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Abstract: The contemporary world requires more and more rigorously the use of information technologies, so it is
necessary to improve teaching of programming. The object-oriented paradigm models the real world, and adds a
different structure to programming. Their learning is not always easy to assimilate, there are difficulties in syntax and
semantics, as well as in programming logic. The present report contributes to the validation of a model, which
integrates concepts and methods of Object Oriented Programming, using multiple intelligences, to improve the
assimilation of contents. The model involves several components and enhances the traditional architecture of the tutors
systems. In the validation process, the pre-test and the post-test were performed to evaluate the behavior of two groups:
experimental and control. The results of the validation show that the experimental group reached higher levels in the
variables subject to editing, which shows results favorable to its application.
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I. INTRODUCTION

The use of information technologies and their best application is currently a key issue in the development of any nation.
The economic, social and cultural benefits derived from the technological factor will belong to those who manipulate
them properly.

The use of virtual spaces for technical and professional training has generated new forms applicable to the teaching-
learning process, in which face-to-face sessions are minimized. These new forms allow for greater speed and efficiency
in the communication process, as well as access to a wider range of information sources than is provided through
traditional media. By increasing the technological factors, flexibility in the integration of techniques in terms of space,
time, content supply, didactic resources, and improves access to educational systems from a distance [1] increases.

The profitability and scope of this training is made possible by an increase in specialized staff, environments with better
computer and logistical services, modern infrastructures, easy creation and implementation of programs. The rupture of
the physical gaps is made possible by using internet as the main channel for the process of knowledge management,
breaking with the presence.

There are active agents that modify and use the methods and concepts of object-oriented programming (OOP).The OOP
is a programming paradigm that comes to innovate the way to obtain results. Objects manipulate input data to obtain
specific output data, where each object provides special functionality.

Many of the pre-designed objects of the current programming languages allow grouping in libraries or libraries,
however, many of these languages allow the user to create their own libraries.

The OOP is based on techniques such as inheritance, cohesion, abstraction and encapsulation. This is taught in all
universities that develop careers related to informatics and other technical courses that include it within their curricula.
The teaching of OOP presents difficulties that are evident in the low results and retention rates. It has deepened on the
difficulties among which are:

Difficulty 1: Students do not know how to describe the problems that arise.

Difficulty 2: Write code that does not meet the defined standards.

Difficulty 3: The solutions do not express exactly what you need.

Difficulty 4: Misuse of terms or structures.

Difficulty 5: Abstracting the essence of a problem.

Difficulty 6: Deficiencies repeatedly in the management of language semantics.

Frequent updates of programming environments and languages are factors of influence that hinders the learning of
some students, since the programming environments are designed for professional use. There are, a large number of
tools and interface options Graphs that are overwhelming for students who are just starting, so it ir necessary for
programming environments designed specifically for beginners' learning [2].
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These difficulties have been identified by several authors [3], [4]. On the other hand, [5] report the results of a study
where it is evident that the teaching of programming presents deficiencies that are reflected in the low rates of
integration.

In the discribed context, the main objective of this article presents the validation of a model to strengthen the concepts
of OOP supported in the Theory of Multiple Intelligences [6].

Il. INTELLIGENT TUTOR SYSTEMS

The models for applying OOP to different environments are increasingly necessary in the current context. The
interactivity of the medium by itself does not ensure successful situations, it is necessary to foster dynamics that
promote the construction of knowledge [7]. Otherwise, the students are entangled by the large amount of disorganized
information that exists on the subject.

Intelligent Tutoring Systems (ITS) emerge as a better alternative to the technologies used nowadays for computer-aided
teaching. Developments in this field aim to provide tools that teach the student similarly to an experienced human tutor.
To achieve this, artificial intelligence techniques are used in the generation of learning paths, selection of activities,
support during activities, evaluation, presentation of contents, among others.

Work on ITS architectures has structured its design in the form of modules, sources of knowledge and their
interactions. The traditional architecture that responds to most of the developments made in the first moments is
constituted by three modules, then extended to four. Among them, there is a one-to-one relationship with the types of
knowledge involved in the process [8] an element that, together with the author tools, contributes to the development of
systems by non-computer experts [9]. This direct relationship between models and modules has led to the indistinct use
of both terms to refer to the component of the system that has such responsibility [10].

The definition of STI is linked to the ability of the system to adapt teaching through Al techniques [10][11]. The
distinguishing characteristic of ITS is their ability to generate feedback during the course of activities using Al
techniques. But definitions based on these characteristics are very general. On the other hand, in a more explanatory
way, ITS are the support for orientation in problem solving, knowledge management and the ability to generate
feedback during the development of activities [12]. In this way it is possible to make the cognitive diagnosis in the
modeling of the student, using Al techniques.

In several papers [13][14] [15] it has been reported some support to the students in learning theoretical elements
through different types of activities. However, the interest of this research lies in the field of solving theoretical and
practical problems through the use of IM. Emphasis is placed on the approaches used to integrate OOP concepts and
methods, which allow the student to work on the basis of the mistakes made.

Studies describing the successful application of ITS in different domains of knowledge are reported. Its application
reports significant gains in learning over other types of systems used to support the teaching-learning process [9] [16]
[17]. The main cause of these positive results is the feedback received by the student during the activities [18] [19]. It is
emphasized that there is a direct relationship between the amount of feedback and these gains [20] [21].

Among the ITS there aresystems such as Lisp Tutor [22], ELM-ART [23], SQLT-Web [24], and HESEI [25]. These
systems show that their application favours the achievement of learning gains. In contrast to this effectiveness, it is
worth noting that only the SQLT-Web has been used exhaustively in real-world environments and the rest only in
laboratory tests with students in conditions that can be considered controlled [26] [27].

The model that has been developed to improve the content assimilation in the OOP supported in the multiple
intelligences is defined as the conceptual representation that integrates tools, methodologies, frameworks of work and
an inference system to facilitate the management of the knowledge regarding the programming [28]. This model is
based on the following principles, qualities and premises.

The principles underlying the proposed model for the application of programming are standardization, interoperability,
flexibility, relevance, functional independence and updating.

Among the qualities of the model is the breadth, the systemic approach, it’s comprehensive quality and the possibility
of continuous improvement. In view of its application currently, the model takes into account premises they take into
account premises such as the qualification of the developers, the support of the institutional will and the existence of
duly catalogued teaching materials.

The main components of the model are: Management of Smart Profiles, Generation of tutoring and Technology support
as there is showedin figurel.
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IH1.METHODOLOGY

In order to evaluate the results of the introduction of the proposed model, in particular the change in students with
respect to: knowledge management, content assimilation, problem solving orientation, a quasi-experiment was carried
out. The exams were applied to a group of 25 students, before (pre-test) and after (post-test) of the application of the
model to evaluate the behavior of the dependent variables contemplated in the hypothesis.

The same exams were applied to a control group of 25 students who developed their studies without using the model.
In this way the quasi-experiment of the type Pre and Post test with control group was carried out.

Before introducing the MACPOO model and for both groups, a diagnostic test was applied in order to identify the
climate in the classroom, study habits, use of resources, and level of satisfaction with learning, motivations and
perceptions of the students against teacher's methodology. In addition, through the pre-test it was determined the degree
of assimilation, understanding and application of concepts of OOP in problem solving.

The next step was to organize and to carry out for the experimental group a set of practices through the computer tool
that instantiates the proposed model [29]. All students enrolled in the subject language and programming technique,
specifically in the subject of object-oriented programming, received the same orientation and developed the same
activities during the investigation except those planned with the tool that instantiates the MACPOO model.

After the intervention with the proposed model, the post-test was carried out in order to analyse the scores obtained by
the different groups.

IV.RESULTS
The results obtained by comparing the pre-test and post-test values (before and after the application of the model) are

presented in the experimental group in relation to each of the indicators of the dependent variables. The results are
expressed as a percentage in each of the 3 categories of the variables as it is shown in Table 1.
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TABLE | PRE AND POST MEASUREMENTS OF THE EXPERIMENTAL GROUP. SOURCE: SELF-MADE.

Variables Categories Pre | Post | Value P*
Low 0,72 | 0,20 | 0,0001
Logical Mathematics Intelligence | Mean 0,20 | 0,48 | 0,0099
High 0,08 | 0,32 | 0,0072
Low 0,75 | 0,25 | 0,0002
Linguistic Intelligence Mean 0,21 | 0,49 | 0,0105
High 0,04 | 0,26 | 0,0050
Low 0,77 | 0,36 | 0,0048
Interpersonal Intelligence Mean 0,20 | 0,50 | 0,0063
High 0,03 | 0,214 | 0,0385
Low 0,82 | 0,45 | 0,0109
Knowledge Management Mean 0,12 | 0,31 | 0,0338
High 0,06 | 0,24 | 0,0186
Low 0,77 | 0,20 | 0,0001
Guidance in solving problems Mean 0,14 | 0,41 | 0,0403
High 0,03 | 0,39 | 0,0001
Reproductive | 0,57 | 0,20 | 0,0119
Content assimilation Productive 0,20 | 0,44 | 0,0229
Creative 0,23 | 0,36 | 0,1586

The measurements performed in the control group did not show significant differences in any of the studied variables.
The statistical analysis shows the results of performing a hypothesis test concerning the difference of two proportions
of samples from binomial distributions.

In most cases, better results are seen in the post-test, because the obtained values in the performance of the different
intelligences change after applying the model from a low level to a medium or high level.

The measurements performed in the control group did not show significant differences in any of the intelligences
studied, when comparing the proportions of cases in each of the different categories.

These results clearly indicate that the intervention performed means an increase in the students' ability to perform in the
role of programming.

It is considered necessary to deepen, from a theoretical perspective, the effects of the application of the model for other
types of intelligences and to evaluate the possibility of organizing workshops with the objective of promoting the use of
the model as a complement to the training of students.

V. CONCLUSION

The process of diagnosis of the existing models in the literature for the teaching of OOP focuses on identifying the
elements that make up the ITS of programming and techniques used, which is an important element to consider.

The use of MACPOO model facilitates the understanding of the concept of object as an instance of a class and of
methods as behaviors or actions performed by an object; clarified the principle of concealment of attributes and the
form in how values are assigned to them as long as they can be accessed.

The results of the experiment allow us to conclude that the model developed favors problem solving and helps to
enhance multiple intelligences, as well as improves the assimilation of contents in programming.
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