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ABSTRACT

This research was framed in Sternberg's theory of Mental Self-
Government and aimed to identify ideal preferences for thinking
styles that graduates of Mining Civil Engineering career from
different Chilean universities must possess to develop their
professional work tasks. In order to fulfill this objective, the
methodology used was qualitative and consisted of a semantic
thematic analysis of the information obtained from the graduate
profiles of Mining Civil Engineering from eight Chilean
universities. As a result of the research, it was identified that the
graduates of this career should ideally prefer the Legislative,
Judicial, Global, Hierarchical, Liberal and External thinking
styles. Based on the above, some teaching and evaluation
methods that can be carried out in the professional training
processes of this career were proposed, to promote those thinking
styles.

Keywords: Thinking styles, Engineering, Thematic analysis,
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1. INTRODUCTION

There are different investigations that account for the desirable
competencies and skills in an engineer for the development of his
profession tasks. To mention some of them, it is possible to find
desirable competencies and skills in specific engineering, such as
Industrial Civil Engineering [2], Electrical Engineering [3] or
Computer Engineering [8, 20], among others.

Higher educational institutions that teach engineering careers
seek to promote the competencies and skills that they consider
desirable in an engineer, through various teaching and evaluation
methods, such as the use of wvirtual reality [18], the
implementation of game techniques, gamification practices in
education and e-learning [1], or through the mobile internet of
devices [9]. However, the development of desirable
competencies and skills in an engineer can also be carried out
from a cognitive perspective, through the construction of models
that allow promoting those types of thinking required in this type
of professionals, such as critical thinking [23] or logical and
abstract thinking [15], among others. In that direction, there are
researches that have been in charge of characterizing the
desirable competencies and abilities in Engineering graduates,
through the construction of thinking models that account for ideal
preferences for thinking styles [21], that students of specific
careers in higher education must possess in order to carry out

their profession tasks, such as, for example, Industrial Civil
Engineering [2] and Computer Engineering [8].

Thinking styles [21] have characteristics such as they can be
learned -and therefore modified- by living with other people in
the everyday environment [16] and being susceptible to change
based on teaching and evaluation methods [10, 11]. Given these
characteristics, the construction of thinking models such as those
carried out in [2] and [8], provide references to higher
educational institutions so that they can carry out discussions
about teaching and evaluation methods that can be implemented
in their professional training processes, to promote the suitable
preferences for the thinking styles raised in that model.

Chile has a wide diversity of mineral resources and mining
operations, which is why it increasingly requires professionals
specialized in the mining area who can collaborate in the
country's development in this area. In this way, and to contribute
to the training of this type of professionals, Mining Civil
Engineering career was chosen to carry out this research.

Based on the aforementioned, the objective of this research is to
identify suitable preferences for thinking styles that graduates of
the Mining Civil Engineering career from different Chilean
universities must possess to develop tasks of their professional
work. The above, in order to discuss about some teaching and
evaluation methods that can be implemented within the
professional training processes of this career to promote these
suitable preferences for thinking styles.

The structure of this article will be as follows: first, the
methodology that responds to the proposed research objective
(section 2) will be disclosed.

Subsequently, in section 3, the thematic analysis carried out on
the profiles of graduates of the different Chilean universities that
teach the Mining Civil Engineering career will be shown. This
allowed the construction of a thematic map that characterized the
competences and skills that these universities expect in their
graduates. Next, the information provided in the thematic map
will be categorized through the theory of thinking styles. [21]In
order to identify ideal thinking styles that a graduate of the
Mining Civil Engineering career should prefer to develop his
professional work tasks. In section 4, there will be a discussion
about teaching and evaluation methods that allow promoting
preferences for the thinking styles reported in section 3. Finally,
in section 5, the conclusions of this research will be presented.
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2. METHODOLOGY

Data Collection

The purpose of data collection was to know the competencies or
abilities that graduates of the Mining Civil Engineering career
must possess in order to perform their professional work tasks.
The data collection was made from what was established in the
graduate profiles of Mining Civil Engineering of eight Chilean
universities: Universidad de Chile, Universidad de Concepcion,
Universidad de La Serena, Universidad de Talca, Universidad
Técnica Federico Santa Maria, Pontificia Universidad Catolica
de Valparaiso, Universidad Arturo Prat and Universidad Catolica
del Norte. All this information is public and can be found on the
website of each of these higher educational institutions. The
choice of them was due to the fact that these universities are all
the institutions that teach this career in Chile. At the same time,
they have an agreement with the PACE program (Spanish
acronym for Programa de Acceso a la Educacion Superior), a
program whose purpose is to support the professional training
process of students starting higher education, through permanent
accompaniment and supportive actions. The importance of these
universities having an agreement with the PACE program lies in
the fact that this research seeks alternatives that allow
complementing the accompaniment and supportive actions
carried out by each of these universities.

Data analysis

To analyze the data obtained from the graduation profiles, a
thematic analysis was carried out. [31, 32] It was an exploratory,
descriptive and interpretive approach that allowed the
identification of themes for the construction of a thematic map
that described the ideal characteristics that graduates of the
Mining Civil Engineering career should have to develop their
professional work tasks. Given the nature of the data, the analysis
was directed by its semantic nature, in order to characterize the
ideal preferences for thinking styles declared by the institutions
in their graduation profiles. The thematic analysis consists of six
phases: 1) familiarization with the data, 2) generation of initial
codes, 3) searching for topics, 4) reviewing topics, 5) definition
and naming of topics, and 6) writing of the report. The first phase
consisted of familiarizing the data obtained from the graduation
profiles of the Mining Civil Engineering career of each of the
eight studied universities, to raise a first understanding about the
ideal expected characteristics. In the second phase, a descriptive
coding was carried out, which allowed us to recognize certain
codes and potential themes that capture the essence of the ideal
characteristics expected by the graduates. In phase 3, a
refinement of the coding process was carried out. This was
guided by the study of the competences and abilities expected in
the graduates, after analyzing the underlying -cognitive
characteristics. Phase 4 brought together the analysis of all the
code associations that were between two researchers in parallel
in order to agree on discordant codes and highlight the eventual
issues that manage to describe the ideal characteristics of a
graduate of Mining Civil Engineering to develop their profession
tasks. In this sense, phase 4 included a review of phases 1 and 2
to generate a first version of the thematic map. Phase 5 focused
mainly on the refinement of the thematic map, where the
definitions of themes were generated so that map faithfully
represented the data. Finally, a synthesis of phase 6 will be
presented in this article.

Once the thematic map was constructed, the information
obtained in that map was characterized from the Mental Self-
Government theory [21], to identify preferences for thinking

styles that, ideally, a graduate of the Mining Civil Engineering
should prefer to perform tasks of their professional work.

Finally, it is important to note that this type of analysis has been
used in research such as the one carried out in [2].

3. ANALYSIS AND RESULTS

Analysis of data obtained from graduation profiles

During the data analysis, it was possible to identify three themes
that characterized the desirable competencies and abilities that
were reflected in the graduation profiles of the eight universities
studied: creativity, ability to work in teams, and scientific
knowledge. Table 1 shows the codes obtained after analyzing the
data obtained from the eight graduate profiles, which allowed the
construction of a thematic map that systematized the
competencies and abilities declared in the shown graduation
profiles (Figure 1). This analysis, being triangulated with the
thinking styles allowed rescuing the cognitive essence of such
characteristics. Next, the topics that were part of the thematic
map will be explained.

Have creativity. The design process is in itself
creative [14] and to be able to optimize different types of
processes in Engineering, creativity is necessary. Regarding this,
five universities included desirable characteristics in their
graduate profiles, such as the ability to optimize and design
process in the mining area [17, 24, 26, 28, 29].

In [5] it is pointed out that it is desirable for engineers to have
knowledge related to technology. Regarding this, a basis for
achieving technological development is creativity [4]. In this
direction, three of the studied universities included
characteristics associated with the development of technologies
in their graduation profiles [17, 26, 29].

On the other hand, the ability to solve problems, desirable in
every engineer [19], is a characteristic associated with creativity
[13]. In this direction, three universities included this ability in
their graduation profiles, either explicitly or not [24, 26, 29].

Have the ability to work in teams. Teamwork is a
fundamental characteristic in a Mining Civil Engineer to solve
problems in the mining area. Specifically, it is desirable that
graduates of this career possess the ability to lead
multidisciplinary teams in the mining area, which was declared
in the graduate profile of three of the universities studied [25, 28,
29].

Possess scientific knowledge. The use of scientific
knowledge is very important to solve problems in the area of
mining. Six universities included within their graduation profiles
characteristics linked to possessing scientific knowledge,
specifically in Basic sciences and in Engineering sciences [17,
24,25, 26, 27, 29].
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Table 1. Codes resulting from the analysis of the graduation
profiles.

University Codes

Universidad Design and optimization of scientific-

de Chile technological ~ solutions in  mining;
management of operations and projects in
mining; management of mining ventures;
problem solving in mining.

Universidad  Ability to face technological changes in
de mining; solid foundations in Basics science
Concepcién  and Engineering.

Universidad Design and planning of mining operations;

dela Serena  sustainability;  ability to work in
multidisciplinary teams; solid foundations in
Basics science and Engineering.

Universidad ~ Application of knowledge of Basic sciences

de Talca and Engineering; design and planning of
mining processes; problem solving in
mining;  entrepreneurship;  technology
development; innovation.

Universidad Business in mining; operation of mining
Técnica chores; entrepreneurship in mining; research
Federico in mining.

Santa Maria

Pontificia Problem solving in mining; use of

Universidad technology in mining; knowledge in Basic

Catolica de science and Engineering; evaluation and

Valparaiso optimization process in mining; process
design in mining; planning and management
of mining projects.

Universidad Knowledge in Basic sciences and

Arturo Prat  Engineering; design and optimization
process in mining; design and plan mining
projects.

Universidad Knowledge of Basic sciences and

Catolica del Engineering; effective communication;

Norte leadership and proactivity; innovation,
entrepreneurship; ability to work in
multidisciplinary teams; planning and
operation of mining operations;
management of mining projects.

Problems
resolution

Have creativity
Technology
development

Process A o
optimization rocess design
i Possess knowledge in
Possess scientific A
[ knowledge ]——[ Basic Sciences and J

Figure 1. A thematic map to describe the ideal characteristics of
a graduate of Mining Civil Engineering to develop his profession
tasks.

Work in
multidisciplinary teams

Suitable preferences of thinking styles of graduates of Mining
Civil Engineering.

In [12] creativity is associated with the Legislative, Judicial,
Global, Hierarchical and Liberal thinking styles while the ability
to work in teams is commonly associated with the External
thinking style, as indicated by the Mental Self-Government
theory [21]. Regarding scientific knowledge, it is not a
characteristic that can be associated with a preference for any
particular thinking style, although the rigor of basic sciences and
Engineering provide perspectives that promote characteristics
associated with the creation and execution of tasks, algorithms
and techniques that are related to Legislative, Judicial and
Hierarchical thinking styles.

In this way, from this theoretical perspective, the thinking styles
that a Mining Civil Engineer should ideally prefer to carry out
his profession tasks are Legislative, Judicial, Global,
Hierarchical, Liberal and External.

4. DISCUSSIONS

The teaching and evaluation methods carried out by teachers in
their lessons allow promoting different thinking styles [22].
Physics is a science that is studied in different subjects that are
part of its curriculum in the case of the Mining Civil Engineering
career, so it is possible to promote the Legislative, Judicial,
Global, Hierarchical, Liberal and External thinking styles
through different teaching and evaluation methods in physics
courses, such as those proposed in [2].

One way to promote the Legislative, Judicial, Hierarchical
thinking styles is through the use of portfolios as evaluation
method [22]. This is explained, given the need to visualize and
operationalize multiple work projects and in various areas of
Mining Civil Engineering. In this sense, what has been done in
[17] offers an interesting reference to build portfolios as an
evaluation method for engineers in training, since it offers
different alternatives to build portfolios that are extremely rich in
diversity of evidence that allow the achievement of different
competencies and desirable abilities in an engineer. It is possible
to promote External thinking style through teaching methods that
allow students to discuss in small groups [22], about the different
solutions of a problem, challenging students to work in
multidisciplinary teams where they are encouraged to lead and
systematize tasks. The promotion of preferences for External
thinking style can also be done through the use of collaborative
learning as a teaching method [22]. In the latter case, what has
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been done in [6] is an interesting reference to carry out this type
of method, since its purpose is to develop teamwork competence
in Engineering students.

Finally, one way to promote the Global thinking style is through
teaching methods that seek to rescue main ideas in reading texts
[22].

The teaching and evaluation methods proposed in this section are
of great interest to academics who give lessons in the Mining
Civil Engineering career at the Chilean universities studied in this
research. These methodologies provide opportunities to promote
those thinking styles that a graduate of this career should prefer
to solve tasks that are specific to their profession.

5. CONCLUSIONS

The identification of preferences for thinking styles [21] has
admitted those competencies and abilities desirable by different
Chilean universities for their graduates of Mining Civil
Engineering. This allows building a thinking model that provides
elements so that higher educational institutions can design
teaching and evaluation methods that aim to strengthen the
professional training processes of this career.

The methodological aspects presented in this research make
possible to replicate the construction of this type of model for
other Engineering careers. Researchers’ challenges concerned
with the engineering education are to continue with the
development of research, from the perspective of thinking styles,
which allow strengthening what has been done in this research
and, in this way, to continue contributing to the strengthening of
professional training processes in Engineering.

Finally, a task for the educational community is to generate other
teaching and evaluation methods that allow promoting the
thinking styles proposed in this research.
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