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Abstract

This study analyzes the correlation between learning styles and study habits in Computer Systems
Engineering students at the Zacatecas Norte Higher Technological Institute, attached to the
National Technological Institute of Mexico. With a quantitative approach and cross-sectional
non-experimental design, questionnaires were applied to evaluate these variables to 30 students.
In the determination of the Rho Spearman correlation coefficient, the data of study habits and
each of the variables of learning styles such as: Pragmatic, active theoretical and reflective, were
statistically analyzed, the results obtained were: 0.021, 0.36, -0.16 and 0.20 respectively.
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Resumen

Este estudio analiza la correlacion entre los estilos de aprendizaje y los habitos de estudio en
estudiantes de Ingenieria en Sistemas Computacionales del Instituto Tecnoldgico Superior
Zacatecas Norte, adscrito al Tecnoldgico Nacional de México. Con un enfoque cuantitativo y
disefio no experimental transversal, se aplicaron cuestionarios para evaluar estas variables a 30
estudiantes. En la determinacion del coeficiente de correlacion de Rho Spearman, se analizaron
estadisticamente los datos de habitos de estudio y cada una de las variables de estilos de
aprendizaje como es: Pragmatico, teérico activo y reflexivo, los resultados obtenidos fueron:
0.021, 0.36, -0.16 y 0.20 respectivamente.
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Introduction

Students have diverse learning styles that
influence how they process, retain, and use
information. These styles can significantly affect
your study habits and, ultimately, your academic
performance. However, there is a gap in
understanding how different learning styles
relate to students' study habits. Therefore, the
objective of this research is to carry out a
correlational study between learning styles and
study habits in Computer Systems Engineering
students who correspond to the Zacatecas Norte
Higher Technological Institute, which is
attached to the National Technological Institute
of Mexico.

In the context of higher education,
especially in careers such as Computer Systems
Engineering, it is essential to understand how
students acquire and process information to
improve their academic performance. The
identification of learning styles and study habits
IS important, since these factors directly
influence the way in which students assimilate
and apply knowledge in their professional
training.

This study is pertinent because, by
identifying the correlation between learning
styles and study habits, more effective and
personalized pedagogical strategies can be
designed that respond to the individual needs of
students. Furthermore, the results of this study
may guide teachers and educational authorities
in the implementation of educational practices
that optimize the teaching-learning process, thus
improving the quality of education in the
Computer Systems Engineering career.

Reference framework
Learning styles

Teaching experience in higher education allows
us to observe that learning styles are forms,
mechanisms or strategies that students usually
take with them to university life, whether with or
without guidance from teachers. In this
environment, they use them to acquire, apply
and generate information from their experiences
in the classroom, in healthcare environments, in
their social academic life with peers and through
social networks.

ISSN: 2410-3977
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It is expected that, along the way, the
adoption of one or the combination of several
styles will favor significant and lasting learning
in them, which will allow them, both during their
academic development and in the future, to
resolve doubts, expand knowledge and face
problems in daily life and in their professional
practice (Chambi-Choque et al., 2020).

The learning style according to (Negron
& Esterfilia, 2017) focuses on the person's
strengths instead of their weaknesses. There is
no right or wrong learning style, nor one that is
superior to another. The key to effective learning
lies in being proficient in each style when
necessary. (Torres-Molina et al., 2019)
“Identification of learning styles is a crucial tool
to improve academic performance”.

The authors (Pérez Pino et al., 2023)
mention that "the theory of learning styles is
based on the characteristics of people to process
information, where each individual has a
preferred way or style of assimilating new
knowledge." (Alves et al., 2018) quotes
Zacharis, who points out that learning styles are
understood as the characteristics that can
influence learning experiences. Learning styles
is a concept referring to the cognitive, emotional
and physiological characteristics that students
use when they must face learning situations;
CHAEA is commonly wused to describe
individual student profiles and group profiles
(Freiberg-Hoffmann et al., 2020).

The learning styles proposed by Honey
and Mumford are four: active, reflective,
theoretical and pragmatic. Each of them
identifies with each phase of learning understood
as a cyclical process (Negron & Esterfilia,
2017).

Below are the Learning Styles according
to (Alonso et al., 2007):

Active Style: This style is characterized
by the preference towards participation in new
experiences, the inclination towards group work,
risk taking and the preference for dynamic and
practical activities.

Reflective Style: Individuals with this
learning style prefer to observe and think
carefully before acting. They like to analyze
information from different angles, take detailed
notes and reflect on what they have learned.

Mireles-Medina, Antonia, Molina-Wong, Ma. Del Refugio and Arredondo-
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study habits in Computer Systems Engineering students. Journal of Systems
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Theoretical Style: This style focuses on a
logical and structured approach to learning.
Theorists prefer to analyze principles, models
and theories, and tend to be meticulous and
orderly in their approach to learning.

Pragmatic Style: Pragmatists seek to
immediately apply what they have learned. They
prefer to learn through concrete examples and
practical situations, and they like to find quick
and effective solutions to problems.

Study habits

Study habits refer to the customs, behaviors,
disposition and interest that a student has
towards their academic activities. The negative
results obtained by students will not only affect
them personally, but will also negatively impact
society in general, since the graduation of
unqualified professionals not adapted to such a
changing and demanding environment will make
it difficult to solve problems in life. daily
(Najarro Vargas, 2020). While (Negron &
Esterfilia, 2017) argues that study habits
facilitate the learning process because they
generate repetitive acts in the student that lead to
the completion of the learning process.

"Study habits” are more general than
specific in their relevance. They have had a
significant impact on people's lives for a long
time. Although it is commonly assumed that
study habits are established at a certain age, it is
possible that only general behavioral patterns are
established, such as studying series or repeating
exercises. However, more internal behaviors,
such as concentration, comprehension, and task
orientation, tend to change with each major
transition at different stages of life (Pandey &
Pal, 2023).

In the research of (Lozano-Gutiérrez et
al., 2017) the study habits proposed by José Luis
Diaz Vega are identified:

- Time distribution: Refers to the ability to
create systematic programs that optimize
the use of time and its application. This
involves knowing yourself, differentiating
activities and their importance, planning
tasks and keeping personal track.
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- Motivation towards studying: Facilitates

the modification of attitudes and
commitment to studying, in addition to
promoting self-control. It includes the
establishment of short, medium and long-
term goals, the identification of internal or
external motivations, and the recognition
of the importance of the study along with
the effort necessary to achieve the
objectives.

- Distractors in the study: It consists of

recognizing and avoiding the interference
of distractions during the study. It involves
identifying the types of distractors, such as
physical, psychological, auditory and
visual, and ensuring you have an
appropriate study environment.

Taking notes in class: This is the ability to
listen and take notes in a structured way,
rather than in a disorganized way. This
includes knowing and applying effective
note-taking techniques.

Reading optimization: It consists of
carrying out comprehensive and effective
readings that allow better assimilation of
knowledge. This involves the ability to
read technically and apply methods such
as EPL2R (Explore, Ask, Read, Respond
and Review).

Exam preparation: Refers to obtaining
good results in exams without resorting to
dishonest methods. It includes changing
attitudes toward exams, viewing them as a
learning opportunity rather than a threat, as
well as planning study time in advance
rather than leaving it to the last minute.

- Attitudes towards studying: It involves

developing positive attitudes to improve
learning, increasing positive behaviors and
eliminating negative ones within the
school environment, in relation to
classmates, teachers and administrators.
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Correlation between learning styles and study
habits

The learning style preferences and study habits
of students must be understood (Magulod Jr,
2019), the authors of this research agree with the
author in the sense, given that as long as the
preferences are not understood or known, they
cannot be proposed. better strategies in the
teaching-learning  process. (Honey and
Mumford 1992) cited by (Mduller-Ferrés et al.,
2021) the term learning style refers to the fact
that each person uses their own method or
strategies to learn. Although strategies vary
depending on what needs to be learned, each
person tends to develop certain preferences or
general tendencies that define a learning style.

The authors (Limaylla La Torre, 2023)
carried out a correlation study between learning
styles and study habits which mention that there
IS a significant correlation between learning
styles and study habits in students at a University
in San Juan de Lurigancho, 2022 with a Rho=
0.335 and pvalue= 0.000.

In this study, in relation to learning styles
and study habits, the non-parametric Spearman
correlation test was used, in which the results
obtained have revealed that the learning style
called Divergent is related to study habits, with
bilateral significance. p= .003 and the value of
Rho=.170. This means that students who present
the divergent learning style will have high levels
of Study Habits (Aguilar Quispe, 2021).

In their research (Espinoza Nufiez, 2018)
they applied two instruments in their research:
the Honey-Alonso learning styles questionnaire
and the Casm 85 study habits inventory. The
results showed that there is no strong association
between learning styles and habits. In addition,
it was found that the highest percentage of
learning styles was the pragmatic style in both
sexes; and in relation to study habits, the
category with the highest score in men was the
positive category and in women the positive
trend category.

(Avendafio Uchuya et al., 2022) in their
research argue that the results were analyzed
using the Spearman correlation test, showing a
weak positive correlation between learning
styles and study habits, with a coefficient of
0.409 and a level significance of 0.05.
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This suggests that learning styles can
influence study habits, although they are not a
determining factor.

Likewise, the results indicate a positive
association  between  active,  reflective,
theoretical and pragmatic learning styles, which
can influence the study habits of undergraduate
human medicine students at a public university
during the 2021-11 period.

Methodology

This research adopts a quantitative approach,
using a non-experimental cross-sectional design,
with a correlational scope. According to
(Hernandez Sampieri et al., 2014) this type of
approach allows exploring relationships between
variables without manipulating them, which is
ideal for studies where associations or
correlations are sought. In this study, two main
variables are analyzed: learning styles and study
habits.

With respect to the population, students
of Computer Systems Engineering are
considered, see Table 1:

Table 1
Student population

Total Students
30

Men
26

Women
4

Source: own elaboration

Two questionnaires were used as data
collection instruments. The first, developed by
Honey and Mumford, was applied to identify
learning styles. This questionnaire is guided in
the identification of learning preferences,
examining the degree of affinity between four
learning styles: pragmatic, theoretical, reflective
and active; where each question contributes to a
weighting from 0 to 20 for each style and
assessing it on the preference scale "Very
strong”, "Strong", "Moderate"”, "Low" and "Very
low", the weighting allows the possibility of
combining learning styles.
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The second questionnaire, based on the
study habits inventory created by Jose Luis Diaz
Vega, was used to evaluate the study habits of
the participants. This questionnaire identifies
seven study habits: DT (time distribution), ME
(motivation to study), DE (distractions during
study), NC (how to take notes in class), OL
(reading optimization), PE (how to prepare for
an exam), AC (productive attitudes and
behaviors before studying); Each study habit has
a weighting from 0 to 30, in case of obtaining a
score of less than 21, that is, a performance of
less than 70%, it is recommended to work with a
strengthening program for study habits; for this
study, this questionnaire was applied to the
student population (see Table 1) and the average
scores of each participating student were
obtained to obtain their degree of general
performance in the development of their study
habits.

Results

According to (Barrera, 2014) "Spearman's
Correlation Analysis is a non-parametric
statistical method that aims to examine the
intensity of association between two quantitative
variables", in this case learning styles and study
habits.

In this research, the correlation
coefficient was calculated using the Spearman
method, to analyze the relationship between the
four learning styles and study habits of 30
students in the second semester of Computer
Systems Engineering in the period January-June
2024 (See Table 2, 3 and 4).

Table 2
Data on learning styles and study habits, part 1

ST LS SH
Prag Theo Act Ref
1 15 17 11 15 16
2 13 15 12 15 19
3 18 18 16 16 15
4 20 17 16 19 14
5 14 15 11 14 20
6 8 11 7 11 14
7 8 11 8 12 21
8 17 17 7 13 15
9 16 14 15 15 21
10 14 20 4 20 18

Source: own elaboration
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Table 3
Data on learning styles and study habits, part 2

EST LS SH
Prag Theo Act Ref
11 10 15 12 12 21
12 16 16 15 13 18
13 16 17 11 18 27
14 15 19 9 11 21
15 14 12 14 16 17
16 20 17 17 19 17
17 16 5 14 6 12
18 16 17 11 18 27
19 12 15 13 16 17
20 14 11 16 13 20

Source: own elaboration

Table 4
Data on learning styles and study habits, part 3

EST LS SH
Prag Theo Act Ref
21 11 7 12 10 14
22 10 10 13 10 12
23 9 9 13 12 17
24 12 13 16 15 17
25 13 8 10 14 15
26 13 10 12 15 15
27 18 15 15 17 16
28 15 14 10 11 18
29 11 12 8 13 18
30 9 9 13 12 16

Source: own elaboration

To visualize this relationship, scatter
diagrams were used to observe the pairs of data
and establish patterns of graphic behavior. The
graphs show the relationship between the
assessment of the four pragmatic learning styles
and the study habits score for each student.

In the Figure 1, when compared with the
Pragmatic learning style, a regular general
affinity with this style (of 15 or higher) is
observed; in Figure 2 with respect to the
Theoretical learning style, it denotes an upward
trend, which suggests an increase in the values
of study habits as learning styles increase; in
Figure 3 referring to the Active learning style it
is visualized a greater affinity in a group is
indicated towards this learning style (of 12 or
higher); finally, in Figure 4, the Reflective
learning style is compared, a lower affinity of all
(15 or higher) is observed.
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In addition, In the determination of the
Rho Spearman correlation coefficient, the data
on study habits and each of the variables of
learning styles such as: Pragmatic, active
theoretical and reflective, were statistically
analyzed, obtaining the results shown in Table 5.

Table 5
Coefficient of Rho correlation Spearman

Coefficient of Prag Theo Act Ref
Rho correlation
Spearman
p 0.021 0.36 -0.16 0.20
Correlation strength | N/A Medium | N/A Low

Correlation direction | positive | positive | negative | positive

Source: own elaboration

A statistical analysis of hypothesis
testing was carried out, obtaining the results
indicated in Table 6, which indicates that there is
a relationship between study habits and
theoretical learning style.
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Table 6

Hypothesis testing statistic t at the 5% significance level

Hypothesis t
HO: There is no relationship | t=0.11
between study habits and Critical Valor
Pragmatic Learning Style -2.04 a 2.04
H1: There is a relationship | The null
between study habits and hypothesis is
Pragmatic Learning Style accepted
HO: There is no relationship | t=2.08
between study habits and Critical Valor
Theoretical learning style -2.04 a2.04
H1: There is a relationship | The null
between study habits and hypothesis is
Theoretical learning style rejected
HO: There is no relationship | t=-0.16
between study habits and Critical Value -
Active Learning Style 2.04t0 2.04
H1: There is a relationship | The null
between study habits and hypothesis is
Active Learning Style accepted
HO: There is no relationship | t=1.09
between study habits and Critical Value -
Reflective Learning Style 2.04 to 2.04
H1: There is a relationship | The null
between study habits and hypothesis is
Reflective Learning Style accepted

Source: own elaboration

Although there is a positive correlation
between learning styles and study habits, this
relationship is weak and presents a high
dispersion in the data, which limits the ability of
the regression model to explain the observed
variability.

Conclusions

The analysis of the data allows us to conclude
that the correlation between learning styles and
study habits in of 30 students in the second
semester of Computer Systems Engineering in
the period January-June 2024 is positive but low,
which suggests that the variables are not strongly
linked. However, The theoretical learning style
is more closely related to the degree of study
habits, showing that the characteristics of this
style such as logic, organization, analysis and
rational objectivity can contribute favorably to
improving performance in study habits. This
result is consistent with the general objective of
the research, which was to carry out a
correlational study between learning styles and
study habits in Computer Systems Engineering
students at the Instituto Tecnoldgico Superior
Zacatecas Norte, belonging to the Tecnoldgico
Nacional de México.
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Discussion

The results obtained in this study show a low
positive correlation between learning styles and
study habits in Computer Systems Engineering
students at the Instituto Tecnoldgico Superior
Zacatecas Norte. Although the variables
analyzed do not present a strong association, it is
important to highlight the upward trend
observed, where a gradual increase in both
factors can be seen over time. This trend
suggests that, despite the low correlation, there
could be a process of adaptation or development
of students in terms of optimizing their study
habits based on their learning style, which
deserves particular attention.

This finding raises several implications.
First, although the correlation is not significant,
the increase observed in Group B could indicate
that certain learning styles, when combined with
an appropriate educational environment, have
the potential to improve study habits. This is
relevant for educators and academic
administrators, as it suggests the need to more
deeply explore how individual characteristics of
students interact with the learning environment
and how these interactions can be enhanced to
improve academic performance.

Second, the results also invite reflection
on current teaching methodologies. Since a
strong correlation was not found, it may be
beneficial to consider more personalized
pedagogical strategies that better fit the diverse
ways in which students learn and prepare
academically. Personalizing learning, by
adapting techniques and resources according to
each student's learning style, could improve not
only study habits, but also motivation and
academic performance in general.

It is necessary to recognize the
limitations of the present study. The sample,
although representative, is relatively small,
which could have influenced the magnitude of
the correlations found. Furthermore, the study
focuses only on Computer Systems Engineering
students, which limits the generalization of the
results to other disciplines or educational
contexts. Future research should consider a
longitudinal approach that allows observing how
these variables evolve throughout the academic
career, as well as expanding the analysis to other
fields of study.
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Finally, although the correlation between
learning styles and study habits is low, the
positive trend observed suggests that there is
unexplored potential in the relationship between
these variables. This opens the door to new
research that can deepen the understanding of
how to optimize learning and study processes in
specific educational contexts, with a view to
improving academic performance and the
comprehensive training of students.
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Abstract

The implementation of problem-based learning allows students to develop the ability to recognize
problems, analyze them, establish solutions, and present results. The main interest of this work is
to determine the variables that currently influence the implementation of problem-based learning
as the guiding axis of a course and to establish a proposal to continue using it, given that the
conditions of the student community have changed with everyday problems. The proposed
research methodology was qualitative due to the controlled test method. applied to three groups
of first semester, to identify existing problems on poor school performance, adaptation to
collaborative work, reading comprehension, mathematical reasoning. With the results obtained
in the diagnosis, improvement strategies were established and throughout the semester
accompaniment was provided to the detected students, these strategies were modified according
to the pre-results that were obtained.

[Objective ] [(Methodol ]

Given the conditions of the
current student community,
a proposal is established to

To determine the difficulties
that arise when applying
problem-bazed leaming as

The participatory qualitative paradigm is
used, with the controlled test method.
Applving it to three first-semester

the Basic methodology of & groups, to defect existing problems on continue using problem-
mathematics course today. academic performance considering as based leaming and achieve
significant leaming in

variables: Jow school performance,
adaptation  to  collaborative  work,
reading comprehension, mathematical
reasoning.

mathematics courses.

Learning, problems, reasoning, mathematics

Resumen

La implementacion del aprendizaje basado en problemas logra que los estudiantes desarrollen la
habilidad de reconocer problematicas, analizarlas, establecer soluciones y presentar resultados.
El interés principal de este trabajo es determinar las variables que influyen actualmente para
implementar el aprendizaje basado en problemas como eje rector de un curso y establecer una
propuesta para seguirlo empleando, dado que las condiciones de la comunidad estudiantil se han
modificado con las probleméticas cotidianas. La metodologia de investigacién propuesta fue
cualitativa por el método de ensayo controlado. aplicAndose a tres grupos de primer semestre,
para identificar los problemas existentes sobre bajo rendimiento escolar, adaptacion al trabajo
colaborativo, comprensién lectora, razonamiento matematico. Con los resultados obtenidos en el
diagnostico se establecieron estrategias de mejora y a lo largo del semestre se fue brindando
acompafiamiento a los estudiantes detectados, estas estrategias fueron modificandose conforme a
los pre-resultados que se iban obteniendo.

Objetivo ] [Metodologi ] [Congbaces ]
Determinar las dificultades Se utiliza el paradigma cualitativo Dadas las condiciones de la
que se presentan al aplicar el participativo, con el método de ensavo comunidad estudiantil
aprendizaje  basado en controlade. aplicindose a tres grupos de actual, se establece una
problemas como primer semests, para detectar los propuesta para seguir
metodelogia base de wun preblemas existentes sobre d pefi el aprendi
curso de aé 4 como basado en problemas y.
actualmente. variables: beajo rendpmiento escoiar, aleanzar un aprendizaje

én al trabajo borative, signifieativo en los carsos

it lectora, 7 de matemitica:

matemdtice.

Aprendizaje, Razonamiento, Matematica
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Introduction

According to Guglielmo (2017), today's society
is characterised as a knowledge society, where
economic and social transformations are evident
that alter the material basis of society, causing a
restructuring of knowledge and, therefore, of the
learning process. In this context, the
prioritisation of knowledge construction by
students, supported by information and
communication technologies, stands out.

Such rapid transformations require
students to respond to the needs of workplaces
that are updated at an accelerated pace, so the
strategies implemented in the classroom must be
in line with a globalised world.

Martinez et. al. (2007) consider that
knowledge is the dynamic process by which
information flows are produced with the help of
technology.

It is important to clarify that information,
together with skills, creativity, innovation,
dexterity and other abilities, contribute to
providing answers to problematic situations that
arise.

The socialisation of knowledge is
fundamental for the formation of students, as it
allows them to interact with others and thus
achieve the appropriation and construction of
their identity. This takes place through
adherence to established cultural norms, where
information plays a key role in facilitating
adaptation to the environment.

Two processes can be observed in this
context; first, the result of society's action on the
individual, as it moulds and adapts him or her to
social conditions; second, the individual's
response to society.

The primary objective of any university
is for the engineer to achieve an adequate
response when entering the labour market. To
achieve this, various areas are addressed in their
training, including technical, scientific, human
development and foreign language. Within the
classroom, activities are designed to foster the
socialisation of the aforementioned knowledge,
thus preparing the student to face the challenges
of the world of work successfully.
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Authors such as Vergara (2018) describe
the importance of teachers including narrative
strategies that motivate students to express
themselves with arguments.

Educational  institutions at  the
international level were greatly affected by the
health crisis that has been experienced since
2020, and it is not that before everything was
perfect, rather there was a continuous process
that each academic unit tried to solve by
establishing strategies each school year, which
were evaluated, corrected and re-implemented
with  new adaptations, the necessary
certifications and external evaluations were
fulfilled, which required the achievement of
goals that included real estate infrastructure,
administrative  processes and  academic
processes.

The students were also participants in
standardised evaluations such as CENEVAL or
PISA, with the analysis of the results obtained,
the adjustments that would be put into practice
the following school year were planned, and so
on, and suddenly, suddenly, nothing, with the
declaration by the World Health Organisation,
WHO, of the degree of pandemic of the virus
causing COVID 19, a social isolation began
worldwide that lasted for 2 years, where classes,
shopping and everything changed to the virtual
modality.

This confinement proved to be beneficial
in stopping the advance of the contagions, but it
created an enormous amount of after-effects in
the entire population; the terror of the pandemic
caused serious psychological problems in the
population in general.

In the case of university students, the
psychological affectation is also high, due to the
fact that the need for socialisation typical of their
age was channelled towards the indiscriminate
use of social networks, thus losing interest in
reading because a publication in X, for example,
has a maximum of 145 characters.

Cases of attention deficit have worsened
so much that paying attention in the classroom is
completely difficult and sometimes impossible,
domestic violence has increased, physical,
verbal and psychological aggressions have
become present.
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Because of the situations mentioned
above, there are several situations in the
classrooms that require a prompt solution: the
indiscriminate use of headphones by students,
which makes it very difficult for them to pay
attention, to listen, to be interested in the content
of the class, to want to learn, and to be able to
construct knowledge.

The above is also linked to the classical
predisposition towards the study of mathematics,
causing students to present serious symptoms
caused by stress when they are unable to solve a
problem quickly because they do not understand
what the statement of the problem says.

Parra, (2002) mentions that the problems
that students have are due to rote and
encyclopaedic  learning, which  promotes
learning by repetitive procedures
underestimating the cognitive structure, as they
do not use variables with which they can
generate hypotheses, analysis, synthesis, for
problem solving.

To this we can include mathematical
anxiety, which is considered to be the stress that
students generate as soon as they are in contact
with the subject.

Another important aspect to consider in
the implementation of teaching-learning
strategies, as mentioned by Solis, (2015), are the
beliefs about learning that both students and
teachers present in this process, which influence,
in the case of teachers, in making decisions about
whether or not to apply them, given that
‘students do not learn’, it is curious to note that
before meeting the group in question, these
labels are usually established where it is
assumed that no student makes an effort, that
they all fail, etcetera.

On the other hand, there is the belief that
the students themselves have about their ability
to learn, which depends to a large extent on their
family context, and this works as a lock that
prevents students from making an effort to
understand and comprehend, making this a great
challenge for teachers.

In most cases, students are hardly able to
understand and perform formal operations.
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It is important to mention that at the
higher level the curricula and therefore the study
programmes assume that at the previous
academic level the students have already
attained the cognitive tools that allow them to
scaffold their previous knowledge with their
current knowledge in order to achieve the
application of knowledge, which is far from the
reality in the classroom.

Another gap in the curricula is the
absence of real strategies to develop students'
cognitive processes. This is ‘supposed’ to be the
responsibility of putting it into practice in the
hidden curriculum inside the classroom.

It is known that methodologies such as
PBL problem-based learning achieve the
development of mathematical thinking through
the resolution of questions proposed by the
teacher and which require a solution that goes
beyond a simple yes or no answer.

What the literature does not discuss is
how to implement it in the different situations
that students currently face.

It is really vital that teachers take these
points into account so that the implementation of
methodologies such as problem-based learning
is readapted, putting into practice strategies that
allow students to learn how to learn again.

Developing the ability to understand,
comprehend, identify or propose logical,
coherent and ordered ideas requires a mental
maturity that, together with reasoning skills,
develops with practice (Paul, 2005).

From within the classroom, students can
be supported to develop this capacity, critical
reading of texts, guided research, problem
solving, project development, are teaching-
learning strategies that can support this process
and answer different questions (Lamelo, 2015).

A very useful strategy to achieve the
aforementioned is problem-based learning.

In this technique, the problem posed is
the one that directs the learning, so that
contextualising it correctly will make the student
identify the issues in which he/she must delve
into before starting its resolution (Tejeda. H,
2016).
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The wording of the problem refers to a
real unsolved situation related to the
corresponding subject, which seeks to make
students make effective decisions, argued
through value judgments based on the facts
raised.

The problem is solved in work teams
where the free contribution of ideas is allowed,
thus socialising knowledge and promoting its
appropriation by the student.

Tejeda. H (2016) indicates the two types
of problems that can be used in this learning
methodology, the first, called Brunerian, which
are characterised by being poorly structured,
open and not very clear, in these, it is expected
that a great capacity for discovery is applied,
which is why this type of problem is proposed
for use in students at advanced levels.

The second type of problems are
structured, the search for information is guided
and the discovery is more directed, so they are
proposed for students of the first levels, since
with these they learn to learn.

Both structured or Brunerian problems
and unstructured problems must be relevant,
complex and interesting so that students are not
demotivated by the delay in solving them and the
need to research theoretical content for this
process is ‘created’ (coverage of the problem).

Consequently, it should be kept in mind
that problems can be Open (they do not have a
solution) or Closed (they have only one answer).
It is important to remember that the problem
should allow the development of thinking skills,
which are evident when the student can
synthesise, debate, reason, analyse, ponder and
judge (Tejeda. H, 2016).

This makes it possible to make sense of
the numerical value obtained when solving a
problem.

The characteristics that should be taken
into account when applying problem-based
learning in the classroom according to Lamelo
(2015), are:

1. Specify the class topic,
2. Establish the statement of the problem,

3. Assess prior knowledge,
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4. The teacher proposes activities to the students
in order to enable them to model the problem,

5. When solving the problem, emphasis should
be placed on the acquired knowledge, and

6. Apply the knowledge to new questions.

The purpose of the above is to motivate
critical reading and consequently reading
comprehension so that the student achieves
effective decision-making for the resolution of
the problems posed, as well as working
collaboratively, thereby socialising knowledge,
all of which allows the student, when faced with
a real situation, to perform adequately by
expressing  their  corresponding  value
judgements.

Based on the above theory, the following
research questions arise:

1. By following the points marked by Lamelo
(2015) for the implementation of problem-based
learning, currently, all students will manage to
develop mathematical reasoning?

2. Does the implementation of problem-based
learning currently allow all studentsto adapt to
the methodology?

3. Does the implementation of problem-based
learning allow the appropriation of knowledge?

Objective

To determine the difficulties encountered when
applying problem-based learning as a basic
methodology in a mathematics course at present.

Methodology

The present study uses a participatory qualitative
paradigm, with the method of controlled trial,
applied to three groups of first semester, to detect
in first instance the existing problems on
academic performance after being applied the
methodology of the learning based on problems,
considering as variables: low  school
performance, adaptation to the collaborative
work, reading comprehension, mathematical
reasoning.
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With the results obtained in the
diagnosis, some improvement strategies will be
established and throughout the semester, support
will be provided to the students detected; these
strategies will be modified according to the pre-
results obtained throughout the process. In order
to compare the results obtained, it is proposed to
have one more first semester group to which the
improvement strategies will not be applied.

In the middle and at the end of the
semester, evaluations will be applied to identify
the effectiveness of the measures used. We will
work with a non-probabilistic sampling by
convenience, also called purposive selection,
given that the groups were considered according
to the timetable of the teacher who carries it out.
The study was carried out with 163 students
belonging to the sample of 3 groups, having as a
control group to contrast the results by
triangulation, the group formed by 35 more
students to whom the strategies will not be
applied.

Taking into account that the population
of first semester students is 280 in total and the
intervention proposal will be applied to 163, this
gives us a reliability of 95% for the study, using
the following formula:

zp(1-p)
. _ e2
Sample size = — £ ——= [1]
142

The above formula determines the
optimal sample size to perform a statistical
analysis, where N = sample size, e = margin of
error, z = score that depends on the desired
reliability value, this is reported in tables, as
shown in Table 1, for our case we have a value
of 1.96 to achieve a confidence level of 95%.

In order to measure the degree of
appropriation of the knowledge achieved, we
will use the diagnostic test, which will be applied
both at the beginning and at the end of the four-
month period. A checklist will be used to
determine the level of respect and contribution
of ideas and organisation of work. Students'
mathematical competence will be assessed by
measuring their ability to understand a problem,
model it, analyse it and propose a solution, with
mathematical reasoning being the main
assessment criterion. A checklist will also be
used to assess the student's reading
comprehension and ability to understand texts.
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Results

Figure 1 shows the results obtained in the
assessment prior to the implementation of the
problem-based learning methodology.

As can be seen in Figure 1, in the 6
variables considered, there are a large number of
students who refer in the questionnaire applied,
problems in each of these items, being
interesting to note that the low values in both
reading comprehension and mathematical
reasoning are very close, which suggests that
both items are related, that is, if a student does
not understand what he reads, it prevents him
from reasoning and conceptualising a possible
solution to the different problems posed by the
teachers.

No. de estudiantes

Comprension lectora < 60%

Razonamiento matematico < 60%

Problemas emocionales
Adaptacion al trabajo...

Sin Habitos de estudio

Bajo rendimiento escolar <7

Figure 1
Variables before implementation

Figure 2 shows the results obtained after
applying the problem-based learning (PBL)
methodology. As can be seen, although there is
a notable improvement in some of the variables
studied, it is important to mention that there are
new variables that must be considered at present,
such as the poor adaptation to collaborative
work.

No. De estudiantes

Sin Habitos de estudio

Problemas emocionales
Razonamiento matematico <...
Adaptacién al trabajo...

Comprension lectora < 60%

Bajo rendimiento escolar < 7

Figure 2
Variables after implementation
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After the isolation caused by the health
situation that occurred in 2020, it has been
presented inside the variassi classrooms.

Given the results obtained that contrast
with what could be found years ago in the
implementation of the PBA, it was considered to
analyse the variables obtained in a SWOT
matrix.

This allows us to show the different areas
that make up the problem: Opportunities,
Threats, Strengths and Weaknesses. For reasons
of space, the matrix has been divided into four
tables. Table 1 shows the strengths that we have
as an institution.

Table 1
SWOT Matrix: Strengths

STRENGTHS
F1. Full-time teachers with a
postgraduate degree.
F2. Profile in accordance with the
programmes.
F3. Use of platforms.
F5. Good student retention rate.

In contrast, table 2 shows the
opportunities detected in the course of the
implementation of the PBA, being this
identification a relevant aspect to be considered
by our institution.

Table 2
FODA Matrix: Opportunities

OPPORTUNITIES
O1. Detect cases for referral to tutoring or the psycho-
pedagogical department.
02. Optimal use of ICT (platforms).
03. Follow up on the diagnostic assessment.
O4. Develop an online counselling programme.
O5. Strengthen the institutional identity of students.
06. Reinforce mathematical reasoning from other
academies.
07. To reinforce reading comprehension from other
academies.
08. Refusal of collaborative work

Table 3 shows a breakdown of the
weaknesses detected in the students and which
inherently oblige teachers to establish actions to
modify these detected problems.
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Table 3
FODA Matrix: Weaknesses

WEAKNESSES
D1. Low admission test scores.
D2. Inadequate learning strategies.
D3. Lack of sense of belonging.
D4. Pupils' lack of interest in learning.
D5. Poor study habits.
D6. Lack of mathematical ability.
D7. Emaotional problems.
D8. Multivariate social and family context of the
students.

Table 4 sets out the threats to the current
implementation of this methodology. It is
important to mention that, as can be observed,
the context of the students has changed, so
teachers must be aware of these new conditions
in order to establish a priori strategies and make
optimal use of PBL.

Table 4
SWOT Matrix: Threats

THREATS
Al. Lack of attention to pupils with difficulties.
A2. Graduates unable to enter the labour market.
A3. Weakened family economy.
A4. Low qualifications.

In order for the PBL methodology to
work correctly in our academic unit, it is
necessary to control the greatest number of
variables that influence its application. In this
way, to improve adaptation to collaborative
work, a series of ice-breaker dynamics is
proposed, the purpose of which is for the
members of the teams to generate confidence in
order to be able to establish academic dialogues.

To contribute to the development of
mathematical reasoning, it is proposed to
practice reading comprehension for a few
minutes at the beginning of each class.

To improve socio-emotional problems
and study habits, the psycho-pedagogical
department implemented dynamics with the
sample groups to improve the students'
emotional control. These strategies were
initiated during the implementation of this
methodology.
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Conclusions

Currently, difficulties are observed in the
implementation of problem-based learning
(PBL), attributable to the emotional, social and
prior knowledge conditions of the students in the
academic unit in question.

PBL promotes the socialisation of
knowledge; the challenge now is to make
students want to discuss, share and debate what
they know and to substantiate a possible
outcome.

It is imperative to readapt PBL according
to the context of the students in each educational
institution, and among the strategies to be used,
tutoring should be considered as a springboard
to help achieve the objectives set out in the study
programmes.

As observed in the results obtained in
this study, it is very important to improve
mathematical reasoning, since students improve
their school performance in general, because it is
easier for them to recognise problems, propose
how to solve them, obtain results, contrast the
results and make possible inferences.

If a student understands what they read,
they are more likely to analyse problems and
come up with logical and realistic solutions.

The teaching-learning strategy based on
practising reading comprehension to activate
mathematical reasoning, which is fundamental
for problem solving and socialising learning,
achieves the development of mathematical
competence in students. For this reason, the
following recommendations emerge after
implementation.

Future perspectives

In the implementation of problem-based
learning, the particular characteristics of the
students should be considered, adopting
differentiated teaching methods that allow
teaching strategies to be adapted to the different
learning styles and rhythms of each student,
offering activities and resources according to
their needs.

ISSN: 2410-3977
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

Individualised support is proposed to
provide specific attention and support to those
students who present academic or adaptation
difficulties, either through tutoring, mentoring or
reinforcement programmes.

The use of educational resources and
technology enriches the teaching and learning
process, for which innovative educational tools,
materials and resources are available, such as
mobile  applications,  online  platforms,
educational games, among others.

It is important to consider the
development of socioemotional skills to promote
the development of skills such as emotional
intelligence, empathy, conflict resolution and
decision making, with the aim of promoting the
emotional and social well-being of students, if
they are emotionally well, they can work more
easily.

Actively involving parents, teachers and
other  stakeholders in the educational
environment fosters collaboration and joint
work, enhancing educational outcomes.
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Abstract

Nowadays, organizations demand professionals who, as part of their profile, have developed not
only technical skills but also soft skills that allow them to make decisions, work in a team, solve
problems, lead the personnel in their charge, communicate and transmit ideas in a correct way.
According to Taylor (2016), the labor sector constantly complains that higher education graduates
do not have the skills to develop certain jobs Students of the Industrial Maintenance career pay
more attention to the development of technical skills, however, when they join the labor sector,
they face the challenge of having to develop soft skills to be able to grow professionally within
companies. In relation to this, Florea and Stray (2018) analyzed job advertisements in 33
countries and found that companies want to hire engineers who are able to communicate, possess
analytical skills and solve problems, they also found the existence of new skills such as work
ethic, customer focus and working under pressure. The objective of this research is to support the
implementation of software and virtual tools in a soft skills laboratory within the Industrial
Maintenance career. It consists of a bibliographic and/or documentary research in relation to the
different technological tools, as well as field research through interviews and surveys to teachers
to determine the application of a soft skills laboratory in the graduate profile of both TSU (Higher
University Technician) and Industrial Maintenance Engineering of the Technological University
of Chihuahua

Resumen

En la actualidad las organizaciones demandan profesionistas que como parte de su perfil tengan
desarrolladas no solamente las habilidades técnicas sino también habilidades blandas que les
permitan tomar decisiones, trabajar en equipo, resolver problemas, liderar el personal a su cargo,
comunicarse y transmitir ideas de forma acertada. De acuerdo a Taylor (2016) el sector laboral
se queja de forma constante de que los egresados de educacién superior no cuentan con
habilidades para el desarrollo de ciertos puestos de trabajo. Los estudiantes de la carrera de
Mantenimiento Industrial prestan mayor atencién al desarrollo de las habilidades técnicas, sin
embargo al incorporarse en el sector laboral, enfrentan el reto de tener que desarrollar las
habilidades blandas para poder crecer profesionalmente dentro de las empresas. En relacion a
esto, Florea y Stray (2018) analizaron anuncios de empleos en 33 paises y encontraron que las
compafiias desean contratar ingenieros capaces de comunicarse, que posean habilidades analiticas
y resuelvan problemas, también encontraron la existencia de nuevas habilidades como la ética en
el trabajo, enfoque al cliente y trabajar bajo presion. El objetivo de la presente investigacion es
fundamentar la implementacion de software y herramientas virtuales en un laboratorio de
habilidades blandas dentro de la carrera de Mantenimiento Industrial. Consiste en una
investigacion bibliogréfica y/o documental en relacion a las diferentes herramientas tecnolégicas,
asi como una investigacion de campo mediante entrevistas y encuestas a docentes para determinar
la aplicacién de un laboratorio de habilidades blandas en el perfil de egreso de los estudiantes
tanto de TSU (Técnico Superior Universitario) como de la ingenieria en Mantenimiento Industrial
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Introduction

Theoretical, technical and practical knowledge
are important skills in the profession of an
Industrial Maintenance Engineer, however,
organisations are looking for people who also
have developed the soft skills that allow them to
face the challenges posed by Industry 4.0,
Artificial Intelligence, nanotechnology, among
other advances, according to Toro, V. (2022) in
the future technical knowledge may be provided
by machines capable of self-repairing or
repairing others through emotional intelligence.
Gomez (2019, p. 2) mentions that at the
Industrial Revolution 4.0 summit held in Davos
in 2017, ‘nanotechnologies, neurotechnologies,
robots, artificial intelligence, biotechnology,
energy storage systems, drones, 3 D printers
(figure 2), will be the architects and may wipe
out five million jobs in the 15 most industrialised
countries in the world’.
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Figure 1
Pillars of Industry 4.0

Source: Own elaboration

‘Companies specialised in the practice of
engineering express that, under this new
knowledge era, engineering graduates require a
complement of interpersonal skills over
technical knowledge’ (Neri & Hernandez, 2019,

p. 1).

Soft skills have not been emulated by a
computer system and remain an integral part of
the human worker. Deveci and Nunn (2018) and
Holguin et al. (2018), state that ‘engineering
students are considered weak in soft skills,
which should be further developed during their
university career and which are in demand by
employers in today's labour market’.
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Nowadays, an Industrial Maintenance
engineer not only requires knowledge related to
his or her area of study, but also needs to be able
to generate sustainable solutions to complex
problems, and therefore needs to demonstrate
skills that enable him or her to work in
interdisciplinary  teams, solve  problems,
communicate assertively, manage and plan time,
etc. Despite the fact that these competences are
important for professional development, they are
approached in an unattractive way by teachers,
which is why students lose interest in them.

Toro, V. (2022) classifies soft skills into
three groups: communication, intellectual and
self-management skills, shown in figure 2,
where they are complemented with other
important skills for the profile of the industrial
maintenance engineer.

o Self-
Communication Intellectuals management
* Negotiation . Problem . Planning
* Teamwork solving «  Time
« Multicultural . Interdiscipl management
skills inary skills « Initiative
« Assertive +  Experientia .  Emotional
communication I learning intelligence
« Leadership +  Creativity Professional
ethics
Figure 2

Soft skills classification
Source: Own elaboration

Curriculum analysis

In order to identify the viability and application
of a soft skills laboratory, it is necessary to
determine the percentage of subjects that
contribute to the development of soft skills, so
an analysis of the curriculum of the Industrial
Maintenance Engineering degree at the
Technological University of Chihuahua is
carried out and it is determined that 10% of the
subjects are focused on management training,
13% allow scientific training, 16% on learning a
foreign language, 51% are focused on
technological training and 10% are optional
subjects or relevant training, this can be seen in
Figure 3.
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10%

13% V

® Formacion pertinente ® Lengua extranjera
= Formacion directiva = Formacion cientifica

= Formacion tecnoldgca

Figure 3
Soft skills classification

Source: Own elaboration

The soft and hard skills are segmented
depending on the competence they provide to the
student, as part of the hard skills that are
developed in the course of the Industrial
Maintenance Engineer's career are classified
according to; 13% are scientific training, 33%
are technical subjects related to the profession
and 13% promote technological development
The soft skills that are developed as part of the
curriculum for the Industrial Maintenance
Engineer, 21% are made up of the development
of administrative competences, 16% allow the
learning of a foreign language, and 16% allow
the learning of a foreign language.

m Técnicas = Tecnolbgicas

= Integradoras Formacidn cientifica

u Administrativas u [dioma extranjero

Figure 4
Competences to be developed in the Industrial
Maintenance engineer

Source: Own elaboration
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The data obtained in Figure 4 can be
summarised as 59% as hard or technical skills,
37% as soft skills and 4% in the integrative
subjects that contribute to strengthening both
types of skills, as shown in Figure 5.

m Habilidades
duras

m Habilidades
blandas

Integradora

Figure 5
Classification of skills

Source: Own elaboration

Survey of teachers to find out their perceptions
of soft skills

The teachers of the industrial maintenance
course were interviewed to find out their
perspective of soft skills as part of the graduate's
profile, 80% considered it extremely important
for the student to develop soft skills for better
professional performance, 15% had only heard
of the subject but did not know its application or
importance and 5% were unaware of the concept
(Figure 6).

H | as considero importantes para el desempefio
laboral del egresado

u He escuchado hablar del tema, pero desconozco la
importancia

& Desconozco el concepto

Figure 6
Knowledge of the concept of soft skills

Source: Own elaboration
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The teachers were questioned in relation
to the application of the subjects seen by the
student during the degree course in the formative
and administrative subjects, for an efficient
professional performance. 85% agree on the
importance of teamwork in the workplace, 75%
consider the need to develop emotional
intelligence, 70% focus on fostering personal
and professional values, 65% think that
leadership is fundamental, 60% believe that
effective communication and negotiation are
necessary for the graduate to be able to perform
in the workplace.

Finally, 55% agree on the importance of
covering planning and creativity, only 40%
consider it necessary to organise time and
delegate activities (Figure 7).

Liderazgo [ 13
Trabajoen cquipo I 17
Inteligencia emocional | 15
Creatividad [0 11
Negociacion [ 12
Valores profesionales y e
personales
Comunicacion efectiva [ 12
Delegar actividades [0 8
Organizacion del tiempo [ 8
Planeacion [ 11

0 5 10 15 20

Figure 7
Skills needed for a good professional performance

Source: Own elaboration

The need to implement a soft skills laboratory in
the Industrial Maintenance course

A survey was carried out among teachers to find
out the need to implement the design of a soft
skills laboratory, where 86% considered it
important to design and implement a laboratory
to develop students' soft skills, while the
remaining 14% did not need it to teach their
classes, as shown in Figure 8.
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m Si es necesario = No es necesario

Figure 8
Need for soft skills lab design

Source: Own elaboration

Teaching strategies for determining soft skills
laboratory equipment

For this reason, the main characteristic of a soft
skills laboratory should be based on a practical
training system where the student can get
involved and experiment in order to develop
competences, attitudes and behaviours related to
soft skills, such as teamwork, creativity, digital
competences,  decision-making,  effective
communication, planning and time management.

The subject sheets and didactic
sequences are composed of projects and
practices so that the student acquires the
knowledge or meets the learning criteria,
however it is necessary for the teacher to
implement the use of technologies, involving
gamification, Al's and the use of social networks
with a didactic approach.

Technological tools to develop soft skills

The first step in designing a soft skills lab is to
determine the software and applications that will
enable students to strengthen soft skills in a
technological world. For this reason, the
following are the main platforms with an
educational approach that allow updating the
teaching practice and strengthening the
teaching-learning process.
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Moodle. Moodle helps to facilitate the
implementation of the flipped classroom system
as it allows the student to access the information
that the teacher shares, without limits of time and
space.

Gamma, Slides Ai, Magic Slides, Canva.
The teacher must lose the fear of using Al,
currently there are several platforms with free
content for teachers and students, these tools
facilitate the design of striking and very visual
teaching material.

Youtube. The use of videos is very
common in teaching practice, other platforms
with an excellent both for sharing audiovisual
material and for requesting presentations of
various topics to students, helping to improve
communication skills.

Genially and SlideShare.  These
platforms encourage collaborative work, where
students can contribute interactively from
different locations, and allow teachers to share
articles, book excerpts and links to websites of
interest in real time.

Office 365 and One Drive. This
application also helps to foster collaborative
work among students.

Digital libraries. The Internet is a world
of information, however it is important to teach
students how to search for reliable content, some
of the platforms are Scribd, Scielo, and Google
Scholar.

Mindmeister,  Freemind, Semantik,
Wisemapping. These platforms facilitate mind
mapping, and help students synthesise
information and use creative thinking.

Kahoot and Padlet These platforms
allow the implementation of games and the use
of mobile phones in the classroom with a
didactic approach.

Google Forms and Forms. They are a
very useful tool for research or the application of
surveys for both teachers and students.
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Flipped Learning 3.0 and Higher Education
Level - | Certification

The flipped classroom is a model where the
teacher, before the class, provides information
on the subject that the student must study or
practice before entering the classroom, turning
the classroom into a space in which the learning
previously acquired by the student is analysed.
For a correct implementation it is necessary that
the teacher knows how to apply the model.

Currently there is an international
certification offered by the Flipped Classroom
institution, focused on university teachers who
are starting to implement a reverse learning
model and also for teachers who have experience
in this methodology, but want to deepen their
implementation.

Methodology to be developed
Hypothesis

General hypothesis: Soft skills are an important
part of the graduation profile of Industrial
Maintenance Engineering students at the
Technological University of Chihuahua.

First specific hypothesis: Technologies can be
used as didactic tools to develop the soft skills of
Industrial Maintenance students.

Second specific hypothesis: The development of
soft skills is related to the implementation of
Artificial Intelligence in education.

Research techniques
Bibliographic and/or documentary

Consultation of publications on the relationship
between new technologies and the development
of soft skills in Industrial Maintenance students,
in order to facilitate integration into the labour
sector in the era of Industry 4.0.

Consult the curriculum to analyse the
hours assigned by type of skills (hard or soft). As
well as the subject sheets of the different subjects
studied in Industrial Maintenance Engineering,
to determine the knowledge, learning objectives
and competences related to the development of
soft skills.
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Various technological applications and
tools that contribute to the development of soft
skills in the educational field are investigated.

From the field

Interview with Industrial Maintenance teachers
to find out their perception of the concept of soft
skills and the need to implement a laboratory that
contributes to developing these skills in students,
so that they graduate professionals who not only
have the technical knowledge related to the
career, but also the soft skills that will enable
them to perform competently in organisations.

Definition of the population and sample

The research is carried out in the Industrial
Maintenance career at the Technological
University of Chihuahua, the population is made
up of all teachers.

A non-random sampling is carried out,
since the objective of the research is to find out
the perception that teachers have of the
application of students' soft skills in the
workplace and the activities that can contribute
to developing them, so descriptive statistics are
used to analyse the data. Teachers from the
morning and afternoon shifts were interviewed,
with the aim of finding out the opinion of the
profiles of both timetables.

Table 1
Population and sample size

Four-month Sample size
period Men Women
Teachers 17 9
morning shift
Afternoon shift 15 5
teachers

Source: Own elaboration

For the purposes of this research, 3 independent
variables are identified as shown in table 5.
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Table 2
Relationship of variables

Independent Dependent

1. Shift in which 1. Perception of
they work. soft skills
Determine according to
whether the four-month
variable or period the
constant student is

2. Work studying.
experience. 2. Perception of
Determine soft skills
whether it is according  to
variable or marital status.
constant. 3. Perception of

3. Gender. soft skills
Determine according  to
whether work
variable or experience.
constant.

Source: Own elaboration
Instrument

With the support of the Outlook Forms tool, a
survey is applied to teachers in both shifts.

Table 3 shows the questions posed in the
surveys and the categories of responses to find
out the factors that intervene in the perception of
the formative and administrative subjects for the
work and professional performance of the
students, as well as in the knowledge of the
subject of soft skills.

Table 3
Battery of questions from the questionnaire

Multiple choice

1. Work shift Matutino
Multiple choice Vespertine
2. Gender Matutino
Multiple choice Vespertine
3. Do you have work | yes
experience? No

4. What is your
perception of the
concept of "soft skills"
for the graduate's job
performance?
Multiple choice

| consider them important
for the graduate's job
performance. | have heard
about it, but I don't know
the importance.

| don't know the concept

5. What topics seen
during the course
contribute to being
more efficient in the
workplace?  Choose

=  Planning

= Organising time

= Delegating
activities
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the 3 most important = Effective
ones. communication

Multiple choice (oral and written)

= Negotiation

= Personal and
professional
values

= Creativity

=  Emotional
intelligence

=  Teamwork
= Leadership
6. Do you consider it | If necessary

necessary to | Not necessary
implement a
laboratory that
contributes to

developing the soft
skills  of industrial
maintenance
engineering students?
Multiple choice

Source: Own elaboration
Interpretative frame of reference
Phenomenology

Validation of the instrument

In order to validate the instruments, a pilot test
was carried out with full-time teachers from both
shifts who coincided from 14:00 to 15:00 hours
during working hours, to collect data and verify
the effectiveness of the consultation instrument,
as well as the understanding of the questions and
answers.

The margin of error of the sample of 25
of the total of 46 teachers who make up the
teaching staff of the Industrial Maintenance
course at the Technological University of
Chihuahua was calculated using the calculator
on the Question Pro page.
https://www.questionpro.com/es/calculadora-
de-margen-de-error.html.
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Calculadora de margen de error

Tamafio de la pablacion @

46 ‘
Nivel de confianza @

Tamano de muestra @

2 |

Margen de error

13.39%

Figure 9
Margin of error, (Question Pro)
Source: Own elaboration

Data validation

The reliability of the survey was calculated using
SPSS software as well as Cronbach's Alpha
formula in order to determine the reliability of
the instrument, results and consistency. Table 4
shows the result of .852 obtained in SPSS and
Figure 9 shows the development of the formula
in Excel where a result of .841 is obtained, which
confirms and determines that the instrument has
an excellent reliability.

Table 4
Reliability, Cronbach's Alpha in SPSS

Reliability statistics

Cronbach's Cronbach's alpha N of
alpha based on elements
standardised items
.852 .816 15

Source: Own elaboration

VARIANZA 078 | 0.202] 0.480 [ 0.918] 0.640 ] 0.880] 0.758 | 0.626 | 0.006 ] 0.680 0.874] 0.060] 0.854] 0.838] 0.6

SUMATORIA DE VARIANZAS |11.219

VARIANZA DE LA SUMA DE

LOS TEMS p2134

K ki Ndmero de items del instrumento
2,2, 5% Sumatoria de las varianzas de los items. 11
SZ: Varianza total del instrumento. :

K-1

{ Z S 2 } a:  Coeficiente de confiabilidad del cuestionario 0.841
a = 1-=—

8,?

Figure 10
eliability, Cronbach's Alpha in Excel

Source: Own elaboration
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Results

Syllabus for the Industrial Maintenance
Engineering Degree Programme

The syllabus of an Industrial Maintenance
Engineer is made up of 59% of subjects that
strengthen the development of hard or technical
skills, i.e. subjects with topics related to the
career that the students are studying, 37% are
made up of administrative and formative
subjects where topics such as teamwork,
leadership, time  management, resource
management, communication, creative thinking,
self-knowledge, negotiation, among other topics
that contribute to strengthening soft skills are
addressed.

These subjects allow the student, through
the design and execution of a project related to
Industrial Maintenance, to combine the
knowledge acquired in the current and previous
semesters, applying soft and hard skills. This
distribution can be seen in Figure 11.

® Habilidades duras = Habilidades blandas

Integradoras

Figure 11
Soft and hard skills in the Industrial Maintenance career
programme

Source: Own elaboration

Implementation of a soft skills laboratory in the
Industrial Maintenance course

The results of the survey of teachers show that
86% are interested in the implementation of a
laboratory where practices are carried out to help
students strengthen their soft skills, while 14%
do not consider it necessary for the teaching of
their classes.
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The above result is in broad agreement
with the 80% of teachers who consider it
important that graduates not only have the
technical skills specific to the degree course, but
that they also have developed the soft skills,
which are related to administrative and
formative subjects. However, 15% of teachers
are unaware of the application of soft skills in the
workplace and another 5% are completely
unaware of the concept, so it is considered
necessary to start a training programme aimed at
teachers, for this reason the career director
supports the members of the academic body
‘Management of Technological Education” with
a training course for instructors, which allows
designing courses for teachers where topics
related to soft skills are developed to generate a
culture where this type of skills are valued as part
of the profile of the graduate of the Industrial
Maintenance career.

Similarly, the Technological University
of Chihuahua has promoted training on topics
related to the concept of soft skills, which
contributes to changing the perspective and the
contribution that these skills have in the work of
teachers and students, such as the diploma
course on ‘Emotional Intelligence in the
Educational Environment’.

Support has also been provided with
courses/workshops so that teachers can
implement the use of Al in the design of learning
strategies and in the classroom, such as the
‘Artificial Intelligence for Teachers’
course/workshop.

Flipped Learning 3.0 Certification and Higher
Education Certification Level — |

According to the website of the Flipped
Learning Institute (Certification Flipped
Learning, n.d.), the course consists of 11 units
with audiovisual material and readings, and is
taught by 45 expert teachers in Flipped
Classroom from all over the world, including
educators, researchers, technologists, personal
development providers and educational leaders.
This course will provide the foundations for
efficient implementation of the flipped
classroom. The cost is $99 for 90 days of access
to the course and upon completion you will
receive a Level -1 certification and a badge.
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Determine didactic strategies to strengthen soft
skills

It is agreed to initiate in the September -
December 2024 term, a process of revision of the
didactic strategies that are suggested in the new
subject sheets of the administrative and
formative subjects, derived from the change of
plans and programmes that begins in September
2024, with the objective of adapting the
teaching-learning activities with the practices
that can be carried out in the soft skills
laboratory.

This analysis contributes to
implementing activities that really attract the
attention of students and allow them to change
the perspective of the degree of interest they give
to the contents that are addressed in the
formative and administrative subjects, which
allow them to develop the soft skills that
organisations demand.

Determining technological tools to develop soft
skills

The main technological tools (software and
applications) that are most feasible to implement
in the soft skills laboratory are selected. The
applications and software chosen are listed
below.

Moodle.

Technological University of Chihuahua invests
in a server for each of the courses offered. In the
case of the Industrial Maintenance course, the
standardisation and design of all subjects on the
Moodle platform has been promoted since 2020.
Each teacher has the freedom to customise the
course of the different subjects he/she teaches,
uploading audiovisual material, documents,
images, practices, assignments, assessments,
links to other pages or platforms, etc.

The use of Moodle facilitates the
teacher's work because when the students upload
the evidence of learning to the platform, the
teacher can review them in a more practical way
and at the end just download the concentrate
with the weighted grade to be able to capture it
in the University's Proyecta system.
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Office 365, Teams and One Drive.

Teachers and students who are part of the
Technological University of Chihuahua have
free access to Office 365 and 100gb of storage to
One Drive, this resource allows to strengthen the
ability to work collaboratively through the use of
technological tools, for this reason it was
decided to promote its use in the practices that
are developed in the laboratory of soft skills.

Microsoft also offers as part of the same
package the possibility of using Teams for
videoconferencing, this tool is very useful for
conferences related to administrative and
training topics that promote soft skills.

Virtual tools

Considering the tools already available and
developed in the Industrial Maintenance course,
some extra options of tools were found (Figure
5), which are feasible and of great support for the
development of soft skills in the area of teaching,
such as:

Genially. Genially mentions that the
Genially application is a ‘leading interactive
content creation tool. It is used by teachers and
students to design amazing classroom materials,
assignments and projects’.

Genially allows teachers to create
engaging, interactive and gamified audio-visual
and multimedia educational resources such as
interactive maps, knowledge quizzes, escape
rooms with puzzles, timelines, presentations,
infographics, etc. This tool promotes
autonomous learning, encourages student
participation in the acquisition of learning, and
fosters the development of creative thinking and
problem solving as well as collaborative work
that strengthens teamwork skills.

Genially (n.d.) highlights that with the
use of the application the teacher can consolidate
learning with game-based challenges with
instant feedback, achieve understanding of
concepts through dynamic activities where the
student can practice and remember what they
have learned, reduce the administrative burden,
communicate in an easy and updatable way from
anywhere, and mainly prepare students for the
future with creative projects.
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Most of the application's resources are
free for teachers and students, however, to get
more out of it, teachers can pay for the Edu Pro
version, which costs $4.99 per month, which
allows access to more resources, download
creations in PDF, JPG and MP4, import files to
Google Slides and edit text with Al.

Magic Slides. This application integrates
the use of Al to create slides from PDF
documents, URLs from any web page, text and
even from the link of a Youtube video.

The free version allows you to create 3
monthly presentations, convert YouTube videos
between 3 and 4 minutes, as for the text allows
only 1 page or up to 500 words, generates a
maximum of 10 slides or 2500 words. This tool
is very user-friendly and intuitive for teachers, in
addition to facilitating the development of
teaching materials that can be integrated into the
soft skills laboratory.

Figure 12

Virtual tools
Source: Own elaboration

Gamma Al MsPowerUser (2024)
describes the Gamma application as ‘an Al tool
for creating presentations, documents and web
pages with a single text message, transforming
any idea into a visual document, turning prompts
into slides’. Gamma Al has a simple, intuitive
and friendly interface, which allows you to
generate and download slides or documents in
PDF or PPT format. The application is credit-
driven, giving you 400 credits when you first
subscribe, creating presentations consumes 40
credits, images or suggestions when chatting
with the Bot subtract 10 credits. If you like the
platform, you can subscribe for $10 per month or
$96 per year.
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For this reason an annual subscription is
requested, which allows teachers to create
attractive materials on topics related to soft
skills.

Canva. This platform in 2024 integrated
Al for the creation of presentations from
documents or through the ‘magic text’ tool that
just by typing an instruction develops any topic.

Canva has an infinite number of pro-
level resources totally free for teachers and
students of any educational level by registering
with institutional mail or credentials that prove
that they are really students or teachers.

Collaborative work teams can be created
to share didactic material, such as presentations,
posters, worksheets, virtual collaborative
whiteboards, web pages for group work, comics,
graphic organisers, storyboards, newsletters,
videos, daily agendas, calendars, planning and
schedules.

Youtube. Youtube is a free platform that
in recent years has been incorporated as a tool
that provides audiovisual material that can be
used in education, however, access to the
Premium version is requested, which costs $129
pesos per month, because it allows to show
videos without commercials and download
videos to access them offline.

In Youtube you can upload videos of
your own creation in a private profile on topics
related to the class and share them with students
so that they can comment on the content created,
it also allows access to material with didactic
application as conferences or podcasts where
topics related to administrative and formative
classes are addressed, one of them is the TEDx
page where they share talks and conferences
related to the development of soft skills.

A very useful application to use with
Youtube is Educaplay as it is used to insert
questions related to the topic addressed in the
video, encouraging interaction, the only
restriction is that the video must have a
maximum length of 15 minutes.
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Kahoot. In a free access platform where
the teacher can create interactive and fun
assessments with a quiz-type format in which the
teacher projects the board with the multiple
choice questionnaire and students answer from
their mobile phones in order to reinforce the
learning of the topics covered in class, also at the
end shows the results with the correct and wrong
answers which helps the student to have
immediate feedback. This platform was selected
because it is free and because it contributes to
fostering cooperative learning and creativity.

Padlet. It allows both teachers and
students to work collaboratively and argue, as it
allows them to create debates where they can
participate from different locations outside the
classroom and from their mobile phones.

The latest update of the platform
integrates the use of Al to create discussion
boards where the teacher sets questions, answers
on any topic to encourage student participation,
also the teacher can add information related to
the class and the Al will generate ideas for
learning activities that the teacher can
implement.

Other functions of Padlet allow the
generation of chronologies of events, evaluation
polls, criteria, didactic plans, etc.

The free wversion allows only 3
simultaneous padlets on the platform, if you
wish to have more, the gold version is available
for $79 per month (20 padlets) and the platinum
version for $119 per month (unlimited padlets).
It is proposed to the authorities to pay for the
platinum membership, to create material, share it
and use it by all teachers using the soft skills lab.

Google Scholar. The use of this platform
is chosen and encouraged to search for
information that has a basis and to avoid access
to unreliable content. Searching for content on
reliable platforms and knowing how to curate
information is fundamental for the development
and strengthening of effective communication
and research skills.

Mindmeister. It is a platform that allows
the development of collaborative mind maps,
where the teacher can propose the central theme
and students can contribute simultaneously from
their computers, in the basic or free version you
can have up to 3 mind maps available
simultaneously, can be integrated into Teams to
be worked on in distance classes.
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There are paid versions that range from
$3 to $8 dollars a month, where depending on the
use or applications you can access any of them.
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Conclusions

In today's world it is necessary for teachers to
lose their fear of the use of technologies,
especially  Artificial Intelligence, and to
implement technological tools in their teaching
work.

There is a large amount of technological
resources that teachers can integrate in their
classes, but it is necessary to make a more
exhaustive analysis, in the link
https://app.popplet.com/#/p/1561019 you can
access a map with various applications that are
very useful in the educational field.

The new generation of students is
familiar with the use of various technologies that
are part of their daily lives, for this reason it is
necessary to use them as another learning tool
and teach students to make efficient and
responsible use of them, mainly in subjects that
they consider unimportant because they are not
directly related to the profile of the career they
are studying.

Soft and hard skills complement each
other, which is why it cannot be said that one or
the other is more or less important; a graduate
must have developed both skills in order to be
able to perform efficiently when entering the
labour market.

Implementing technologies in the
development of practices that contribute to the
strengthening of soft skills will make it possible
to generate a kinaesthetic environment where the
acquisition and development of communication,
leadership, time management, resource
management, creative thinking, negotiation and
teamwork skills are facilitated.
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A graduate with strengthened soft skills
will be a professional with a more efficient
performance than someone who only graduates
with technical knowledge related to the career of
industrial maintenance, in relation to this there
are several studies that highlight that it is easier
for an organisation to train its staff in technical
issues than to change the way of being, because
companies are highly modernised and most of
the time the technical work is performed by a
machine or robot, however the human resource
must have the ability to work in a team, make
decisions, with professional and personal values
and be creative, creativity that so far can not be
replaced by an Artificial Intelligence.
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Abstract

This research is part of the follow-up of a project that began more than seven years
ago, it is a long term project that aims to be a collective academic space for learning
and technological development. Describing the value of sustainability, alternative
energies, as well as the promotion of the culture of social justice. This is an applied
and correlational research when the results showed high acceptance of the situated

Resumen

La presente investigacion es parte del seguimiento de un proyecto que inicio hace mas de siete
afios, es un proyecto a largo plazo que pretende ser un espacio académico colectivo para el
aprendizaje y el desarrollo tecnolégico. Describiendo el valor de la sustentabilidad, las energias
alternativas, asi como del fomento de la cultura de la justicia social. Es una investigacion aplicada
y correlacional donde Los resultados arrojaron una alta aceptacion al proyecto del laboratorio de
préctica situada.
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Introduction

The situated practice laboratory aims to be a
collective academic space for learning and
research in order to strengthen social activation
processes linked to territorial management, the
use of natural resources, the use of renewable
energy and automation. It is to make the school
a space for collective action in search of
sustainability (Garay & Cantu, 2020).

Educational institutions must foster
learning in students so that modern societies
move towards the consumption of renewable
resources, which will allow them to be resilient,
through the sustainable management of these
resources. In the future, rural areas will play a
critical role as they are home to a very high
biocultural diversity of culturally rich
populations and an enormous pool of natural
resources (Torres & Omar, 2023). In Puerto
Vallarta, the main economic activity is tourism;
it is not considered an agricultural or industrial
zone, so a high percentage of food supplies have
to be brought in from different regions of the
country.

This increases the cost of fruit and
vegetables. Therefore, the use of agro-ecological
technology to mitigate family expenses has a
positive effect. By promoting a culture of
sustainability through the use of technology, the
students learn how to practice the production of
vegetables, fruits, fish and vegetables. Social
justice is applied by giving the opportunity to the
student community, workers and neighbours of
the technology to join the project, empowering
the population and changing the paradigms of
social participation.

Context

In Mexico, the 2013 Energy Reform has allowed
the inclusion of new actors, the opening of new
decision-making spaces and the integration of
new technologies in the energy sector. This has
contributed to the governance of this sector
being a process with different interests, power
relations, market instruments and participation
mechanisms of different actors at local, national
and international levels. The energy transition
process brought about by the Reform has
encouraged the penetration of clean energy in
Mexico.
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However, neither the new energy sources
nor the existing instruments and policies have
been able to effectively integrate spaces for
social participation and representation. This
situation has generated resistance and social
conflicts derived from the development of large-
scale renewable energy projects. Conflicts arise,
among other reasons, from the lack of
integration of the social dimension in the
development of the energy sector, and from a
highly technical and undemocratic management
of the sector's planning and the transition process
itself (Martinez, Tornel, Tamborrel, &
Villarreal, 2019).

For this reason, the application of
alternative technologies for food sustainability
seeks to change the teaching paradigms,
focusing on situated practice, encouraging the
participation of the student community of the
technology school, and involving neighbouring
districts of the institution, generating strategies
that manage to modify the culture of
consumption.

To achieve this, a space, a plot of land
was set up to carry out situated practices.
Prototypes of turbines will be designed for the
generation of alternative energy, wind and
hydraulic energy. The energy generated will be
used for the lighting of the space and for the
operation of hydraulic pumps for the irrigation
system of a space where the students plant
vegetables, and fruit trees will be planted for
internal consumption in the institution. There are
also two ponds in which tilapia are reproduced,
the water from these ponds goes to the
hydroponic nursery, where it leaves the nutrients
and is cleaned and aerated and then returned to
the ponds.

Development

The project of the laboratory of situated practice
arises with the intention of awakening the
interest in the students for the investigation, to
apply strategies that contribute to improve the
quality of life fighting against hunger, to foment
the sustainability and the application of the
alternative energies being self-sufficient in the
productive processes, preparing the students to
the culture of a responsible society that applies
the social justice.
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According to the Food and Agriculture
Organisation of the United Nations (FAO),
Salgado Nieto (2022), approximately 3.7 percent
of the Mexican population is severely food
insecure, but if we add the decrease in quantity
and quality, the figure rises to 26 percent. ‘In
other words, almost a quarter of the population,
33 million people, on average, face some level
of food insecurity due to rising food prices’
(Salgado, 2022).

It is significant that the importance of
food security, making use of natural resources,
applying technologies to obtain higher yields at
lower costs, caring for natural resources and
ensuring  their  permanence for future
generations, is given importance by academia. It
is a major task considering all the factors and
variables involved in achieving these objectives,
such as the fact that researchers do not always
have abundant economic resources, so the best
strategies must be sought to achieve the
objectives, and to obtain the results by delimiting
the area of application that allows the changes
achieved to be measured and observed, enabling
a laboratory of situated practice, will be strategic
in the formation of knowledge, competencies
and skills.

It can also be said that innovations are
processes that unfold over time, so it is necessary
to develop a situational understanding,
understood as the possibility of making changes
are configured and give importance to the past,
present and future, in teaching practice is a
relevant issue in higher education institutions to
strengthen skills and professional teaching
practice, as well as to achieve significant
improvements in teaching and learning
processes, which are embodied in teaching
experiences through innovation projects in
public universities.

Situated practice

The current mission of the electromechanical
engineering degree at ITIMMPYH PV is to train
professionals with the scope and skills to provide
solutions to the problems demanded by the
private and public sector. Situated practices are
learning strategies that will be developed in this
institution, so that the student leaves closed
spaces to use experimental equipment to real
equipment that are applied in the workplace,
with quality standards where they demonstrate
their theoretical knowledge applied to practice.
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The Situated Practice provides a
dynamic representation of the procedures of
each profession, which allows visualising the
development of simple or complex processes,
focused on developing skills, abilities and values
that are required in a real work environment.

By providing students with the
opportunity to interact, reflect and learn, actively
participating in the professional training process,
the Situated Practice helps in the development of
certain elements that make up knowing how to
be, knowing how to do and knowing how to
know for the formation of an autonomous
professional with personal qualities that allow
him/her to work in a team in an adequate
manner, to acquire the development of analytical
skills, synthesis, reflection, decision making and
assumption of responsibilities with a clear and
defined moral and ethical profile towards good
individual and social action, as well as fluent
communication, these being the basic tools for
the Situated Practice based on the development
of the professional scopes and reserved activities
(Rules of use of the learning laboratory of
simulated practices, 2019).

When graduates enter the labour market,
they will bring with them knowledge and the
certainty of how it is applied, which is why the
present proposal of applied situated practices as
scaffolding for professional training is justified.
Puerto Vallarta is a tourist destination that
demands qualified labour to meet the growing
demand for services in electrical and hydraulic
installations, as well as maintenance of
hydraulic, electrical and air conditioning
equipment.

For this reason the theory is important
reviewing the principles and solving analytical
problems, but at the moment of being in front of
the problematic of the real life it does not take
the experience that the labour market demands,
for that reason it is important this project of
laboratory of located practice, where the student
will be in contact with the equipments in
operation,  giving  maintenance,  doing
measurements, and corrections. The strategies
that will be carried out in this laboratory are
designed for new students, in order to introduce
them to the basic activities of hydraulic
networks, electrical networks, maintenance of
hydraulic pumps, compressors, irrigation,
fertilisation of fruit trees, maintenance of crops
and perimeter fences.
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The ITIMMPYH PV offers careers in
electromechanics, architecture, tourism,
computer systems, gastronomy and business
management. The laboratory of situated practice
aims to become an integrating project that
accommodates all the aforementioned careers
where students acquire the skills and
competences according to the focus of the
problem to be solved in their professional life,
taking into account that all professions have as
their main function to provide a service, solve
problems and generate goods.

All degree courses require their students
to release a research credit and their professional
residency. It is hoped that this site will provide
students with the opportunity to receive them so
that they can be integrated into the activities to
be carried out, as there is a whole universe of
activities to open up the possibility of acquiring
experience, that is, the basic training skills and
competences for each profession.

The planned activities are developed
according to the number of students who request
to join, including the activity of feeding the fish,
irrigation, maintenance of the trees, supervision
of the hydraulic networks, cultivation of the
fruit, promotion of the project, processing of the
raw material to give added value to production,
metrological  control of the  species,
sustainability workshops and tours to schools
that request them.

Developing these spaces in higher
education institutions is essential for students to
acquire the training competences and skills that
will be in demand in the short term when they
join the labour market, which requires skilled
labour that is up to date so that it is in a position
to provide results when it is asked to solve the
problems that demand its services.

General objective

To analyse the use made by students and
teachers of the electromechanical engineering
course of the practical laboratory located in the
ITIMMPYH PV, so that in the next stage of the
project the current design of the laboratory can
be evaluated, identifying areas for improvement
and proposing changes that will allow its
operation to be optimised.
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Figure 1
Practice laboratory located

Source: Own elaboration
Specific objectives

To design an instrument for collecting
information aimed at students and teachers
of the electromechanical engineering
course at the ITIMMPyH PV that will
allow them to relate the practical
laboratory to the use of the same.

- To analyse the interest and use made of the
ITIMMPYH PV's situated practice
laboratory by students and teachers of the
electromechanical engineering course.

To present the results obtained, with the
aim of creating a continuous improvement
plan.

Methodology to be developed

This is an applied research with a quantitative
approach, for which a non-experimental design
of correlational scope and an inductive method
was used. The target population was the students
and teachers of electromechanical engineering at
ITIMMPYH PV. A probability sample was
obtained. The independent variable was the
practice laboratory located and the use of this
space was considered as a dependent variable.
The purpose of this research is to analyse
whether the space in the practice laboratory is
being used, and to find out whether there is
interest on the part of students and teachers in
using this space. A digital questionnaire was
used to collect data.
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The population considered for the
research includes the participation of various
educational actors within the ITIMMPYH PV,
which considering the small number of teachers
(20) a census was applied to all teachers,
according to the statistical calculator software a
5% error with 95% confidence is considered,
resulting in 15 being a representative sample to
be reliable.

In the case of the students, a population
of 200 students of the electromechanical career
was considered, also considering a census of all
students, for which the statistical calculator
software was applied with 5% error and 95%
confidence, resulting in a sample of 135
students. The random method was chosen for the
selection of the sample of participants in order to
guarantee the objectivity of the results and the
selection was made knowing the control
numbers of all the students. As it has already
been mentioned before, the research design with
respect to the methodological section, it is of
great relevance to point out the population and
the sample, in the case of the teachers there are
20 teachers who teach the students of the
electromechanics academy, also each teacher is
identified by a control number, in such a way
that from that population the totality of the
sample was taken for the teachers, in the same
way that for the students the way of taking the
sample was a general census, established for the
research.

Measures of central tendency: The mean
and median were calculated for the scores
obtained in the satisfaction questionnaire, giving
a general idea of the level of satisfaction of the
participants. The results obtained more than 90
% is the expected response where the
electromechanics students give importance to
the internships located, 10 % consider that a
rethinking should be done considering that there
are areas of opportunity, increasing the offer of
internships extended to all subjects.

Measures of dispersion: The standard
deviation and the range were calculated for the
scores obtained in the satisfaction questionnaire,
indicating the variability of opinions among the
participants who responded to the survey,
considering that some of the students had not
participated in the internship, this reflects their
response being far from the majority of the score
that did carry out the internship in the internship
laboratory.
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Cronbach's Alpha coefficient was used
for the design of the surveys. This method of
calculation allows the internal consistency of the
test to be established and only requires one
administration (Aiken, 1996 cited in Garcia,
2020). The formula applied by Cronbach's
method allows us to realise that a reliability
coefficient of 0.92 is obtained and according to
the scale used for its validation we can realise
that it is a high level according to the scale used
by this method.

Results

As already mentioned for the research presented
here, the population and sample consisted of
students from the first to the ninth semester of
the electromechanics degree, students of the
subjects of: Technology of Materials, Mechanics
of Materials, Fluid Mechanics, Systems, Fluid
Machines and Electrical Installations and
Energy Saving of the morning and afternoon
groups of the 2024-2025 school cycle. The
average age of the students is in the range of 18
to 23 years, being approximately 97% male and
3% female, with a total of 200 students, i.e. 194
males and 6 females.

When the frequency analysis was carried
out: The majority of students and teachers
expressed high satisfaction with the practice
(more than 80%). They positively valued the
experiential learning experience and the
development of practical skills. The 20% are
scattered responses considering students who
have participated little in the situated practice, or
who have only listened but did not show up for
their practice.

Measures of central tendency: The mean
and median of the satisfaction questionnaire
scores indicated a high level of overall
satisfaction (average above 4 out of 5 points).

Measures of dispersion: The standard
deviation and range showed moderate variability
in opinions, indicating that some participants
had slightly different opinions about practice and
educational scaffolding. This is because they
have little contact in the area of situated practice,
yet the responses are still within permissible
parameters. Some of the most significant graphs
of results are presented below:
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Do the practices in the school garden laboratory
make my learning easier?

m totally agree
min agreement
neither agree nor

disagree
disagree

m totally disagree

Graph 1 Impact of situated practice on sustainable development
issues

Do you feel more prepared to apply this
knowledge in real situations thanks to these
practices?

myes

Graph 2. Impact of situated practice

Would you recommend these practices
to other students?

mYes

= No

Graph 3. Would you recommend the placement to other students?.

Figure 2

Source: Own elaboration
Conclusions

In order to address the problems identified in the
In order to address the problems identified in the
results, concrete improvements will be proposed
in the equipment and infrastructure of the
practice laboratory, as well as a financing system
that will allow the laboratory to be equipped with
cutting-edge technology, such as 3D printers and
advanced prototyping tools, so that students can
apply their knowledge more completely and
efficiently.
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To achieve this, we intend to design
specific practices for the area, in addition to
socialising with fellow teachers the importance
of implementing these practices in the
laboratory.

Furthermore, the implications of this
project may open up new lines of research,
generating relevant questions and challenging
the academic community to explore unexplored
areas. By identifying the implications of a
project, a bridge is established between research
and action, promoting positive change and
contributing to the advancement of knowledge
for the benefit of society.

The research confirms that the
implementation of situated practices in the
electromechanics laboratory contributes
significantly to the development of skills and
competences in students. Theoretically, these
findings support constructivist learning theories,
which argue that knowledge is more meaningful
when students actively interact with their
environment. It is advisable to develop a manual
of situated practices, which not only includes
activities for electromechanics, but also covers
the other careers taught at ITIMMPYH PV.

Figure 3
Tilapia pond

Source: Own elaboration
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Figure 4
Wind turbine

Source: Own elaboration
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Abstract

The Objective was to diagnose the acceptance of academic programs by
comparing careers, their growth trends, their competitiveness in the
career market, and their relevance with school enrollment data.
Applicable for diagnosis and promotion in planning and management
departments, with the simple use of spreadsheets. We worked with 267
careers in the state of Coahuila, forming indicators with descriptive
statistics in terms of Size, Renewal Index, and location in a Matrix of
relevance that locates each program. With this universe, four size
categories were compared the total enrollment, called Macro, Large,
Medium, and Small, and the Student Renewal Index in five categories:
Clear Growth, Medium Growth, Low Growth, At Risk, and In
Extinction. With the size of the career and its renewal index, the
Competitive Position was located in graphs, and the Relevance Matrix in
tables.

[ Obiectives | [ Methodoloay | | Contribution |
To  diagnose  the | | We worked with 267 | | Applicable for
acceptance of | | programs in the state of | | diagnosis and
academic programs by | [ Coahuila, forming | | promotion in planning
comparing careers, | | indicators with | | and management
their growth trends, | | descriptive statistics, | | departments, with the
their competitiveness | | both  Size, Renewal | | simple use of

Resumen

Objetivo: Diagnosticar la aceptacion de programas académicos
comparando carreras, sus tendencias de crecimiento, su competitividad
en el mercado de carreras y su relevancia con datos de la matricula
escolar. Aplicable para el diagnéstico y promocién en los departamentos
de planeacion y directivos, con el simple uso de hojas de célculo. Se
trabajo con 267 carreras del estado de Coahuila formando indicadores
con estadistica descriptiva, tanto de Tamafio, de indice de Renovacion y
ubicacién en una Matriz de relevancia que ubica cada programa. Con este
universo se tuvieron cuatro categorias de tamafio comparando la
matricula total, llamadas Macro, Grandes, Medias y Pequefias, y con el
indice de Renovacion de estudiantes en cinco categorias: en Franco
Crecimiento, Crecimiento Medio, Bajo Crecimiento, En Riesgo y En
Extincién. Con el tamafio de la carrera y su indice de renovacion se ubicéd
la Posicién competitiva, en gréficas y la Matriz de relevancia en tablas.

[ Objetivos | [ Metodologia | [ Contribucion |
Diagnosticar la| | Se trabaj6 con 267 | Aplicable para el
aceptacion de | | carreras del estado de | | diagnéstico y
programas académicos | [ Coahuila ~ formando | | promocién  en  los
comparando carreras, | | indicadores con | | departamentos de
sus tendencias de| | estadistica descriptiva, | | planeacién y
crecimiento, su| | tanto de Tamafio, de | [directivos, con el

in the career market,
and their relevance
with school enrollment

Index and location in a
Relevance Matrix that
locates each program.

spreadsheets.

data.
2?2
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@ =0
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competitividad en el
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su relevancia con datos

indice de Renovacion y
ubicacion  en  una
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Introduction

In the practice of selecting the most suitable
degree courses or academic programmes for
certain social contexts or specific regional
conditions,  whether  seeking  clientele,
profitability or to meet local development needs,
some exploratory means are generally used to
give certainty and better achievement to the
decisions taken. The importance of higher
education indicators for planning lies in their
ability to provide objective and quantifiable
information on various aspects of the education
system. These indicators enable higher
education planners and decision-makers to
assess the performance and quality of
educational institutions, to identify areas for
improvement and to design effective strategies
for the continuous improvement of the system.

Higher education indicators can cover a
wide range of aspects, such as enrolment,
graduation  rate, quality of learning,
employability of graduates, research and
innovation they provide, among others. The
quantitative and qualitative data obtained allow
for national and international comparisons and
analysis. Thus, decision-makers can identify
trends and growth patterns, set realistic goals and
objectives, allocate resources efficiently and
assess the impact of policies and programmes
implemented. In addition, indicators can also
help to monitor progress and evaluate the
achievement of set targets.

Education indicators are developed and
used in a rigorous, evidence-based manner. Data
collected in this way are reliable, valid and as up-
to-date as possible, especially when considering
the diversity of contexts and characteristics of
educational institutions in selecting and applying
indicators. Indicators are fundamental planning
and decision-making tools for education
professionals in assessing and improving the
quality of education provision.

It is necessary to highlight the need to
investigate and understand the quality
management tools used by universities. From
monitoring and evaluation systems for key
indicators to technological platforms for
administrative automation, these tools not only
optimise  the achievement of quality
accreditation in programmes, but also foster a
culture of continuous improvement (Ignacio et
al., 2024).
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In summary, indicators are applied
internally in  performance  measurement,
informed decision-making, quality monitoring
and evaluation, strategic planning, comparison
and benchmarking, identifying good practices,
learning from successful experiences, and
externally to promote collaboration and
knowledge sharing between institutions and
countries, accountability, as well as to help
identify inequalities and gaps in access,
relevance and quality of higher education.

Some authors and institutions, from the
possibility of gathering valuable information on
degree programmes, have carried out a survey on
outstanding attributes of the institutions and
degree programmes offered, broadening and
deepening the available description of the
current academic offer. In this way, they
contribute with qualified information resources
by making available a matrix of academic data
from the national university system that provides
knowledge about the higher education market
(Sancci et al., 2023).

The selection of viable academic
programmes is up to higher education planners,
but as a rule, this selection is only confirmed
when students respond to the offer. Students who
are about to complete secondary education and
are faced with the selection of academic
programmes depends very much on their socio-
demographic characteristics and their historical
academic performance, integrated with their
programme information and  vocational
counselling or testing (Cacique Orozco &
Moreno Barboza, 2020).

In this study, a relevance matrix is a tool
for evaluating the importance or relevance of
academic programmes in relation to others, in a
table where the rows contain the elements being
evaluated and the columns represent the criteria
or dimensions according to which the relevance
of the content is evaluated. Each cell of the
matrix is completed with a score indicating the
degree of relevance of each degree programme
for each criterion.

The principle of relevance or materiality
consists of determining the relevance and
importance of an issue for the organisation and
its stakeholders (Bonales Valencia et al., 2024).
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A principle that has been applied in
various fields such as quality of life at work
(QOL) in higher education institutions (HEIS) in
times of pandemic, which show profound
changes in people's behaviour and in
institutional policies for QOL, re-reading of the
macro-elements in times of pandemic and the
emergence of the adaptability macro-element
(Guths et al., 2022).

Some prominent authors in the field of
higher education indicators, both traditional and
current include the works of, for example, Ellen
Hazelkorn with her book ‘Rankings and the
reshaping of higher education: the battle for
world-class excellence’ which deals with the
importance of indicators in educational planning
and policy development, with a vast experience
in quality assessment and higher education
policy, as well as indicators and rankings in
relation to educational planning and policy
development (Hazelkorn, 2011).

Also Jamil Salmi with his book ‘The
Challenge of Establishing World Class
Universities’ has advocated the use of indicators
to improve the quality and relevance of higher
education and in the literature on higher
education policy and quality in education. He
has worked at the World Bank and specialises in
higher education policy, education finance and
quality assessment (Salmi, 2009).

In his studies he says that there are many
important questions to be asked about the
widespread drive towards world-class status for
universities around the world to develop the
most locally relevant system possible,
unconcerned with their relative merits in a global
comparison and thus inherently biased against
the cultural traditions of higher education in non-
Western countries such as teaching universities,
polytechnics, community colleges and open
universities, which aspire to be among the best
of their kind in an international perspective. The
author concludes by examining the implications
of this drive for world-class institutions in the
World Bank's efforts to enable them to develop
the most effective and relevant higher education
system to meet their specific needs (Salmi,
2009).

Laura Rumbley has also worked in the
field of internationalisation of higher education
and quality measurement. In her works she
comments that a globalised world places new
demands on us as citizens.
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In Global Citizen: Challenges and
Responsibility in an Interconnected World she
offers information and perspectives on what it
means to be a citizen in a global world from
Norway's most distinguished academics. It
raises and answers important questions about the
duties and rights we have as citizens in a
globalised world, what institutions are just and
sustainable, and how a global ethic and a global
worldview can be reconciled with the fact that
the lives of most of the Earth's population remain
local (Rumbley & McGill Peterson, 2014).

The trend continues to look at higher
education indicators with Peter Maassen, from
the group ‘Knowledge, Learning and
Governance: Studies in Higher Education and
Work (HEDWORK) and his work on higher
education governance and policy, where he
focuses on issues such as quality indicators and
accreditation. He at the Inter-University
Development Centre states that many countries
have developed initiatives to stimulate a culture
of quality in higher education institutions, such
as the establishment of specific units to
strengthen the quality of teaching and learning,
the creation of Centres of Excellence in
Education (COEE), the adaptation of academic
career pathways, and the expansion of
opportunities to engage students in quality
teaching (Maassen, 2020).

However, the author considers that HEIs
have to face important challenges such as
addressing the risk of establishing ‘quality
niches’ and stimulating a comprehensive culture,
which connects the relevant levels: system,
institution, discipline, curricula, subjects and
individuals; the need to include institutional
management at the relevant levels and link it to
the quality enhancement effort rather than to
accountability; quality enhancement requires
resources; budgetary resources need to be
reallocated according to the demands of a quality
culture; also balancing the importance to be
given to training performance with that usually
given to research, and analysing how rewards are
allocated and their implications, creating
adequate systems to evaluate quality culture
initiatives, designing targeted and effective
mechanisms for the introduction and use of ICT
from the perspective of the requirements of a
quality culture, and going beyond an active and
motivated group of students to involve them in
quality issues (Inter-University Development
Centre, 2019).
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Mary J. Allen and Robert D. Terosky
comment that assessment is an integral
component of this student-centred approach, and
involves the use of empirical data to refine
programmes and improve student learning. He
also states that assessment of academic
programmes in higher education provides a
comprehensive introduction to the planning and
implementation of assessment of academic
programmes in colleges and universities (Allen,
2003).

The relevance matrix in this study is
developed and wused to rank programme
popularity scores, among other criteria, which
helps the planner to find the most relevant
information and allows him/her to make
informed decisions more accurately.

Two indicators are of particular
importance for planners, one is the trend of
enrolment growth, which depends exclusively
on the calculation obtained from their internal
data and can be obtained instantaneously as
explained below; the second important indicator
is the competitive position of their academic
programme in terms of overall student demand
in their catchment area or region, in relation to
other similar programmes. These can be used to
develop a competitive position in terms of
demand for degree programmes of all types or
levels, or in relation to their peers, by adjusting
their promotion.

The aim of this study is to present the
methodology of developing the indicators and
the results of applying them. It is necessary that
state control bodies should work hard to achieve
the generation of clear policies and
methodologies that promote Quality Assurance
in Latin American HEIs (Moreno Carrion et al.,
2022).

Methodology

The information provided on the start and end of
academic years 2022 reported in 2023 by the
Secretary of Education of the state of Coahuila
was used to organise the list of 329 academic
programmes of the different higher education
institutions in a table that included data on each
of the undergraduate and postgraduate degrees in
the state, their new enrolment, total enrolment in
the academic year and the number of graduates
(Table 1), with which classifications were
constructed with descriptive statistics with
respect to their size and growth trends.
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The literals used for the size and category
columns were subsequently generated with these
data as explained below.

Table 1

Example of the data sorting of each programme
in spreadsheet, and the Typologies of career
classification in Coahuila, with data from 2022-
2023. The sizes and categories are the basis for
defining the competitive position.
Abbreviations are from the original database

Enrolment by career Clasif. Tend. de Crecim.
Career or | Nvo. Ing. | Mat. Total | Egresa-dos | Size I de | Category | Competitive
Programme Crecim. position
B.Sc. in Tourism 4 16 3 P 63| B PB
Business
Administration
Customs 6 18 12 P -333 [ E PE
Operations
Bachelor in 0 26 0 P 00|R PR
Business
Administration
Degree in Human 0 9 0 P 00| R PR
Resources
Administration
Public Accountant 16 104 9 M 67|8B MB
Bachelor's Degree 10 70 13 P -43 | R PR
in Business
Administration
Degree in 31 145 2 M 200 (M MM
International
Trade
Industrial and 25 148 8 M 115|B MB
Systems Engineer
Electromechanical 58 58 0 P 1000 | F PF
Engineering
Industrial 153 153 0 M 1000 | F MF
Engineering
Tech. Electricity 44 44 0 P 1000 | F PF
and  Electronics
Ind.
Tech.  Industrial 58 58 0 P 1000 | F PF
Maintenance
Tech. Tech. in 55 55 0 P 1000 | F PF
Production
Processes.

A (non-arbitrary) statistical classification
of the careers by size categories was performed
using the mean, the median and the standard
deviation. Note that the races with a normal
location with respect to all compared races are
located between the upper limit of normality that
sums the mean to one standard deviation
(X+1D.S.) and the lower limit of statistical
normality to one standard deviation (X-1D.S.).

For the Calculation of the size of the
career, the data of the total enrolment was taken
and with descriptive statistics the size by
categories was calculated, considering the
compared values of all the careers, where the
Macro Careers had values >X (Mean)+1 S.D.
(one standard deviation), the Big X to X+1S.D.,
the Medians from X to -1S.D. and the Small
Careers:<-1S.D.
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Mean-1 Mean Mean+1
S.D. 178.6 S.D.
-59.61 416.81

|

M

|
|
|
|
|
|
|
|
|

Normal population
68.26%

Figure 1
Example of non-arbitrary classification using
descriptive statistics to form four groups

For the size classification of each
programme with enrolment data, a spreadsheet
was used for the comparison with the set of
careers, using the logical formula created by the
researcher to substitute values from their
statistical ranks of the indices by a
key:=SI(N5>416.81,"X",SI(N5>178.6,"G",SI(
N5>-59.61,"M","P")))

Where each of the numerical values and
texts included in quotation marks are not fixed,
they come from the basic statistics of the
academic programmes analysed comparatively,
as shown in Table 1, including the competitive
position composed or concatenated in the
spreadsheet by the growth rate (trend) and its
category by size. In calculating the categories by
growth trend, the Student Renewal Rate was first
estimated instantaneously from the data in Table
2 with its statistics to show positive or negative
growth trends for each programme by
integrating the following logical formula in the
spreadsheet:

=((New Entrance Students- Graduates)/ Total
Enrolment)*100

From which we obtain the instantaneous
growth trend of all the degree programmes, as a
measure of comparison for each one in
particular. The following values were obtained:
those with a growth rate of >X (Mean)+1SD
(one standard deviation), those with Medium
Growth X to X+1SD, those with Low Growth
from Me (Median) to X, those at Risk from Me
to X-1SD and those in Extinction from < X-1SD.
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- Mean- Median Mean Mean+1
1S.D. 12.7 17.14 S.D.

24.47 58.76

Normal Population

Figure 2
Example of a non-arbitrary classification
using descriptive statistics to form five groups

With these values, sufficient information
was obtained to establish the competitive
position of each degree programme and
represent it in a Relevance Matrix that denotes
the competitive position of each academic
programme in the geographical or institutional
area of comparison.

Results

Descriptive statistics were obtained for each of
the columns with the indicators and the number
of degree programmes by category, by renewal
index and their position in the relevance matrix.

With a universe of 267-degree
programmes there were 24 Macro (X), 62 Large
(G), 181 Medium (M) and 0 Small (P)
programmes, and by student renewal index there
were 28 In Free Growth (F), 87 with Medium
Growth (M), 16 with Low Growth (B), 122 At
Risk (R) and 14 In Extinction (E).

A. Career Size by Total Enrolment

Initial descriptive statistics calculations are
shown in Table 2.
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Where M+1D.S. s the upper limit of

normality to one standard deviation and M-1D.S.
Table 2 is the lower limit of normality to one standard

Example of descriptive statistics calculations deviation.
made from all careers in the matrix of the
analysed programmes

These Renewal Index values drawn from
all the careers, when converted into categories

Statistician el Erala which for ease of reading are shown with a literal

Mean 178.60 according to their statistical properties of central

Med;and 104 tendency and dispersion, denote the affiliation of

Standard Deviation 238.21 ;

oV, 3337 each of them in a category (Table 5).

Z-score 0.75

M+1D.S. 416.81 Box 7

M-1D.S. -59.61 e
Table 5

Where X+1D.S. is the upper limit of
normality to one standard deviation and X-1D.S.
is the lower limit of normality to one standard
deviation. This gives the four categories of the
271 careers analysed according to their size,
leaving out four careers due to lack of complete
data, as shown in Table 3.

Where the totality of careers grouped
according to their Instantaneous Trend of
growth is presented, with each group marked
with a literal the Student Renewal Index and its
statistical ranges.

Pupil Renewal Rate Total

F: Fast Growing: >X+1D.S. 28

B: Low Growth: Me to X 16

R: At Risk: Me to X-1D.S. 122
Table 3 - E: Extinct: < X-1D.S. 14
Total number of academic programmes Total: 267

analysed and grouped by size

The graphs show the five groups

Race size Total careers " ;

S Macro Races: sX+1D S, >4 generated by the addition of t.h(_e medlan, as
G: Large Races: X {0 X+1D.S. 62 opposed to the four-group classification of the
M: Medium Races: X to -1D.S. 181 size classification.
P: Small Races: <-1D.S. 0
Total 267 .,

= Box 8
B) The Undergraduate Programme Renewal Table 6
Index Image of a fragment of the matrix, which

o illustrates how the data were treated, and

The estimation of the Instantaneous Growth includes: New Entrants (N.1), Total Enrolment
Trend by Renewal index was obtained from (M.T), Graduates (Eg), and Size classification.
descriptive statistics with the data in Table 4. The Growth Trend is shown with the Renewal

Rate (R.1.) and the Category (Cat.) to which it

belongs, thus classifying the Competitive

Position (C.P.) in the demand for careers.

Table 4
- - - - - Enrolment by career Clas. _ Growth Trend
Descriptive statistics calculations from all the Name ofdegee programme NLC[MT[Fe | Tamen TR Jcat JPC
careers in the database of the programmes pimsiation o P ] R ) M e R
an alysed . %m%s:; Administration g ;g 15 m '33 g E I\I\:E
Bachelor's Degree in Human Resources 0 9 0 M 0.0 R MR
Administration
— Public Ac.couma.m __ 16 104 9 M 6.7 R MR
StatIStICIan Growth Trend Bachelor in Business Administration 10 70 13 M -4.3 R| MR
Mean 17.14
Median 12.7
Standard Deviation 41.61
C.V. 242.73
Z-score 0.41
M+1D.S. 58.76
M-1D.S. -24.47

Mufioz-Lopez, Temistocles, Espericueta-Medina, Marta Nieves, Sanchez-
Rivera Lilia and Cisneros-Castro, Fatima Maria. Key indicators in the
planning, development and selection of higher education academic programs.
Journal of Systems and Educational Management. 11[28]1-8: €51128108.
DOI: httos://doi.ora/10.35429/JSEM.2024.11.28.5.1.8

ISSN 2410-3977
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved



Journal of Systems and Educational Management

7
11[28]1-8: €51128108

Article
Competitive Position and Relevance Matrix

With the data obtained, a calculation of the
Competitive Position was generated according
to the integration (function "concatenate") in the
spreadsheet, which, in a Relevance Matrix takes
as columns the size categories and as rows the
categories according to the growth trend, which
shows the most successful careers in terms of
demand.

Table 7

Relevance Matrix of the competitive position
of the 267 careers analysed in the state, where
the careers within the limits of normality are
observed in the centre of the table

Category Race size

Categ X: G: M: P:

Trend Macro | Grande | Medio | Pequefio

F: Free Growth 0 1 27 0

M: Medium

Growth 3 24 60 0

B: Low Growth 3 4 9 0

R: At Risk 17 33 72 0

E: In

Extinction. 1 0 13 0
Conclusions

With only a few variables per degree
programme, which are total enrolment, new
enrolment and the number of graduates, it is
possible to obtain the size of the degree
programme or postgraduate programme in
categories relating to a specific geographical
area or institution, as well as to estimate the
student turnover rate and with it, the categories
of its growth trend.

This implies being able to define a
competitive position of the degree programmes,
which is useful for planners in search of new
study options that their institutions can offer
based on state data, for higher education analysts
who study professional trends, and for
vocational counsellors and those aspiring to
study a degree programme that has an affinity
with their aspirations.

Certainly these proposals apply to an
existing career market and there will surely be
other means of planning and designing careers
that do not yet exist in the geographic or digital
realm of demand, as the design of non-existing
careers is becoming increasingly popular and,
therefore, so are novel offerings.
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Abstract

Objective: to analyze the main methodological resources of logogenics in order to
reflect on its contribution to the development of language skills in children and
adolescents with prelinguistic hearing impairment. Logogenics, developed by
Bruna Radelli, is a method that facilitates the acquisition of Spanish and other
languages in prelinguistic deaf children and adolescents through reading and
writing. Based on generative grammar, it relies on the innate ability to understand
and produce sentences. The results show that logogeny allows these students to read
and write autonomously, understanding and producing diverse sentences. This
article contributes to a series of reflections on the fact that, although logogenics
does not focus exclusively on the teaching of reading and writing, the latter becomes
an essential means to reflect on language and develop linguistic competences in this
population.

Methodolog Contribution

Objective

Logogenic, hearing impairment, prelinguistic, linguistic competences,
minimal pairs, reading an

Resumen

Objetivo: analizar los principales recursos metodolégicos de la logogenia con la
finalidad de reflexionar sobre su contribucion al desarrollo de las competencias
linguisticas de los nifios y adolescentes con discapacidad auditiva de tipo pre
linguistica. La logogenia, desarrollada por Bruna Radelli, es un método que facilita
la adquisicion del espafiol y otras lenguas en nifios y adolescentes sordos pre
lingtiisticos, mediante la lectoescritura. Basada en la gramatica generativa, se apoya
en la capacidad innata para comprender y producir oraciones. Los resultados
muestran que la logogenia permite a estos alumnos leer y escribir de manera
auténoma, comprendiendo y produciendo oraciones diversas. Con este articulo se
aporta en una serie de reflexiones sobre que, aunque logogenia, no se centra
exclusivamente en la ensefianza de la lectoescritura, esta Gltima se convierte en un
medio esencial para reflexionar sobre la lengua y desarrollar competencias
lingtiisticas en esta poblacion.

Contribucion

Objetivo Metodologia

;
1)

Logogenia, discapacidad auditiva, pre linglistico, competencias
linglisticas, pares minimos, lectoescritura
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Introduction

An important current topic is
logogenics, a method of artificial language
insemination, which aids the acquisition of
Spanish and other historical-vocal languages in
pre-linguistic deaf children and adolescents.
This procedure uses reading and writing as a
communication tool, allowing this population to
interact with this resource in a comparable way
to their hearing peers (Radelli, 2001).

Generative grammar provides the
foundations for the existence of an innate
biological faculty that must be activated in order
for the brain to develop the capacity to
understand and produce an infinite number of
sentences in the language to which it is exposed
and to recognise which of these sentences belong
to that language and are grammatically correct.
Based on these theoretical contributions, the
linguist Bruna Radelli created logogeny and
implemented it initially in Mexico and then in
Italy for the development of language skills in
pre-linguistic deaf children and adolescents
(Radelli and Franchi 2019).

Main strategies of logogenesis

A person who can make him/herself understood
using a specific number of words and sentences
of a language will have some communicative
competence in the language he/she is using,
however, to be linguistically competent it is
necessary, in addition to being able to
communicate using a list of lexical items and
some learned phrases; he/she must have a set of
knowledge that allows him/her to structure
sentences with  diverse meanings and
grammatically correct (Radelli, 1994, in
Fernandez, 2004, p.3).

Much of the research in recent years in
logogenics has focused mainly on the two main
strategies used for the development of linguistic
competences in children and adolescents with
hearing impairment:

- Minimal Pairs
— Reading and writing exercises

The information derived from syntactic
structures does not only depend on the user's
knowledge of semantic elements.
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It has also been shown that it is crucial to
develop skills in interpreting the meaning
conveyed by the sentence itself. The use of
minimal pairs helps to perceive subtle
differences in the information in sentences, for
example:

a. Minimal pair with change in word order:
Peter sees Mary / Mary sees Peter.

The structure of both sentences is the
same, here the difference is in the change of the
order of the proper nouns and in this case the
action of seeing in the first sentence falls on
Peter and in the second on Mary.

b. Minimal pair with change in intonation
(reflected in written language with the
spelling)

Today | know nothing / Hoy no sé nada / Hoy no
se nada.

Both sentences have the same words, the
difference is in the stress. This determines that
the first one refers to the verb saber and the
second one to the verb nadar.

C. Minimal pair with contrast between the
presence or absence of an element

The child eats / The child does not eat.

Both sentences share a similar structure,
consisting of a subject and a predicate. However,
the absence of the adverb in the first sentence
gives rise to an affirmative meaning, while its
presence in the second sentence introduces a
negative meaning.

These signs, together with some others,
provide important syntactic information. Those
who fail to grasp it lack linguistic competence,
even if they possess good communicative
competence.

For the creator of Logogenics, it is not
literacy that defines this method, but linguistic
opposition through minimal pairs.

The reading and writing exercises are the
support used during the whole time Logogenics
is applied, with special attention to spelling and
punctuation.
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The minimal pairs are essential for the
development of language skills, as they provide
instructions in the form of written messages that
the child must carry out.

If the child does not understand the
instruction, it is recommended to seek support
from another person in order to expand the
hearing impaired learner's linguistic knowledge
(Radelli, 2001 and Fernandez, 2004). Some
examples of exercises with variations that
highlight changes in the action would be:

Wash your hands / Lavate las manos / Lavame
las manos / Lavame las manos / Lavame las
manos / Lavame las manos.

Put the pasta in the sauce / Put the sauce in the
pasta.

As progress is made, the learner also
produces commands which he/she exchanges
with others. At first they should be achievable
commands, progressing to unachievable
commands so that he/she realises that some
cannot be carried out; an example of an
unachievable action would be:

Put the refrigerator in your trouser bag.

The child can then go on to produce more
complex texts such as riddles, stories,
descriptions, short stories, academic texts, to
give a few examples. Writing that they have not
read before or have not produced before.

Linguistic competence relates to the
ability to construct and understand different
syntactic meanings, which are conveyed through
small signals (oppositions between sentences
called minimal pairs), in the sentence structure;
for example:

- Ana said | will come. (a person says
something about me).

— Ana said she will come (a person says
something about herself).

While hearing children are immersed in
these oppositions of meaning in a natural and
continuous way, hearing impaired children and
adolescents need to be subjected to an
imputation that facilitates accessibility and
comprehension of messages, beyond lexical
knowledge.
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In order to activate the development of
linguistic competences in hearing impaired
people, it is first of all essential to distinguish
between pre-linguistic and post-linguistic deaf
people. This is because few people who lost their
hearing before acquiring language manage to
develop these competences, so they need to be
exposed to stimulation that allows them to
access, through reading and writing, the
information that grammatical structures provide
with minimal peer support in the form of
commands to be executed (Radelli, 2001, para.2-
11).

Research has shown that this population
has been exposed to different methods for the
development of language skills.

However, logogenics, with its core
strategies of minimal pairs and literacy
exercises, is the methodology that has proven to
be the most effective in improving language
skills in prelinguistic deaf children and
adolescents (Fernandez, 2004).

Although logogenics is not primarily
aimed at guided literacy instruction, the research
reviewed shows interesting results.

Among these results, the inquiries
suggest the students' interest in reading
autonomously the signs in their environment,
such as those in the street or places outside the
home, as well as in having objects to read and
write in the school context, once they have
received support with this methodology.

In addition, greater autonomy was
observed in the performance of school tasks,
greater care in the written form of texts and the
ability to identify errors in the productions of
their classmates. There was also evidence of
greater motivation to participate in activities
related to reading and writing both in the
classroom and in other spaces.

Objective

To analyse the main methodological resources of
logogenics in order to reflect on their
contribution to the development of the linguistic
competences of children and adolescents with
pre-linguistic hearing impairment.
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Methodology

A qualitative research was carried out, with a
descriptive scope for which an exhaustive search
of documentary information on logogenics, the
strategies for the application of this method and
the main findings of its application in pre-
linguistic children and adolescents was carried
out.

Therefore, an accurate account of the
main strategies mentioned for the development
of linguistic competences in this community was
sought (Arias, 2006).

Procedure

First of all, the research topic was defined and
the object of study was set out. Next, an
exhaustive review of the existing literature was
carried out in order to contextualise the study on
logogenic strategies for the development of
language skills in pre-linguistic deaf children
and adolescents, selecting those elaborated by
Bruna Radelli, those of authors who published
together with her or who were her disciples.

Then, a data collection plan was
elaborated, using documentary  analysis
techniques to determine the sources to be used.
This process was carried out until saturation
point was reached, thus ensuring the
completeness of the information collected.

Once the data were compiled, they were
analysed in order to identify the contributions of
the main logogenic strategies for the
development of language skills in prelinguistic
deaf children and adolescents.

Finally, the results were interpreted and
conclusions were drawn in response to the initial
objective.

Results

Language acquisition is very different from the
process of learning a language. However, in
prelinguistic deaf children and adolescents,
logogenics tries to activate a process of Spanish
acquisition that imitates, as far as possible, the
natural process of language acquisition during
the first years of life.
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There are two important aspects to take
into account in order to apply logogenics
effectively. Few people, having lost their hearing
before acquiring language, manage to develop
these skills naturally.

Logogenics focuses its efforts mainly on
the population of pre-linguistic deaf children and
adolescents.

At the same time, it is essential to
differentiate between communicative
competence and linguistic  competence.
Linguistic competence requires developing the
ability to recognise syntactic meanings, beyond
the simple learning of lexis and sentences.

The process of acquiring linguistic
competence with the support of logogenesis is
observed when children and adolescents can
read and write autonomously, understanding and
producing diverse sentences and structures.
Although logogenics is not a method specifically
designed for teaching reading and writing, the
latter becomes a means of reflection on language
and the acquisition of linguistic competences in
a population with pre-linguistic hearing
impairment.

Conclusions

The sources consulted conclude that logogenesis
has a positive impact on the development of
linguistic competences and demonstrate a
double benefit in the application of this
methodology, since in addition to supporting the
development of these competences, it allows
deaf children and adolescents to understand what
is read and write correctly; comparable to any
hearing person of their age.

Research  focuses more on the
management of minimal pairs than on the
changes observed in the acquisition process of
reading and writing, even so, there is a vast
amount of evidence that leads to the conclusion
that logogenics favours the development of
linguistic competences in pre-linguistic deaf
children and adolescents thanks to this resource.
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However, although reading and writing is
used as a means for the development of linguistic
competence and not as a strategy for its
development, it has been shown that it is not a
static resource and that, in the process of
acquiring linguistic competence, it evolves from
the production and comprehension of simple
texts to more elaborated texts, allowing
prelinguistic deaf children and adolescents to
read and write like hearing people.

Therefore it is necessary to note that it is
not clear how this evolution is related to the
development of language competences.

Therefore, there is a need to further
demonstrate the contribution of literacy to the
development of language competence in
prelinguistic ~ children  and  adolescents,
evaluating its parallel evolution with language
competence in order to identify processes of
connection, relationship, complementarity and
mutual influence with logogenesis.
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