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1. Introduction
Nowadays, the way learners acquire and improve their knowledge has changed compared
to several years ago. The use of new technologies, in conjunction with Artificial Intelligence (AI) and psychological research in the field of education, has made it possible
to obtain a new generation of learning environments, which are more effective than traditional methods[1]. These intelligent tutoring environments are computer assisted tools
capable of both representing knowledge and directing a learning strategy. Thus they are
able to mimic the behavior of an expert, teaching the students how to apply knowledge
and estimating their knowledge from how they interact with the system. As a result,
learners can be redirected to the most appropriate action. To achieve these goals, the
maintenance and use of a model that reflects the student knowledge is vital. Such a model
allows the student weaknesses and strengths to be ascertained and a pedagogical strategy
for appropriate instruction to be developed.
We have previous experience in the development of educational tools [2]. Nevertheless, this system is focused on assessing declarative knowledge using tests. We want
to extend our previous work to cover both declarative and procedural knowledge assessment. For this reason, the main goal of our current research is to study existing approaches for building student models in problem solving environments, and to develop
a novel methodology or framework to facilitate the elicitation of diagnosis modules for
such environments. In this line, we have explored existing student modeling techniques
and have tried to identify how we could improve them to create a versatile student
model (in the context of the application domain), with accurate estimations of the student
knowledge.

2. Research lines
Our initial and current line of research involves the Constraint Based Modeling approach
(CBM) [3], whose effectiveness has been proven with the wide range of tutors built
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[4]. It is based on Ohlsson’s theory of learning from performance errors [5]. According
to it, a CBM-based tutor teaches the domain by detecting the misconceptions students
have when trying to apply their knowledge to problem solving, and feedback is provided
on any faulty knowledge. The main element of this approach is the “constraint”, which
represents a principle in the domain that cannot be violated by any solution for a given
problem. The short-term student model is the set of constraints the student has violated
during the resolution of problems. Using this set, the system can determine the main
student weaknesses and adapt the next problem according to each individual’s needs.
Unlike other CBM-based tutors, we do not focus on the tutorial use of CBM. Rather,
we use it for diagnosis purposes. Accordingly, we have developed a diagnosis model
which combines a CBM-based model with the Item Response Theory (IRT) [6]. The goal
of our proposal is to extend the model of violated constraints with the information needed
to supply well-founded and long-term student knowledge diagnoses. We aim to improve
the heuristics commonly used in CBM tutors for this purpose, such as the proportion of
constraints the student knows [7], by an accurate and invariant technique. The inclusion
of IRT in our model may also lead to adaptive and CBM-based diagnosis systems, where
the most appropriate problem to be solved by students at each step is selected dynamically. Additionally, the length of a problem solving session could be decided dynamically
depending on the student level and the required accuracy; the problem difficulty could
be inferred using data-driven methods.
We have already developed two CBM-based diagnosis tools: the OOPS system, for
the fundamentals of object oriented programming; and another for the lineal optimization problem domain. The elaboration of both tools is part of our bottom-up strategy
where first, we are going to build diagnosis tools for several domains, and then, common
characteristics and patterns will be extracted to define a framework for building such systems. Our initial experiments with real students suggest that our proposal is viable and
the diagnosis results are valid.

3. The Future Work
As future work we will continue to extend our model with some of the features described
above and will also explore how our model could be used in learning systems.
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