LangudggDL) (Major, 1995), (Carvalho, 2000), (Faria, 2004t
uses natural language and also can be expressedommon text file, a set of learning rules is dezdl. This file in
addition to the Student and Expert Models are gainguide the teaching-leaning activities sequeite rules are
established in a condition-action structure. The L$Bes the same terms and learning objects prdyideslared at
Knowledge Tree.

The Expert Teacher anticipates an action to be takemgarticular student as the result of his pertoroe in the
teaching-learning process, in the sense of optimgite learning process individually.

The set of rules will then offer several pedagogsanarios to be chosen in each program interadigsed in the
values that each Student shows in his grades'riiistostudent that didn’t have a satisfactory véhrain a determined
subject will be presented to the same subject diffarent way. If the missing of some backgroundwkiedge is
detected, the student can be guided to this coieatder to correct the failure and return to gfent where the
original process was interrupted. If the grades dditseveral students stays under a desired i¢ealn be an indication
that the contents could be improved or the appraamiid be reformulated. This gives the Expert Teadhe
possibility of continuous valuation and improvemehhis material.

It can happen, for instance, that the Teaching &jyatlefines a period of time in which the Studenmsteach a
desired learning level. If the Student’'s grades raoe satisfactory, he should contact the Expert ieaor some
assistant to get a personal help. Once his probieens solved, the Student can return to the ITS aomdinue the
learning process. In this last case it can be @bsgdhat this model allows a strong human inteoacsit the process.

The definition of Teaching Strategies offers a lewklflexibility that enables the Expert Teacher toojidhis
preferred pedagogical strategy.

4.3. Learning Objects

The pedagogical activities are defined accordintipéoproposed data model and labeled following titernational
standard specifications, being then referred amileg objects. The learning objects are relatedath,bthe activities
chosen to transmit the knowledge as classes, sesnim@jects, and so on, but also to the contemdsits approach.
This means that the same subject can be exposedvéssirclasses or using several hypermedia resaurce

Learning objects represents a relevant componetit ®fand must be planed, carefully chosen and posly
evaluated before being incorporated to the sysianh applied, in order to guarantee a good perfocmaf the
learning tool.

5. Learning Diagnostics

The learning diagnostics are obtained by compaiiregacceptable levels of learning, defined by thechieg
Strategies and the learning level showed by thdeiiy registered at the Student History, Fig. 4.d&student that just
started the process, his knowledge level is theesdwossible while the Expert Teacher’s is the highese system
goal is to approach the Student’s level to the B3@e€This strategy is named Expert’s Overlay (Ander$688).
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Figure 4. Student History.

6. Tutor Module

The Tutor Module represents the interface betweerStindent and the system itself. It's the gate dflatvs the
student to reach the ITS and must present the reegessgonomic characteristics to facilitate theckiéag-learning
process. For this purpose was used the Microsoft tddiNkit VV.3,0.

In this gate are presented the contents accordiribet level reached by the Student. A new set t¥ites are
enabled by the application of learning rules. Amémgm, the selected activity is the one suggesyettid system to be
executed, as shown in Fig. 6.

7. Authoring Tools

For the Knowledge Tree and the Teaching Strategiefinilon and implementation are necessary programgm
rules rather than international standards knowledgés will turn the work into a complex task. Toepgome these
difficulties, authoring tools are developed, nostjto define that two documents but also to hekp ghoduction of
Learning Objects.

7.1. Learning Objects Production

The authoring tools used to define the Knowledgesned the Teaching Strategies are specifically deeel for
this task, unlike Learning Objects Authoring ToolfieTLearning Objects Authoring Tools can use sevesdurces
largely available and also specific software thaat be developed to satisfy different needs. Amdegniost common
tools are text editors, presentation editors, HTMbepaditors, and other programming environmentao@ance to
IMS international standard.

7.2. Ontology and Taxonomy

In order to guarantee interoperability charactesstreusability of contents and activities comn@more than one
course, taxonomy and ontology concepts are applifte Learning Objects creation.

The possibility of sharing knowledge was the maamson for ontology utilization in Al field in thedayears. More
than a standard vocabulary, ontology assures higaterms chosen are enough to specify, define ptmead correct
relationships from the adopted terminology. It givaore information than taxonomy does, once onjoisgable to
define what the specific knowledge domain the fiedong to is. For the computer science commurity term
ontology refers to a semantic definition that inlda a vocabulary of terms, organized in taxonommgir tdefinitions
and a set of formal axioms which are used to dstallew relations and restrict their interpretati@tcording to a
desired sense (Noy and Hafner, 2000).



In other words, the needs of understanding amoa@dents are assured by using a common vocabutaygathe
interested parts, which will be consistent withpexgt to what is specified at ontology. This agredmsgncalled
“Ontological Commitment” and is crucial to enabliéfatent work groups in several areas to commuai@atd share
results.

An example in engineering field would be to clagsittivities and contents related to build Free yBbiagrams.
This topic must appear in different courses suctstagics, Dynamics, Mechanics of Materials, Fluid dii@nics,
Machine Design ..These contents and activities could be sharetieatdpic “Free Body Diagrams”, by using the
ontology concepts.

8. An Engineering M odel Application

An application of this system was developed for tesurses of the Mechanical Engineering Department of
University of Brasilia: Mecénica 1 and MecanicavBjch are related respectively to Statics and Dyinam

To implement the ITS Generator (GeSTI) (Faria, 2004t includes the development of Tutor Module,dbiastic
Module, KTDL and TSDL, the Visual Studio 6.0, SGDBc&ss 2000, XML SPY 6.0, and some graphic editors for
image and icon edition were used. The program eeespiled to run in an Internet Information Serverder the
operational system Windows 2000. Contents weredémphted using resources as text editors and PDérdot
generators, as well as automatic questions gemsratmong others.

To insert the model application the Knowledge Trees wmitially created, which is the structured dylla from the
course, Fig. 5, in KTDL, Fig. 6. The next step u@sreate a file of Teaching Strategies using TSBLskown in Fig.
7. Once the program is compiled the Tutor Modutewva in Fig. 8, is able to apply the learning rulespressed as
condition-action, couching the Student accordingisoidiosyncratic characteristics.

Mecinica 2 Course Syllabus

1.0 Introduction
1.1 Mechanic System Models
1.2 Mechanics Domain
2.0 Basic Concepts
2.1 Coordinates Systems
2.2 Classes of Movements

Figure 5. Partial View of the Mecénica 2 coursdahyis.
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Figure 6. Partial View of the Knowledge Tree in KOI'D
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Figure 8. Tutor Module View.

9. Conclusions

The computational model is still being developedediz engineering authoring tools are being depetb
Considering the computational point of view therté@g tool combines the use of traditional comiley international
standards, allowing its sharing ability. The applaa of indexation concepts guarantee charactesisif reusability of
material previously generated by any course.

The implemented model allows a major human intewadid the teaching learning process once it makssiple
the straight contact between the Student and tperEXeacher during then timeof the process.

The prototype is already working and tests will eefgrmed with engineering courses to validate amgrove the
model.
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