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Abstract

The main objective of this article was to explore the
relationship between two study methods with the learning
styles of higher education, the methodology used was
quantitative, observational, transversal, descriptive and
correlational. The compilation of the information was
made through a standard instrument ILP-R (SCHECK),
the sample was made of 800 subjects, the statistic
techniques that were wused were the descriptive,
correlational and integrative from the factorial exploratory
analysis. The contribution of the study lays in that it’s
concluded that the study method from practice of research
increases in the collective the critic thinking through
consulting, observation, analysis and questioning.
Furthermore, that the aspects of deep thinking, encourage
in the students to be a critical thinker, analytics, and
assertive regarding to their study methods in order to
acquire knowledge and give place to the auto-affirmation
learning style through deductive actions

Study method, Learning styles

Resumen

El objetivo general del presente articulo fue explorar la
relacion que existe entre los métodos de estudio con los
estilos de aprendizaje de los estudiantes de educacién
superior, la metodologia que se utilizé fue cuantitativa,
observacional, transversal, descriptiva y correlacional. La
recopilacion de la informacion se realizo a través de un
instrumento estandarizado ILP-R (SCHECK), la muestra
se conformo por 800 sujetos; las técnicas estadisticas que
se utilizaron fueron la descriptiva, correlacional e
integracional desde el analisis factorial exploratorio. La
contribucion del estudio radica en que se concluye que el
método de estudio desde la practica de la investigacion
aumenta en el colectivo el pensamiento critico a través de
la consulta, observacion, el andlisis y el cuestionamiento.
Ademaés, que, los aspectos de procesamiento profundo
propician en el estudiante que sea un pensador critico,
analitico y asertivo en cuanto a sus métodos de estudio que
lleva a cabo para obtener conocimientos y dar lugar al
estilo de aprendizaje de auto-afirmacion por medio de
acciones deductivas.

Meétodos estudio, Estilos aprendizaje
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Introduction

There are different studies in which different
aspects are seen that provide opportunities that
impact in the success of the college studies;
aspects that pay to the study methods in relation
with the styles of learning, allow to understand
teachers and students that people learn
differently, in that sense, the education changes
and transforms its learning techniques that
answer the development of methods that impact
in the seize of knowledge. This article has as a
objective identify the relationship between the
study methods with the university learning style,
furthermore the specific objective of showing
the variables that integrate so that the study
method is deductive-analytic.

The main benefactors are the students of
education in consideration that through the
results of research could operate proposals of
intervention for the phenomenon of study of the
before mentioned.

The idea of learning style come from
psychology and refers to the typically
characteristic way of how people are oriented to
a problem solution, but also to characteristic
affective, cognitive and physiological behavior
of one person, that serves as a stable indicator of
how apprentices perceive, interact with and
responds to the learning environment. (Esteban
1996).

According to Castillo (2021). Learning
styles, group in three different representations
visual, auditive and Kinesthetic; where every
student has a dominant or primary representation
system, and in both cases combine two
representations, that manifest in their behavior,
the way of communication and mainly the
learning style process. Hence the importance of
each teacher, should make an analysis in the
classroom to identify the learning styles of
students, with this resource can be incorporated
and implement strategies that motivate the
interests, facilitate the process of teaching and
even more in learning considering as
monophasic activities that require of a style,
biphasic, those that develop two styles, triphasic,
with three styles and eclectic activities, that
cover 4 styles. (Cacheiro, Colvin & Lago, 2008).

ISSN 2410-3977
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Otherwise Ospina et. Al in the year 2014
made a compilation of the main models of
learning styles found in literature. Those models
are, in the first instance, ordered chronologically
with the purpose of seeing the development of
this study topic through time, on second
instance, are the classified that through a series
of categories that group to finally stablish which
are the main relationships that exist between the
two models. This work was developed with the
purpose of building a theoretical update and an
analytic approximation to the topic of learning
styles.

The different approaches for the study of
learning styles facilitate the deepening in the
knowledge of this phenomenon and conduct to
reaffirm that it does not exist just one and only
way to learn. Because learning is a process that
is given in the life of a person and learning styles
can change through age, results convenient to
keep in mind that the scholar field it is not the
only stage where attention should be focused
when understanding the learning of a person
rather the growing interest that has reached the
study of the styles of learning that has allowed to
propose the ideas that were had about
intelligence and the way of learning, because is
now possible to understand them as processes
that vary from one person to another and that are
influenced by multiple factors, in between them
the styles of learning. (Ospina, Salazar &
Meneses, 2013) Valencia, L. (2014), explains
that:

The learning styles play a fundamental
role in the academic processes, depending on the
present trend in students, the learning will be
facilitated or obstructed, that’s why the
importance of center the attention in the process
of teaching-learning, and in the relevance of
creating a direct accompaniment in freshman
students that as a promotion and prevention
strategy of the students academic low-
performance.

In that same year (2014) Mejia in his
research work through his results mentions that:

SANCHEZ-RIVERA, Lilia, ESPERICUETA-MEDINA, Marta Nieves,
RAMOS-JAUBERT, Rocio and LUNA-ESPERICUETA, Samantha
Sarahi. Study methods and learning styles of higher education students.
Journal of Systems and Educational Management. 2021
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The style with the highest average is the
reflexive style, this due to that teachers enjoy
when they have the time to prepare their work
and make it consciously, because they try to
interpret it well any information before
manifesting any conclusion, they rather have the
greatest number of sources of information and
gather data to reflex, and because working
consciously fills them with satisfaction and
pride.

On the other hand, the active style has the
lowest average, that is given because only eight
of their items are located in the scale of “almost
always” and has two items with an average under
the scale “almost never”. From these last two it
can be said that teachers don’t considerate that it
is precise to break the rules more than comply
with them and results uncomfortable to have to
plan and prevent things.

In (2016), Bobadilla et al., in its research
that has a sample of 311 students, mention that,
“the learning styles according to the
circumstances can vary because they are not
absolutes. There are not styles completely pure,
a learning style can be used with higher
frequency than other, nonetheless, when existing
diverse experiences will be used different styles
of learning”.

The next are investigations that looked
the styles of learning in different populations:

Subsequently in (2017) Gonzélez et al.,
in hisresearch “styles of learning for the
development of competences in student’s
undergraduate nursery students”, which is a
descriptive transversal study in which 271
students, and that was posted in the
Iberoamerican magazine for research and
educative development, explain us that:

The accomplishment of greater reaches
and better results in the academic formation
would be given fundamentally for the possibility
of diversifying the methods and the techniques
that are applied in the classroom. This resource
would allow to reduce possible imbalances
between the learning styles and styles of
teaching.

It is considered that to the extent that
teachers can work from individual preferences,
the capacities and performance of the students
will be enhanced.

ISSN 2410-3977
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During 2018 Zambrano et al., In their
research article named "learning styles, learning
strategies and their relationship with the use of
ICT in secondary school students”, which used a
qualitative-descriptive methodology and a
sample of 62 study subjects, in the article they
mention that:

Even though learning styles and teaching
strategies are variable elements, recognizing the
styles in a certain moment can help determine
the strategies to ger better results in the academic
development of students.

One year later, Perez et al., (2019) in the
article of research “The styles of learning as a
strategy for teaching in higher education” in
which has a mixed (qualitative and quantitative)
and one sample of 33 people, posted on the
magazine of learning styles, in which we found
that:

Exploring learning styles will allow us to
know how a student learns, which can serve as a
starting point towards contextualized planning
of activities ... so as not to design didactic
activities focused solely on the interest and style
of the teacher. Not all teaching-learning
techniques can be used as a generalization for all
learning styles. Also, the types of curricular
content to be learned must be considered.

Finally, for Schmeck, a learning style, “is
simply the cognitive style that an individual
manifests when faced with a learning task, and
reflects the preferred, habitual and natural
strategies of the student to learn, hence it can be
located somewhere between personality and
learning strategies, because it is not as specific
as the latter, nor as general as the former”.
(Martin Pantoja, 2013).

The Schmeck model focuses on learning
strategies and considers that the student, in a
conducive school setting, performs double
learning; the one related to the pedagogical
contents and the one related to the thought
process, to develop understanding, synthesis and
analysis, elements on which thought processes
are based. Three learning styles are proposed,
each one involves the use of a particular learning
strategy by the individual in which there can be
deep, superficial, and achievement-based
learning (Boyle, Duffy, & Dunleavy, 2003).

SANCHEZ-RIVERA, Lilia, ESPERICUETA-MEDINA, Marta Nieves,
RAMOS-JAUBERT, Rocio and LUNA-ESPERICUETA, Samantha
Sarahi. Study methods and learning styles of higher education students.
Journal of Systems and Educational Management. 2021
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According to Schmeck and his
collaborators in carrying out the questionnaire,
learning styles not only consist of the
preferential appeal of certain strategies or
cognitive  skills, but also incorporate
motivational factors (academic self-esteem, self-
efficacy, etc.), the type of information
processing, as well as study methods used (Ruiz,
1996).

Wrenn 1976 cited by Velez 2009,
comments that various studies have indicated
that the learning of certain subjects is more
durable if that achievement is achieved through
methods, that is, if the student uses certain
procedures and techniques to acquire
knowledge. On the contrary, it is less durable
and more superficial when they are obtained by
the circumstantial obligation to acquire it with a
view to responding to the student's academic
commitments. Derived from these results,
emphasis has been placed on the analysis of
study methods, and many investigations have
been oriented towards determining techniques
that lead to their acquisition. That is, each
student uses study methods that support the
understanding of the topics addressed in the
subjects, which impacts their learning and
academic life, all the above according to each
learning style.

Methodology to be developed

The focus of the study was quantitative in nature;
data collection was carried out using an
instrument that measures significant aspects
regarding the learning styles of university
students through the standardized ILP-R
questionnaire (SCHMECK)); its application was
carried out using a Google forms to 800 subjects.
The work was identified as being cross-sectional
in nature because it is an investigation that
collects information and has its purpose and
incidence in a single moment.

Finally, the statistical processes that were
carried out were the descriptive analysis to
characterize the subjects, comparative to
examine the contrasts between independent
groups and integrative from the analysis of
factors where it was observed how the study
variables and their relationships are integrated

ISSN 2410-3977
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Descriptive  Analysis. Frequencies and
Percentages

To analyze the values of the significant variables
that represent the study sample, an analysis of
frequencies and percentages applied to the
subjects under study is carried out, the total of
which corresponds to a value n of 800
individuals.

It is observed that 523 are female and 274
belong to male, with ages ranging from 16 to 52
years, most are from the City of Saltillo,
followed by Monclova and then Monterrey. Of
the total sample, 50.12% do not currently work
and 49.87% do.

Correlation analysis

This analysis works with Pearson product-
moment correlations, with pairwise criteria,
considering  significant  correlations  with
probable error and a correlational coefficient of
r2 > 0.50, with a sample of n = 800 higher
education students.

-Study methods in relation to critical thinking

The variable with positive correlation of study
methods with critical thinking indicates that
when students investigate various sources to
understand a concept, they start to think about
what they read and they try to find answers to the
questions that come to their mind. It is conducive
to questioning things you hear in lectures or read
in books, therefore increasing your vocabulary
by building lists of new terms.

Studymethod
investigation

Graphic 1 Correlation analysis of the study method with
critical thinking

SANCHEZ-RIVERA, Lilia, ESPERICUETA-MEDINA, Marta Nieves,
RAMOS-JAUBERT, Rocio and LUNA-ESPERICUETA, Samantha
Sarahi. Study methods and learning styles of higher education students.
Journal of Systems and Educational Management. 2021
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Exploratory factor analysis

In order to establish the underlying structure of
the factors that describe the strategies to obtain
knowledge and the learning styles presented by
higher education students (n = 800), an
exploratory factor analysis is carried out, where
we work with rotation of normalized varimax
factors and an r > 0.31 and with the Principal
axis method procedure.

In the first factor named Deductive-
critical study method, it is seen that this type of
student has as learning strategies the expression
and reaffirmation of the knowledge they share,
they are not afraid to tell an important person that
they disagree with their opinion ; usually
protests openly when something bothers them;
In addition, they repeatedly study a topic even if
are already prepared for the exam; Also, they
summarize a text perfectly before starting to
write, which allows them to make diagrams and
graphics that help them remember the subject
they are carrying out at the time.

Before the exam, the student prepares a
summary of all the material studied; only when
finding an unknown word always look it up in
the dictionary and write down the definition.
During the school period, normally reviews the
material and prepares a notebook integrating all
the informational sources of the course, to plan a
topic for the student itself and to realize how its
ideas fit together. Therefore, these activities
increase the vocabulary of the students and the
construction of lists with new terms, consider
different points of view within their mind when
putting into practice the study of a new subject
and when reading a problem try to think of
different alternatives to solve it; As for the
investigations they carry out, they find different
ways of interpreting the conclusions, they like to
compare different theories, to obtain the
adequate details. Since it states that the best
approach to the key to a problem is logical and
systematic thinking.

In general, these types of students work
on one thing and then on another, they need to
do things step by step, in an orderly way; begins
something and continues until finishing it, this is
achieved by working a problem piece by piece
and giving solution piece by piece, these
students express how important it is to look at
problems rationally and logically, without
drawing intuitive conclusions.

ISSN 2410-3977
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The second factor Method of study by
retention, shows aspects where students refer to
the fact that the teacher's job is to provide them
with all the answers, since being successful in
life is more a matter of good luck than of their
own aptitudes, which allude that his life is
determined mainly by other people.
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Graphic 2 First factor deductive critical study method

On the other hand, they stat they keep a
daily schedule of time to study and memorize
everything they have to learn word by word,
however they contend that they learn more when
teachers limit themselves to facts and do not give
their own ideas; This helps them never forget the
data they have learned previously, they never get
bored when they have to present a class, since
their work is always perfect, thanks to the perfect
memory that characterizes them; they never fail
in anything they try to do, much less when it
comes to taking an exam, this is due to
continuous preparation in terms of reading all
their textbooks from top to bottom, in order to
never make a problem wrong mathematician
when it comes to this subject.

And the third factor Strategic-
administrative study method, mentions that
students study for the tests but, before examine
themselves to prepare a list of questions and
answers that they hope could be in the test; After
this, they repeatedly study a topic, although they
are already prepared for the exam, they always
summarize a text perfectly before starting to
write. By means of diagrams and graphs they
help themselves to remember the subject, they
also write a summary of the material they read.
Normally they investigate several sources to
understand a concept and summarize all the
work material before the exam, when they find
an unknown word, they always look it up in the
dictionary and write down the definition.
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RAMOS-JAUBERT, Rocio and LUNA-ESPERICUETA, Samantha
Sarahi. Study methods and learning styles of higher education students.
Journal of Systems and Educational Management. 2021



6

Article Journal of Systems and Educational Management

They usually keep a daily schedule of
study time and during the school period they
normally review the school material periodically
preparing a notebook integrating all the
informative sources of the course.

These students also always find it useful to
plan a topic for myself, seeing how their ideas fit
together, giving way to increasing their
vocabulary and therefore building lists of new
terms.

Conclusions

It is concluded that the study method from
research increases critical thinking in the
collective through consultation, observation,
analysis, and questioning.

In addition, it is noted that the study
method impacts the motivation-effort of the
students through the preparation of an exam
through their own planning, which strengthens
the knowledge of how to reach the educational
goals that have been proposed. In addition, that,
the aspects of deep processing, encourage the
student to be a critical, analytical, and assertive
thinker regarding the student’s study methods
that students carries out to obtain knowledge and
give place to the learning style of self-
affirmation through deductive actions.

It should be noted that in the students are
present characteristics of strategic planning and
administration in the various study methods they
use to obtain knowledge according to their
learning style.

Therefore, it is pertinent to develop
school environments that encourage students to
clarify their study methods, which allows them
to promote the most solid habits, more specific
according to the learning style of each one to
promote  self-knowledge  with  critical
foundations of analysis and questioning.
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Abstract

The importance of this study lies in identifying what
competencies the teachers of the Faculty of Languages
developed in the virtual modality from the transition from
face-to-face to virtual practice. For this purpose, a
quantitative study with a descriptive scope and
longitudinal ~ section to identify the underlying
competencies in teachers in the virtual modality took
place. To obtain the data, students enrolled in the two
undergraduate programs (English and French) during the
spring and autumn periods in 2020 did evaluations. The
results of this study show the identification of
competencies present in the virtual classes during the
contingency stage, namely: academic-pedagogical
competence (9.30), technical-digital competence (9.32),
and socio-affective competence (9.42) with a satisfactory
average according to the measurement scale used. In
conclusion, teachers developed more socio-affective
competencies by showing greater empathy during virtual
classes, establishing a relationship of understanding and
respect to generating interest or motivation to learn under
this modality, leaving in a second plane, the planning,
design, or adaptation of content to a techno-pedagogical
model mediated by the use of learning and knowledge
technologies.

Teaching competencies, Virtual modality, Teaching-
learning process

Resumen

La importancia de este estudio radica en identificar qué
competencias desarrollaron los docentes de la Facultad de
Lenguas en la modalidad virtual a partir de la transicion de
la préctica presencial a la virtual. Para tal fin, se llevo a
cabo un estudio cuantitativo con alcance descriptivo y
corte longitudinal, con el propoésito de identificar las
competencias subyacentes en los docentes en la modalidad
virtual. Se tom6 como base los datos de las evaluaciones
realizadas por los alumnos inscritos en los dos programas
de licenciatura (inglés y francés) en el periodo de
primavera y otofio 2020. Los resultados de este estudio
muestran la identificacion de competencias presentes en
las clases virtuales durante la etapa de contingencia, a
saber: competencia académico-pedagdgica  (9.30),
competencia técnica-digital (9.32) y competencia socio-
afectiva (9.42) con un promedio de satisfactorio segun la
escala de medicién empleada. En conclusidn, los docentes
desarrollaron mas las competencias socio-afectivas al
mostrar una mayor empatia durante las clases virtuales,
entablando una relacién de comprension y respeto para
generar interés o motivacion por aprender bajo esta
modalidad, dejando en segundo plano la planeacion,
disefio o adaptacion de contenidos a un modelo tecno-
pedagdgico mediado por el uso de las tecnologias del
aprendizaje y conocimiento.

Competencias docentes, Modalidad virtual, Proceso de
ensefianza-aprendizaje
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Introduction

The current educational context in Mexico,
derived from COVID-19, required the transition
from face-to-face higher education to virtual
education, incorporating Information and
Communication  Technologies (ICT) and
Learning and Knowledge Technologies (LKT)
in teaching (CEPAL-UNESCO, 2020). As a
result of this migration, Higher Education
teachers had to test their knowledge, skills,
abilities, and capacities by adapting and
generating didactic competencies to respond to
the needs of emerging virtual teaching.

This research focuses on the issue of
teaching a foreign language such as English and
French in the new educational context. The
importance of the study lies in the identification
of the teaching competencies developed in
virtual mode during the pandemic (Inciarte,
2008). The hypothesis of this study is as follows:
the satisfactory performance of the teachers from
two-degree programmes of the Faculty of
Languages at BUAP shows the development of
the necessary competencies for the virtual
modality. To this end, the methodology
employed is quantitative with a descriptive and
longitudinal scope (Hernandez-Sampieri et al.,
2014).

The structure of the study includes the
presentation of the theoretical framework to
support the research, the applied methodology,
data collection instrument, analysis model, and
results to frame the underlying conclusions of
the study phenomenon.

Theoretical framework

During the 1990s, virtual education, known as
online  professional  courses,  distance
educational, or virtual training, gained
prominence (Yong et al., 2017; Jardines, 2009).
With the expansion of communication networks
and digital tools, the world of technology began
to advance at a dizzying pace to such an extent
that the Internet represented access to the digital
world (Gros, 2018).
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Within the Education System in Mexico,
foreign language education and training
benefited from access to information and
professionalisation through e-learning
(Mangenot, 2017), defined by the European
Union (Unién Europea, 2001) as the use of
multimedia resources to enhance learning
through easy access to tools, resources, services,
exchanges and collaborations in virtual
environments.

Based on the above, a virtual course,
education, and training require the adaptation,
creation, generation, and development of
competencies that enable a meaningful virtual
learning and teaching process.

In this sense, some studies provide their
vision of what competencies teachers should
have for such a virtual education. In this regard,
Smith, and Simpson (1995) identify seven
digital competencies in university teachers
required for effective teaching in virtual
environments. Likewise, Amaya et al. (2021)
contribute with an analysis of virtual teaching
competencies in university classes, concluding
that these are not reduced to the simple
application of a specific platform but rather to
the integral optimisation of teaching and
learning processes with technology. In such a
way, an evaluative model of technological
knowledge is necessary to identify them
(Dominguez et al., 2014). The previous studies
emphasise the priority of identifying and
delimiting the academic, affective, and
technological competencies of teachers to face e-
learning.

Competencies

According to the Organisation for Economic Co-
operation and Development (OECD), one of the
main competencies of every citizen in the 21st
century is the digital one (OCDE, 2015), which
means that the use of technology is essential in
both the educational and professional spheres.
Moreover, the European Commission (EC)
broadens the sense of the importance of digital
competencies by conceptualising them as central
for the information society. Likewise, in
Education for Global Citizenship, UNESCO
stresses the need for digital competencies,
ensuring that they facilitate universal access to
education and enable the development of
teachers (UNESCO, 2016).

FLORES-GONZALEZ, Norma, ZAMORA-HERNANDEZ, Ménica,
CASTELAN-FLORES, Vianey and FLORES-GONZALEZ, Efigenia.
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In the current context, those
competencies refer to virtual education where
teachers test their digital knowledge and skills to
achieve didactic, pedagogical, and institutional
objectives. Studies by Barragan et al. (2013)
argue that some areas or circumstances give rise
to new digital teaching competencies needed to
design innovative teaching strategies that break
traditional paradigms. These areas are generally
technological development, pedagogical and
social changes. Hence, repeatedly, in the face of
disruptive changes, teachers develop different
competencies to meet learning needs.

In 2017, the Horizon Report on Higher
Education (NMC, 2017) referred to the concept
of digital competencies in education as the
application of technology and the collaboration
and promotion of technologies in the fast-paced
digital world supported by virtual teaching
models such as m-learning, b-learning, e-
learning, among others.

In this sense, in virtual education, the
teacher develops a methodology in the teaching-
learning processes, and in turn, decides the role
to be played by those technologies through
diagnosing, treating, and evaluating what is a
must for effective teaching practice.

Thus, a series of capacities must be
available under innovative needs
(Aramburuzabala et al., 2013), complemented
by abilities for new  technologies,
interdisciplinarity, and teaching innovation
(Amador et al., 2017). In the words of Tejada
and Navio (2005), the use of technologies in e-
learning requires digital teaching competencies
that guarantee knowledge and know-how in and
with ICT.

According to Krumsvik (2011), digital
teaching competencies demand the ICT
application in professional environments based
on pedagogical criteria. They also include
knowledge, attitudes, and strategies that the
teacher will activate and manage in didactic and
pedagogical situations to facilitate learning and
innovate the educational process (Carrera and
Coiduras, 2012).
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One of the explanatory models of digital
competencies is the one presented by Koehler et
al. (2015) called T-PACK, whose main
contribution lies in a theoretical framework for
technologies used in teaching with some features
like organisation, planning, and design
(Papanikolaou, Makri & Roussos, 2017) of
technology-mediated activities. Thus, the model
aims to develop underlying digital competencies
in teachers such as technological, pedagogical,
and disciplinary knowledge (Castillo, King, &
Ruiz, 2021) that enable formal education with
technology in a situated manner, incorporating
the means and resources for effective teaching
(Gonzélez, 2017).

In addition to the digital abilities linked
to the teaching function in e-learning, academic-
pedagogical competencies are aligned and
characterised by the planning, selection, and
evaluation of the teaching-learning process to
select and organise the disciplinary content for
the achievement of academic and learning
objectives (Smith and Simpson, 1995; Zabalza,
2008; Torra et al., 2012; Mas, 2012).

Furthermore, according to some authors,
the significance of such competencies gives
projection to learning (Sevillano, 2009; Levi and
Ramos, 2013), and they complement the virtual
education field.

The socio-affective competencies in
teaching practice mean being empathetic in the
face of changes or conflicts within the didactic
action. Indeed, the close relationship between
the emotional and social competencies
influences teachers to create a warm atmosphere
in their class, solve problems in the classroom,
and communicate respectfully synchronously or
asynchronously. At the same time, being
emotionally competent allows teachers the
following: to be aware of their ability to teach at
different educational levels, to generate self-
esteem with objectivity, and to be tolerant
towards students’ frustration (Lopez- Cassd,
2005). Therefore, getting social and affective
competencies makes them more empathetic for
coexistence and promotes the development of
collaborative work in any teaching modality
(Pertegal-Felices et al., 2011).

FLORES-GONZALEZ, Norma, ZAMORA-HERNANDEZ, Ménica,
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Methodology

This study is quantitative with a descriptive
scope and aims to characterise the teaching
competencies developed in the virtual learning
modality by measuring the teaching
performance with data collection from the spring
and autumn 2020 school period (Bisquerra,
2004).

The sample consists of 4225 students’
evaluations in which 106 teachers represent the
total English and French teaching population of
the Faculty of Languages from the Benemérita
Universidad Autonoma de Puebla during the
spring and autumn periods.

The data collection technique to know
the degree of satisfaction was an online survey
that measures teaching performance through a
Likert-type questionnaire with ordinal values
(Fabila et al., 2012) ranging from 5 to 10.
Although the study was longitudinal because the
same instrument took place at the end of the
spring and autumn periods with different
subjects and students, the results only reflect a
general average for competencies, as the purpose
was not to compare them in both periods.

The instrument includes nine attributes
or indicators to frame the competencies teachers
should develop in the virtual modality (Koehler
et al. 2015; Pertegal-Felices et al., 2011; Torra et
al., 2012; Mas, 2012), which are listed as
follows:

1. Actions and interventions implemented by
the teacher to facilitate learning.

2. Overall course planning and organisation.
3. Adherence to assessment criteria.

4.  Use of digital didactic material to promote
autonomous work.

5. Use of virtual communication channels for
academic counselling.

6.  Use of digital tools and platforms for the
delivery of courses.

7.  Encourage friendly and
interaction in the group.

respectful

8. Promote participation.
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9.  Show empathy to the conditions of the
study.

A descriptive statistical analysis took
place using the SPSS software to identify
teaching competencies through the teaching
performance and generate an analysis model for
data interpretation.

Attributes Measure:

1. Actions and interventions | Academic and
implemented by the teacher to | pedagogical
facilitate learning competencies

2. Overall course planning and
organisation

3. Adherence to the evaluation
criteria

1. Use of digital learning | Digital-technical
materials to promote | competencies
autonomous work

2. Use of virtual communication
channels  for  academic
advising

3. Use of digital tools and
platforms for course delivery

1. Encourage friendly and | Socio-affective
respectful interaction in the | competencies
group.

2. Promote participation

3. Show empathy to the
conditions of the study.

Table 1 Structure of the evaluation questionnaire based on
Koehler et al. (2015), Pertegal- Felices et al. (2011), Torra
et al. (2012), and Mas (2012)

Results

The following tables show the features and
overall averages for the three competencies.

Attributes of academic-pedagogical Overall
competencies average

Actions and interventions implemented 9.20
by the teacher to facilitate learning
Overall course planning and 9.25
organisation
Adherence to the evaluation criteria 9.45
Average 9.30

Table 2 Academic-pedagogical competencias

FLORES-GONZALEZ, Norma, ZAMORA-HERNANDEZ, Ménica,
CASTELAN-FLORES, Vianey and FLORES-GONZALEZ, Efigenia.
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In the table above, teachers register the
lowest average, which implies that their classes
need the application of ICT to embed their
contents in virtual formats and adapt those
contents, processes, and activities to virtual
environments (Amaro, 2011). These also match
with the studies carried out by Amaya et al.
(2021) in affirming that the concordance
between the notion of planning and
implementation of thematic contents and the
characteristics of the virtual modality is central.

Moreover, findings indicate that teachers
did not carry out 100% didactic adjustment to
virtual modality since they did not analyse the
subject matter for a possible activation or
adaptation of the instructional materials to the
alternative technological media to achieve an
appropriate organisation, planning, intervention,
and evaluation to a virtual techno- pedagogical
design (Flores-Gonzélez, 2020).

Although the evaluation trend registers the
highest average (9.45), there is a latent weakness
in the adequacy of the evaluation criteria and
activities for the learning process, which
obstructs a clear understanding of how the
instructional and learning process can be
modified when technology is aligned
pedagogically. From the above, there is a certain
lack of appropriate use of the technological and
pedagogical means and resources involved in a
didactic design focused on virtual teaching.

In summary, teachers need to develop
these competencies as they reflect the lowest
average (9.30) of the three underlying
competencies during the confinement stage.

Attributes of technical-digital Overall
competencies average

Using digital learning materials to 9.20
promote autonomous work
Use of virtual communication channels 9.40
for academic advising
Use of digital tools and platforms for 9.38
course delivery
Average 9.32

Table 3 Digital-technical competencias
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The table shows that language teachers
develop communicative, receptive, and
counselling competencies through the use of
media with various formats, tools, and digital
platforms that allow them to identify learning
difficulties generated during virtual classes and
outside the sessions, through synchronous or
asynchronous virtual academic counselling
(Rincon, 2008).

It is worth mentioning that the dimension
of digital didactic material to promote
autonomous work registers the lowest average
(9.20) of the three dimensions. It means that
teachers did not fully develop, or to a very
satisfactory degree, their competencies to
design, adapt or readapt materials to the virtual
modality and therefore did not use ICT as
learning and knowledge technologies but rather
a means to carry out their teaching-learning
process as shown in the second and third
dimensions with an average of 9.40 and 9.38
respectively.

It also presupposes that their techno-
pedagogical design requires the implementation
of activities, resources, and materials to develop
autonomous learning with didactic mediation
strategies (Sierra-Varén, 2011).

Attributes of socio-emotional Overall
competencies average

Encourage friendly and respectful 9.49
interaction in the group.
Promoting participation 9.37
Show empathy to the conditions of 9.40
study
Average 9.42

Table 4 Socio-emotional competencies

The socio-affective competencies (9.42)
include interaction, participation, and empathy
to favour the development of meaningful
learning experiences in a virtual environment
and manage assertive communication that
fosters exchanges with positive attitudes and
respect (Briones et al., 2020) since the lack of
face-to-face contact could occasionally generate
communication and attitude appreciation
problems (Morales and Curiel, 2019).
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Moreover, participation (9.37) is more
restricted in virtual environments because the
teaching process demands academic assessment
(Rincon, 2008). However, with the help of
synchronous platforms, this appreciation could
change. Thus, teachers must develop strategies
that promote inter-group and interpersonal
participation in academic tasks (Vasquez and
Arango, 2012).

Finally, concerning empathy (9.40), it is
essential to highlight that teachers managed to
establish a relationship of understanding and
respect with students to generate interest or
motivation to learn (Rossado, 2016).

Discussions

The transition from traditional education to
virtual environments requires adapting didactic
and pedagogical action, developing relevant
competencies to respond to the new educational
challenges. That is why the innovation of this
study lies in the three teaching competencies that
encompass the teacher's tasks in virtual
environments for the area of foreign language
teaching, expanding the value and generation of
new professional strategies in different teaching
contexts.

The quantitative methodology with a
descriptive scope made it possible to obtain,
analyse and characterise the results of the
teaching evaluations accomplished by the
students  (Villarroel and Bruna, 2017),
expressing the attributes that frame the three
defined competencies.

The competencies identified in different
subjects of the two educational programmes
were:

- The academic-pedagogical competencies
allude to situational planning, flexible
learning  contents, individual and
collaborative learning (Gardufio, 2009),
evaluative and teaching strategies for
generating meaningfulness and autonomy
(Vila, 2010).
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- The technical-digital competencies. Here,
the most outstanding components were
digital didactic material for the promotion
of flexible, interactive, and adaptive
autonomous work (Torres and Garcia,
2019), virtual communication media, tools
for cohesion and effective interaction
between the members of a learning group
(Pérez, 2009), and platforms for the
development of autonomous learning
(Dominguez et al., 2014), a fundamental
characteristic of this modality.

- Socio-affective competencies
characterised by friendly interaction,
respectful participation, and empathy
towards the conditions of study, expressed
in suitable communicative actions towards
students (Parra et al., 2006).

According to the averages in the
competencies developed by the teachers during
the online classes, the socio-affective is present
in most of the teachers, leading to figuring out
there is a willingness to help students in learning.
It also presupposes a closeness of understanding
for difficulties and limitations in a virtual
classroom (Rebollo et al., 2008).

The above contrasts with the average in
the technical-digital competencies, allowing us
to deduce that teachers were limited in their use
as a resource or means to communicate and
present the activities, shortening the possibilities
for the development of autonomous learning
along with LKT.

In the same way, they prioritise the social
understanding that the student presents in the
current situation, postponing the opportunities
offered by technology in virtual classes. At the
pedagogical level, the planning weakly adapts to
the wvirtual environment of the techno-
pedagogical design.

As far as the contributions of the present
study are concerned, these are methodological
and theoretical.

The first contributes to the development
of the model of analysis that encompasses the
teaching tasks in general competencies to
simplify the interpretation of the findings.
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The second focuses on the identification
of the teaching competencies in the teaching and
learning process of a foreign language in virtual
modalities as well as the identification and
characterisation of the current competencies that
teachers developed during this confinement
stage so that on this basis, the necessary
competencies are in the techno-pedagogical
design to get desirable outcomes.

As with any research project, there are
limitations to the study. One of these is the
modality, as studies like those of Dominguez et
al. (2014) show more complex visions of
teaching competencies in digital environments,
including planning, communication, motivation,
methodology, media integration, tutorials,
assessment, research, institutional belonging,
innovation, interculturality, and professional
identity.

Another limitation is the contents,
because if the focus is on a different educational
level and native or second language, the
competencies needed in the teaching-learning
process may differ or be more necessary.

Moreover, future research derived from
this study could be the impact of digital teaching
competencies on academic performance, the
generation of autonomy in virtual environments
through the implementation of competencies,
pedagogical innovation in the virtual classroom,
synchronous and asynchronous digital courses
through instructional design based on
competences, among others.

Conclusions

The teaching tasks and activities adapted to
virtual learning environments enabled the
identification of competencies for the English
and French teaching process as a foreign
language at higher education level being
academic-pedagogical, digital, technical, and
socio-affective.

It is worth mentioning that the last one
had the highest percentage. Thus, teachers
demonstrated an empathetic attitude towards the
feelings and conditions of the students, a
scenario where they show affinity to work
conditions, leaving in the background the
adaptation of the contents, activities, and
evaluations of the subject.
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Even though the digital teaching
materials and technological resources are a
significant scaffolding for the construction of
learning and autonomy, the results reveal they
are not estimated.

In general, teachers develop skKills,
knowledge, and attitudes that help them provide
an immediate response to a social need in
emerging virtual learning environments, but
there is still much to be done to develop such
teaching competencies.

Finally, the satisfactory performance of
the teachers from the two-degree programmes of
the Faculty of Languages at BUAP confirms the
hypothesis.

Nonetheless, they still need to work on
the technical-digital and academic-pedagogical
competencies, specifically in the planning and
organisation of the course as well as in actions
and interventions to facilitate not only learning
but also the use of digital teaching material for
autonomous work, digital tools, and platforms
for course delivery.
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Abstract

The research was designed to help resolve the absence of
the systematization of information in the accreditation
processes for academic programs in higher education
institutions. In order to facilitate academic programs that
are going to undergo evaluation processes to satisfy with
the criteria, guidelines, and quality standards established
by higher education accreditation organizations. A
qualitative methodology was determined with a non-
experimental design and a descriptive approach, through a
review of scientific literature, empirical references,
supported by the systematic review method; a procedure
was established to support the existence of the research
problem by applying the Cochrane Manual of systematic
reviews. It was proposed to develop a systematic review
of the systematization of information in the accreditation
processes for academic programs. Finally, a series of
conclusions were presented.

Systematization of information, Process, accreditation,
Evaluation of academic programs, Systematic review

Resumen

El estudio fue disefiado para contribuir a resolver la
ausencia de una sistematizacion de informacion en los
procesos de evaluacion para la acreditacion de programas
académicos en instituciones de educacion superior, con el
fin de facilitar a los programas académicos (PA) que van
a someterse a procesos de evaluacion cumplir con la guia
de criterios, lineamientos y estandares de calidad
establecidos por los organismos evaluadores. Para ello, se
determiné una metodologia de corte cualitativo con disefio
no experimental y un enfoque descriptivo, mediante
revision de literatura, referentes empiricos, apoyada del
método de revisién sistematica; se establecid un
procedimiento para sustentar la existencia del problema de
investigacion aplicando el Manual Cochrane de revisiones
sistematicas (RS). Se desarrolld6 una RS de la
sistematizacion de informacién en procesos de
acreditacion para PA; por (ltimo, se esbozaron las
conclusiones del estudio.
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Introduction

As a result of the social dynamics currently
being experienced around the world, higher
education institutions have given the population
access to inclusive quality education that
contributes to the achievement of a better
personal, professional and social life for citizens.
In this sense, the accreditation of academic
institutions and programmes (APs) has become
a necessity to promote the improvement of the
quality of education, through evaluation
processes by nationally and internationally
recognised accrediting bodies. However, higher
education institutions (HEIs) face the absence of
a systematisation of information in their
evaluation processes for the accreditation of
their APs, which would allow them to achieve
quality assurance of these. Espi (2014) stresses
the need to incorporate evaluation and
accreditation processes in  HEIs through
management indicators, linking self-evaluation
with institutional planning, helping to improve
information management, planning,
administration and monitoring, as well as
ongoing self-evaluation, decision-making in
HElIs, and the systematised management of their
information under remote digital environments.
Therefore, the purpose of this study focuses on
analysing the scientific production regarding the
systematisation of information in accreditation
processes for AP with the aim that HEIs
introduce new methods systematically in their
evaluation processes in the framework of the
establishment of basic standards or indicators by
accrediting bodies through face-to-face, remote
or hybrid systems.

In order to achieve this, a systematic
literature review methodology was used to select
and retrieve empirical and scientific evidence on
aspects centred on the way in which institutions
systematise information to carry out the
evaluation processes of their academic
programmes in order to achieve accreditation
and thus move towards quality assurance.
Studies were extracted according to specific
selection criteria. As part of the findings, it
stands out that several of the selected studies
coincide in their results and make evident the
need for HEIs to have a systematisation of
information in their evaluation processes for the
accreditation of their APs.
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Among the conclusions, it is observed that
HEIs have not given the required importance to
the systematisation of information in the self-
evaluation processes of their APs; thus, this
review can serve as a guide for the work of the
institutions in these processes in a systematic
and continuous manner. It is also considered that
it is necessary to go deeper into the subject and
generate strategies that allow educational
institutions to implement them, thus contributing
to the quality assurance of their programmes.

Development
Background

As a result of today's rapid and immeasurable
technological transformation, not only what and
how things are done is changing, but also the
information systems (IS) or the systematisation
of information (IS) have been substantially
transformed in various fields (economic,
political, social, among others). In this sense,
this has posed new challenges to education and
consequently to higher education institutions.
Hence, they must focus on generating or
developing new educational models, academic
relevance criteria, competences, continuous
training processes, as well as various
technological tools that contribute to the
integration of the knowledge society and the
technological era.

Echeverria et al. (2021) state that in the
last 30 years, organisations of all types have
become aware that information has become an
intangible asset of great value. Consequently,
decision-making areas at the managerial level
are directly linked to the quality of the
information they have. The educational
environment is no exception considering that the
information systems that an educational
institution must have must be able to handle a
wide range of data, where data can be stored,
generated, created, implemented and processed.
As a result, it is possible to have reliable
information that effectively and efficiently
enables the orientation of the entire community
of the institution, particularly students, teachers
and researchers, as well as for the evaluation of
the APs that enables decision making in the
generation of action plans both inside and
outside the HEI.
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Barcos et al. (2018) point out that the
systematisation of information for both HEIs and
their academic programmes has become key to
their planning, coordination and evaluation.
They also highlight that:

Higher education is in a process of change
to improve the quality of education and services
and to adapt to the processes of evaluation,
accreditation and convergence. Information
technology, which has made extraordinary
advances in recent times, must be incorporated
into the university in an orderly and responsible
manner, taking into account its dual nature as a
consumer and producer of information. The
university transmits knowledge, develops
competences and modifies behaviour in all its
members (students, teachers, non-teaching staff)
and also in the community because through
research and extension it contributes to social
development. (p. 8)

For this reason, it is evident that the
information with which an educational
programme operates is diverse, considering that
it is made up of data that must be systematised in
these information systems, for example: a)
student data: demographic, social, cultural,
economic, environmental, students attended,
new students, graduates, regular and irregular
students, entry and exit profile characteristics,
mobility, retention and drop-out rates,
evaluations, statistics, pass and fail rates,
laggards, academic trajectories, to mention but a
few; b) teaching staff, research, extension,
training, seniority, among others; c) curriculum
and each of the learning unit programmes that
comprise it; d) administrative data: budgets,
costs, economic and financial prospects,
material resources, material resources, seniority,
among others; e) administrative data: budgets,
costs, economic and financial prospects,
material resources, seniority, among others:
research, extension, training, seniority, among
others; c¢) curriculum and each of the
programmes of the learning units that comprise
it; d) administrative: budgets, costs, economic
and financial prospective, material resources,
infrastructure, attendance records, etcetera. All
information that is directly linked to the
operation of the curriculum.
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Consequently, it is important that the
information systems within the educational
institutions are part of the operation of the
academic programmes offered, as well as the
fact that they must adhere to the quality
evaluation schemes from the administrative
point of view as well as the academic
performance of both the teacher and the student.

Also, Gonzalez-Longatt (2017), agrees
with Barcos et al. (2018) that IS "have been
configured as an important and required tool to
support the decision-making process of
organisations. From this perspective it should be
absolutely clear that every organisation requires
them, and demands them throughout its
existence” (p. 10). Accordingly, Matias (2021)
argues that information systems enable the
collection, management and manipulation of a
set of data that integrate the indispensable
information for HEI managers to be able to make
reliable and accurate decisions. He further
highlights that:

Everyone involved in any kind of task in
educational settings is aware that information is
crucial to reach the proposed objectives.
Therefore, the first impact is that Information
Systems are a key tool and a prerequisite to
support decision making and to manage
everything that happens in it.

Improved access to information is
recognised as an extremely useful ingredient for
educational services and for the planning,
diagnosis, operation and monitoring of plans and
programmes; it also contributes to the evaluation
of educational activities and of the results of
academic and management intervention.
(Matias, 2021, p. 8).

Therefore, there is a direct concordance
with what is mentioned by the Consejo para la
Acreditacion de la Educacion Superior, A.C.
(COPAES) (2021, p. 8). (COPAES) (2021) and
the Comités Interinstitucionales para la
Evaluacién de la Educacién Superior, A.C.
(CIEES) (2021).

RIVERA-GUTIERREZ, Erika & HIGUERA-ZIMBRON,
Alejandro. Systematic review: systematization of information in
accreditation processes for academic programs. Journal of
Systems and Educational Management. 2021



22

Article Journal of Systems and Educational Management

(CIEES) (2021), given the imminent
need to generate effective and efficient
information systems for educational institutions,
or for each of their academic programmes; this
is a consequence of the problems that have arisen
in the assessment processes of the APs to
achieve accreditation, caused by inefficient or
incomplete  management and information
systems; or, others do not even have this type of
system, where the information or data come
from various unreliable sources, not giving
certainty of validity and reliability to academic
peers in the assessment processes.

Theoretical Framework

The theory underpinning the research problem
refers to the systematisation of experiences
promoted and disseminated by Jara (2016). This
author defines it as a vital and unique process,
which expresses an enormous wealth of
elements and is therefore unprecedented and
unrepeatable.

Also, Expésito and Gonzélez (2017)
mention that the systematisation of experiences:

It is a critical interpretation of one or
several experiences that, from its ordering and
reconstruction, discovers or makes explicit the
logic of the process, the factors that have
intervened in it, how they have been related to
each other and why they have done so in that

way. (p.1)

In other words, systematisation focuses
on the reconstruction and analytical reflection of
an experience, through which an event is
interpreted in order to understand it; hence, it is
possible to obtain knowledge, as well as to
communicate it and contrast it with other
experiences. As Expdsito and Gonzélez point
out:

It allows us to contribute to an
accumulation of knowledge generated from and
for practice. In which, systematising or
systematisation is to stop, look back, see where
we have come from, what we have done, what
mistakes we have made, how we correct them to
guide the course, and then generate new
knowledge, the product of criticism and self-
criticism, which is dialectics, to transform
reality. (2017, p. 1)
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Thus, the importance of incorporating the
practice of systematisation in the educational
environment, particularly in the accreditation of
APs, is evident. Likewise, it is more relevant
than ever that programme evaluation must have
valid data on the process of teaching and
learning, as well as to determine both strengths
and weaknesses, and consequently seek to
improve what this entails for the benefit of
students.

In a study carried out by Semper (2020),
the need to develop strategic planning for the
accreditation processes of degree courses at the
National University of La Plata is discussed.
Emphasis is placed on the lack of permanent and
systematic production of information on the
dimensions for the accreditation processes of
their degree courses, as well as the generation of
strategies and training materials for these
processes. In the conclusions, Semper highlights
the need to generate guidelines to develop
strategic planning for the accreditation processes
of their degree programmes, unifying criteria, as
well as an integral, systemic and permanent
management policy for the improvement of the
quality of their degree programmes.

Likewise, Ramos et al. (2020) point out
that the incorporation of I1SO standards into
university management represents an efficient
use of human, financial and academic resources,
as well as the satisfaction of society. Where the
success of accreditation processes is a function
of control work, in such a way that academic
evaluations are a key tool, so that academic
auditing becomes a tool for this management.
The study makes evident the need to include
academic audits as an effective tool in the
control of systematised processes, considering
that they provide information to the university to
improve its performance and the academic
quality of its programmes. It concludes that
accreditation as a process begins with self-
evaluation and external evaluation, where the
academic audit contributes to evaluation from a
systemic perspective.

RIVERA-GUTIERREZ, Erika & HIGUERA-ZIMBRON,
Alejandro. Systematic review: systematization of information in
accreditation processes for academic programs. Journal of
Systems and Educational Management. 2021



23

Article Journal of Systems and Educational Management

For their part, Cevallos and Romero
(2017) refer that quality is understood not only
from the improvement of the vocational training
system in terms of the results obtained
(effectiveness), but also from the evaluation and
quality of the vocational training system
(efficiency). Therefore, quality must establish
different indicators that provide different
information on each element of the process.
Therefore, evaluation is the instrument by means
of which it is possible to assess the degree of
quality of a process. These authors also argue
that quality and evaluation should be treated
jointly and in a related way in the educational
field. In other words, the benchmarks of what is
understood by quality in education in general,
and in vocational training in particular, must be
established. In addition to this, quality focuses
on the fulfilment of a purpose in the shortest
possible time and at the lowest possible cost, i.e.
effective and efficient quality.

No less important is what Frades (2019)
states, when he emphasises that evaluation must
be a systematic and rigorous process of data
collection, incorporated into the educational
process from the beginning, so that continuous
and significant information is available to know
the situation, form value judgments regarding it
and make the right decisions to continue the
educational activity, improving it progressively.
Cevallos and Romero (2017) also comment that
evaluation must be carried out both in its internal
dimension, oriented towards the quality of the
education system itself, and in its external
dimension.

To achieve this, it is necessary, as
mentioned by De la Garza et al. (2015), to
generate a culture of permanent and systematic
evaluation that contributes to the management,
assurance and control of the quality of higher
education. This would allow institutions to be
accountable to society and the state, and the
latter to vouch to society for the quality of the
service provided. Therefore, we agree with
Buendia (2013) that we must move towards a
model that re-evaluates these evaluation
processes based on qualitative considerations
that take into account the specific conditions of
each case in terms of the experiences acquired
from accredited educational programmes.
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For this reason, it is necessary to carry
out this study focused on the systematisation of
information on the accreditation process for AP,
which contributes to the improvement and
ongoing assurance of quality in education.

Espi (2014) also points out that
accreditation is a mechanism for publicly
certifying the quality of programmes and
institutions, based on the self-evaluation carried
out by the institution's groups linked to the object
of evaluation, followed by an external evaluation
carried out by designated peers whose main
function is to verify the objectivity of the
evaluation. It is therefore defined as a process by
which an educational institution or programme
provides information about its activities in order
to make public judgements about the value and
educational quality of the institution or
programme, based on standardised criteria.

Cardoso et al. (2009) argue that
programme evaluation is a set of skills and
abilities aimed at determining whether the
services provided are necessary, whether they
are used, whether they are sufficient, whether
they are provided as planned, whether they help
within a reasonable cost or even whether they
cause undesirable effects. For that reason, the
evaluation of AP should be seen as a systematic
process that acts on the elements of the
educational process in terms of its results, in
order to provide the necessary information for
decision-making on the evaluated object.

Jara (2016) describes systematisation as
the critical interpretation of one or several
experiences that, by ordering and reconstructing
them, discovers or explains the logic of the
process  experienced in  them.  Thus,
systematisation as an ordered, sequential and
permanent process of reflection, which allows
the practices and actors involved to be enriched,
with the aim of creating knowledge through the
experiences that occur in the intervention or in a
social reality, as in the case of this study.

It is worth noting that the central problem
of higher education has been the issue of
educational quality, which is currently the focus
of attention of specialists and actors involved in
the processes of evaluation and accreditation, as
well as of the bodies responsible for this activity.
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In this sense, it is evident that due to the
generalised economic crisis resulting from the
COVID-19 health contingency, there is a great
concern throughout the world to allocate
economic resources more efficiently, which has
led to the search for evaluation systems in which
there is greater participation of the state or the
community in terms of control of expenditure
and educational performance.

Hence, it should be noted that there is
currently a trend away from traditional
disciplinary evaluation towards approaches that
place greater emphasis on understanding the
reality of education in order to improve it.
Furthermore, from the evaluation of elements or
parts of the educational system in HEIs, there is
atendency to evaluate all its components (inputs,
processes and outputs), including the
environment of the system; because the qualities
or behaviours of a social entity are being affected
by unexpected risk factors. For all the above
reasons, the following question was posed: Do
HEIs have a systematisation of information for
the accreditation processes of their APs, which
allows them to achieve quality assurance of
these?

Systematic review

Urra and Barria (2010) refer to the systematic
review (SR) as a process to identify the core of a
literature review of interest to the practice,
searching for and extracting the most relevant
according to criteria that have been evaluated
and respected by others. Based on the above, SR
can be understood as the process of developing a
review of the literature of interest to the practice,
which summarises and analyses the evidence for
a specific question in an explicit and systematic
way. Likewise, Ferreira et al. (2011) refer to the
application of SR as a methodological approach
for research in education, where it is possible to
obtain up-to-date information on the topic being
addressed.

Therefore, for this study, the systematic
review was used as a method, where the
Cochrane Handbook of Systematic Reviews was
applied as an instrument that serves as a guide
for researchers in the preparation of SR (CCI,
2012) under the General Method for Cochrane
Reviews. To this end, taking as a reference both
the outline of a Cochrane review protocol and
the sections of a SR included in the manual, two
formats were designed.
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These allowed the information obtained
from the extensive literature search to be stored
and managed.

The first format (Record Sheet 1 (Annex
1)) was designed to organise the sources of
information found in the first phase of the SR,
while the second format (Record Sheet 2 (Annex
2)) was structured to store the data from the
content analysis of the articles found on the
systematisation of information on PA evaluation
processes or PA accreditation processes. In
addition, a checklist for data extraction was also
considered, based on the aspects mentioned
above.

Procedure

In order to achieve the purpose of this research,
the Guide to the content of a protocol and a
Cochrane review (CCI, 2012) was used as a
reference instrument. According to this, the steps
of the process for conducting the SR were
determined, which were adapted from the guide,
as well as those mentioned below:

1.  Formulation of the problem: The need for
SR was identified by means of a proposal,
and the research question was defined. The
concepts or variables involved in the
research were determined. The question
that arose for this review was: Do higher
education institutions have a
systematisation of information for the
accreditation processes of their APs,
which allows them to achieve quality
assurance of these?

2. Location and selection of studies: Studies
were identified on the basis of an
extensive, unbiased literature search on
systematisation of information on
accreditation processes for evaluated APs.
Here we considered the studies addressed
in the research question, as well as the
inclusion and exclusion criteria referring
to language and time range. The following
characteristics were taken into account: (a)
research that proposed assessment or
accreditation processes in AP, (b)
belonging to higher education institutions,
(c) studies conducted in English and
Spanish language, (d) those that had not
been conducted 10 years ago.
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Once the inclusion and exclusion criteria
had been specified, a literature search was
carried out in formal and informal sources.
With regard to formal sources, specialised
databases such as Google Scholar, Web of
Science, Eric Data base and Thesaurus,
ProQuest Central, Redalyc and Wilson
Web were consulted, as well as journals
specialising in  specific topics of
information systematisation, evaluation
processes, accreditation and higher
education. As informal  sources,
unpublished studies, discussion papers,
proceedings, conference proceedings
books, textbooks on the subject, doctoral
theses or reports by prestigious
researchers, scientific societies, working
groups, among others, were considered.

Assessment of the quality of the studies:
On the one hand, the studies were selected
based on their quality assessment. This
sought to assess the validity of the
individual studies and certain design
features for the interpretation of the
results, to discover the reasons for the
differences between the results of the
studies and to provide sufficient
information to judge their applicability. As
Carrién et al. (2021) point out, data
extraction also allows the reader to see
how the research has been organised, as
well as following each of the
aforementioned stages very rigorously in
order to provide truthful, accurate and
reliable information that can be applied to
future  studies  related to  the
systematisation  of information in
academic programmes.

On the other hand, the interpretation of the
results depended on the validity of the
studies included. The validity of a study
refers to the ability to avoid systematic
errors or biases through the correct design
and conduct of the study. These errors
were largely due to studies that appeared
to be duplicates when they were classified
and analysed, and were therefore
discarded from those that had been
selected. In addition, differences in the
validity of the included studies helped to
explain the variability of the results. In
addition, we chose studies that considered
the following points:
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(a) they were from higher education
institutions, (b) based on AP, (c) that
included evaluation or accreditation
processes, (d) contemplated
systematisation processes (e) written in
Spanish and English, and (f) had
references.

4.  Data extraction: Once the studies included
in the review had been defined, the data
could be collected. Information that
answered the research question was
extracted from each study. Likewise, in
order to organise the sources of
information found, we used Record Sheet
1, which allowed us to store and classify
the sources located from the extensive
literature search, considering the inclusion
criteria described above, and proceeded to
synthesise the results.

5. Analysis and presentation of the results:
The analysis contemplated the
organisation, categorisation and
combination of the information data in
order to provide a clear and direct answer
to the question posed. As well as the
content analysis of the selected sources of
information, which was carried out with
the Registration Form 2. The results of the
study were presented according to the
structure of Urra and Barria (2010).

6. Development of a proposal: Once the
different articles on the systematisation of
information on the assessment or
accreditation processes of APs had been
reviewed, the  systematisation  of
information for AP accreditation processes
was characterised.

Conclusions

In summary, the research problem to be carried
out in the absence of the systematisation of
information in evaluation processes for the
accreditation of APs, which contribute to their
quality assurance, was presented. As well as the
main components that make up the research
design, based on a theoretical-empirical basis
with the aim of guiding the development of the
research; in addition to the methodological
approach that guided the object of this study, in
order to answer the question posed and fulfil the
purpose of the same.

RIVERA-GUTIERREZ, Erika & HIGUERA-ZIMBRON,
Alejandro. Systematic review: systematization of information in
accreditation processes for academic programs. Journal of
Systems and Educational Management. 2021



26

Article Journal of Systems and Educational Management

The second phase of the project was
oriented towards the application of the
methodological design, where data collection
and analysis were carried out, and the findings
were contrasted with the review of the scientific
literature. It should be noted that the originality
of the research is due to the fact that to date no
studies have been published on the subject, in
this sense it generates a contribution of
innovation in the field of education.

In view of the above, on the one hand, it
is important to emphasise that accreditation is
not autonomous; it is accompanied by other
policy instruments and dynamics of the Higher
Education system itself, which contribute to the
improvement of quality in education; not all
institutions have the same motivations and
circumstances to incorporate their APs in
accreditation processes under normal or
contingency conditions, so that these and their
impact are different depending on the context
and type of institution in question. Currently, a
special concern of HEIs is focused on the
analysis of these processes in relation to
improvements in teaching and learning as a
central point, where institutions hope to generate
significant changes that will prevent students
from falling behind and dropping out of school.
Thus, accreditation should be seen by HEIs as a
process of permanent evaluation and
improvement, integrating a new strategic
conception of planning and management of face-
to-face, blended or remote higher education, in
accordance with the normal conditions,
contingencies or risks of the national context.

On the other hand, the research showed
that most HEIs do not systematise their
information, which has a direct impact on the
quality assurance of the APs as they do not
document not only the information but also all
the processes linked to academic matters,
tutoring, management, liaison and research,
which was contrasted with the results of the
studies consulted. Consequently, the lack of
systematisation of information supported by
information and communication technologies,
both in contingency and normal conditions,
leads to a lack of reliable and timely information,
making it impossible to carry out an adequate
evaluation process for accreditation purposes.
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Hence, the  systematisation of
information on accreditation processes for both
APs and HEIs becomes necessary not only in
contexts such as the one currently being
experienced by COVID-19, but also on a
permanent basis as a result of the digitalisation
of education, moving towards systematisation,
connectivity, digital information, digital access,
if not of all services then of most of them, as well
as the application of Web 4.0.

This is in addition to what Suérez et al.
(2021) point out, where the absence of a culture
of evaluation in HElIs, as well as the unstable or
scarce university training systems do not allow
the needs detected to be met. Moreover, if we
add that universities do not have the necessary
financial resources to hire teachers, let alone for
professional  development and  research
programmes, as a consequence, the educational
quality of academic programmes is being
directly affected, as well as the training of human
resources for the new generations.

No less important, it highlights the need
to increase educational activities through the use
of ICT, in relation to teaching, research,
extension, dissemination and community
service, in accordance with the generation of
policies for the use focused on meeting the goals
of Education 2030; consequently, the integration
of the comprehensive systematisation of
effective and efficient information s
recommended as indispensable, contributing to
the goals set by this type of organisation.

Finally, the prospective on the subject
that was addressed allows us to glimpse the
development of other studies that link systematic
reviews focused on evaluating the impact of
information  systematisation in educational
institutions at any level of studies; or also that
the systematisation of information can be
visualised in other educational products, with
different characteristics depending on what has
been systematised, what it has been systematised
for and how the learning from this process is
going to be applied.
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Abstract

This paper describes the activities that have been carried
out to improve the teaching of some of the subjects in the
energy area of the study plan for the Mechanical Electrical
Engineer career at the Facultad de Estudios Superiores
Cuautitlan. The activities carried out both by academics
and by social service students and thesis students, include
the preparation of notes, laboratory practice manuals and
the design and construction of the experimental prototypes
required in the practices. The subjects that were
considered are: Heat transfer, Air conditioning and
refrigeration, Alternative sources of energy, Conventional
generation plants, Use of solar energy and Energy saving
techniques. It should be mentioned that most of these
subjects are electives of the energy module of the study
plan and are considered as totally theoretical subjects,
therefore, the contribution of the work is to implement
experimental teaching to these subjects. At the end of the
work, the experimental prototypes that were elaborated to
carry out the practices of the different manuals presented
are described.

Experimental teaching, Notes and manuals,
Experimental prototypes

Resumen

En el presente trabajo se describen las actividades que se
han realizado para mejorar la ensefianza de algunas de las
asignaturas del area de energia del plan de estudios de la
carrera de Ingeniero Mecanico Electricista de la Facultad
de Estudios Superiores Cuautitlan. Las actividades
realizadas tanto por académicos como por los alumnos de
servicio social y tesistas, incluyen la elaboracion de
apuntes, manuales de practica de laboratorio y el disefio y
construccién de los prototipos experimentales requeridos
en las practicas. Las asignaturas que se consideraron son:
Transferencia de calor, Ingenieria ecol6gica, Aire
acondicionado y refrigeracion, Fuentes alternas de
energia, Plantas de generacibn  convencional,
Aprovechamiento de la energia solar y Técnicas de ahorro
de energia. Cabe hacer mencion que la mayoria de estas
asignaturas son optativas del médulo de energia del plan
de estudios y estdn consideradas como asignaturas
totalmente tedricas, por lo cual, la contribucién del trabajo
es implementar la ensefianza experimental a estas
asignaturas. Al final del trabajo se describen los prototipos
experimentales que fueron elaborados para la realizacién
de las précticas de los diferentes manuales presentados.

Enseflanza experimental, Apuntes y manuales,
Prototipos experimentales
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Introduction

At the Facultad de Estudios Superiores
Cuautitlan we have the Mechanical and
Electrical Engineering degree, whose study plan
dates back to 2012. The study plan includes
several terminal modules, among them is the
energy module where the subjects of Air
Conditioning and Refrigeration, Alternative
Energy Sources, Conventional Generation
Plants, Solar Energy Use and Energy Saving
Techniques are included. It is worth mentioning
that, although they are not included in the
module, the subjects Heat Transfer and
Ecological Engineering, which are in the
intermediate semesters of the course, were
considered.

Some academics who collaborate in the
FESC's  Renewable  Energy  Research
Laboratory, seeing that most of the subjects in
the terminal module are theoretical in nature,
proposed to develop laboratory practices, with
their respective experimental prototypes, for
these subjects, with the support of students who
participated as social service or as thesis
students.

This proposal has been worked under the
support of different institutional projects such as
the Program to Support Projects for the
Innovation and Improvement of Teaching
(PAPIME), projects PE102015 and PE101218
and the Internal Program to Support Research
Projects (PIAPI) projects 1850 and 2023.

For each of the aforementioned subjects,
the respective notes and a manual of
experimental practices were prepared, and
experimental prototypes were adapted or
designed and built to be used in the proposed
practices.

Heat transfer

This subject is taught in the eighth semester of
the course and its objective is for the student to
be able to establish criteria to analyze the
importance of heat transfer in various devices
commonly used in engineering, as well as to
evaluate the magnitude of the same.

The notes that were elaborated
contemplate the following topics:
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1. Fundamentals. Basic concepts of
thermodynamics are reviewed and the
importance of heat transfer and its
applications are mentioned.

2. Conduction. Heat conduction through flat
wall, hollow sphere and cylinder is
analyzed, giving applications of each one.

3. Convection. Fundamentals of fluid
mechanics are recalled and heat flow by
natural or forced convection in tubes, flat
surfaces, cylinders and spheres s
analyzed.

4. Radiation. The basic concepts of
solarimetry, thermal properties of
materials and emitted and absorbed
radiation are taught.

5. Heatexchangers. The classification of heat
exchangers is given and the variables
involved in their processes are explained.

The experimental practices designed for
this subject are the following:

Practice 1.- Demonstration of zero law of
thermodynamics or thermal equilibrium. It aims
to demonstrate how the heat flow goes from a
body with higher temperature to one with lower
temperature, and the flow ceases to exist when
both bodies get the same temperature.

Practice 2.- Heat conduction. The
objective is that the student understands how the
heat flow varies through the bodies depending
on their thermal conductivity.

Practice 3.- Heat convection. The
objective is that the student appreciates how heat
flow can depend on the medium that transports
it.

Practice 4.- Natural and forced
convection. The objective is that the student
identifies the difference between the two types
of convection.

Practice 5.- Radiation. The objective is to
visualize how heat is transferred by radiation.

HERNANDEZ-GOMEZ, Victor Hugo, OLVERA-GARCIA, Omar and
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The demonstrative equipment of heat
transfer is used for the realization of the
practices. [1] Figure 1 shows the notes and the
practice manual prepared for the heat transfer
course.

Ecological engineering

This course is taught in the eighth semester and
its objective is that at the end of the course the
student will have sufficient knowledge to reduce
and avoid pollution both in the work area and in
industrial processes, applying new generation
clean technologies.

Univarsidad Nacionai Autsnoms de México
Pacuicad de Estudios Superiores Cuauticiin
Ingenieria Mecinica Eldctrica

E

Apuntes de transferencia IManvalldelPracticas)
sl [IansterencialdelCalorg

didictico para la ensefianza
el drea de energia y ambiental del plan

carrera de Ingenieria Mecinica Eléctrica
de la FES Cuautitlén

Figure 1 Notes and practice manual for the subject of Heat
Transfer
Source: Own elaboration

The notes that were prepared include the
following topics:

1. General aspects of ecology and
environmental pollution. General concepts
such as ecology, ecosystem, population,
trophic relationships and the different
types of pollution are defined.

2. Air pollution. The types of sources of
pollution, how it is avoided, the damage to
the ecosystem and the existing programs
for the control of polluting emissions are
described.

3. Water pollution. Describes how water is
contaminated and decontaminated, the
damage to the ecosystem and how water is
supplied to the MCMA.

4.  Soil contamination. It explains how soil
can be contaminated and decontaminated,
what is done to control garbage and its
final disposal, and the damage to the
ecosystem.
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5. Clean energies. A brief description is
given of the alternatives available to
produce thermal and electrical energy
without emitting greenhouse gases.

6. Thermal pollution. The causes that
generate it, how to avoid it and the damage
it causes to the ecosystem are explained.

7. Noise pollution. The sources that generate
it are explained, as we can control the
noise and the damages that it produces to
the ecosystem.

8.  Radioactive contamination. The sources
that emit radiation, the damage to the
ecosystem and the main nuclear accidents
that have occurred throughout history are
explained.

The practical activities proposed are the
following:

Practice 1.- Air decontamination. Its
objectives are to know the ways in which air
pollution can be reduced in terms of suspended
particles.

Practice 2.- Water decontamination. The
objective is to observe the process of water
purification by means of filters.

Practice 3.- Water desalination. The
objective is that the student knows an alternative
for the separation of dissolved salts in water,
using solar energy.

Practice 4.- Water reuse and rainwater
harvesting. The objective is to design a system
for the reuse of water in a house, considering the
design of the water filter used in practice 2.

Practice 5.- Waste recycling. It has as
objective to know the options for the reuse of
some materials thrown in the waste/garbage of
the houses.

Practice 6.- Soil decontamination. The
objective is to learn about the different ways in
which soil can be decontaminated.

HERNANDEZ-GOMEZ, Victor Hugo, OLVERA-GARCIA, Omar and
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Practice 7.- Recycling of organic matter.
Its objective is to observe the principle of
operation of the biodigester and its application
with organic matter. Due to the time required for
the degradation of organic matter, it is carried
out in several sessions.

Practice 8.- Energy saving - food
cooking. The objective is to understand one of
the applications of the greenhouse effect
phenomenon caused by solar rays.

Practice 9.- Energy saving - food
preservation. Its objective is to learn and know a
new way of preserving food.

Practice 10.- Energy saving - food
roasting. The objective is that the student learns
about an alternative for roasting food using solar
energy as heat supply.

In the practices, the prototypes of solar
water evaporator, biodigester, oven, dryer and
solar roaster are used. [2, 3 and 4] Figure 2
shows the notes and the practice manual
prepared for the course.

Air conditioning and refrigeration

This is a compulsory subject of the energy
terminal module and its objective is that the
student will have the necessary knowledge to
modify the temperature and humidity of a space
in industry or housing; will understand the
design of both a conventional system and a
passive system; will be able to reduce the
thermal load of the space to be air-conditioned
through the use of thermal insulation in the
building envelope and the use of solar or
bioclimatic architecture.

EEEEE. KR By
5 =
iManual(delfracticas

INGENIERIA
ECOLOGICA

Figure 2 Notes and manual of ecological engineering
practices
Source: Own elaboration
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The notes prepared include the following
topics:

1.  General concepts. A reminder of the laws
of thermodynamics, ideal gas, properties
of the wvapor-air mixture and the
psychrometric tables and chart is given.

2. Psychrometric processes. Psychrometric
laws, two-flow mixtures, heating, cooling,
humidification and dehumidification
processes and their combination are
mentioned.

3. Characteristics of the supplied air.
Calculations are made of the amount of air
required, humidity, latent and sensible heat
and return air.

4.  Comfort conditions. The factors that
influence comfort are taught, the sensation
of comfort and the factors that alter it are
discussed. Diagrams used to support the
calculation are presented, such as the
comfort charts of ASHRAE, Olgyay and
Givoni.

5. Thermal balance. The thermal load of the
space to be air-conditioned is quantified,
such as sensible heat gains by occupants,
equipment, environment and solar
radiation.

6. Conventional method to modify the
temperature and humidity of the air. The
systems used to heat and cool the air are
shown, as well as the equipment used to
humidify and dehumidify the air.

7. Air conditioning alternatives. The passive
systems used for passive heating, cooling,
humidification and dehumidification are
described. Strategies to reduce the thermal
load such as thermal insulation of the
envelope and the use of solar architecture
and bioclimatic design are also given.

8.  Heating and cooling. The equipment used
for heating and the principles of
compression cooling are taught.

The practical activities proposed for this
subject are:

HERNANDEZ-GOMEZ, Victor Hugo, OLVERA-GARCIA, Omar and
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Construction of the Psychrometric Chart
for Cuautitlan, Edo. de México. Its objective is
to know the psychrometric properties of the air -
water vapor mixture.

Processes  of  heating, cooling,
humidification and dehumidification of air,
using conventional methods. The objective is to
know the conventional methods to modify the air
temperature and humidity.

Practice 3.- Processes of heating and
humidification, heating and dehumidification,
cooling and humidification and cooling and
dehumidification of air, using conventional
methods. Its objective is to know the
combinations that can be had with psychrometric
processes.

Practice 4.- Processes of heating,
cooling, humidification and dehumidification of
air, using passive systems. The objective is to
know the passive systems to modify the
temperature and humidity of the air.

Practice 5.- Processes of heating and
humidification, heating and dehumidification,
cooling and humidification and cooling and
dehumidification of air, using passive systems.

Its objective is to know the passive
systems that allow modifying the temperature
and relative humidity of the air.

Practice 6.- Reduction of thermal load
using thermal insulators. The objective is to
observe how the thermal load is reduced by
using insulating materials.

Reduction of thermal load using
reflective paints, solar control film and building
orientation. The objective is to visualize how the
thermal load can be reduced by using reflective
materials.

Practice 8.- Principle of operation of a
refrigeration system. The objective is that the
student understands the principle of operation of
a refrigeration system.

For the realization of the practices the
demonstrative equipment of air conditioning and
that of a refrigeration system are used. [5] Also
the prototype of a passive system. [6] Figure 3
shows the notes and the practice manual
prepared for the course.
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Figure 3 Notes and manual of Air conditioning and
refrigeration practices
Source: Own elaboration

Alternative Energy Sources

This is a compulsory subject of the energy
module and its objective is to broaden your
understanding of the existing means for the
operation of power generation plants,
complementary  to  thermoelectric  and
hydroelectric plants.

The topics included in the notes are the
following:

1.  Alternative energy sources. The energy
panorama and the need to take advantage
of alternative sources for Mexico and the
world are presented.

2. Solar energy plants. The different electric
power and thermoelectricity generation
plants are described, explaining the
characteristics of the equipment and the
availability of the solar resource.

3. Geothermal energy. A brief history of its
application, the different uses that can be
given to the heat of the ground and a
description of the geothermal plants.

4.  Tidal power. A review of the history of the
use of tidal energy, the four options
available to obtain energy from the sea,
their advantages and limitations.

5.  Generation with biomass. It defines what
biofuels are and their characteristics,
especially biomass. The availability of the
resource and the form of degradation to
obtain the fuel is reviewed.

HERNANDEZ-GOMEZ, Victor Hugo, OLVERA-GARCIA, Omar and
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6. Hydrogen. A brief history is given
regarding the obtaining and wuse of
hydrogen, fuel cells and its advantages and
limitations.

7. Wind energy plants. A review of the
history of wind energy, its availability,
how to use it to generate energy and its
limitations.

8.  The magnetohydrodynamic generator. Its
operating principle, advantages and
limitations are described.

9. Other types of generation. Other
alternatives such as the generator, voltaic
pile, fuel cells, radioisotope thermoelectric
generator and application cases are
described.

The proposed practical activities are:

Practice 1, Solar heating. Its objective is
to observe the principle of operation of a solar
water heater.

Practical 2, Photovoltaic panel. The
objective is to observe the principle of operation
of a photovoltaic cell.

Practice 3, Biomass. Its objectives are to
observe the principle of operation of a
biodigester, to test the generation of energy
using organic wastes and to determine which
organic wastes produce a greater amount of
biogas. This practice is carried out in three
sessions.

Practice 4, Hydrogen cell. Its objective is
to observe the principle of operation of a
hydrogen cell.

Practice 5, Wind turbine. Its objective is
to know the variables involved in the selection
of the type of wind turbine.

Practice 6, Principle of operation of a
refrigeration system. Its objective is to visualize
the principle of operation of a refrigeration
system.

The prototypes solar heater, photovoltaic
panel and biodigester, the hydrogen cell kit and
the didactic equipment of a refrigeration system
are used in the practices.
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Figure 4 shows the notes and the practice
manual prepared for the course.

Conventional generation plants

This is a compulsory subject of the energy
module and its objective is to identify the basic
components of a conventional generation plant,
such as hydroelectric, nuclear and thermoelectric
plants.

Unversoad Nacioat Autsoorma do Misico S [
RUSTIIOINANT BN
,

Manual de Practicas

Fuentes'Alternas
de Energia

NTES ALTERNAS DE ENERGIA
de textos

Figure 4 Notes of the Alternative Energy
Source: Own elaboration

The course notes include the following
topics:

1.  Energy panorama. A brief introduction is
given on the sources of energy generation
in Mexico and its energy resources.

2. Necessary infrastructure in any plant. The
main and secondary equipment involved in
the generation of electric power such as
steam turbines, gas turbines, steam
generators, condensers, etc. are described.

3. Hydroelectric plants. The factors by which
this type of power plants can be used are
described.

4.  Thermoelectric plants. The
thermodynamic cycle with which they
operate, their main characteristics and
what is required to select this type of
power plant are described.

5. Nuclear energy conversion. The concepts
of nuclear physics, plant safety and the
different types of reactors used are briefly
mentioned.

6. Fundamentals of coupling between
mechanical and electrical systems. The
fundamentals of electrical generators used
in power plants are taught.
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The proposed activities are as follows:

1.  Energy panorama. Its objective is to make
the student investigate how electric energy
is generated in Mexico, differentiating
them according to the type of fuel used.

2. Design of a thermoelectric plant. The
student will design a power plant of this
type considering the resources available at
FES Cuautitlan, such as space, water, etc.
The student will select the type of turbine,
pumps, electric generator, compressor,
cooling tower, etc., to be used.

3. Design of a hydroelectric power plant. The
student will design a hydroelectric power
plant considering the use of the Cuautitlan
River that passes near FESC. The student
will design the size of the reservoir, select
the type of turbine and electric generator to
be used.

4.  Design of a combined cycle power plant.
The student will design a power plant to be
located at the Facultad de Estudios
Superiores Cuautitlan, considering the
power cycles involved in the process and
the selection of its equipment.

5. Design of a nuclear power plant. Design a
nuclear power plant to be located at the
Facultad de  Estudios  Superiores
Cuautitlan, justifying the pumping system,
type of nuclear reactor, steam turbine,
condenser and water treatment system to
be used.

Figure 5 shows the notes and the practice
manual of the course.

Manval/de!Practicas
Plantas!de/generacion
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convencional
2
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experimental de las asi el drea de energia y ambiental
‘del plan de estudios de la carrera de Ingenieria Mecinica
Elécerica de la FES Cuauticin

¥4 4
?\f ’l' § R APUNTES

) ow 7
ANTAS | DE GENERACION
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Figure 5 Notes and practice manual of the course on
Conventional Generation Plants
Source: Own elaboration
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Use of solar energy

This is an elective course of the energy module
and its objective is to provide the student with
the fundamental knowledge for the study and
application of solar energy, as well as to teach
the techniques for calculating the solar resource,
the different forms of its use and application.

The notes that were elaborated for this
subject include the following topics:

1.  Basic concepts. Concepts such as the solar
constant,  spectral  distribution  of
extraterrestrial radiation, the coefficient of
heat transfer by radiation, thermal
properties of materials, emittance of the
sky, direct and diffuse radiation,
measurement tools, etc., are described.

2. Measurement of solar radiation. It includes
the estimation of solar radiation,
description of the apparent motion of the
sun, the projection of solar radiation and
the description of the solar graph.

3. Application of solar energy. Examples of
the applications of solar energy in flat plate
collectors, concentrators, photovoltaic
panel, solar pond, distillers, solar
refrigeration and solar thermal plants are
presented.

4.  Solar architecture. Recommendations are
given on how the combination of sun,
wind and building structure can contribute
to thermal comfort. Options such as the
orientation of the structure, microclimatic
effects, envelope protection methods and
passive systems are discussed.

The practical activities proposed for this
subject are:

Practice 1. Construction of a sundial. In
this practice the student observes the apparent
trajectory of the sun, determines the cardinal
axes of FES Cuautitlan and builds a sundial for
FES Cuautitlan.

Practice 2. Determination of the azimuth
and solar height with the solar graph. Its
objectives are to understand the use of the solar
diagram and to determine the solar azimuth and
altitude for a given date.
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Practice 3. Solar heating. The objective is
to observe the principle of operation of a solar
water heater.

Practice 4. Photovoltaic panel. The
objective is to observe the principle of operation
of a photovoltaic cell.

Practice 5. Heat discharge system. The
objective is to know the passive systems to
modify the temperature and humidity of the air.

Practice 6. Solar oven. The objective is to
understand one of the applications of the
greenhouse effect phenomenon and to observe
the cooking of food using solar energy.

Practice 7. Solar dryer. The objective is
to learn and understand a new way of preserving
food by removing moisture from the product that
produces microorganisms, quantify the loss of
moisture and observe how its appearance is
modified.

Practice 8. Solar evaporator. The
objective is to learn about an alternative for the
separation of salts dissolved in water, using solar
energy and for the student to observe the
characteristics of the water obtained.

In the practices, the prototypes of solar
heater, photovoltaic panel, passive system, solar
oven, solar dryer and solar water evaporator are
used. Figure 6 shows the notes and the practice
manual prepared for the course.
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Figure 6.- Notes and practice manual of the course on
Solar Energy Use. Own source.

Energy saving techniques

This is an elective course of the energy module
that provides the student with sufficient tools to
apply energy saving programs in any type of
industrial, commercial and residential activity.
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The notes include the following topics:

1. Introduction. It describes the concept of
energy saving, its benefits, the feasibility
in the application of energy saving
programs and some energy efficiency
standards are presented.

2.  Lighting. The use of the sun to improve the
amount of light in spaces, the
characteristics and application of energy
saving lamps and the application of color
theories in surfaces are described.

3. Air conditioning and refrigeration. The
applications of thermal insulation, passive
systems Trombe wall, wall/ceiling shield,
heat discharge systems are defined and
sustainable architecture is explained.

4.  Thermal energy generation. Alternatives
to generate thermal energy such as solar
heaters, accumulators, etc. are presented.

5.  Generation of electrical energy. Some
alternatives for the generation of electric
energy are presented, such as the use of
solar (photovoltaic panels), wind (wind
turbines) and sea (tidal) energy, as well as
the application of hydrogen, fuel cells,
biogas, thermoelectricity and their
applications.

The practical activities proposed are:

Practice 1. Energy efficiency standards.
Its objectives are to apply energy efficiency
standards, to know briefly the methodology for
the calculation and selection of an air
conditioning system and to know and apply the
NOM-020-ENER-2011 standard.

Practice 2. Energy saving in lighting. The
objective is to observe that the same amount of
lighting can be obtained with less energy
consumption.

Practice 3. Energy saving in air
conditioning systems. The objective is to know
the passive systems to modify the temperature
and humidity of the air and to observe the energy
savings that can be obtained by using these
passive systems in air conditioning.
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Practical 4. Energy saving by reducing
the thermal load in air conditioning systems,
using thermal insulators. Its objectives are to
observe how energy can be saved in air
conditioning systems by using insulating
materials in the building envelope and to observe
the heat flow through different materials.

Practice 5.  Alternative  energy
generation. Solar heating. Its objectives are to
observe the energy savings that can be achieved
with a solar water heater and to understand the
principle of operation of a solar water heater.

Practice 6.  Alternative  energy
generation. Photovoltaic panel. Its objectives are
to observe how electrical energy can be
generated with solar energy and to learn the
principle of operation of a photovoltaic cell.

Practice 7.  Alternative  energy
generation. Wind turbine. Its objectives are that
the student observes the use of the wind turbine
to generate electricity and learn the variables
involved in the selection of the type of wind
turbine.

Practice 8.  Alternative  energy
generation. Biomass. Its objectives are to
observe the principle of operation of the
biodigester, to verify the generation of energy
using organic waste and to determine which
organic waste produces a greater amount of
biogas.

Practice 9.  Alternative  energy
generation. Hydrogen cell. The objectives of this
practice are to observe the generation of
electricity by means of a hydrogen cell and to
know its operating principle.

In the practices, the prototypes of passive
system, solar heater, photovoltaic panel and
biodigester, the heat transfer demonstration
equipment and the hydrogen cell kit are used.
Figure 7 shows the notes and the practice manual
prepared for the course.
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Figure 7 Notes and practice manual of the energy saving
techniques course
Source: Own elaboration

Prototypes and equipment used in the
practice manuals

Heat transfer demonstration equipment. It is
designed to generate a heat flow that is passed
through different materials, with the purpose of
being able to quantify the conduction properties
of the material. Figure 8 shows the equipment.

Figure 8 Heat transfer demonstration unit
Source: Own elaboration

Solar water evaporator. This is used to
separate dissolved solids from water by
evaporation, using solar energy as fuel. The
water is placed in a container, which is covered
with glass to allow the sun's rays to enter, capture
them and form a greenhouse effect inside. Figure
9 shows the prototype.

Figure 9 Solar evaporator prototype
Source: Own elaboration
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Biodigester. There are 12 batch-type
biodigesters, which allow taking readings of the
biogas generated, as well as the pH of the
substrate. The biodigesters are filled with
different organic materials and allow monitoring
the amount of methane formed during the
retention time. Figure 10 shows the biodigesters
constructed.

Figure 10 Biodigester prototype
Source: Own elaboration

Solar oven. These prototypes allow
observing the cooking of food using solar energy
as fuel. It is an insulated box which allows the
sun's rays to enter through its cover, which is a
glass, increasing the internal temperature of the
oven by means of the greenhouse effect. The
oven is shown in Figure 11.

Solar dryer or dehydrator. This prototype
allows the removal of moisture from food
products. The product to be dried, preferably in
slices or strips, is placed on the trays and the
container is closed. Air, which was heated in a
solar energy panel, is passed over the product
and removes its moisture. The moist air is let out
through the top of the solar dryer. This
equipment is shown in Figure 12.

Figure 11 Solar oven prototype
Source: Own elaboration
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Figure 12 Solar dryer or dehydrator
Source: Own elaboration

Solar roaster. The prototype allows
roasting food using solar energy as fuel. Steaks,
chicken and hot cakes have been grilled. Figure
13 shows the solar grill prototype.

Figure 13 Solar grill prototype
Source: Own elaboration

Air conditioning demonstration
equipment. It is a prototype that allows studying
the processes of heating, cooling, humidification
and dehumidification, as well as combinations
among them. The equipment was designed with
the necessary instrumentation to observe and
measure the changes that the air undergoes in
each process, that is, 3 interchangeable modules
were created for the study of each psychrometric
process and its possible combinations. The
equipment is shown in Figure 14.
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Figure 14 Air conditioning demonstration unit
Source: Own elaboration

Passive system. These prototypes work
under the principle of the Trombe wall and the
wall heat discharge system. The first one
measures one square meter of surface and has a
set of electrical resistances to be used inside the
laboratory. The second equipment has a height
of 2 meters by 50 centimeters wide, although it
has electrical resistors, it is used to expose it to
the sun's rays. In this equipment, trays with water
can be placed for the heating, cooling and
humidification process; or desiccant material
can be placed for the dehumidification process.
Figure 15 shows the first prototype
manufactured.

Figure 15 Prototype of passive system for laboratory
Source: Own elaboration

Didactic equipment for a refrigeration
system.

This equipment makes it possible to
simulate and observe the operation of the basic
refrigeration cycle, which has the appropriate
instrumentation so that students can take
readings, create tables, perform calculations,
develop their own practices and generate
conclusions. A box with acrylic walls and a
metal structure was built in order to observe the
operation of the equipment that make up the
refrigeration system, such as the condenser,
evaporator, valves and compressor.
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Sight glasses, thermometers and pressure
gauges were installed at different points of the
system to visualize the status, temperature and
pressure of the refrigerant used. Figure 16 shows
the equipment.

Figure 16 Didactic equipment of a refrigeration system
Source: Own elaboration

Solar heater. The prototype consists of
three sections connected in series to a water
heater. The translucent surface is made of acrylic
and a sheet frame. It has a mechanism to modify
its inclination, to operate it at any time and
season of the year. The heater and water heater
have thermocouples in different parts of the
system in order to record the water temperature.
Figure 17 shows the solar heating system of the
laboratory.

Figure 17 Solar water heating prototype
Source: Own elaboration

Photovoltaic panel. The system consists
of two photovoltaic panels, inverter and gel
battery. Figure 18 shows the photovoltaic panel
of the laboratory.
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Figure 18 Laboratory photovoltaic panel
Source: Own elaboration

Hydrogen cell kit. The Kit consists of
three parts: electrolysis, fuel cell and generator,
and is powered by solar energy. Figure 19 shows
the diagram of the equipment.

Solar module
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Figure 19 Hydrogen cell kit
Source: Own elaboration
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Conclusions

With the support of the notes and the practice
manuals, it has been possible to improve the
teaching of the subjects in the energy area
covered in this document.
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It is worth mentioning that during this
pandemic, some of the notes have been used as a
textbook in virtual environments such as
Classroom and practical activities have been
selected that can be performed at home without
the need for experimental prototypes. When the
traffic light is changed and the activities are
resumed at FESC, both the notes and the practice
manuals will serve for the mixed modality.
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