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Abstract. In this paper we propose the architecture of an Intelligent Tutoring
System that considers the student's learning style and the competency-based ed-
ucation. We also describe the processes that have been implemented so far. Our
architecture presents innovations in the representation of the tutor module and
in the knowledge module; the tutor module incorporates a selector agent, which
will choose the content to show, considering the teaching strategies that support
the student's learning style.
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1 Introduction

The idea of applying IT tools to teaching goes back to the 50’s, but it wasn’t until the
80’s when computer-assisted teaching regained a special interest due to the techniques
of Artificial Intelligence. At that time, the systems called Intelligent Tutoring Systems
(ITS) arose, with the aim of developing the processes of education adapted to the
different users/students [1].

An Intelligent Tutoring System (ITS) provides learning and / or customized train-
ing to students [2]. The personalized training is an argument on behalf of these sys-
tems and it is supported by the analysis realized by Bloom [3]. This analysis discusses
the importance of adapting education to each student, confirming the individualized
instruction as the most effective way of learning.

In general, an ITS is composed by three modules: the student module, the
knowledge module and the tutor module [4]. Nowadays ITS are called Learning Man-
agement Systems (LMS) [5]. In our project, the LMS Moodle will be used.
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The purposes of this paper are: a) to present the integration of an intelligent agent
in the tutor module of a LMS, b) to describe the implementation of modules that have
been developed.

This paper is structured as follows: section 2 describes the concepts related to intel-
ligent tutoring systems. Section 3 deals with issues of learning styles and teaching
strategies. Section 4 presents the proposed architecture. Section 5 describes the pro-
cesses implemented and section 6 presents conclusions and future work.

2 Intelligent Tutoring Systems

Guardia (1993) cited by Salgueiro [6], presents a definition for the intelligent tutors:
"An ITS is a system of computer-assisted instruction, which uses Artificial Intelligence
techniques, mainly for representing knowledge and drives a teaching strategy; and it
is able of behaving like an expert, both in the knowledge domain that it teaches
(showing the student how to apply that knowledge), as in the pedagogic domain,
where it is able of diagnosing the situation in which the student is and offer a solution
that allows him/her progress in the learning”.

Within the literature reviewed, we found that areas like Mathematics, Physics and
Programming, had implemented the basic architecture of an Intelligent Tutoring Sys-
tem. Among the related works we can cite Butz [7], Conati [8], Graesser [9] and
Melis [10].

According to Butz [7], the basic architecture of an ITS is composed by a student
module, a knowledge module and a tutor module which is also called teaching strate-
gies module. These modules operate interactively and communicate through a central
module, which it is often called user interface. This architecture is shown in Figure 1.
Its modules are described below.

Data about the student
y Student's knowledge
Student estimated
Model Y Tailored
Teaching instructions User M.
Strategies Interface
Knowledge A
Domain | ——

Fig. 1. Basic architecture of an ITS [7].

The student module aims to perform the student's cognitive diagnosis and the stu-
dent’s representation for future system feedback. Cataldi [11] proposes to incorporate
learning styles in the ITS. According to her, the student module is composed by the
following components:
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— A database with learning styles available in the system.

— A map of the knowledge obtained initially from the domain module, which will be
modified by the update of knowledge, based on the assessments made by the tutor
module.

The knowledge module aims to store the dependent and independent knowledge of
the scope. Basically, this module is composed by [11]:

— Knowledge: 1t refers to the content that must be loaded into the system, through the
concepts, questions, exercises, problems and their relationships.

— Didactic elements: they are multimedia material, i.e., images, videos and sounds
that help the student obtain knowledge during the teaching session.

The tutor module defines and implements a pedagogical teaching strategy, contains
the objectives to be achieved and the plans to achieve them. This module selects the
exercises, monitors the performance, provides assistance and selects the learning ma-
terial for the student. It consists of the following sub-modules [11]:

— Lesson Planner that organizes the lessons’ contents.
— Profile analyzer, which analyzes the characteristics of students, selecting the most
appropriate pedagogical-teaching strategy.

The user interface specifies and provides support to the students’ activities and to
the methods used to perform these activities. The interface should be easy to use and
attractive. Thus, the students quickly learn how to use it, and they can focus all their
attention on the process of learning the subject [12].

3 Learning Styles and Teaching-Learning Strategies

In [13], the fact that each person uses their own methods or strategies to learn is called
“learning style”. Teaching strategies are procedures or resources used by the teaching
agent to promote meaningful learning [14]. Although the strategies vary depending on
what you want to learn, each person tends to develop certain preferences or global
trends that define a style of learning [13].

According to [13], the notion that each person learns differently from others, must
be considered to facilitate their learning, however, we must be careful not to "label"
people, since the learning styles, although relatively stable, change depending on the
situation and are susceptible to improvement. Moreover, Gomez [13] states that
when students are taught according to their own learning style, they learn more effec-
tively. Some of the most known and used learning styles models are:

— Felder and Silverman model.

— Kolb model.

— Neurolinguistic Programming model of Bandler and Grinder.
— Multiple Intelligences model of Gardner.

— VARK model of Neil Fleming.
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Some learning styles have been considered in the implementation of tutoring sys-
tems in order to adapt their environments of teaching toward users. For example, the
Richard Felder learning style model is considered in the systems presented by Her-
nandez [15] and Caviedes [16]. In the system proposed by Cataldi [17], in addition to
the Felder model, they also considered the Multiple Intelligences model of Howard
Gardner. Finally Aragjo [18] and Peter [19] used the VARK model of Neil Fleming.

4 Architecture Proposed for an ITS

This paper proposes to incorporate to the classic architecture of an Intelligent Tutor-
ing System, a process that selects the contents to show, influenced by the teaching
strategies that encourage the student's learning style. These teaching strategies will be
the link to select the contents of the subject. The contents should be prepared for each
one of the teaching strategies for each learning style.

Figure 2 shows the proposed architecture, in which we specified the added compo-
nents with a highlighted line. We also present a paused line that represents the rede-
signed component of the general architecture of an ITS and a dotted line that repre-
sents the components used for the Learning Management System.

Below we describe the changes made to the modules of the general architecture of
the ITS.

In the tutor module we incorporated the teaching-learning strategies considered in
the design of the themes of the subject, as well as the redefinition of teaching strate-
gies according to student's learning style. We also incorporate 2 processes to adapt the
contents to be presented: 1) that selects the topics to show to the students by linking
their learning style with teaching strategies used in the creation of the topics, thus
support their learning, and 2) a process for the diagnosis of competencies.

In the knowledge module we added a corpus that will store the competencies of the
subject and some metadata to label the contents of the subject and characterize the
competencies to develop.

In the interface module we incorporate a filter to show the contents chosen by the
selection process of the tutor module.

The proposed architecture process is shown in Figure 3. The process begins deter-
mining the student’s learning style. To achieve this, we decided to use the VARK
model of Neil Fleming [20], which uses a questionnaire to identify the student pre-
dominant style. This questionnaire will be applied once, when the student initiates the
session for the first time in the platform.

Once the student's learning style is determined and stored, the student's diagnose
process (competencies) begins. The student's diagnose process doesn’t take any action
when students enter the system for the first time, because there is still no information
to be processed.

The next step is to choose the items to be displayed by the selector agent, which
must be designed in conformity with a teaching-learning strategy according to the
student's learning style. The agent is also responsible for readjusting (increasing) the
exposure time of the subjects based on the following: a) if the subject is elaborated in
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the English language and the student doesn’t fulfill the level required to understand
the English language, and b) if the item to be displayed isn’t elaborated under any
teaching strategy to support the student's learning.
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Fig. 2. Proposed architecture.

Since the subjects have been selected and personalized, these will be shown to the
student through the Moodle platform. Once the student has revised a subject, its eval-
uation will be applied and the database that stores the student's performance will be
updated with the results obtained from the evaluation.

On the other hand, when the student’s diagnose process has historical information
of him/her, the process will take the information of the student’s performance
(elapsed time of the activity, amount of attempts and assessments) and it will evaluate
if the student gets the competency (Bayesian network), if so, the student will continue
to the next topic and the selector agent will not execute any action. Otherwise, the
selector agent will select another resource to display, elaborated with a different
teaching strategy that supports the student's learning style.
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5 Implemented Processes

The implementation of the VARK questionnaire is part of the process of the proposed
architecture, see Figure 3. This implementation will help to determine the student's
learning style. The following sections describe its development.

VARK :Student's :Selector :Subject's :Diagnosis of :Student's

questionnaire table agent table competencies  performance table néerface
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Fig 3. Process sequences of the proposed architecture for an intelligent tutor system.

5.1 VARK Model

The VARK model was developed by Neil Fleming [20] in 1987. This model is a tool
to determine the preferences of individuals for information processing. The model
considers four different learning styles: Visual, Aural, Read / Write and Kinesthetic.

The model consists of a questionnaire with 16 questions and each one has four an-
swer options that correspond to each one of the learning styles. To answer the ques-
tionnaire, it is necessary that the student: choose the answer which best explains
his/her preference and mark the letter(s) that represents his/her choice. The student
can select more than one response to a question if one does not fit with his/her percep-
tion. The student can also leave a blank if any question isn’t applied to his/her prefer-
ences, but the student must answer at least 12 questions.

Table 1 shows some of the Neil Fleming's proposals for teaching-learning strate-
gies for each learning style.
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5.2 Implementation of the VARK Questionnaire in Moodle

The integration of the VARK questionnaire in Moodle allows us to determine the
student’s preferred learning style. The following section describes the four activities
for its implementation.

Table 1. Teaching-learning strategies for the VARK model.

Learning Style Teaching-Learning Strategies
Visual = Pictures, Videos, Posters.
Aural = Discuss topics with your teachers.

= Explain new ideas to other people.

= Use a tape recorder.
Read / Write = Dictionaries, Textbooks. Notes.

Kinesthetic = Field tours.
= Applications.
= Trial and error.

5.2.1 Configuration in Moodle of the student’s custom fields to store the ques-
tionnaire results

Moodle allows customizing fields to the student’s profile, which was used for adding
the fields: Visual, Aural, ReadWrite and Kinesthetic. These fields were used to store
the results obtained from applying the VARK questionnaire to the student. To add
these fields the following steps were done:

Step 1. Log in to the Moodle platform with an administrator's account, access the
block Administration of the site and choose the options: Users > Accounts > User
profile fields.

Step 2. Create a new custom field of text type.

Step 3. Configure the field as blocked and left empty the default value option.

This same procedure was used to add the Actual Style field, which will store the
learning style resulting from the application of the questionnaire to the student. Also,
the ActualStrategy field was added for storing the actual teaching strategy.

5.2.2. Presentation of the questionnaire to the student

Due to the fact that the VARK questionnaire must be applied and stored only once, it
was necessary to detect in Moodle's code, the point where the student’s login is vali-
dated (index.php file, located in the moodle\login folder). In this file we added a con-
sult of the custom fields values: Visual, Aural, ReadWrite and Kinesthetic. If these
values are empty this indicates that VARK questionnaire was not applied, so the web
page that contains the questionnaire will be shown. The code added to the index.php
file is:
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if (SUSER->Visual == "" and $USER->Aural == "" and
SUSER->ReadWrite == "" and
$USER-> Kinesthetic == "")

{redirect ($CFG->httpswwwroot.'/login/p vark preguntas.php');}

Custom fields Visual, Aural, Read-Write and Kinesthetic, ActualStrategy and Ac-
tual_Style are automatically loaded for the entire student session in the global object
$USER, which gives us access to them.

When the values of the student custom fields are empty, the next line will be exe-
cuted: redirect (SCFG-> httpswwwroot. '/ Login / p vark preguntas.php'), which
redirects to the VARK questionnaire, otherwise the VARK questionnaire will not be
displayed.

5.2.3. Implementation of the questions and answers of the questionnaire

To integrate the VARK questionnaire the following files were incorporated into Moo-
dle: p_vark preguntas.php, p_vark.html and p_vark.php, which were located in the
folder moodle \ login.

The p_vark preguntas.php file incorporates as part of its code, the contents of the
p_vark.html file, which has the code to display the questions and answers of the ques-
tionnaire. Figure 4 shows the VARK questionnaire web page. The p_vark.php file is
responsible for the evaluation of the questionnaire and it stores the results of the eval-
uation in the custom fields.
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ITCM » Entrar al sitio Espefiol - Inemeional (g5) ¥
CUESTIONARIO VARK

Con este cuestionario se tiene el propésito de saber acerca de sus preferencias para trabajar con informacion. Elija las respuestas
que mejor expliquen su preferencia.

Puede seleccionar mas de una respuesta a una [ si una sola no encaja con su percepcién. Deje en blanco toda pregunta
que no se apliqué a sus preferencias.

Favor de contestar al menos 12 preguntas.

1. Esta ayudando a una persona que desea ir al aeropuerto, al centro de la ciudad o ala estacion del ferrocarril. Ud.:

[Cliria con ella.

e diria como llegar.

[lle daria las indicaciones por escrito (sin un mapa).
Cle daria un mapa.

2.No esta seguro si una palabra se escribe como: trascendente o fracendente, Ud.:
[veria las palabras en sumente y elegiria la que mejor luce.
[ pensaria en como suena cada palabra y elegiria una.
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Fig. 4. Web page showing the VARK questionnaire.
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5.2.4. Evaluation and storage of the results of the questionnaire

The process of obtaining the results of the VARK questionnaire considers three steps,
which are detailed below:

1. To have a table of predefined answers for the model [20]. A fragment of this is
shown in Table 2.

Table 2. Fragment of the table of predefined answers.

Question Letter a Letter b Letter ¢ Letter d
1 K A R \Y%
2 \Y A R K
15 K A R \Y
16 \Y A R K

2. Identify and mark in the table the letter(s) that corresponds to the answer(s) select-
ed, for example, if the student chose the letters b and ¢ in question 1, he/she must
mark the letters A and R in the row in question 1, see Table 3.

Table 3. Identification of answers.

Question Letter a Letter b Letter ¢ Letter d
1 K A R \4

3. Summarize each of the letters V, A, R, K chosen in each question. The letter that
has obtained the major number of points will be the one that indicates the learning
style preferred by the student. In case of tie between two or more letters, a Multi-
modal learning style is considered.

The previous steps were implemented in the file p_vark.php. This file calculates
the punctuation for each letter V, A, R, K and stores the information on the custom
fields: Visual, Aural, ReadWrite and Kinesthetic. Also, it stores in the custom field,
Actual_Style, the learning style with the highest score. And finally, it is responsible
for selecting and storing in the custom field ActualStrategy one of the teaching strate-
gies associated with the current learning style.

6 Conclusions and Future Work

In this paper we propose an extension of the classical architecture of an Intelligent
Tutoring System, which incorporates a selector agent of contents. This selector agent,
in its selection process, considers the teaching strategies that support the student’s
learning style. This extension will be implemented using the Moodle LMS.
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Also we described the process of how to integrate the VARK questionnaire in

Moodle to obtain the student’s learning style.

The proposed architecture is currently in development. The VARK model imple-

mentation was the first step of the project, leaving the selector agent implementation
to display the subject content and the competency evaluation process as future work.
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