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Abstract. The present article proposes a methodology for the construction of

intelligent tutoring systems that can be applied to any case that implies the
design of a system intended for training advanced engineering students in the
operation and maintenance of mechanisms. The article offers premises for the
design of the modules of knowledge domain, student and tutor, and describes
control strategies implemented as meta-rules.

1 Introduction

Intelligent tutoring systems (ITS) started to be developed in the 80's, designed with
the idea to provide knowledge with base in some form of intelligence in order to
guide the student in the process of learning [Urretavizcaya, 2001; Sancho, 2002]. An
intelligent tutor is a software system that uses techniques of artificial intelligence (AI)
to represent the knowledge and interacts with the students in order to teach it to them

[VanLehn, 1988]. To this definition, [Giraffa et al., 1997] adds the consideration of
different cognitive styles of the students who use the system according to Cern
[2002]. In the 90's, with the advances of cognitive psychology [Norman, 1987;
Gardner, 1988], neurosciences and the new paradigms of programming [Pressman,
2002; Pfleeger, 2002], ITS have evolved from a mere instructional proposal [Cruz
Feliú, 1997] towards the design of environments of new knowledge discovery and

experimentation [Bruner, 1991; Perkins, 1995; 2002] according to a constructivist

vision of learning processes. In spite of these achievements, ITS have still not

received a generalized adoption due to the complexity implied in its design, which has

limited ITS practical application. The development of STI was stuck by the lack of

maturity in the development of the human cognition area and therefore it was not

possible to model it computationally since the complexity of the models involved

required a high cost of calculation.
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2 Foundations for a Intelligent Tutoring Systems Methodology

2.1 Structure of the Intelligent Tutoring System

An Intelligent Tutorial System for training in the operation and maintenance of
mechanisms consists basically of three models that communicate with one another
[Kearsley, 1987]. With the purpose of obtaining a suitable operation of the ITS in

reparation of mechanisms, the models of the mechanism, the student and the tutor

must accomplish a suitable interaction. Therefore, it will exist a set of rules [García-

Martínez and Britos, 2004] that define when and how these models are used. These

rules constitute a meta-model in the sense that they control the basic models and their
associate rules. The meta-model has the required functionality to activate and

deactivate the basic models. As an example, the rules that can be expected to be
contained in the meta-model may have the following form:

IF The student has finished an specific item

AND The tutor has little confidence in its own

assessment on the student knowledge about that

specific item
THEN The tutor will interrogate the student exhaustively

on the specific item

2.2 The Knowledge Domain Model

A model can be understood as an entity that copies the characteristics of an object,

process or concept of the real world. In fact, a model is an abstract representation of

some type of mechanism. It is abstract in the sense that it really does not exist, it is

something that is created in the border of a computational program. In order to be able

to construct a model of a mechanism, it must be possible to decompose the

mechanism in its constituent parts. That is to say, the mechanism to be modeled must

have identifiable parts in which it can be decomposed. This way, the behavior of the

mechanism can be described through the behavior of its parts. This description

includes from the intrinsic form of operation of each component up to the way in
which a given component interacts with the others. In this work, qualitative models
will be used more than quantitative, that is to say, that the relations among parts are
described more in terms of the qualities of the constituent entities than of

mathematical expressions that are representative of the operation way of these
entities. This conception is more related with the way in which the human beings
seem to approach the problems in their daily interaction with the every day world. In
this way, a person can know when he or she is safe to cross a street without the need

to construct mentally a mathematical model in order to calculate the trajectory of the

vehicles that approach to him or her. The proposed methodology to model the
knowledge domain when this one is referred to a mechanism consists of the following
steps:

- Step 1. Identify the components which make up the mechanism
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