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Carlos Santiago Arbeldez Cardenas

Prologue

The book “Competitive Risaralda, generating research
alliance for development” is the result of the fifth meeting of
researchers from the department of Risaralda held in November
2020.

This event presented the latest research carried out in
different educational institutions of the department, who are
part of the “Mesa de Investigacion de Risaralda”; an exercise
of great interest that yields research results in different areas
such as Agricultural Sciences, Social Sciences, Health Sciences,
Technology and Information Sciences.

A special thanks to the authors, who in each chapter
shared the results of their research contributing to the scientific
and technological development of our region. Thanks to their
daily commitment to knowledge, they are the ones who set the
guidelines to make research a process of learning, knowledge and
analysis of realities for the continuous improvement in the fields
of research and innovation.
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In the same way, to thank the network of universities of
Risaralda, institutions that allowed the development of the book
as they are: Universidad Tecnologica de Pereira, Universidad
Catolica de Pereira, UNAD, UNIREMINGTON, UNISARC,
Vision de las Americas, Universidad Coperativa de Colombia,
Universidad Libre Pereira, ESAP, Fundacion Universitaria
Comfamiliar, UNIMINUTO, SENA, Areandina, CIAF and the
Empresa de Energia de Pereira. They contribute to this text with
their commitment and responsibility. We hope that this work
will be of your interest, demonstrating the commitment to the
contribution of knowledge for the advancement and development
of our country.

Carlos Santiago Arbeldez Cardenas
Member of Risaralda Research Board, Innovation Manager of
Empresa de Energia de Pereira



Carlos Santiago Arbeldez Cardenas

Prélogo

El presente libro lleva como titulo “Risaralda competitiva,
generando alianzas en investigacion para el desarrollo’, resultado
del V encuentro de investigadores del departamento de Risaralda
realizado en el mes de noviembre del afio 2020.

Evento en el cual se presentaron las tltimas investigaciones
realizadas en las diferentes instituciones educativas del
departamento; quienes hacen parte de la Mesa de Investigaciones
de Risaralda; ejercicio de gran interés que arroja resultados
de investigaciones en diferentes dreas como son las Ciencias
Agricolas, Ciencias sociales, Ciencias de la salud, Ciencias de la
tecnologia y la informacion.

Agradecimientos especiales a los autores, quienes en cada
capitulo compartieron los resultados de sus investigaciones
aportando al desarrollo cientifico y tecnoldgico de nuestra region,
gracias por el compromiso que tienen diaa dia con el conocimiento,
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son ellos quienes marcan la pauta para hacer de la investigacion
un proceso de aprendizaje, conocimiento y analisis de realidades
para la mejora continua en los ambitos de la investigacién y la
innovacion.

De la misma forma, dar las gracias a la Red de Universidades
de Risaralda, instituciones que permitieron el desarrollo del libro
como son: la Universidad Tecnoldgica de Pereira, Universidad
Catdlica de Pereira, UNAD, UNIREMINGTON, UNISARC,
Visién de las Ameéricas, SENA, Universidad Libre Pereira,
ESAP, Fundacién Universitaria Comfamiliar, UNIMINUTO,
Universidad Cooperativa de Colombia, Areandina, CIAF y
la Empresa de Energia de Pereira, siendo posible gracias a su
compromiso y responsabilidad. Esperamos que esta obra sea
de su interés, demostrando el compromiso con el aporte de
conocimiento para el avance y desarrollo de nuestro pais.

Carlos Santiago Arbeldez Cardenas
Integrante Mesa de investigacion de Risaralda, Gestor de
innovacion Empresa de Energia de Pereira



CHAPTER ONE

Technologies and
engineering







Evaluation of competences in critical
reading and scientific thinking
mathematics and statistics in the Saber
11 and Saber Pro 2016-2017 tests in two
engineering programs

Evaluacion de competencias en lectura
critica y pensamiento cientifico en
matemdticas y estadistica en las pruebas
Saber 11 y Saber Pro 2016-2017 en dos
programas de ingenieria

Maria Ruby Restrepo Betancur’
Sindy Viviana Giraldo Arcila’

1 Universidad Libre Seccional Pereira, mariar.restrepob@unilibre.edu.co
2 Universidad Libre Seccional Pereira, sindyv.giraldoa@unilibre.edu.co
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Abstract

The objective of this work is to evaluate the competences
in critical reading and scientific mathematical and statistical
thinking of students in the last semester of Financial Engineering
and Commercial Engineering. In this context, the evaluation is
considered as learning guiding process, through it, it is possible
to obtain the necessary information to identify what was learned,
what was not learned and take assertive decisions can be
made in the teaching process and learning. Therefore, in this
research, the results achieved by the students in the Saber 11 Tests
applied by ICFES, and subsequently, the results obtained by the
same students in the Saber Pro Tests, belonging to the programs
in mention of the Universidad Libre.

This research is a study of evaluative design, non-
experimental, of explanatory character that uses a methodology
of complementarity between the qualitative and quantitative
methods. The SPSS software was used as an instrument for data
processing, through which the results generated in the Saber 11
Test and Saber Pro Test were evaluated. The sample was census in
nature, made up of 187 university students belonging to the two
programs object of study of the Faculty of Engineering that were
active between 2016 and 2017.

As a result of the information processing, it was obtained that
the students in the Saber 11 test reached a good rating scale
and in the Saber Pro test these same students reached a regular
rating scale, a phenomenon that places the latter in a position below
the national average. Therefore, in front of this atypical behavior,
the need to explain the causes of this phenomenon is generated,
as well as to review the learning processes and the development of
specific competences, with the pedagogical purpose of training
more competent professionals and raising the performance in the
Saber Pro tests.
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Keywords: Competences, Evaluation, Saber 11, Saber Pro,
SPSS.

Resumen

Este trabajo tiene como objetivo evaluar las competencias
en lectura critica y el pensamiento cientifico matematicas y
estadistica de los estudiantes de dltimo semestre de Ingenieria
Financiera e Ingenierfa Comercial. En este contexto, se considera
la evaluacion como un proceso orientador del aprendizaje, puesto
que, a través de ella se logra obtener la informacién necesaria
para identificar qué fue lo aprendido, lo no aprendido y se
puedan tomar decisiones asertivas en el proceso de ensefanza
y aprendizaje. Por lo anterior, en esta investigacion, se realiza un
seguimiento a los resultados alcanzados por los estudiantes en las
Pruebas Saber 11 aplicadas por el ICFES vy, posteriormente,
a los resultados obtenidos por los mismos estudiantes en las
Pruebas Saber Pro, pertenecientes a los programas en mencion de
la Universidad Libre.

Esta investigacion es un estudio de disefio evaluativo, no
experimental, de caracter explicativo que utiliza una metodologia
de complementariedad entre el método cualitativo y el
cuantitativo. Como instrumento para el procesamiento de datos
se empleo el software SPSS, por medio del cual se evaluaron los
resultados generados en la Prueba Saber 11 y Prueba Saber Pro.
La muestra fue de caracter censal conformada por 187 estudiantes
universitarios pertenecientes a los dos programas objeto de
estudio de la Facultad de Ingenieria que se encontraban activos
entre los afios 2016 y 2017.

Como resultado del procesamiento de la informacién, se
obtuvo que los estudiantes en la Prueba Saber 11 alcanzaron una
escala valorativa de bueno y en la Prueba Saber Pro estos mismos
estudiantes alcanzaron una escala valorativa de regular, fenémeno
que los ubica a estos ultimos en una posicion por debajo de la
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media nacional. Por lo tanto, frente a este comportamiento atipico
se genera la necesidad de explicar las causas de este fendmeno, asi
como también, revisar los procesos de aprendizaje y el desarrollo
de las competencias especificas, con el propdsito pedagogico de
formar profesionales mas competentes y elevar el desempefo en
las pruebas Saber Pro.

Palabras clave: Competencias, Evaluacion, Saber 11, Saber
Pro, SPSS.

Introduction

The evaluation of the competences in critical reading and
scientific thinking, mathematics and statistics has become a
priority in the Faculty of Engineering of the Universidad Libre,
reason why, from 2014 to 2018, tests were designed and applied
diagnostic tests by means of which the competences in critical
reading of expository and argumentative texts were evaluated in
students who entered the different university programs for
the first time. The results analyzed in the evaluated years,
showed difficulties in inferential and critical reading in 63.63%,
which determines the urgency of implementing pedagogical
strategies that allow improving performance in the inferential
analysis of academic texts, the development of critical thinking
and students' logical reasoning.

Similarly, the activities and evaluations applied by teachers to
studentsin theregular classroom show low results in activities such
as: analysis of short sentences in physics and mathematics, poor
interpretation in the application and conducting workshops,
as well as, clearing up unknowns, solving problems, following
instructions in disciplinary areas, applying theories for the analysis
of results in laboratory practices, among others.

Therefore, the diagnosis made not only allows knowing the
problematic variables, but also enables reflection on the teaching
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and learning process, as well as attempts to respond to a complex
situation that involves the institution, quality, evaluation and the
development of relevant competencies for the performance of the
future professional. According to Maldonado (2014) “evaluation
is a central phase in a training process for the acquisition and
development of skills. Understanding this stage is understanding
that a competence is synonymous with evaluation and recognition
of know-how” (p. 40).

In this sense, it is necessary to recognize the evaluation as a
pedagogical action that allows to deepen and show in the results,
the academic advances, as well as the degrees of difficulty and the
skills not developed in the evaluated groups, with the intention
of proposing the solution to the problem. According to the
Dictionary of Educational Evaluation and Research (1985):

The term evaluation has a much broader meaning than the word
measure. The latter is a quantitative description of the behaviors,
while the evaluation comprises both the qualitative description
and the quantitative description of the behaviors and a value
judgment that affects their desirability. (p. 145)

Likewise, Schuman (1967) distinguishes the evolution of the
term as a social process by which value judgments are produced
and evaluative research as a set of procedures for the collection
and analysis of data that increases the possibility of testing
rather than of affirm. Additionally, Lopez (2014) points out that
“the evaluation for learning is an integral part of the teaching and
learning process since it is an essential tool to determine where
students are in their learning process, where they should be, and
what they must do to improve” (p. 7).

On the other hand, According to the Ministry of National
Education (MNE), with the issuance of Law 1324 of 2009,
a regulatory framework was established that established the
parameters and criteria that govern the organization and
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operation of the education quality evaluation system. In this
sense, the State exams operate as control instruments for the
(MNE) whose function is to inspect and monitor the results of
the tests and take decisions to improve the quality of education.

There are many changes that have been generated since the
evaluation process began with the Saber 11 Test applied by ICFES,
not only has the structure of the question been modified, but
also the addition of new booklets or modules that respond to
policies of quality or particular interests of the State, according
to the Development Plan of the current government. To cite a
few examples, the test was extended to the third grade of
elementary school, to the ninth grade of secondary school and
later, to higher education with the test called Saber Pro.

The Saber Pro test, entitled mathematical and statistical
scientific thinking, was one of the last modules of specific
competences evaluated by ICFES and since August 2014 it was
accepted as final. The results have been made public as of March
2015, confirming what academics already sensed the difficulty of
students to understand, analyze and front facing real or abstract
situations with scientific rigor, a phenomenon that has been
evidenced in the last four years.

On the other hand, critical reading has been a challenge in
higher education institutions. In this regard, Parodi (2014) points
out:

Active learning from what has been read requires from the reader

a critical stance regarding the content of the text. This implies

reflective thinking through which an inspection of the text is

carried out and the ideas expressed in it are evaluated. In this
sense, critical reading requires that the reader actively participate
in the construction of the meanings of the text, and take a stance
on what it says. This implies that the reader builds his own thoughts
from what is said in the text and that he is able to evaluate what
is said and decide whether he agrees with it or not. In this way,
a critical and reflective reader, who seeks to learn from what he

16
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reads, must evaluate the content of the text and identify his
own beliefs and positions and distinguish them from the author
of the text. (p. 150-151)

Therefore, the development of skills in critical reading
allows the reader to establish an open dialogue with the author
of the text, from their own theoretical references, their beliefs,
their values and their position in relation to what is proposed by
the author. Consequently, this act of the active reader's superior
thinking involves deep reflection, self-resignification and a new
discursive construction.

The underlying problem in the reading of inferential and
critical transcendence is a problem studied in Colombia in the
last 20 years, both in public and private universities. Cisneros
et al. (2010) proved that only 17% of students apply inferential
reasoning as a reading comprehension strategy, compared to an
argumentative expository text.

According to Parodi and Peronard (2010), understanding
a text is not an easy task, since this cognitive exercise involves
detecting the theme, the issues developed, the main and secondary
ideas, the overall idea of the text and the author's purpose; all this
aspect conditioned to the nature of the text from higher to lower
complexity.

Due to the above, this research aims to evaluate through the
SPSS software the competencies in critical reading and scientific
thinking, mathematics and statistics, in the Saber 11 and Saber
Pro Tests, 2016-2017 in students of the Commercial Engineering
and Financial Engineering ofthe Universidad Libre. In this sense,
the results of this research allow orienting the way to be followed in
the shortand medium term, with the purpose of offering alternative
solutions to the needs of students.
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Materials and Methods

Design

This research is an evaluative design study, non-
experimental, of character explanatory that uses a methodology
of complementarity between the qualitative and quantitative
methods. From the qualitative method, the relationship between
variables and efficiency levels was measured through the SPSS,
performing an analysis of contingency tables that estimates the
comparative relationship of the tests, through the distribution of
percentages. On the other hand, from the qualitative approach the
interpretation of the data was carried out, taking into account the
structural and situational contexts of the problem, generating a
pedagogical proposal for both programs, in order to improve the
performance levels of the students in the Tests Saber.

Participants

The population sample consisted of 187 students belonging
to the Universidad Libre Seccional Pereira, divided as follows:
56 participants of the Financial Engineering program and
131 participants of the Commercial Engineering program who
were active between 2016 and 2017, and who were studying the
programs in the daytime and at night.

Instruments

The data analysis process was carried out through the SPSS
Software, with the purpose of comparing the results of the Saber
Pro Test and the Saber 11 Test, achieved by students of the
Commercial Engineering and Financial Engineering programs
in 2016 and 2017. It is important to clarify that, although the
subjects evaluated by the ICFES in the Saber 11 Test and the Saber
Pro Test are different, they have in common the evaluation of
critical reading skills and scientific mathematical and statistical
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thinking. In the Saber 11 Test, the areas that were considered for
the evaluation by the affinity with the objectives of the study were:
language and mathematics, and in the Saber Pro tests, critical
reading and scientific thinking, mathematics and statistics were
evaluated.

In this sense, the Saber 11 Test was downloaded through
the interactive ICFES platform of the Colombian Government.
Subsequently, it was necessary to convert the results from quartile
to percentile since both tests present a different measurement. In
this sense, the national averageand thenationalstandard deviation
were considered for each of the competencies evaluated in the Saber
11 and Saber Pro tests, to apply the normal distribution formula.

With the above information, in the data view tab of the
SPSS statistical software the numerical information was entered
in decimal values corresponding to the results presented by
each student in relation to the Saber 11 Test and the Saber Pro
Test. It should be clarified that; it was necessary to configure the
classification of the numerical variable.

Subsequently, the report of the contingency table used to
analyze the relationship of one variable as a function of another
was generated, through the distribution of percentages. To obtain
the contingency table, it was necessary to use the analyze
function of the SPSS software in descriptive statistics and cross
tables, assigning the Saber 11 rating as a row and the Saber
Pro rating as a column. Next, in the boxes tab, it was necessary to
activate the options observed, column and round the cell count to
be able to generate the table.

Procedures

For the development of the research, the competences
in critical reading and scientific mathematical and statistical
thinking were evaluated in the students of the programs under
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study in the Saber 11 test and the relationship with the results
of the Saber Pro test in the period 2016- 2017, through SPSS
analysis, and the results were analyzed in light of the theory.

Results

The results of the Saber Pro Test and Saber Test 11 of the
students under study in the Financial Engineering program are
presented below, with their respective evaluation on a scale of
1 to 5, where 1 is the low performance score and 5 is the highest
yield performance score.

Table 1. General behavior of the Saber Pro 2016 and 2017 Test,
according to the results of the Saber 11 Test of the Financial
Engineering program

QUALIFICATION SABERPRO
1 2 3 5 Total
QUALIFICATION 2 Count 1 1 2 0 4
SABERI11 % within
RATING SABERI11
3 Count 2 15 15 15 47
% within RATING
_SABERI1
5 Count 0 1 1 3 5
% within RATING
SABERI11
Total Count 3 17 18 18 56
% within RATING
SABERI11

25.0% 25.0% 50.0% 0.0%  100.0%

4.3% 31.9% 31.9% 31.9% 100.0%

0,0% 20,0% 20,0% 60.0% 100,0%

54% 304% 32.1% 32.1% 100.0%

Table 1 shows that a total of 56 students were evaluated
in the Financial Engineering program. Therefore, in category 2
of the Saber 11 Test, 4 students were found and when comparing
with the Saber Pro Test, 1 student represented by 25% fell to
category 1 (very low), likewise, another student corresponding
25% retained category 2 (low). On the other hand, 2 students,
corresponding to 50%, rose to level 3 (regular), and no student
reached category 5.
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In category 3 of the Saber 11 Test, 47 students were evidenced
and when comparing with the Saber Pro Test, 2 students
corresponding to 4.3% passed to alower level: category 1 (verylow),
15 students represented by the 31.9% fell to category 2 (low), while
15 students, corresponding to 31.9%, retained category 3 (regular)
and the remaining 31.9% represented by 15 students went up to
category 5 (excellent).

Finally, in category 5 of the Saber 11 Test, 5 students were
found and when comparing with the Saber Pro Test, 1 student
represented by 20% fell to category 2 (low), another student
corresponding to 20% fell to category 3 (regular) and 3 students
belonging to 60% maintained category 5 (excellent).

Table 2.General results of the Financial Engineering Program

QUALIFICATION 1 2 3 5 Higher

perfor

No. No. No. No. mance

COMPETENCIAS % Students % Students % Students % Students

5.40% 30,40 32.10 32,10

SABER PRO - 3 % 17 % 18 % 18 5
19.60 25,00 21.40 33,90

Critical reading % 11 % 14 % 12 % 19 5
Scientific thought 25,00 19.60 30,40 25,00

mathematical % 14 % 11 % 17 % 14 3

The partial results by competencies in the Financial
Engineering program demonstrated that most of the Financial
Engineering students who took the Saber Pro Test between 2016
and 2017 were classified in level 3 of the Saber 11 Test.

In this sense, the competencies of the students of the
program with financial emphasis demonstrate a 33.90% grade
5 corresponding to the critical reading competency. On the
other hand, the scientific thinking, mathematics and statistics
competence presents 30.43% located in grade 3. Therefore, the
need to implement an improvement plan is exalted that allows
university students to enhance their competencies in: critical
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reading and mathematical scientific thinking as a fundamental
basis for cognitive and metacognitive development that enables
the development of heuristic, flexible and creative thinking; as
well as “unveiling the counter-hegemonicideology, the recognition
of the hegemonic ideology and the identification of professional
interactions” (Diaz, Bar & Ortiz, 2015).

Table 3. General behavior of the Saber Pro 2016 and 2017 Test,
according to the results of the Saber 11 Test of the Commercial
Engineering program

QUALIFICATION SABERPRO

1 2 3 5 Total
QUALIFICATION_ 2 Count 5 s 1 0 14
SABER 11 % within RATING 100,0
% 5.7% 0 0%
SABER11 35.7%  357%  28.6% 0.0% o
3 Count 13 41 33 13 100
% within RATING 100,0
0/, 10/, 0, 0/,
SABERI1 13,0%  410%  33.0%  13.0% %
5 Count 4 3 3 7 17
% within RATING 100,0
23,5% 17.6% 17.6%  41.2%
_SABERI11 e o o ¢ %
Total Count 2 19 40 20 131
% within RATING 100,0
168%  374%  30.5% 15.3%
_SABER11 ° ° . ’ %

The previous results indicate that a total of 131 students were
evaluated in the Commercial Engineering program. Therefore, in
category 2 of the Saber 11 Test, 14 students were located and when
comparing with the Saber Pro Test, 5 students represented by 35.7%
fell to category 1 (very low), likewise, 5 students corresponding to
35.7% retained category 2 (low). On the other hand, 4 students,
corresponding to 28.6%, went up to level 3 (regular), and no
student reached category 5.

In category 3 of the Saber 11 Test, 100 students were
evidenced and when comparing with the Saber Pro Test, 13
students corresponding to 13% passed to a lower level: category 1
(very low), 41 students represented by 41% they fell to category 2
(low), while 33 students corresponding to 33% retained category
3 (regular) and the remaining 13%, representing 13 students,
rose to category 5 (excellent).
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Finally, in category 5 of the Saber 11 Test, 17 students were
found and when comparing with the Saber Pro Test, 4 students
represented by 23.5% fell to category 1 (very low), 3 students
corresponding to the 17.6% fell to category 2 (bad), likewise,
3 students referring to 17.6% fell to category 3 (regular) and 7
students, represented by 20%, retained category 5 (excellent).

Table 4. General results of the Commercial Engineering Program

QUALIFICATION 1 2 3 5 Higher
perform
_ No. No. No. No.
0, o, 0, 0,
COMPETENCIAS G Students % Students b Students % Students ance
305
10,4 0, o
SABER PRO 16,80% 2 3740% 49 0% 4 1330% 20 2
252
0, 10,7, > A
Critical reading 34,30% g5 1830% 24 0% 33 2220% 29 1
Scientific thought o o 16,0 .
mathematical SRR 4g 3280% 5 o 5 17:60% - s

The partial results by competencies in the Commercial
Engineering Program demonstrated that 34.3% in critical
reading was positioned in the lowest grade with 1, as well
as 33.6% corresponding to the mathematical scientific thinking
competence.

Discussion

The university student, when finding himself from his
academic reality with the approach of various texts (literary,
informative, scientific), must have the necessary capacities that
allow him to establish a clear understanding of the contents
and, what is more important, build his own Insights from
reflective processes. In this sense, Freire (1989) maintains that
“very few students reflect on what they perceive from the text
and consequently, they do not generate new ideas, lack creativity
and are not builders of their own knowledge” (p. 1). Likewise,
the development of reading comprehension skills is linked to
knowledge and perception of the world.
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Reading comprehension as a transversal axis in the training
processes must be an extension of each of the subjects that the
student takes through a reading plan oriented from the micro-
curricula, therefore, linguistic competence acquires a fundamental
role in training comprehensive of professionals. Generally,
students arrive at the university with great difficulties in reading
and writing, in many cases they demonstrate a literal reading.
When starting their university careers, students are faced with
academic demands for which no one has trained them, since
neither the school nor the university undertake the task of
teaching to read inferential and critical ways differentacademic
texts.

“Reading through the curriculum is a process in which it
is proposed that the teachers of each subject take on the task
of teaching reading following the arguments of each area
of knowledge” (Carlino, 2013, p. 370). Many of the texts that are
read in school are of the expository type, that is, they contain an
absolute truth about the subject at hand, they are phonological
texts.

In an argumentative reading, there are different positions on
a defined topic, which leads the reader to assume a position
or point of view; hence, argumentative skills also trigger critical
thinking skills. Therefore there is great concern in higher
education centers regarding the argumentation of students based
on academic learning in textual production and its relationship
with the high rates of university dropouts.

In this sense, Olave, Rojas and Cisneros (2013) examine
the relationship between academic dropout and difficulties in
understanding and producing academic texts at university;
They also refer about the problems that teachers and students
encounter in topics related to reading and writing and the
importance of academic literacy:
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Training in reading and writing at the university is not an easy
task, to this is added that when students with previousdeficiencies
arrive, higher education institutions have to make a double effort:
to level their skills and, from there, promote those that need to be
mastered in the university environment to achieve better results in
academic performance and in the fight against desertion. (Olave,
Rojas and Cisneros, 2013, p. 24).

For their part, Uribe and Camargo (2011) emphasize the
needs of the teaching and learning of reading and writing in
the higher academic environment and the need to integrate
various strategies to generate greater results in the understanding
and production of academic texts. In the same way, Rojas
(2014) points out that students do not have enough tools to fully
understand the specialized texts that are part of their curricula.
These texts are drastically far removed from the documents
that are studied during basic and secondary education, with
different objectives, recipients, styles, knowledge, and cognitive
requirements (Rojas, 2014).

On the other hand, the development of competencies
in mathematical and statistical scientific thinking is the fact of
greatest interest to politicians, government officials, industrialists,
technological developers, engineers, among others, in today's
globalized and competitive world. In this sense, students and
professionals are required to understand highly symbolic,
specialized and scientific languages that are expressed in
assertive, propositional, hypothetical, explanatory sentences,
general principles, laws, definitions and theorems, associated
with mathematical logic and quantitative statistical procedures
that make it possible to measure, assess and evaluate all kinds
of human processes and actions. In this regard, Pacheco and
Gutiérrez (2011), refer to the scientific method and define
it as “a set of steps to follow that, based on logic, mathematics
and statistics, among other areas of knowledge, allows to explain
phenomenological events and, when its results are used as a
support for technology, control or modify nature” (p. 74).

25
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Finally, the current era generates surprising volumes of
information, in various theoretical fields and with different
forms and graphic, numerical, and geometric representations
that are also accompanied by arguments of character statistical
and probabilistic. Therefore, it is urgent to develop logical
mathematical thinking from early childhood and throughout
academic life so that in professional interaction it can face
numerical and logical challenges, with the purpose of
capturing and understanding the information that is presented
in mathematical terms, such as: graphs, diagrams or tables, by
means of references to percentage increases or decreases (Cardoso
& Cerecedo, 2008).

Conclusions

After the investigation, it can be concluded regarding the
development of competences in critical reading and in scientific
mathematical and statistical thinking that:

- If the students of the Commercial Engineering and Financial
Engineering programs did not pass the results in the Saber Pro
test with respect to the results, they achieved in the Saber 11 test
in critical reading and in scientific thinking, mathematics and
statistics, it can be inferred that, the university failed to develop
superior thinking structures so that students could demonstrate
their competencies in practice.

- The students were interested in achieving better results in the
Saber 11 test since the entrance to the university depended on
these results, on the other hand, the Saber Pro test represents only
a requirement to graduate.

- According to the results obtained in the SPSS analysis, the
students did not improve their academic performance in critical
reading and in scientific thinking, mathematics and statistics,
in relation to the Saber 11 test, in the last university semesters.
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- The study shows, from the results of the evaluation carried out,
informationthatcanguide administrative decisionsthatimpactthe
curriculum or guide academic intervention for the development
of competencies in critical reading and in mathematical and
statistical scientific thinking.

- It is suggested from the pedagogical reflection to work the PBL
Problem-Based Learning method so that the student can analyze
various events in the real world from statistical problems,
mathematical problems and from a vision of scientific thinking,
logical thinking, as well as, critical reflection, so that you can
propose a viable solution to problems.

- It is necessary to form a discursive academic community to
the extent that the teachers of the Commercial Engineering
and Financial Engineering programs pedagogically socialize
the practices and methodologies necessary so that students
can approach critical reading and scientific mathematical and
statistical thinking in this field of knowledge.

- Through academic literacy it is expected that teachers from
their areas of specific knowledge can offer guidelines, strategies
and recommendations so that students can assume scientific
reading as a necessary activity for their academic performance
in the program and in their future performance professional.

- It is necessary to recognize evaluation as a process linked to
learning, therefore, a mathematical competence is linked to the
cognitive development of being able to understand theories,
conceptsand to establish mathematical properties and relationships
to create and do.

- Confronting the results of the SPSS analysis regarding the
development of competencies in critical reading and in
mathematical and statistical scientific thinking, taking asa reference
the background of the diagnostic test applied by the institution
between the years 2014 - 2018, and the research carried out By
Cisneros, Olave & Rojas (2013) it can be concluded that the results
obtained by these investigations are similar to studies carried out
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in other Colombian and Latin American universities. Finally,
it is urgent to work from the IEP Institutional Educational
Project to impact the curriculum of these programs from
the mathematical dimensions and design the strategy from
competencies such as: formulate, represent and solve problems
from logic and argumentation to develop scientific thinking.
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Exchange risk assessment, case of
application to an importing company

Evaluacidn de riesgo de cambio, caso de
aplicacion en empresa importadora
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Abstract

This applied investigation had as objective to establish a short-
term financial cover to control the impact of loss on profits due
to the exchange rate risk on the COP/USD ratio, in a company
dedicated to the import and marketing of tires in Colombia. For the
above, it was necessary to carry out a quantitative analysis between
the options and forward coverage, requiring the use of the Black
Scholes technique for the calculation of the premium; Likewise, it
was necessary to simulate through different forecasting methods
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to choose the lowest RMSE error, presented as a result the time
series which was used to project the future behavior of the dollar
through the Risk Simulator software. Finally, it was evident that
a great part of the background for the present investigation is of
a qualitative type, some of the existing quantitative origin are not
focused on case studies; otherwise, the results obtained allowed
to demonstrate that the best coverage is the purchase of the Call
in The Money option because of the financial benefit generated.

Keywords: Black Scholes, Forward, Options, RMSE, Risk

Simulator

Resumen

La presente investigacion aplicada, tuvo como objetivo
establecer una cobertura financiera de corto plazo que permitiera
controlar el impacto de pérdida en las utilidades por el riesgo
cambiario en larelacion COP/USD, en una empresa dedicada a la
importacion y comercializacién de llantas en Colombia. Para lo
anterior, fue necesario realizar un analisis cuantitativo entre las
coberturas opciones y forward, requiriendo emplear la técnica de
Black Scholes para el calculo de la prima; asi mismo, fue necesario
simular a través de diferentes métodos de pronodstico para elegir
el de menor error RMSE, presentado como resultado la serie de
tiempo el cual fue utilizado para proyectar el comportamiento
futuro del dolar por medio del software Risk Simulator. Finalmente,
exaltando las principales conclusiones se evidencio que gran parte
de los antecedentes a fin con la presente investigacién son de
tipo cualitativo, algunos existentes de origen cuantitativo no
se enfocan a casos de estudio; de otra forma los resultados
obtenidos permitieron evidenciar que la mejor cobertura es la
compra Call opcién In The Money por el beneficio financiero que
se genero.

Palabras clave: Black Scholes, Forward, Opciones, RMSE, Risk
Simulator
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Introduction

In Colombia, the evolution of banking penetration has
been mainly linked to microcredit as a financing system for
small businesses; however, little recognition was given to other
financial services such as payments, fund transfers, savings and
insurance (Tafur, 2009), and to the financial knowledge and skills
needed to identify issues such as the relevance of savings, detect
the product according to needs and plan the costs involved,
and the operation and advantages of having insurance to
address the risks that can impact finances (Dinero, 2019); as well as
the appropriation of knowledge on investment issues in the capital
market, risk management and profitability for the optimization
of resources. It is necessary to exalt the importance of keeping in
mind that:

There are very efficient and diligent companies in terms
of developing their own business activity that, however, do not
have comparative advantages that allow them to manage the
risks associated with the volatility of variables exogenous to their
reason for being, in a more efficient way than other market agents
(Arango and Arroyave, 2011).

Volatility “measures the increase or decrease in the price of an
asset over a given period of time” (Lizarzaburu Bolafos, Burneo,
Galindo, & Berggrun, 2015). Otherwise, from a financial
management the company in the management of exchange rate
risks can be considerably affected in the cash flows and its potential
in the operational and financial activity of the company (Vivel,
2010); in another condition an optimistic and opportunistic
moment of high solvency, before the need to compete promotes
the execution of projects that allow to overcome the local
environment to belong to international environments with new
business opportunities and strategic challenges in each area.
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Exchange risk is the effect on local currency prices of the
application of the exchange rate in foreign currency purchase
and sale operations (Diaz y Redondo, 2019), which may be
intensified for an exporting or importing business in a context
of a flexible exchange rate regime, within which the value of the
foreign currency in local currency fluctuates freely (Lizarzaburu
and Berggrun, 2013), generating a devaluation or revaluation,
impacting on emerging economies by the influx or outflow of
external capital, which in turn is determined by the policies of their
central banks; This is why the main Latin American economies
seek at all costs to meet inflation targets, using the exchange
rate as the nominal anchor (Rosas Rojas, 2016), in order to avoid
contracting commercial activity and generating economic
shocks; which on the contrary in industrialized countries can
emerge from an exchange rate crisis without any damage (Ramirez,
Romero and Lozano, 2007).

Otherwise, the exchange rate risk is considered “easily covered
with the mechanisms available in the financial system but in
the long term, which is the horizon in which direct investment
operates” (Lizarzaburu and Berggrun, 2013), such as currency
hedging instruments that reduce the volatility of returns through
an efficient portfolio that benefits from market liquidity (Clavellina,
2018), limiting the risk by agreeing on a fixed price for the currency
so that the fluctuations generated by the devaluation of the peso in
the future do not affect money flows; However, it should be borne
in mind that when incurring in futures contracts and other types
of transactions even if a cost is paid for them, security is never
complete (Chapoy, 2004).

The management of the exchange risk in the country during
the last years has been in a constant evolution, not only because it
is the most liquid market, but also due to the need to reduce the
funding costs obtained when accessing the international market
(Cardozo, Rassa y Rojas, 2014). Due to the constant relation
between the peso and the dollar, the demand for coverage in
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this country comes mainly from the importing companies, which
can access to coverage and investment strategies offered by the
financial system, such as forwards, options, cross-currency swaps
andthe currency tunnel; However, participants in the derivatives
market implement forwards in their foreign trade operations,
followed by options (Cardozo, Rassa and Rojas, 2014), as a more
common way of protecting future cash flows against exchange
rate risk (Salazar Garza, 2012), which will be the subject of this
research, since hedging instruments such as Cross-Currency
Swaps cover long-term exchange rate exposure and generally, at
the end there is an exchange of interest to offset existing interest
differentials between different currencies, which is costly for this
type of market participant (Garcia, Pérez and Tovar, 2016).
Also, the currency tunnel is not widely used by importers
in Colombia, since the price or position taken is exposed
to the volatility curve in Colombia and would only serve to
obtain profits in the face of expectations of an appreciation of the
Colombian peso (Cardozo, Rassa and Rojas, 2014).

Some authors, to evaluate the exchange rate risk, from the
perspective of an effect on the performance and permanence of
the companies, the implementation or adoption of coverage to
mitigate this type of risk, carry out research such as that carried out
by Romero etal. (2019) applied to some SMEs in the municipality
of Sincelejo with the objective of “establishing the current
state of exchange rate risk management in several SMEs in the
municipality of Sincelejo in Colombia. In general, there was alack
of knowledge among the SME entrepreneurs about the alternatives
for managing foreign exchange risk”.

Likewise, multiple studies carried out by Vivel et al. (2012)
have investigated the impact of the exchange rate risk in the
locality of Spain showing that "Spanish companies maintain, in
majority, an attitude of covering their exchange rate exposure,
fundamentally, through the use of financial techniques such
as derivatives and foreign currency debt"; Similarly, a qualitative
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research was led in Mexicali, Baja California to "determine how
currency risk affects the performance of commercial companies
dedicated to the purchase and sale of women's clothing, derived
mainly from the rise in the price of the dollar" (Carrillo et al, 2017),
through the application of a questionnaire which was submitted
to statistical tests through Cronbach's alpha to determine its
reliability, concluding that businessmen faced with changes in
the price of the dollar, increase their prices, without analyzing
the market, reducing purchases and supplying themselves with
products from the national market without making coverage to
protect themselves against this type of economic event, a situation
that affects their liquidity and puts their permanence at risk.

On the other hand, investigations such as "the strategy of
exchange coverage by means of futures for a company that imports
vehicle parts and accessories in Colombia", allowed contributing
with significant experiences that exalt the importance of the
knowledge and application of coverage contracts in companies
dedicated to the negotiation with foreign currency, since in
the results they showed that it is possible to diminish the risk
associated to the exchange volatility when implementing futures
contracts, assuring an expected profitability by the company
(Ospina, Jiménez and Rojas, 2017).

The study "Hedges with futures and options to reduce the
exchange risk in exporting companies in Colombia“, could
conclude that the hedge with futures granted benefits in the unit
price with which the dollars are obtained by an upward trend; on
the contrary, an option contract showed loss in the exchange value
that the scenario without hedge (Jiménez, Acevedo and Rojas
2017).

Otherwise, it is worth highlighting, in addition to the
investigative background, the importance of the theories that
influence the investigation, such as exchange rate risk, which is
known as the implication of the loss or gain in the exposure
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derived from collections or payments in currency. foreign,
is classified according to the type of exposure, which can be
transactional, conversion, operational or economic and depends
on the changes in value that may occur at the time of the
tra