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ABSTRACT

Framed in Sternberg's theory of Mental Self-Government, this
research had two objectives. The first one was to describe the
competencies and abilities declared in a cross-cutting perspective
in graduation profiles of engineering programs of a specific
Chilean university. The second objective was to categorize the
previous description using ideal preferences for thinking styles.
To achieve the objectives, the methodology used was qualitative
and it consisted of a thematic analysis, combined with
documentary analysis techniques, to the data obtained from the
graduate profiles of six engineering programs taught at the
already stated university. The results of this research were two;
the first one was the construction of a thematic map that
described competencies and abilities encompassed in the
graduation profiles of engineering programs; while the second
result was the categorization of that description employing ideal
preferences for the Legislative, Executive, Judicial, Global,
Hierarchical and Liberal thinking styles. Based on the foregoing,
a discussion about teaching and evaluation methods in
Mathematics subjects, which allow promoting preferences for the
thinking styles already mentioned, was held.

Keywords: Thinking styles, Engineering, Graduation profiles,
Teaching and evaluation methods, Mathematics.

1. INTRODUCTION

Different investigations have focused their objectives on
designing teaching and evaluation methods that allow
contributing to the strengthening of engineering training
processes. In order to mention some of them, one can find
methods used in engineering courses such as Project-based
Learning [16], the use of Software Engineering Teaching Method
and Theory [23], the use of virtual reality [24], implementation
of gamification and e-learning techniques [2], the assessment of
knowledge in Statistics [10] and the evaluation of soft skills [22],
among many others. However, and in accordance with [9] the
teaching and assessment methods used in subjects that are part of
engineering careers, they do not usually contribute to the
development of competencies and abilities declared in their
graduation profiles. In this direction, some investigations [6, 7,
15] have established a line of research, in Educational
Psychology, committed to the construction of models that
characterize, through ideal preferences for thinking styles [26],
those competencies and abilities that are desirable by higher
education institutions for their graduates of engineering careers.
In this case, this study is framed within this line of research with
the purpose of providing higher education institutions with
theoretical references to strengthen their professional training
processes in engineering.
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Thinking styles [26] have the characteristic of being able to be
learned and modified through teaching and evaluation methods
[17,18,27]. Inthis way, the construction of models such as those
carried out by [6,7, 15] provide theoretical references for higher
education institutions, that teach engineering careers, to design
teaching and evaluation methods that can be implemented in
different subjects of engineering, to promote those competencies
and abilities declared in their graduation profiles.

In Chile, Mathematics subjects are traditionally taught in the
common engineering career plan. In this way, teaching and
evaluation methods carried out in this type of subject can
contribute to the development of competencies and skills that are
included in the graduation profiles of engineering careers. Based
on the foregoing, the objectives of this research are two: 1)
Describe the competencies and abilities declared in a cross-
cutting perspective in the graduation profiles of engineering
programs of a specific Chilean university, and 2) Categorize the
description employing ideal preferences for thinking styles.
These objectives are stated in order to carry out a discussion of
some teaching and evaluation methods, which can be
implemented in Mathematics subjects in engineering programs,
which allow promoting preferences of the thinking styles already
mentioned.

The structure of this article is as follows: Section 2 includes the
methodological aspects that will allow responding to the
proposed objectives. Hereinafter, in section 3, the analysis of the
data obtained from the graduation profiles of six engineering
careers from a specific Chilean university will be carried out.
That analysis allowed the construction of a thematic map that
described the competencies and abilities stated in all the
graduation profiles of these engineering programs.
Subsequently, the description given by the thematic map was
categorized using the Mental Self-Government theory [26] for
the identification of ideal preferences for thinking styles of
graduates of engineering careers of this university. In section 4
there is a discussion about some teaching and evaluation methods
that can be implemented in Mathematics subjects to promote
preferences for thinking styles stated in section 3. Finally, in
section 5 the conclusions of this research are presented.

2. METHODOLOGY

The competencies and abilities that are declared in the graduation
profiles of engineering degrees depend, among other factors, on
the institution of higher education that offers these degrees. Thus,
in order to respond to the stated objectives, it was necessary to
limit this study to a particular Chilean university that offers
different engineering degrees.
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Context

The institution of higher education that was studied in this
research was Universidad Bernardo O'Higgins (UBO), located in
Santiago, Chile. At present, UBO teaches six careers in the
Engineering area that are Civil Industrial Engineering [29],
Computer Engineering [33], Commercial Engineering [31],
Surveying Engineering and Cartography [32], Civil Engineering
in Environment and Sustainability [30 ] and Virtual Reality and
Design of Digital Games Engineering [34]. The choice of this
university was due to the fact that, currently, Mathematics is a
subject that is taught in the common plan of these programs.

Data Collection

The purpose of the data collection was to describe the
competencies and abilities included in all the graduation profiles
of the engineering careers of UBO. The data collected were
obtained from the graduation profiles of the different engineering
programs taught at this university [29, 30, 31, 32, 33, 34]. It
should be noted that graduation profiles for each of these careers
are public data that can be found on the university's website. The
time period of data collection was four months.

Data analysis

To analyze the collected data, taken from the graduation profiles
studied, a thematic analysis was used [35, 36]. The main reason
is that this is an exploratory, descriptive and interpretive
approach that allowed identifying themes that contributed to the
construction of a thematic map, that described the competencies
and skills included in the graduation profiles of engineering
programs. In addition, and in order to better analyze the
information underlying each of the graduation profiles, the
thematic analysis was combined with documentary analysis
techniques [14]. This combined analysis was carried out with
experts in Engineering and Education, who had the role of
research assistants. The Thematic Analysis consists of six
stages: 1) familiarization with the data, 2) generating initial
codes, 3) search for topics, 4) review of topics, 5) definition and
naming of topics and 6) production of the report. The first stage
consisted of reading all the collected data from the graduation
profiles, a process that allowed us to propose a first
understanding of those competencies and abilities encompassed
in the graduation profiles of UBO engineering programs. In the
second stage, descriptive coding was carried to recognize certain
codes of a more general nature, which allowed generating
potential themes. It is important to note that “codes identify a
feature of the data (semantic content or latent) that appears
interesting to the analyst, and refer to ‘the most basic segment,
or element, of the raw data or information that can be assessed
in a meaningful way regarding the phenomenon” [35, p. 88]. In
this sense, codes differ from themes, as the latter are often
broader [35].

In stage 3, a refinement of the encoding process was performed.
Stage 4 brought together the analyses of all the code associations
made by the experts, who worked in groups and parallel, and
later agree on discordant codes. In this sense, stage 4 included a
review of stages 1 and 2, allowing the generation of a first
version of the thematic map. Stage 5 focused mainly on a
refinement of the thematic map, where the definitions of themes
were generated so that the map would faithfully represent the
data. Finally, stage 6 consisted of the construction of a thematic
map that described the competencies and abilities included in the
graduation profiles of the Engineering careers at UBO. It should
be noted that two groups of the experts mentioned above carried
out the first three stages of the thematic analysis separately, who
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later discussed their results and focused on recognizing
similarities and discrepancies obtained during the coding and
topic search process, which allowed to generate the thematic
map. In other words, the data triangulation method [20] was
considered for the analysis of the data obtained, which allowed
minimizing the bias of a single analysis, increasing the quality
and validity of the information found [28].

Once the thematic map was constructed, the information
obtained in the aforementioned map was characterized through
the theory of Mental Self-Government [26], through
identification of ideal preferences for thinking styles of
graduates of engineering at UBO.

Finally, it is important to state here that this type of analysis has
been carried out in investigations such as those made in [6, 7].

3. ANALYSIS AND RESULTS

Analysis of data obtained from graduation profiles

During the data analysis, three themes were identified that made
it possible to describe the competencies and abilities mentioned
in all the graduate profiles of engineering programs at UBO.
They include (i) having creativity, (ii) having teamwork skills
and (iii) having technological knowledge. Table 1 shows the
codes obtained after analyzing the data taken from the six
graduation profiles, allowing the construction of the thematic
map (Figure 1). The topics that were part of this map will be
explained hereunder.

Having creativity. In [11] it is pointed out that
engineers should have knowledge related to technology, which is
related to creativity, since this is a basis for achieving
technological development [8]. With this, two engineering
programs stated in their graduation profiles characteristics
associated with the ability to develop technologies [33, 34].

The ability to solve problems, desirable in any engineer [25], is a
trait that is also associated with creativity [21]. With this, all the
studied engineering programs declared this ability as a desirable
characteristic in their graduation profiles [29, 30, 31, 32, 33, 34]
that constitutes an important characteristic that all engineering
graduates from UBO must have.

Creativity is also considered as a basis for innovation [1].
Moreover, five engineering careers stated characteristics
associated with innovation in their graduation profiles [29, 30,
31,32, 33].

Having teamwork skills. UBO is a higher education
institution that wants engineering graduates who possess
characteristics such as leadership and the ability to work in
multidisciplinary teams. This objective was declared in all
graduation profiles of their engineering programs [29, 30, 31, 32,
33, 34].

Having technological knowledge. For UBO, the use
of technology is a fundamental trait, declared in all graduation
profiles [29, 30, 31, 32, 33, 34].
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Table 1. Codes resulting from the analysis of the graduation
profiles.

Career Codes
Industrial Civil Project and process optimization;
Engineering problem-solving; innovation;
sustainability; use of technologies;
leadership; collaborative work,
negotiating skills.
Computer Problem-solving; innovation; teamwork;
Engineering use and development of technologies;
sustainability; leadership; teamwork,
multidisciplinarity; negotiating skills.
Commercial Creativity; ability to manage companies
Engineering and businesses; use of technologies;
innovation; entrepreneurship;
collaborative work; multidisciplinarity;
problem-solving; leadership.
Surveying Theoretical-technical ~ knowledge in
Engineering and geomatics; planning and  project
Cartography evaluation;  sustainability; wuse of
technologies; innovation; Problem-
solving; leadership; collaborative work.
Civil Process design and planning; innovation;
Engineering in sustainability entrepreneurship; use of
Environment technologies; entrepreneurship; work in
and multidisciplinary ~ teams;  problem-
Sustainability solving; leadership.

Virtual Reality Problem-solving; development and use
and Design of of technologies; leadership;
Digital Games collaborative work; multidisciplinarity.
Engineering
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Figure 1. A thematic map describing the transversal
competencies and abilities included in graduation profiles of
engineering programs at UBO. Themes appear in dark gray.

Ideal preferences for thinking styles of engineering graduates
from UBO.

Regarding the issues that appear on the thematic map in Figure
1, it can be noted that creativity is a characteristic associated with
the Legislative, Judicial, Global, Hierarchical and Liberal
thinking styles [19], while teamwork skills are associated with
the External thinking style, as the theory of Mental Self-
Government states [26]. On the other hand, having technological
knowledge is not a characteristic that can be directly connected
with the preference for some thinking style. However, the use of
technologies requires certain traits such as the execution of
algorithms and techniques, among others, which can be
associated with the Executive thinking style.

In this way, ideal preferences for Legislative, Executive, Judicial,
Global, Hierarchical, Liberal and External thinking styles are
identified in engineering graduates from UBO.

4. DISCUSSIONS

One way to promote preferences for certain thinking styles is
through teaching and evaluation methods [17, 18, 27]. In this
way, to promote Legislative and Judicial thinking styles is
required the use of portfolios as an evaluation method [27].
Concerning this, the research carried out by [12] demonstrates
that the use of portfolios can significantly influence the
achievement of the engineering graduation profile. [13] provide
a reference that can serve as a basis for building, in Mathematics
courses, portfolios that offer a great diversity of evidence to allow
the development of different desirable characteristics in an
engineer.

One way to promote an External thinking style is through
teaching methods that allow students to discuss in small groups
[27]. This can be done, for example, through teaching methods
that incorporate mathematical modeling, so that engineering
students can build mathematical knowledge through group
discussions. A reference for the design of mathematical modeling
situations can be found in Gaete [3, 4, 5], where, through group
discussions, engineering students can build this type of
knowledge in Mathematics subjects.

Finally, in [27] it is possible to find various proposals for
teaching and evaluation methods that can be adapted and
implemented, in Mathematics courses, to promote preferences
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for Legislative, Executive, Judicial, Global, Hierarchical, Liberal
and External thinking styles in engineering students at UBO.

5. CONCLUSIONS

This research seeks to provide, from a cognitive perspective, a
guiding framework for higher education institutions to train
quality engineers who can successfully insert themselves into
society. The identification of ideal preferences for thinking
styles provides theoretical references for higher education
institutions to design, in Mathematics subjects, teaching and
evaluation methods that enable the promotion of preferences of
the already stated styles and, consequently allow promoting
competencies and skills encompassed in the graduation profiles
of engineering programs at UBO.

A pending task for the educational community is to seek
mechanisms to design and implement teaching and evaluation
methods, different from those proposed in this research, that
allow promoting preferences for Legislative, Executive, Judicial,
Global, Hierarchical, Liberal and External thinking styles. In
general terms, a pending task for the educational community is
to continue with the creation of thinking models such as those
carried out in this research, in order to provide theoretical
references that contribute to the strengthening of the professional
training processes of the different careers taught in higher
education institutions.

What has been done in this research provides methodological
bases for future research that replicate the construction of models
to identify suitable preferences for thinking styles characterizing
the competencies and abilities declared in graduation profiles
from different careers in higher education. A pending task for
researchers in education is to provide opportunities to improve
the methodological aspects used in this research to carry out the
construction of this type of models.

Models that characterize preferences for thinking styles creates
an opportunity for researchers in Education to design and
implement teaching and evaluation methods that allow
promoting preferences for certain thinking styles, which can be
supported, for example, through the use of diverse information
technologies. In this sense, the construction of this type of
teaching and evaluation methods provides an excellent
opportunity to generate a bridge between Mathematics Education
and information technologies, making use of information
systems or technologies that are developed with originality and
innovation and that allow accompanying the teaching and
evaluation processes in Mathematics courses. For example, in
[37] it is pointed out that the use of information technologies in
mathematics subjects enables the dynamic handling of
mathematical objects, interactively passing through different
representation registers: contextual, numerical, algebraic,
analytical and visual, which can be explored consistently and
directly manipulated, and how many times is necessary, a
situation that is difficult to achieve with traditional educational
resources.
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