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Abstract

Tutoring is a strategy to contribute to the development of
skills and support students in solving academic problems;
help in the promotion of their autonomy and
comprehensive training, as well as contribute to
improving their academic performance through adequate
personalized and group guidance. In addition to
implementing it in the educational center, it is important
to evaluate it to know the perspective, progress and
improvements for each school year, taking into account
the needs of the student population. In the present, the
results of a survey applied to 375 young people are
presented to know their perception of the mentoring
program of this cycle under the virtual modality due to
the COVID-19 pandemic. Some of the specific results
show that: 74% consider that attending tutorials benefited
their adaptation to academic life. Regarding whether the
tutoring sessions have helped them to better understand
the services that the Universidad Michoacana de San
Nicolas de Hidalgo provides to students, 87% consider
that they met this objective. And on whether they
consider that the activities aimed at integration
(workshops, tutorials, etc.) are sufficient, 81% consider
that they are. The above shows a general satisfaction with
the sessions, schedules, the attention received, the topics,
etc.

Tutoring, Evaluation, Upper secondary, PIT, Student

Resumen

La tutoria es una estrategia para contribuir al desarrollo
de las competencias y apoyar a los alumnos en la
resolucion de problemas de tipo académico; coadyuvar
en la promocién de su autonomia y formacion integral,
asi como contribuir a mejorar su rendimiento académico
mediante la adecuada orientaciéon personalizada y de
grupo. Es importante ademas de implementarla en el
centro educativo, evaluarla para conocer la perspectiva,
avances y mejoras para cada ciclo escolar, tomando en
cuenta las necesidades de la poblacion estudiantil. En el
presente se presentan los resultados de una encuesta
aplicada a 375 jovenes para conocer su percepcion del
programa de tutoria del presente ciclo bajo la modalidad
virtual debido a la pandemia por COVID-19. Algunos de
los resultados especificos muestran que: un 74%
consideran que el asistir a tutorias beneficié su la
adaptacion a la vida académica. Sobre si las sesiones de
tutoria les han ayudado a conocer mejor los servicios que
la Universidad Michoacana de San Nicolas de Hidalgo
presta a los estudiantes, el 87% considera que si cumplié
este objetivo. Y Sobre si consideran que las actividades
encaminadas a la integracion (Talleres, tutorias, etc.) son
suficientes el 81% considera que lo son. Lo anterior,
muestra una satisfaccion en general con las sesiones,
horarios, la atencién recibida, los temas, etc.

Tutoria, Evaluacion, Medio superior, PIT, Alumno
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Introduction

The challenges of Higher Secondary Education
(EMS) in our country are concentrated in three
indicators: dropout, failure and terminal
efficiency, this situation reflects the need for
these Institutions to carry out studies on the
characteristics and behavior of the student
population, in relation to the factors that
influence their educational trajectory, such as
entry, permanence, graduation and degree. To
have a positive impact on them, some strategies
have been designed within the framework of the
Comprehensive Reform of Higher Secondary
Education (RIEMS), among which the tutorial
support stands out, constituted as a curricular
support in the Higher Secondary Education
System of the Michoacana University of San
Nicolas de Hidalgo.

Tutoring is a strategy to contribute to
the development of skills and support students
in solving academic problems; help in the
promotion  of  their  autonomy  and
comprehensive training, as well as contribute to
improving their academic performance through
adequate personalized and group guidance. This
will allow the student to play a more active role
in the teaching-learning process; promote the
creation and recreation of knowledge and
develop abilities, skills and attitudes, in the
academic aspect in favor of their permanence in
Higher Secondary Education. That is why it is
important, in addition to implementing it in the
educational center, to evaluate it to know the
perspective, progress and improvements for
each school year, taking into account the needs
of the student population.

Growth
Theoretical framework
What is tutoring?

At the beginning of the XXI century, the
National Association of Universities and
Institutions of Higher Education (2001: 23)
proposed a definition of tutoring indicated as:
“a process of accompaniment during the
training of students, which is specified through
personalized attention to a student or a reduced
group of students, on the part of competent and
trained academics for this  function,
conceptually relying on the theories of learning
rather than on those of teaching” (p. 23).

ISSN 2524-2075
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In Mexico, this definition had a great
impact and can be considered as the “official”
definition of tutoring in higher education.

Arbizu Bakaikoa, Lobato Fraile and del
Castillo (2005: 8) defined tutoring as “a
formative intervention action aimed at
monitoring students and which is considered
one more teaching activity”.

For their part, De la Cruz Flores, Garcia
Campos and Abreu Hernandez (2006: 1367)
describe it as the “formative process of a socio-
cognitive nature, personalized and aimed at
turning novices into competent individuals,
through their integration into communities of
practice (Wenger, 2001) and networks of
experts, who solve problems in dynamic and
complex environments, create and recreate
professional action and, where appropriate,
generate advanced knowledge”.

Herrera  Aponte  (2006: 200-201)
exposes it as a ‘“dialectical, interaction,
intersubjective process, where feelings and
knowledge converge in a game of emotions and
language [...] Mentoring as an accompaniment
process is a task of commitments and
responsibilities shared [...] To be successful,
trust, communication, understanding and
respect from both parties must be combined”.

Importance of evaluation in tutoring

It is important to consider that the typical
objects of the tutorial evaluation are: “the
students; the teaching and administrative staff;
the curriculum; teaching materials; the
programs; projects and institutions”.

Regarding the tutorial activity, the
evaluation should allow obtaining information
from those who participate directly in the
development of the Tutorial Action Plan, that
i, the tutors, the tutored students and the
tutoring coordinators, so aspects related to the
tutorial action for each of these actors, in order
to have sufficient elements to visualize the
process from different perspectives and in its
entirety (Morales, s/ f).

SESENTO, Leticia & LUCIO, Rodolfo. Evaluation of the
tutoring program of the Colegio Primitivo y Nacional de San
Nicolas de Hidalgo on the tutoring program in times of Covid-
19 pandemic: student opinion. Journal-Health Education and
Welfare. 2021
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But the reality is that currently, in this
evaluation, the most usual thing in institutions
is that the use of the tutor is only evaluated in
an objective way through qualifications or
progress, and self-evaluation is used to evaluate
the tutor, which consists of collect direct
information from tutors active in the program,
which provides relevant data for decision-
making and allows, in some cases, teachers and
coordinators to carry out a self-assessment
based on objectivity and self-criticism.

Institutional Tutoring Program of the
Colegio Primitivo y Nacional de San Nicolas
de Hidalgo

The tutoring department was implemented in
the Primitive and National School of San
Nicolas de Hidalgo in 2007, which only worked
individual tutoring, and began with eight
teachers, who, in order to act as tutors, must
take a diploma that accredits them to carry out
the tutorial function, due to the large number of
students, the tutors were insufficient and that
was when group tutoring began to be
implemented and tutoring was stopped in 2009.

In 2012 the Tutoring Coordination
returned to work, with an already defined
program, defined functions of the tutor, in
addition, it began with 13 teachers who act as
tutors; In addition, the peer tutoring provided
by students providing social services from the
Faculty of Psychology is implemented, which
favors to increase the number of students
served, in addition to providing another space
to the most trusted young people, which is
reflected in attending the courses that are
carried out.

Currently, there is already an
established format to evaluate tutoring from the
perspective of the teacher and the student,
which will allow to continue with the
improvements and each cycle the actions to be
carried out on topics of interest to the students
are increased, among which Study techniques,
learning styles, group integration, time
planning, motivation and life plan are mainly
addressed. It is expected to begin to implement
talks on academic stress and a course to work
on intellectual development, which will be
taught with the support of the students of the
Faculty of Psychology. The sessions are held
one hour a week directed by the social service
providers and coordinated by the responsible
teacher.

ISSN 2524-2075
RINOE® Al rights reserved.
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General objective

Know the student's perception of the Tutoring
program in the COVID-19 pandemic stage.

Specific objectives:

- Analyze the context of young people
based on their virtual tutoring sessions.

- Identify areas of
strengthen.

opportunity  to

- Know the topics of interest to young
people for future sessions.

Methodology

It is a descriptive research using Likert scale
surveys. To carry out this research, an
instrument designed by the Coordination was
applied to 375 students between 14 and 19
years old, of which 224 are women and 150
men.

Instrument description

ATTENDING TUTORING BENEFITED
ME FROM ADAPTATION TO
ACADEMIC LIFE

_ In Strongly
disagreement disagree

3%

Neither agree
nor disagree

Graphic 1

An instrument designed by coordinating
10 Likert scale items and an open question
about their topics of interest was used.

Analysis of results

Analyzing the instrument, the following was
obtained:

Regarding whether they consider that
the distribution (Organization of groups,
timing, etc.) of the tutorials has been
appropriate, 93% consider that it has been
(adding completely in agreement and in
agreement).

SESENTO, Leticia & LUCIO, Rodolfo. Evaluation of the
tutoring program of the Colegio Primitivo y Nacional de San
Nicolas de Hidalgo on the tutoring program in times of Covid-
19 pandemic: student opinion. Journal-Health Education and
Welfare. 2021
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HAS THE DISTRIBUTION (GROUP
ORGANIZATION, TIMING, ETC.) OF THE
TUTORING BEEN APPROPRIATE

In disagreement

Graphic 2

Regarding whether they consider that
the Student-Student relationship developed
normally, 72% of them think that it did (adding
completely in agreement and in agreement).

THE STUDENT-STUDENT RELATIONSHIP
DEVELOPED NORMALLY
In
disagreement
3%

Strongly
disagree

Neither agree
nor disagree
23%

Graphic 3

Regarding whether they consider that
attending tutorials benefited their adaptation to
academic life, their opinion was that, 74% if
they consider that they obtained that benefit
(adding completely agree and agree).

When asked, if the tutoring sessions
have helped them to better understand the
services that the Universidad Michoacana de
San Nicolas de Hidalgo provides to students,
87% consider that if they met this objective
(adding completely in  agreement and
agreement).

ISSN 2524-2075
RINOE® All rights reserved.
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THE TUTORING SESSIONS HAVE HELPED ME TO
BETTER UNDERSTAND THE SERVICES THAT THE
MICHOACAN UNIVERSITY OF SAN NICOLAS DE
HIDALGO PROVIDES TO STUDENTS

In disagreement
3%

Strongly disagree

Neither agree nor,
disagree
9%

Graphic 4

Regarding whether the schedule is
appropriate for their interests and needs, 77%
consider that it is (adding completely agree and
agree).

Depending on whether they consider
themselves to be globally satisfied with the
tutoring sessions, 89% are (adding completely
in agreement and in agreement).

I AM GLOBALLY SATISFIED WITH
THE TUTORING SESSIONS

In
disagreement Strongly
disagree

Graphic 5

Regarding whether they consider that
the activities aimed at integration (workshops,
tutorials, etc.) are sufficient, 81% consider that
they are (adding completely in agreement and
agreement).

The activities aimed at integration  No. Percentage

(workshops, tutorials, etc.) are

sufficient

Totally agree 108 28.80%
Agree 194 51.73%
Neither agree nor disagree 63 16.80%
In disagreement 6 1.60%
Strongly disagree 4 1.07%
Sum of totals 375 100.00%
Table 1

SESENTO, Leticia & LUCIO, Rodolfo. Evaluation of the
tutoring program of the Colegio Primitivo y Nacional de San
Nicolas de Hidalgo on the tutoring program in times of Covid-
19 pandemic: student opinion. Journal-Health Education and
Welfare. 2021
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Regarding whether they consider that
the coordinators of the tutorial project have
been at their disposal in its development, 91%

consider that they have been (adding completely
in agreement and in agreement).

The coordinators of the tutorial  No. | Percentage

project have been at our disposal
in its development

Totally agree 171 45.60%

Agree 168 44.80%

Neither agree nor disagree 32 8.53%

In disagreement 3 0.80%

Strongly disagree 1 0.27%

Sum of totals 375 100.00%
Table 2

HE CONOCIDO MEJOR A ALGUNOS COMPANEROS
GRACIAS A LAS ACTIVIDADES REALIZADAS EN EL
PROYECTO (TALLERES, TUTORIA...)

Totalmente en
desac

En desacuerdo
9%
Totalmente de
acuerdo
30%

Ni de acuerdo
nien
desacuerdo

22%

Graphic 6

When asked, if they believe that the
teachers who have taught them this year were
coordinated with the tutorial project, 71% of
them consider that this coordination does exist
(adding completely in agreement and in
agreement).

I think that the teachers who have No. | Percentage
taught me this year were

coordinated with the tutorial

Project
Totally agree 106 28.27%
Agree 161 42.93%
Neither agree nor disagree 85 22.67%
In disagreement 17 4.53%
Strongly disagree 6 1.60%
Sum of totals 375 100.00%
Table 3

When asking if the digital platform
Classroom, enabled for the project, has been
useful for different aspects, 78% consider it
appropriate (adding completely agree and
agree).

ISSN 2524-2075
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THE CLASSROOM DIGITAL PLATFORM,
ENABLED FOR THE PROJECT, HAS
BEEN USEFUL FOR DIFFERENT
ASPECTS

In

disagreement
3%

Strongly disagree 2%

Neither agree
nor disagree

Graphic 7

When asked if they think they have
gotten to know some colleagues better thanks to
the activities carried out in the project
(Workshops, tutoring ...), 64% believe that they
did support them (adding completely in
agreement and in agreement).

THE TUTORING SCHEDULE HAS
ADAPTED TO YOUR INTERESTS AND

NEEDS
In Strongly
disagreement disagree
5% )

Neither agree
nor disagree
0,

Graphic 8

In addition to the above results, the
students were asked, what topics they would
like to address in the tutoring sessions to find
out their current needs and concerns, and the
main ones were:
- Self-esteem.
- Capabilities.
- Anxiety.
- Vocational orientation.
- Eating disorders.
- Managing emotions.

- Decision making.

- Sexuality.

SESENTO, Leticia & LUCIO, Rodolfo. Evaluation of the
tutoring program of the Colegio Primitivo y Nacional de San
Nicolas de Hidalgo on the tutoring program in times of Covid-
19 pandemic: student opinion. Journal-Health Education and
Welfare. 2021
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Conclusions

The previous results allow us to deduce that a
constant evaluation of the program is important
to detect areas of opportunity, and above all to
know the context with which we are working,
especially during this pandemic it was
important to know if the measures taken by the
coordination were considered appropriate In the
voice of the young people, the results show us a
general satisfaction with the program, its
sessions, coordination, schedules and group
management. It is important to highlight that
the adaptation has been favorable to continue
offering this educational service to young
people and it is observed that the design and
execution has been appropriate for the context.
In general, the perception of young people is
positive and the objectives set out in the
Institutional Tutoring Program about bringing
them closer to the dynamics of the school,
providing them with learning strategies and
promoting group and institutional integration
are met. Regarding the topics that they propose
to be addressed at other times, it is important to
consider them for future sessions, since they are
situations that affect young people and can
affect their performance and therefore their
permanence in the institution.

The evaluation of the development of
the tutorial activity is essential, since, as in any
other educational action implemented, we must
have objective information about its usefulness
and incorporate corrective measures that allow
the development and that tend to increase the
effectiveness of the actions that are performed.
The design of evaluation forms should be based
on the identification of indicators that clearly
show the progress of the program. In the case of
the Colegio Primitivo y Nacional de San
Nicolas de Hidalgo, indicators are proposed
based both on the bibliographic review and on
the needs detected on the fly.
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Abstract

OBJECTIVE: To identify thematic area networks and
institutional  co-authorship networks in the initial
development of the CT, to recognize their characteristics
in order to demonstrate the importance of interaction in a
health innovation. METHODS: The method proposed by
the researchers at the University of Manchester and
thematic area studies was used. The databases used were
ISI-Web of Science (ISI-Wo0S) and SCOPUS. The
pioneer article was located and the literature limited to
subsequent years was systematically reviewed. Excel
Node XL, Pajek wiki and Ucinet software were used for
data processing. RESULTS: Thematic areas and
institutional co-authorship networks were obtained in the
early years of CT development. Multiple types of
interactions are evident. CONCLUSION: The success of
the process of invention, innovation and diffusion in the
development of CT required the interaction of many
disciplines (medicine, physics and engineering) and
institutions (University  hospitals, Universities,
companies, Research centers  and scientific
communication media). The study of the thematic areas
and SNA (Social Networks Analysis) allow to know the
processes of invention and innovation and identify new
fields of research.

CT Computed Tomography, Knowledge Network in
medicine, Health Innovation

Resumen

OBJETIVO: ldentificar las redes de areas tematicas y de
coautoria institucional en el desarrollo inicial de la TC y
reconocer sus caracteristicas para demostrar la
importancia de la interaccion en el desarrollo de una
innovacion en salud. MATERIALES Y METODOS: Se
utilizé el método propuesto por los investigadores de la
Universidad de Manchester y los estudios de areas
temadticas. Las bases de datos utilizadas fueron 1SI-Web
of Science (ISI-WoS) y SCOPUS. Se localiz6 el articulo
pionero y se revisé sistematicamente la literatura limitada
a los afos posteriores. Se utilizaron los programas, Excel
Node XL, Pajek wiki y Ucinet para el procesamiento de
la informacion. RESULTADOS: Se obtuvieron redes de
areas tematicas y de coautoria institucional de los
primeros afios del desarrollo de la TC Se evidencian los
mdltiples tipos de interaccion. CONCLUSION: El éxito
del proceso de invencién, innovacién y difusién en el
desarrollo de la TC, requirié la interaccion de muchas
disciplinas (medicina, fisica e ingenierias) e instituciones
(Hospitales universitarios, Universidades, Empresas,
centros de investigacion y Medios de comunicacién
cientificos). El estudio de las areas tematicas y el uso del
ARS (Analisis de Redes Sociales) permiten conocer los
procesos de invencion e innovacién e identificar nuevos
campos de investigacion.

TC  Tomografia  computarizada, Redes de
conocimiento en Medicina, Innovacion en salud
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Introduction

Innovations in health care, and especially in
medicine, have produced a remarkable advance
in the last century, reflected in indicators such
as life expectancy, which in Latin America and
the Caribbean increased from 29 years in 1900
to 74 years in 2010. Pan American Health
Organization (PAHO) - World Health
Organization (WHO) (2012). In recent years,
there has been an accelerated process of
innovation in medicine aimed at improving
diagnosis, treatment and prevention, which,
although they have improved the quality of life,
have also generated significant increases in the
growth of spending, causing tension among
health professionals, institutions, patients and
public policy makers. (Fuchs & Sox, 2001). In
2010, total health expenditure per capita ranged
from US$90 in Bolivia to US$8.463 in USA.
PAHO-WHO (2012)

Historically, the concept of innovation
has been studied from different areas of
knowledge, as can be seen in the Oslo Manual
(Organization for Economic Co-operation and
Development/The Statistical Office of the
European Union (OCED/Eurostat) (2005) or in
the work of Rodriguez Devis (2006). In the
study of economic growth, Schumpeter
proposed it as a radical technical change and as
an endogenous incremental process.
(Schumpeter, 1912). Nelson proposed an
evolutionary development of innovation, using
the mechanisms of variation and selection
(1987) (1995). Mokyr equated technological
innovation with the appearance of a new
species (1998) (2002) (2010). With the work in
economic history Rosenberg (1974) (1976)
(1983) (1994) continued with the development
of the Innovation Systems paradigm (Nelson &
Rosenberg, 1993), the importance of
universities in  the Innovation Systems,
(Rosenberg & Nelson, 1994), the concept of
National Innovation systems by Lundvall
(1992) and Sectoral systems of innovation by
Malerba (2004).

Innovation in the framework of the neo-
institutional evolutionary economy corresponds
to a process of technical and technological
change, which transforms the environment,
creating and destroying institutions and
organizations, which feed back into the process,
modifying the social structure, with the ultimate
goal of adaptation to a constantly changing
environment (Hernandez Umaiia, 2004).
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Among the institutions associated with
innovation and closely linked to property rights
are patents and copyrights, as examples of
adaptation.

In Latin American countries, such as
Argentina, Brazil, Colombia, and Mexico, there
are significant lags in health innovation
indicators. There are cultural, regulatory, and
financial barriers that hinder innovation (Pérez-
Orive & Ibarra Ponce de Leon, 2019) (Vargas
Yara, Dubay Rodriguez, & Silva Ortiz, 2021)
(Ruiz-lbafiez, 2012) (Naranjo Valencia &
Calderdn Hernandez, 2010).

Different groups have worked on the
analysis of the innovation process in health:
Gelijns y Rosenberg (1995), Gelijns, Zivin y
Nelson (2001), Stuart, Ozdemir y Ding (2007),
Costa-Font, Courbage, McGuire (2009), Wilson
y Ramamurthy y Nystrom (1999). The main
gap in the literature related to health innovation
is between the understanding of the emergence
of the invention and its subsequent diffusion
(Costa-Font, Courbage, & Mina, 2009).

Additionally, to increase complexity, it
has been documented that innovations are
reinvented and diffused between and across
different types of organizations (Greehalgh,
Robert, Bate, Macfarlane, & Kriakidou, 2005).
The research group at the University of
Manchester (Consoli & Mina, 2009) (Consoli
& Ramlogan, 2008) (Ramlogan & Consoli,
2008) (Mina & Ramlogan, 2007) (Anderson,
2007) (Anderson, Neary, & Pickstone, 2007)
(Ramlogan, Mina, Tampubolon, & Metcalfe,
2007) (Metcalfe, James, & Mina, 2005) with
the model “Gateways and pathways in a health
system”, located within the institutional
evolutionary economics, studies the
evolutionary process of particular cases such as:
glaucoma, intraocular lenses, total hip
replacements and myocardial reperfusion
devices.  This  model  documents 5
intercommunicating spheres (Graphic 1), using
bibliometric studies and social networks
analysis over time as tools, illustrating the
gateways and pathways of connection between
the health system and the innovation system.
Scientific collaboration can be analyzed using
bibliometric techniques aimed at representing
through maps or co-authorship networks the
working groups and networks that constitute the
research front of a scientific area (Osca-Lluch,
2005) (Osca-Lluch, Velasco, Lopez, & Haba,
2009).

HERNANDEZ-USECHE, Gustavo. Importance of interaction between
areas of knowledge and institutions in the development of a health
innovation: a study of thematic area networks and institutional co-
authorship networks in development of computed tomography (CT).
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Within the studies on the diffusion of
innovations, the wuse of Social Network
Analysis (SNA) is evident (Valente T. W.,
2010) (Valente & Davis, 1999) (Valente T. W.,
1996) (Valente & Rogers, 1995), (Wasserman
& Faust, 1994) as a tool for study and
understanding.

HEALTH
DELIVERY SYSTEM

Graphic 1 “Gateways and pathways in a health system”
Source: (Consoli & Mina, 2009) (Consoli & Ramlogan,
2008)

1. Individual sphere: The patient presents a
health problem that is transmitted to the
health professional, to be solved. Doctor -
patient  relationship  (medicine) and
principal - agent (economy).

2. Health service provision sphere. This
corresponds to the health system where
the practitioner (MD, nurse or similar)
with the information transmitted from the
patient makes a diagnosis and proposes a
treatment, according to the training, the
knowledge acquired and the availability
in the system.

3.  Sphere of scientific  knowledge
materialized in publications, from which
both the training of health personnel and
the development of drugs and devices for
health care are nourished.

4.  The sphere of the drugs and devices.
Technological market.

5. The sphere of regulation given by the
territorial, national and international
entities involved in the health systems,
and in the markets for devices and drugs.

June 2021, VVol.5 No.8 7-18
Methods

For this research, it was chosen to study the
emergence (invention - radical innovation) and
development (incremental innovations and
diffusion) of CT because it revolutionized the
practice of medicine (Rubin, 2014) and had not
been studied with this methodology. No other
technology changed so much the practice of
Neuroradiology, Neurology and Neurosurgery,
which has not been the same since the brain
became visible (Leeds & Kieffer, 2000). The
development of CT allowed its use to spread
rapidly to other areas of the human body.

It was decided to apply the method
proposed by the group of researchers from the
University of Manchester.

On this general basis, a series of
observations were made in order to fulfill the
proposed objective.

Methodological process:

- Review of the historical development of
CT.

- Definition of the initial search: First
systematic review of the literature.
Terms: “CT”, “Tomography”, “Computed
Tomography”, “EMI Tomography” and
“ACTA Tomography”. Bases: Pub Med
(National Library of Medicine. National
Institute of Health., 1996) and Science
Direct (Elsevier, 1995).

- Definition of the databases to be used:
PubMed, Science Direct, Scopus, ISI-
Wo0S, and ResearchGate.

- Initial  exploration and
statistics of the search.

descriptive

HERNANDEZ-USECHE, Gustavo. Importance of interaction between
areas of knowledge and institutions in the development of a health
innovation: a study of thematic area networks and institutional co-
authorship networks in development of computed tomography (CT).
Journal-Health Education and Welfare. 2021
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- Determination of the years of study. The
documents of Ambrose and Hounsfield in
1973 were established as pioneering
articles of CT innovation (Ambrose &
Housnfield, 1973) (Hounsfield, 1973)
which are among the classics of
diagnostic radiology (Thomas, Banerjee,
& Bush, 2005) The 1- year lag of 1 year
between application, technology
development and scientific publication is
corroborated). It was decided to explore
the evolution of scientific production
from the emergence of the innovation to
the development of the first 2 incremental
innovations, years 1972 to 1975.

- Redefinition of the search: “comput * and
tomograp *” and the use of databases:
ISI-WoS and Scopus.

- Collection of information in tables for
normalization. It was carried out in Excel
and used the NodeXL (CodePlex.Open
Source  Community, 2010) and Pajek
(Batagelj, Mrvar, & Zaver$nik, 1997) and
Ucinet (Borgatti, Everett, & Freeman,
2002) software were used for data
processing, graph creation, centrality
calculations and other  associated
measures. The algebraic representation of
the graph is given by the Adjacent Matrix
A in which:

Creation of the database and statistical
description of the information.

Development of the network graph for
each year and a global one. For the graphs, the
Netdraw program was used with the default
algorithm and the following settings: Graph
distribution criteria: Distances + Repulsion +
equality in edge length and proximity given by
geodetic distance. The algorithm behind is the
Gower — Multi Dimension Scale (Borgatti,
Everett, & Freeman, 2002). Once the graph was
obtained, the presentation and reading of the
labels was improved. Sub graphs isolated or not
attached to the main network were ordered in
the graph for convenience. The node size varies
according to the centrality criterion used.

ISSN 2524-2075
RINOE® All rights reserved.

June 2021, VVol.5 No.8 7-18

Betweenness as centrality measure was
selected, which is defined as: C_B (n_i) which
is the sum of the estimated probabilities on all
pairs of actors not including the i-th actor:

CB(ni)=2j<kgf"(n") for a node i

different from j and k. (Wasserman & Faust,
1994)

Analysis and interpretation of the
results. They are grouped into three categories:
definition and historical review of CT, analysis
of thematic areas including patents and analysis
of institutional co-authorship.

Results
Computed tomography (CT)

CT is a type of diagnostic imaging study,
widely used in the clinic, it is a technique in
which an X-ray shot passes through a thin axial
section of a patient in various directions.
Parallel collimation is used to capture X-rays to
a thin fan, which defines the thinness of the
tomographic plane. The detectors measure the
attenuation intensity of radiation once it passes
through  the body. A  mathematical
reconstruction of the images calculates the local
attenuation of each point in the CT slice. These
local attenuation coefficients are converted into
"CT numbers” and are finally converted into
degrees of gray in an image (Prokop &
Galanski, Principles of CT, Spiral CT, and
multislice CT, 2003).

The invention of CT was produced with
the work developed by the British engineer
Hounsfield and the South African-British MD
Neuroradiologist Ambrose, (he studied some
semesters of engineering) who applied concepts
from the work of physicists Radon (German)
and Cormack (South African-USA) (initially
studied electrical engineering) (Mendoza Vega,
1992). Hounsfield and Ambrose developed the
first prototype in 1970, the first model in 1971,
the first commercial product: HEAD
SCANNER (EMI MARK 1), and its first use on
a patient in 1972. All pioneering work was
carried out at Atkinson Morley's Hospital in
London and in Electrical and Musical Industries
(EMI) Central Research Laboratories in
Middlesex (UK).

HERNANDEZ-USECHE, Gustavo. Importance of interaction between
areas of knowledge and institutions in the development of a health
innovation: a study of thematic area networks and institutional co-
authorship networks in development of computed tomography (CT).
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They presented their first paper in April
1972 at the Annual Congress of the British
Institute of Radiology and in November 1972 at
the Annual Meeting of Radiological Society of
North America’s in Chicago.

Subsequently, there was a notable
diffusion-dissemination ~ of  technological
innovation, progressive incremental innovations
are documented, until the next great milestone,
which corresponds to the development of the
model and the commercial product: 0100
ACTA Scanner which was the first automated
and computerized transverse axial whole body
scanner, invented by Dentist and Biophysicist
Ledley in 1973, developed at The Georgetown
University Medical Center in Washington, DC
(Smithsonian. National Museum of American
History, 2010), commercialized since 1974. In
that same year at the Washington University
School of Medicine in St Louis, they developed
another Model called: Artronix scanner 1100 ©
with an analogous but different technology to
that of the EMI Mark 1. The next major
milestone was the development of the AS&E
SCANNER in 1977, by AS&E © American
Science and Engineering, Inc., domiciled in
Cambridge, Massachusetts. The timeline of the
development of innovation is presented in
graphics 2 and 3 and in table 1.

RECONSTRUCTI
ON

HOUNSFIELD:
- (EMI
LABORATORIES)
: TECNOLOGY

RADON: BASIC
= MATHEMATICA
L PRINCIPLE

1920 1930 1940 1950 1960 1970 1980 1990 2000

HEAD SCANNER
= (EMIMARK 1)
FIRST DEVICE

Graphic 2 Pre TC timeline
Source: Author's development

HOUNSFIELD: NogeL AwARD
©=  (EMILABORATORIES) ==
TECNOLOGY MEDICINE HOUNSFIELD

TECHNICAL REFINEMENTS
= (INCREMENTAL
INNOY

4th generation CT
(AS&E SCANNER)

3rd generaton CT
T (ARTRONIX) == CT ANGIOGRAPH
Whole body CT scanr

anner L, DUALCUT SPIRALTC
2nd device (ACTA) (ELSCINT)

EEEEEEEEEEE

(EMI MARK 1) FIRST DEVICE

Graphic 3 TC timeline
Source: Author's development
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10 20 3° 4 Electron
Generation Generation Generation Generation beam
scanning
Principle Translation y rotation Rotation Electron
beam
deflection
Detectors Simple Series Arc  (30°- Ring Semicircular
60°) (360°) (210°)
Active 2 1-2 1-16 1 4
detector roots
Sensing 1 3-52 256-1000 600-4000 432/864
elements/roots
Take time 135-300 s 5-150 s 0,4-10s 1-5s >=50ms

Table 1 Comparison of CT generations and type
Source: (Prokop & Galanski, Principles of CT, Spiral
CT, and multislice CT, 2003)

Once the historical review is done, it is
evident that radical innovation occurred in 1972
and then continued with a process of
incremental innovations in different areas. As a
result of the exploration of the literature and the
descriptive statistical analysis based on the
pioneer paper, the relationship between
historical facts and the curve of scientific
publications over the years becomes evident.
The S trend proposed by Rogers is illustrated
(2003) (2002), graphic 4 from ISI-WoS and
graphic 5 from SCOPUS.

NUMBER OF ITEMS - COMPUT* TOMOGRAP* ISI
Topic=(COMPUT* TOMOGRAP*) AND Year Published (** **)
Timespan=All Years. Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-

S, CPCI-SSH.
14000
o
12000 -
*
10000
*
8000 N J
L
6000 el
Rad
4000 o
2000
0

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Graphic 4 Scientific publications in the exploration of
the search: COMPUT* TOMOGRAP* in ISI WoS
Source: ISI-WoS Search date 03/10/2011

Documents in SCOPUS search:
COMPUT* AND TOMOGRAP*
Source: SCOPUS date 16/08/2021

90000
80000
70000
60000
50000
40000
30000
20000

10000

Graphic 5 Scientific publications in SCOPUS with
search COMPUT* AND TOMOGRAP*
Source: SCOPUS Search date 08/16/2021
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Another relevant finding for the
research is the number of patents associated
with the search graphic 6.

Patents SCOPUS search:
COMPUT* AND TOMOGRAP*
Source: SCOPUS date 16/08/2021
25000

20000
15000
10000

5000

Graphic 6 Patents in SCOPUS with search COMPUT*
AND TOMOGRAP*
Source: SCOPUS Search date 08/16/2021

Graphic 6 also reveals an incremental
production of patents associated with the
improvement of technology, strongly associated
with the historical event. Reading the abstracts
of the papers, it is evident that after the
milestone of EMI Mark 1, the development was
continued on 3 fronts: one related to the
improvement of the image quality produced
from radiation, a second front in the
improvement of data processing for image
reconstruction and a third front in the use of the
images obtained in clinical practice, not only in
the Central Nervous System where it
originated, but in different body areas.

Study of thematic area networks on
computed tomography (CT) between 1973 and
1975.

With the database obtained in the search
in ISI-WoS, using the search formula
"Comput* Tomograp*", restricted to the years
1973 to 1975, the graph presented in graphic 7
was found, illustrating the appearance of a main
network of Medical thematic areas and
subnetworks of Engineering and Computer
Science.
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Graphic 7 Network of thematic areas: COMPUT*
TOMOGRAP* 1973-5. ISI WoS
Source: Author's development

By applying the concept of weak ties
and adding another classification of the papers
associating them to general thematic areas, like
this: MEDICINE, ENGINEERING, BASIC
SCIENCES and EDUCATION, the graph is
represented in graphic 8.

With the proposed transformation, a
single network is obtained. It can be seen that,
by betweenness centrality, the field of
MEDICINE is the most central, followed by
BASIC SCIENCES and then ENGINEERING.

DATABASE: ISI-WoS (03/2011).

NODES: thematic areas. Node colors and shapes: Types
of thematic areas

Blue square: general area. Added by the author based on
the general area to which the specific area belongs.

Red circle: specific area. Taken from the ISI WoS base of
SC item

Node size: Centrality by betweeness. Size of the tie line -
contact strength

Graphic 8 Network of specific and general thematic
areas: COMPUT * TOMOGRAP * 1973-5. ISI WoS
Source: Author's development

The strongest link is between two
clinical areas: "Radiology, Nuclear Medicine
and Diagnostic Imaging” and "Neurology -
Neurosciences".
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It is documented that the process of
invention and innovation of CT required the
participation and interaction of many
disciplines. Evaluating the network, the great
influence of medical clinical areas such as:
Radiology, Neurology and neurosciences,
Ophthalmology, Surgery, Cardiology,
interacting with basic sciences such as
Acoustics, Optics, General Physics and Biology
and with Engineering, especially Electrical,
Electronics and Biomedical, together with
Computer Science, can be appreciated.

Reviewing the historical fact, CT arose
from the interaction of a neuroradiologist who
had studied a few semesters of engineering,
with an engineer specialized in sonars and
radars, who had participated in the Second
World War. During the first years of
development, the quality of the image was
improved, due to work in Physics, especially by
improvements brought from Astrophysics,
which was the area with the best knowledge of
X-rays. Simultaneously, the capacity to
interpret the signals obtained was improved,
with the advances made in the areas of
Computer Science and Informatics.

All  these developments generate
inventions, which are reflected in patents as
shown in graphic 6, which are subsequently
converted into new CT equipment, with more
detectors, better detection quality, faster
acquisition and increasingly specific software.
There has been a progressive and significant
growth in the number of patents has been
observed since 1999.

The distribution of patents by thematic
area is presented in Graphic 9. It shows the
great multi-disciplinarity involved in the
development of CT. The area of knowledge
where there are more patents related to CT is
"Materials Science" with 734, followed by
"Physics and Astronomy™ with 510, "Energy"
with 356, "Engineering” with 356, "Computer
Science "With 278," Earth and Planetary
Sciences "with 176 patents.

It is documented that, in the
technological development of CT, there is
multidisciplinary and interdisciplinary work
involving different areas of knowledge.
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Materials
Science, 734

Earth and Planetary

Sciences, 176
Physics and
Astronomy,

Computer Science; 510

278

Engineering,
356

Graphic 9 Thematic areas of patents in SCOPUS with
search COMPUT * TOMOGRAP *
Source: SCOPUS Search date 04/30/2012

Institutional co-authorship network study on
CT between 1973 and 1975

They are determined as institutions:

Centers: institutions that correspond to
the different work sites of the authors of the
documents. They are represented by different
types of organizations such as Universities,
General Hospitals, University  Hospitals,
Research Centers and Companies. In the work
they are defined as the organizations with
affiliation of the authors of the documents
(Blue square).

Journals: Institutions that coordinate the
dissemination of knowledge acquired through
communications available to researchers:
scientific journals, books and other documents
present in the databases analyzed. In the work
they are defined as the medium where the
bibliographic production was published (Red
circle).

Meetings: Institutions that coordinate
meetings between researchers from different
centers to share information in the study area.
The types of organizations that are included
within this institution are congresses, symposia,
seminars, “"meetings” and others that are
documented in the databases analyzed. In the
work they are defined as formal meetings
where effective interaction of different authors
was presented and which was documented in a
publication (Green rhombus).

Graphic 10 and Table 2 show the data
for organizations with a level of betweenness
greater than 2000 between 1973 and 1975.
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Atkinson Morkey's Hosp., London, UK

Br J Radiol

Mayo Cin. Mayo Found., Rochester, MN, USA

Harvard Med. Sch., Boston, MS, USA

DATA BASES: NODES: Organizations. Colors and
Pub Med + Science | shapes of nodes: Types of organizations
Direct (08/2010) (Institutions)

I1S1 WoS (03/2011) - Blue square: Center

SCOPUS (09/2012) - Red circle: Journal

- Green rhombus: Meeting

Node size: Centrality by Betweenness

Graphic 10 Main institutional co-authorship network in
CT years 1973-5. Betweenness greater than 2000
Source: Author's development

Mayo Clin. Mayo Found., Rochester, | 13.644,697
MN, USA

Br J Radiol 8.017,953
Radiology 6.757,192
Massachusetts Gen Hosp, Boston, MA, 5.076,172
USA

Neuroradiology 4.769,314
UCLA, Los Angeles, CA, USA 3.819,570
Neurology 3.633,620
Amer.J.Roentgenol. 2.859,655
Harvard Med. Sch., Boston, MS, USA 2.372,417

Table 2 Co-authorship network organizations in CT
years 1973 -1975. Betweenness greater than 2000
Source: Author's development

The importance of the interaction
between health research centers, university
hospitals such as: Mayo Clinic, Massachusetts
General Hospital, universities: UCLA, Harvard
and the scientific journals Br J Radiology and
Radiology in the development of CT s
appreciated.

Conclusions

In health innovation, the interaction between
different areas of knowledge plays a
fundamental role. The appearance of CT arises
from the clinical need of a Neuroradiologist
with Engineering concepts, interested in non-
invasive means to improve diagnosis and
reduce complications, the knowledge of an
Engineer, applying concepts of a physicist with
studies in Electrical Engineering (Nobel Prizes
in Medicine and Physiology 1979) (Mendoza
Vega, 1992), financed by a record company.
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The development of incremental
innovations in CT required the interaction
between different clinical areas of Medicine,
Engineering and Basic Sciences, reflected in a
progressive growth of patents in different areas,
deepening its applications, disseminating
knowledge and developing new CT equipment.

Confirming the model “Gateways and
pathways in a health system” in the study of
CT, the patient, service, knowledge and market
spheres interact. Innovation in health is a
complex, co-evolutionary, changing system,
without pre-established schemes, with multiple
types of association, evidenced ex-post, co-
ordered between many disciplinary areas, inside
and outside medicine, mediated by institutions
and organizations in various branches of
science and industry.

The transaction costs associated with
the interaction in a multi and interdisciplinary
work are quite high, so they must be leveraged
in institutions that allow them to be reduced, in
this case the presence of universities, university
hospitals and scientific publications was
evidenced.

This work shows that the use of
bibliometrics and SNA on a health technology
allows us to reach conclusions similar to those
proposed by Rosenberg (1972), Nelson (1994)
and Hall (2010), on interdisciplinarity and
coordinated development between different
institutions and organizations.

Other methodological approaches that
reach similar conclusions are the MassMEDIC
(2010) (Emmons & Porter, 2006), the works on
spin-offs  between research  universities,
research and development laboratories and the
government (Carayannis, Rogers, Kurihara, &
Allbritton, 1998) (Steffensen, Rogers, &
Speakman, 1999) and the works on the
participation of university research centers in
the development and diffusion of innovations
(Stuart, Ozdemir, & Ding, 2007) (Sabharwal &
Hu, 2013) (Wu, 2012) (Peterson, Rogers,
Cunningham-Sabo, & Davis, 2007).

HERNANDEZ-USECHE, Gustavo. Importance of interaction between
areas of knowledge and institutions in the development of a health
innovation: a study of thematic area networks and institutional co-
authorship networks in development of computed tomography (CT).
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While the invention and continuous
development of CT revolutionized the practice
of medicine the study of thematic area networks
and the use of SNA provide insight into the
processes of invention and innovation (Rubin,
2014), and identify potential radical and
incremental innovations and with them new
fields of study and research.
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Abstract

The COVID-19 pandemic led to the temporary closure of
institutions from elementary to higher education, which
implied that students had to learn from home through
digital platforms, this made education migrate to these
channels, channels that not all students can easily access,
so this work aims to expose the different academic
situations that university students are going through in
the midst of this pandemic in order to continue their
education. Therefore, in order to carry out this study, a
quantitative methodology was used due to the use of
tools for the collection and analysis of statistical data. All
the above to show that the students of the Tecnoldgico de
Estudios superiores de Villa Guerrero of the
Administration career do not have the digital,
technological and even economic means to continue with
their studies and adapt to this new learning modality.

Higher  Education, COVID-19, Management,
Administration

Resumen

La pandemia por COVID-19 llevo al cierre temporal de
las instituciones desde nivel bésico hasta superior, lo que
implico que los alumnos tuvieran que aprender desde
casa por medio de plataformas digitales, esto hizo que la
educacién emigrara a esos canales, canales a los que no
todos los alumnos facilmente pueden acceder, por lo que
dicho trabajo pretende exponer las diferentes situaciones
académicas por las que los estudiantes universitarios
estan atravesando en medio de esta pandemia para poder
seguir con su educacion. Por lo cual, para llevar a cabo
este estudio se utilizO una metodologia de corte
cuantitativo debido que se utilizaron herramientas para la
recoleccion y andlisis de datos estadisticas. Todo lo
anterior para mostrar que los alumnos del Tecnolégico de
Estudios superiores de Villa Guerrero de la carrera de
Administracion no cuentan con los medios digitales,
tecnoldgicos e inclusive econémicos para dar continuidad
con sus estudios y adaptarse a esta nueva modalidad de
aprendizaje.
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Introduction

In the current scenario in which the whole
world finds itself due to the effects caused by
the SARS-COV2 pandemic (CORONAVIRUS
OR COVID-19) has reflected the fragility of
the universal management systems in industry,
health, trade, economy, investments, education,
policies and more elements of society, for this
reason we will analyze in depth a system of
high social impact, "education in times of
coronavirus”, where millions of students around
the world have been affected by the drastic
change of the educational model.

We must not forget that the ability to
transform determines the effectiveness of an
education system for its transformation and so,
according to recent research, in first world
countries it was observed that the effects have
not been collateral, since their systems have the
ability to evolve and adapt to drastic and
sudden changes, however, in Mexico according
to studies conducted by INEGI (2020), only
59.5% of the student population has been able
to migrate to digital platforms.

The COVID-19 information search will
be conducted with the aim of deepening the
social impact that is generating, the negative
consequences of school closures, among them
highlighting that learning is interrupted and
inequality is embodied when accessing digital
education systems and increase dropout rates.

In addition, we will analyze the change
that was generated in students by having to
adapt to work under different digital platforms,
since it is considered that we were not ready for
a change as drastic as this, it is worth
mentioning that this change has generated in
students much despair to the extent of opting to
temporarily leave school.

Literature Review
History of COVID-19

The detection and spread of any new
respiratory pathogen is accompanied by
uncertainty about its main epidemiological,
clinical and virological characteristics and, in
particular, its ability to spread in the human
population and its virulence (the severity of
cases). Such is the case of Coronavirus disease
2019 (COVID-19), first detected in Wuhan
City, China, in December 2019.
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Symptoms of the disease can vary
greatly. Some people have no symptoms at all,
while others become so ill that they eventually
need mechanical assistance to breathe. (WHO,
2020)

But we must not forget that this virus is
contagious, and the first indication by the
authorities was to declare quarantine to avoid
contagion, so a growing number of educational
institutions around the world closed institutions
and entire campuses as a precautionary measure
against this pandemic that transformed the way
they worked. (Tecnoldgico de Monterrey,
2020)

And like the economies and lives of
millions of people around the world, the
coronavirus crisis drastically changed higher
education. Universities closed, classes were
suspended and taught online. Academic
conferences were also cancelled. People were
even asked not to travel to countries affected by
the pandemic and to avoid international travel
altogether, and the immediate implications and
inconvenience are expected to increase as the
coronavirus spreads to more countries and
affects more people.

What will be the implications of the
coronavirus crisis for higher education in the
medium and long term?

There are those who predict an unintended
positive impact on this level of education, in
particular the increase of online teaching and
learning and a more diverse international
student recruitment policy, moving away from
relying so heavily on countries like China.
Because the traditional trends in international
higher education will indeed remain and the
field of higher education will eventually return
to its normal routines. However, perhaps the
return will bring other problems such as less
financial stability, which in fact has already
been occurring in several countries (Altbach,
2020). (Altbach, 2020).

GARCIA-CASTILLO, Karla Yazmin. The impact of COVID-
19 in higher education: case study students of the Tecnoldgico
de Estudios de Villa Guerrero bachelor's degree in business
administration. Journal-Health Education and Welfare. 2021
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Challenges facing students in Higher
Education

According to data from the National Institute
for the Evaluation of Education (INEE), in
Mexico, this measure caused more than 30
million students in elementary, middle and high
school to suspend classes for months to shelter
at home. In this scenario, the virus has not only
highlighted the shortcomings of our education
system, which depends too much on a
traditional system of face-to-face teaching, but
also because of the inequality in access to
technology, because in times of quarantine, one
of the tools to keep afloat the country's
education system could be digital or distance
education.

Connectivity issues

According to the latest National Survey on
Availability and Use of Information
Technologies in Households (ENDUTIH), in
Mexico there are 18.3 million households that
have Internet through fixed or mobile
connection, which represents 52.9% of the
national total.

The geographic analysis indicates that
Internet use is an urban phenomenon, since
73.1% of the total urban population are users of
this service. This contrasts with 40.6% of the
connected population in rural areas.

These figures represent a challenge for
virtual or distance education to be successful in
a country where not all the population has real
access to connectivity.

In addition, schools would have to
implement methodologies so that both students
and teachers have learning skills outside the
classroom.

New work confrontations for teachers

In an interview for ElI Economista (2020),
Joaquin  Guerra Achem, vice-rector for
Academic and Educational Innovation of the
Tecnoldgico de Monterrey, acknowledged that
in general the country's educational institutions
were not prepared for such a rapid change in
teaching, although there were some that had to
face major challenges to continue with their
distance learning processes, coupled with the
adaptation that teachers had to make in their
classes to continue.
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"This pandemic caught us all by surprise.
Those of us who have been working with
distance education for the longest time were
able to mobilize quickly; however, the
amount of things we had to change
represented a great deal of work," said the
Vice Rector for Academic and Educational
Innovation of the Tec de Monterrey.

Methodology

To test the hypothesis of the present work,
which is:

- COVID-19 has created challenges for
students with new modalities such as on-
line education, however, not all the
student body has the resources to
continue their education.

A quantitative cross-sectional
descriptive research was conducted, because
descriptive and  cross-sectional  research
methods are adaptable to different types of
settings and different types of contexts and are
a means to understand the issues we have
raised.

Information was collected using the
survey technique, which was applied through
Google Forms to students of the bachelor's
degree in administration of the Tecnoldgico de
Estudios Superiores de Villa Guerrero.

The survey design consists of the
following sections:

- Respondent identification data.
- Obijective of the research.
- Instructions.
- Information requested.
- Classification data.
It is made up of:
- 9 dichotomous closed questions.
- 4 closed multiple choice questions.

- 5 Likert scale questions.

GARCIA-CASTILLO, Karla Yazmin. The impact of COVID-
19 in higher education: case study students of the Tecnoldgico
de Estudios de Villa Guerrero bachelor's degree in business
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This is based on a survey used by the
University of Veracruz to determine pandemic
education in that state.

For the application of these, the sample
was determined by means of an on-line
statistical calculator, with a population of 482
students in the Bachelor of Administration in
semester 2020-A, with a confidence level of
90% and a margin of error of 5% giving us as a
result that 175 students should be surveyed.

Once the responses were obtained we
proceeded to analyze the data using SPSS
statistical software, which is used for a wide
range of statistical analyses, such as descriptive
statistics (e.g., means, frequencies), bivariate
statistics (e.g., analysis of variance, t-test),
regression, factor analysis, and graphical
representation of the data. (Question Pro,
2020).

Descriptive analysis (frequency tables
and graphs) and a correlational analysis where
the Pearson correlation coefficient was used.

Results

Next, the results obtained from the SPSS
software are presented, by means of an analysis
of frequency tables and then with a correlation
analysis where the Pearson correlation
coefficient was used, which indicates that; if
there is a perfect positive correlation r=1. The
index indicates a total dependence between the
two variables called direct relationship: when
one of them increases, the other also increases
in constant proportion.

Butif “<7<1 then there is a positive
correlation and if 7= 0 then there is no linear
relationship but this does not necessarily imply
that the variables are independent and if

~1<r<0. there is a negative correlation and
finally if r=-1, there is a perfect negative
correlation. The index indicates a total
dependence between the two variables called
inverse relationship: when one of them
increases, the other decreases in constant
proportion. (Vinuesa, 2016)

Descriptive statistics
Of the 18 questions, the most representative of
our research topic were chosen and will be

explained below:
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In the surveyed population it was
observed that most of the students are women
with 67.3%, equivalent to 72 female students
and 32.7% men, equivalent to 36 men, giving a
total of 108 students in all, of which 63.3% of
the students do have updated equipment to
carry out virtual learning, while 37.4% do not.

Do | have access to fixed Internet to carry out virtual learning?

Frequency | Percentage | Percentage | Percentage
Valid Cumulative
Valid | Yes | 68 63.0 63.0 63.0
No |40 37.0 37.0 100.0
Total | 108 100.0 100.0

Table 1 Do | have up-to-date computer equipment to
carry out e-learning?
Source: Own Elaboration

Do | have access to a fixed Internet connection to
carry out the virtual learning?

Frequency | Percentage | Percentage | Percentage
Valid Cumulative
Yes |60 55.6 55.6 55.6
No |48 44.4 44.4 100.0
Total | 108 100.0 100.0

Table 2 Do | have access to fixed Internet to carry out e-
learning?
Source: Own Elaboration

As it can be observed in the previous
frequency table, the students confirm with
56.1% that they have fixed internet, on the
contrary 43.9% of the students do not have
fixed internet that helps them to carry out their
learning virtually.

Does the educational institution have the
appropriate educational platforms to favor the
teaching-learning processes?
Frequency Percentage | Percentage | Percentage
Valid Cumulative
Yes 93 86.1 86.1 86.1
No 15 13.9 13.9 100.0
Total 108 100.0 100.0

Table 3 Does the educational institution have adequate
educational platforms to favor the teaching-learning
processes?

Source: Own elaboration

A minimal part of the sample mentions
that the educational institution (TESVG) does
not have adequate platforms to favor the
teaching-learning processes, specifically 13.1%,
the other 86.9% confirms that it does have the
appropriate platforms.
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It is positive to note that most of the
respondents have the possibility of learning
under the virtual modality, with a percentage of
63.6% in favor, while a very small part
mentioned that they do not have the possibility
of learning under this new system, with an
average of 39%.

Did the educational authorities carry out a diagnosis to identify

whether students have the possibility of learning under the virtual
modality?

June 2021, VVol.5 No.8 19-27

It is of vital importance to know with which
tool the students interact the most and above all
with which one they have to carry out their
education, obtaining that 62.96% of the
students have a cellular device, 36.11% have a
laptop or pc, and only 0.93% have a tablet.

Has the quarantine confinement affected me emotionally?

Frequency | Percentage | Percentage Percentage
Valid Cumulative
Yes 68 63.0 63.0 63.0
No 40 37.0 37.0 100.0
Total 108 100.0 100.0

Frequency | Percentage | Percentage | Percentage
Valid Cumulative
Null 13 12.0 12.0 12.0
Low 33 30.6 30.6 42.6
Half 40 37.0 37.0 79.6
High 22 204 20.4 100.0
Total 108 100.0 100.0

Table 4 Did the educational authorities carry out a
diagnosis to identify if the students have the possibility
of learning under the virtual modality?

Source: Own Elaboration

Do you consider that with the virtual teaching method you have

obtained knowledge that will allow you to be a quality professional?

Frequency | Percentage | Percentage | Percentage
Valid Cumulative

Agreed. 11 10.2 10.2 10.2
Somewhat 59 54.6 54.6 64.8
Disagree 29 26.9 26.9 91.7
I do not learn 9 8.3 8.3 100.0
anything at
all
Total 108 100.0 100.0

Table 5 Do you consider that with the virtual teaching
method you have obtained knowledge that will allow you
to be a quality professional?

Source: Own Elaboration

According to the results obtained, it can
be seen that only 10.2% of the students
consider that they are sure that they have a
quality education, a very small part of the
sample argues that they do not learn anything at
all, while 27% of the students confirm that they
do not agree.

According to what is observed in the
table, the results show that 43.9% are making a
high effort and more work, others argue that the
dedication is average with 39.3%, 11.2% say it
is low, while the remaining percentage of 5.6%
say it is null.

The virtual education modality represents more work, effort and
dedication

Frequency | Percentage | Percentage Percentage
Valid Cumulative
Null 7 6.5 6.5 6.5
Low 12 11.1 11.1 17.6
Medium 42 38.9 38.9 56.5
High 47 43.5 435 100.0
Total 108 100.0 100.0

Table 6 The virtual education modality represents more

work, effort, and dedication
Source: Own Elaboration
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Table 7 Has the quarantine confinement affected me
emotionally?
Source: Own Elaboration

The change in lifestyle and the
confinement of all people and that for reasons
of this study, we are interested in knowing if
they have been affected emotionally by the
mandatory quarantine imposed by the federal
government by covid-19, where it was found
that 37.04% have been affected moderately by
the confinement, 30.56% have been affected at
a low level, 20.37% have been affected very
much by the confinement and 12.04% have not
been affected at all.

It is important to know the emotional
effects on young students at the higher level,
since these effects have an impact on their
professional development.

Pearson's Correlation

According to the results of the correlation table,
the hypothesis is accepted since the questions
Do you consider that with the virtual form of
teaching you have obtained knowledge that
allows you to be a quality professional? and
Does the virtual form of education represent
more work, effort and dedication? show a
negative correlation index value of -.110,
however considering the interpretation of
descriptive graphs the mentioned questions that
talk about the level of learning, performance
and effort that students bring to their academic
responsibilities, 54.63% of respondents say that
the new learning mode requires more effort to
get a good quality learning.
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The weightings show that students
reject the idea of becoming self-taught,
according to the results of the correlation
between the variables Do you use general
information search engines (Google, Yahoo,
Bing, Ask, among others) in support of the
teaching-learning processes under the virtual
modality? and Do | use collections of scientific
academic journals that provide quality digital
information  (SCOPUS, SCIELO, JCR,
REDALYC) in support of the teaching-learning
processes under the virtual modality? which
show to be negative by a valuation of -.010,
however when compared with the variable of
Do | use cloud storage platforms (Dropbox,
Google Drive, Cloud, among others) in support
of the learning process under the virtual
modality? with the previous variables, there are
positive results in both cases, so it can be
deduced that students request information
mainly through the internet and make use of
magazines and physical media information in a
low percentage, using and storing the requested
information only at the time it is required and
not to be used in the near future.

On the other hand, the negative
correlations again between questions 12.- Does
the modality of virtual education represent
more work, effort and dedication? and 13.-
What tools (devices) do | have to carry out
distance higher education? With a value of -
.104 show that the students require a little more
effort to carry out the monitoring of distance
education, as well as it also implies an increase
in costs little noticeable or very low, however it
can be perceived that not all students have the
necessary resources to cope with the new mode
of distance education as 63% of respondents
only have a cell phone to stay active for the
activities that are requested, given the
hypotheses and results found we can say that
57. 41% of students feel stressed by distance
education.41% of the students feel stressed and
pressured by the new modality of distance
work.

Conclusions

As we have seen in recent days the
CORONAVIRUS, became an endemic disease
that affects the proper functioning of education
in Mexico and the expected learning at all
levels of education because it went from
classroom learning to online learning, which
caused students to experience various emotions.
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The number of people who present
emotions that are not suitable for educational
development is very high, so it can be assumed
that the strategy, tools and in general the
distance education developed by the TESVG, is
not resolute nor does it present educational
quality in the learners.

And it could be perceived that not all
students have the necessary resources to cope
with the new distance learning mode because
63% of respondents only have a cell phone to
stay active for the activities that are requested
and it is important to analyze the above point
because the applications that will be the direct
means of communication, should have a more
accurate version and better functionality for cell
phone devices as students have more with this
item.

So given the hypotheses and results
found we can say that 57.41% of the students
feel stressed and pressured by the new modality
of distance work, which causes dissertation and
null learning on their part.

Annexes
Survey applied

Technological College of Superior Studies of
Villa Guerrero

Bachelor's Degree in Administration

Research Project: The Impact of COVID-19
in Higher Education: Case Study students of
the Tecnolégico de Estudios de Villa
Guerrero Bachelor's Degree in
Administration.

Objective: To gather information to know the
impact of the COVID-19 contingency on the
students of the TESVG Administration course.

Directions: Read the question carefully and
choose the answer that most identifies you.

1. Do I have updated computer equipment to
carry out the virtual learning?

a) Yes b) No

2. Do | have electronic devices (printer,
scanner, camera, among others) to carry
out the virtual learning process?
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a) Yes b) No 10. Do | wuse collections of scientific
academic journals that provide quality
Do | have access to fixed Internet to carry digital information (SCOPUS, SCIELO,
out the virtual learning? JCR, REDALYC) in support of the
teaching-learning processes under the
a) Yes b) No virtual modality?
In case you do not have access to fixed a) Null
Internet, what alternatives do you take to b) Under
carry out your school activities at a c) Middle
distance? d) High
a) lgotoacyber. 11. Do | wuse cloud storage platforms
b) | borrow the equipment from a (Dropbox, Google Drive, Cloud, among
family member or friend. others) to support the learning process
c) A colleague sent it for me. under the virtual modality?
d) Another.
a) Yes b) No
Does the educational institution have the
appropriate educational platforms to 12. Does the virtual education modality
favour the teaching-learning processes? represent more work, effort and
dedication?
a) Yes b) No
a) Null.
Prior to the contingency, did the b) Under.
educational institution carry out training c) Middle.
on the platforms to be used? d) High.
a) Yes b) No 13.  What tools (devices) do | have to carry
out distance higher education?
Did the educational authorities carry out a
diagnosis to identify if the students have a) Cell phone.
the possibility of learning under the b) Laptop or PC.
virtual modality? c) Tablet.
a) Yes b) No 14. Does it represent additional expenses to
my family to carry out the education
8. Do you consider that with the virtual under the virtual modality?
teaching method you have obtained
knowledge that will allow you to be a a) Null.
quality professional? b) Under.
c) Middle.
a) Allright. d) High.
b) A little bit.
c) Disagree. 15. Do | have medical insurance from the
d) Idon't learn anything at all. academic institution, so that in case | get
infected with the COVID-19 virus | can
9. Do you use general information search be treated?
engines (Google, Yahoo, Bing, Ask,
among others) to support the teaching- a) Yes b) No
learning  processes in the virtual
modality? 16. Am | aware of the protocols established
by the educational and health authorities
a) Yes b) No in order to be treated in case | catch the

COVID-19 virus?
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a) Yes b) No Montes, D. (September 12, 2018). Poyectos
Gestion  Conocimientos.  Retrieved from

17. Ha the quarantine  confinement https://www.pgconocimiento.com/metodos-de-

established by the ealth authorities
affected me emotionally?

a) Null.
b) Under.
c) Middle.
d) High.

18. What is your emotional state according to
the previous question?

a) Sad.

b) Happy.

c) Stressed.
d) Pressed.
e) Frustrated.
f) Animoso.
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Abstract

Generating interest in undergraduate students, with their
participation in science for scientific development, which
affects the main problems that human beings face, is a
primary task for both universities, government and
society. Therefore, the objectives of this article are
focused on analyzing the participation of undergraduate
students in the development and implementation of
scientific research projects, based on their academic
training, as well as the dissemination of their findings
and the staging of problems of the state of Jalisco, with
practical solutions, within the Multidisciplinary Program
for the Development of Modular Projects (PMDPM). In
this sense, a quantitative analysis of the participation of
809 undergraduate students incorporated into the
PMDPM was carried out, regarding the development of
scientific projects, scientific dissemination in congresses,
the publication of scientific papers and the development
of theatrical works from 2014 to 2020. The notable
results are: 138 modular projects, 60 scientific
disclosures in national and international congresses and 5
papers published in peer-reviewed and indexed journals,
and the creation of the Spontaneous Reaction theater

group.

Project-based learning, Early research, Popular
science

Resumen

Generar interés en los estudiantes de pregrado, con su
participacion en la ciencia para el desarrollo cientifico,
que incida en las principales problematicas a las cuales se
enfrenta el ser humano, es tarea primordial tanto para las
universidades, el gobierno como para la sociedad. Por
ello, los objetivos del presente articulo se enfocan en
analizar la participacion de los estudiantes de pregrado en
el desarrollo e implementacion de proyectos de
investigacion cientifica, basados en su formacion
académica, asi como la divulgacion de sus hallazgos y la
puesta en escena de problematicas sociales del estado de
Jalisco, con soluciones practicas, dentro del Programa
Multidisciplinario para el Desarrollo de Proyectos
Modulares (PMDPM). En este sentido, se efectué un
analisis cuantitativo de la participacion de 809
estudiantes de pregrado incorporados al PMDPM,
respecto al desarrollo de proyectos cientificos, la
divulgacion cientifica en congresos, la publicacion de los
articulos cientificos y el desarrollo de obras teatrales del
2014 al 2020. Los resultados destacables son: 138
proyectos modulares, 60 divulgaciones cientificas en
congresos nacionales e internacionales y 5 articulos
publicados en revistas arbitradas e indexadas, y la
conformacién del grupo de teatro Reaccién Espontanea.

Aprendizaje basado en proyectos, investigacion
temprana, Divulgacion cientifica
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1. Introduction

At present, the National Council of Science and
Technology (CONACYT) is the main one in
charge of promoting the development of
scientific research in Mexico, as well as
technological development and innovation,
which is recognized through the granting of
distinctions to the researchers in different
categories. However, the public university, as
an institution committed to academic
excellence, social solidarity and humanistic
thinking for the sustainable development of the
entity, as well as the contribution to the
economic development and social welfare of
the regions of Jalisco (Universidad de
Guadalajara [UDG], 2018; Universidad de
Guadalajara [UDG], 2019), is the main
researcher trainer.

For this reason, it is essential to
encourage undergraduate  students  to
increasingly join in developing scientific
research with an impact on society. In this same
vein, the realization of a quantitative analysis,
contemplating the achievements of the
implementation of the Multidisciplinary
Program for the Development of Modular
Projects (PMDPM) of a public university in
Jalisco, presents added value, because it reflects
the reality of the incorporation of undergraduate
students to early research, which allows
decision-making for the establishment of new
learning strategies and the promotion of
science.

In concomitance with the above, the
problem is formulated from the following
question: What is the impact of the PMDPM on
the participation of undergraduate students in a
public university in Jalisco during the period
from 2014 to 2020? For this, this research
proposes to evaluate, through descriptive
statistics and the document review technique,
the number of students who participate, the
number of projects they present, the number of
disclosures in different conferences, the number
of publications of scientific papers and
electronic books, as well as the number of
plays. That allows understanding the
incorporation of students to the scientific field,
with teaching-learning processes based on the
development of projects.
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The central hypothesis of this article
proposes that, of 1,440 students enrolled in the
careers of Chemical Engineering, Bachelor's
Degree in Chemistry and Bachelor's Degree in
Chemical Pharmaco  Biologist  (Centro
Universitario de Ciencias Exactas e Ingenierias
[CUCEI], 2020), upon joining the PMDPM
they will achieve have an impact on scientific
work with scientific products and performing
arts. This is formulated as follows:

- Ho: Of the undergraduate students
enrolled in the careers of Chemical
Engineering, Bachelor of Chemistry and
Bachelor of Chemistry  Pharmaco
Biologist from a public university in
Jalisco, less than 50% achieve an impact
on scientific development, with academic
production of modular projects, papers,
publications in  electronic  books,
dissemination in congresses and in the
performing arts.

- Ha: Of the undergraduate students
enrolled in the careers of Chemical
Engineering, Bachelor of Chemistry and
Bachelor of Chemistry  Pharmaco
Biologist from a public university in
Jalisco, more than 50% achieve an impact
on scientific development, with academic
production of modular projects, papers,
publications in  electronic  books,
dissemination in congresses and in the
performing arts.

This article is made up of 8 main
sections. In section 1. Introduction, the subject
under study is explained in a general way, as
well as the importance, the technique to be
used, the main hypothesis and the problem, as
well as the generalities to be dealt with during
the article. In section 2. Theoretical framework,
it is possible to observe the theory of teaching-
learning, project-based learning, modular
projects, performing arts, description of the
PMDPM, and implementation of the PMDPM.
In section 3. Method, the type and design of the
investigation, the description of the variables,
the measuring instrument, the participants, the
procedure and the data analysis are included. In
section 4. Results and discussion, descriptive
results and analysis against theory are detailed.
In section 5. Annexes, the information
collection matrix is shown.
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In section 6. Acknowledgments,
mention is made of the institution participating
in the research. In section 7. Conclusions and
recommendations, the main findings and future
work are explained. In section 8. References,
the authors are shown resulting from the review
of the state of the art and with direct
contribution to this study.

2. Theoretical framework
2.1 Teaching-learning

In the current knowledge society, there are
many concepts that contribute to the teaching-
learning process in  Higher Education
Institutions; aspects such as meaningful,
autonomous learning; generic and specific
competences; active methodologies; teach to
think, and learn to learn; all this, to give way to
a new paradigm, the model focused on learning,
in which it establishes the student as a leading
role, giving priority to their needs to promote
knowledge throughout their academic training
(Mertens, 2002; Murrieta, 2013).

In this model, the role of the teacher has
been transformed, establishing basic
characteristics to generate conducive learning
environments, that is, one who fulfills the role
of mediator or facilitator of learning and
assumes a role of accompaniment with the
students, through the implementation of active
methodologies for the student to appropriate
knowledge (Cerda, 2003; Maldonado, 2008).
The learning-centered model has been a topic
addressed by different organizations and
authors, who from different positions and
perspectives propose definitions in this regard
(Lopez, 2013).

The postulates of the World Declaration
on Higher Education in the XXI Century:
Vision and Action of the United Nations
Organization for Science and Culture, establish
that higher education has to adapt its structures
and teaching methods to new needs (United
Nations Educational, Scientific and Cultural
Organization [UNESCO], 1998). One of the
main characteristics of the new teaching model
focuses on making the student the protagonist
of the educational system. Learning is not
reduced to the transmission of theoretical
knowledge, but also to the development of
general and specific skills and abilities (Roldan,
2000).
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Therefore, the university has an
important task that consists not only in training,
but also in creating socialization spaces for
young university students to approach a cultural
and social plurality, for which it creates various
activities including, participation in research
programs (Hernandez & Contreras, 2021). In
this same context, the term educate, not only
consists of imparting knowledge on topics to
higher education students according to their
study plan, but it is required to achieve a true
meaningful learning in the students, after the
qualitative improvement of this, by influencing
the lives of students and consequently in
society, in addition to allowing the construction
of new knowledge contemplating research and
teacher management, according to current
scientific and technological progress (Yllescas,
2021).

With these new approaches, students
generate greater capacities that allow better
access to the labor market (Roldan, 2000), since
the form of study will be more autonomous,
reflective, multidisciplinary, cooperative and
practical (Murrieta, 2013). Likewise, the hours
of lectures are reduced and other more
participatory formats are encouraged, such as
seminars, debates or oral presentations, as well
as autonomous study work. Although the
teacher will continue to have a guiding
function, the student will be required to give his
opinion, solve, consult and put into practice
what he has learned (Maldonado, 2008).

Due to the above, it is transcendental,
the incorporation of curricular innovation,
rethinking the way of innovating,
contemplating the work of academics, their
conditions and their possibilities to join these
proactive processes (Zea, 2021). Therefore,
some authors assure that it is necessary to leave
behind the teacher-centered pedagogical model,
since it minimizes learning, makes it rote and
inconsequential (Gutiérrez, 2003; Cano, 2009).

2.2 Project-based learning

On the other hand, Project Based Learning
(ABP or PBL, Project Based Learning) is a
teaching model based on the use of authentic
and realistic problems, directly related to the
context of the profession, through which
students develop skills with a collaborative
approach in search of solutions (Blank &
Harwell, 1997; Maldonado, 2008).
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PBL has the potential to more
effectively prepare students for future learning
because it is based on four modern ideas about
learning: constructive, self-directed,
collaborative, and contextual (Dolmans, De
Grave & Wolfhagen, 2005). Likewise, PBL is a
learning model, through which students actively
work, plan, implement and evaluate projects
that have application in the real world beyond
the classroom (Blank & Harwell, 1997; Bell,
2010; Marti, Heydrich, Rojas & Hernandez,
2010).

In accordance with what has already
been described, through the educational reform
promoted by the H. General University Council
of the public university in which this research is
carried out, the pedagogy of projects is favored
in order to develop competencies, abilities and
skills of college students. That is why the new
study plan for bachelor's degrees arises, which
adopt a modular nature (UDG, 2019; CUCEI,
2020).

For this, the modules are defined as
essential training nuclei that organize learning
activities (courses, workshops, laboratories,
seminars, etc.) around the domains of each
professional field; that help to achieve the
competencies established in the graduation
profile (Universidad de Guadalajara [UDG],
2011; CUCEL, 2020), this allows undergraduate
students to initiate scientific projects. To this
are added, environmental projects, which are of
great importance to minimize the negative
impacts that man has caused on biodiversity
and ecosystems, with the main objective of
using natural resources in a rational way, being
necessary the generation strategies in urban
environments, as well as the implementation of
teaching methodologies in this area for the
identification of problems and solutions with
the participation of students (Morales, 2021).

Therefore, young people are encouraged
to be more proactive as promoters of
sustainable alternatives, contemplating the
development of their environment, their
context, problems and needs, avoiding that
students not only passively integrate into
educational programs (Sanchez & Guerra,
2021).
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2.3 Modular projects

Therefore, modular projects are activities that
demonstrate the mastery of skills that university
students acquire during their academic training.
In this regard, students must develop a project
for each module, to be evaluated by a
specialized committee through the modalities of
exhibition, prototypes, exams, reports and
reports of professional practices, research and
social service, among others. The modular
project can be prepared individually or in
groups and must be endorsed by the advice of
specialist professors, in order to facilitate the
development of projects (Universidad de
Guadalajara [UDG], 2013; CUCEI, 2020).

Modular projects are an essential part to
evaluate the transversal skills of application of
knowledge linked to each of the modules. The
purpose of carrying out projects is to contribute
to developing the ability to take a problem from
the complexity of reality, bring it to the field of
its discipline and return a solution that acts in
the scenario from which the problem was
extracted (UDG, 2013).

In this way, it is possible to contribute
to reversing the lag in science and technology,
through the creation and innovation of new
research projects that try to solve some of the
problems in our environment, in addition to the
fact that the student manages to develop skills
with high potential that allows it to develop
successfully.

Society changes and transforms itself,
economic, scientific and technological growth
become indicators that invite us to rethink
education in the 21st century (Tedesco, 2003).
Education in the 21st century is at a crossroads;
On the one hand, it seeks to generate graduates
to effectively join the world of work and, on the
other, to train disciplined citizens to respond to
the new relationships imposed by the
knowledge society and to the skills demanded
by the global economy (Touraine, 2005).
Therefore, it is necessary to respond to the
meaning of education in terms of: what, for
what, how and where. These questions define
an innovative proposal, which is consistent with
the needs of the context (Sierra, 2016).
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The planning and execution of modular
projects should promote the development of
transversal skills and competences of university
students through innovative ideas based on the
scientific method and the performing arts. Also,
to contribute to the mission and vision of the
public university, which establishes as a
priority the comprehensive training of
professionals  who  contribute to the
development of sustainability, continuous
improvement and social co-responsibility.

2.4 Performing arts

On the other hand, dramatization or the
performing arts are an educational resource
little used, especially at the higher level. It has
great educational value, since many authors
define it as an active tool that involves
multidisciplinary approaches (Pérez, 2017). In
addition, it is a motivating integrative
instrument that educates in values and favors
expression and communication in all fields of
teaching, encourages different interpretations
and integrates all kinds of intelligences.

The performing arts are also conceived
as an appropriate element for personal and
social knowledge and growth, since it is a way
of communicating about a certain reality
(NUfez & Navarro, 2007). For his part, Pérez-
Aldeguer (2017), affirms that performing arts
such as music, dance and theater can be used as
a pedagogical tool in the teaching-learning
methodology in higher education. In this same
order of ideas, the performing arts have great
value to enter into a holistic learning; what is
sought is the generation of learning that crosses
barriers, that is, that reflects reality and affects
new proposals in the environment.

This type of learning connects emotion
and reason in a masterful way since through the
performing arts, students are able to seek
solutions to real problems (problem-based
learning), create projects that motivate them
(project-based  learning), have  healthy
interactions  between peers (cooperative
learning), treating at all times the active
learning characteristic of these methodologies
and providing individual and group meaning to
their formative period (Pérez-Aldeguer, 2017).
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2.5 Description of the PMDPM

Based on the theoretical review carried out by
the PMDPM, it creates an academic space for
scientific dissemination in which young
university students express in a practical way
the knowledge acquired in their academic
training, through prototypes, research models
and / or business incubation; embodied in
modular projects that contribute to the solution
of any problem identified in their immediate
environment and that favor the well-being of
society.

Another purpose of the PMDPM, is to
promote among the university community, the
development of skills of expression,
communication and writing, through the
presentation of scientific posters, ecological
projects and unpublished plays, in order to
spread chemical, ecological knowledge,
pharmacological, as well as promoting ethics
and morals in the student community and in
society in general.

Finally, the PMDPM is described as a
trigger in the training of young university
talents by contributing to the scientific and
technological development of the entity,
through the application and experience of
specific techniques focused on the development
of their skills, in addition to promoting
participation Early life of college students in
scientific research and  technological
development.

2.6 Implementation of the PMDPM

2.6.1 Preparatory phase: Call and
development of theoretical-experimental
projects

At the beginning of each school year, teachers
and researchers who are members of the
technical support group of the Multidisciplinary
Program for the Development of Modular
Projects (PMDPM), invite young university
students to participate with project proposals;
The guidelines are delivered in writing and it is
explained that it must start from the
identification of any problem in its immediate
environment, continuing with the realization of
an alternative solution, focusing it on various
areas of knowledge such as analytical
chemistry, biology, pharmacy, ecology and the
performing arts.
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Each participating team presents its
proposal in writing to the technical committee
of the program, who performs a prior
evaluation based on bibliographic resources and
scientific papers, verifying the viability of the
project, in addition to the availability of
materials, equipment, laboratories, academic
and research staff, finally generates a verdict of
the proposal. The proposal being accepted, the
students proceed to carry out the corresponding
experimentation to present their progress
reports to the teacher or researcher assigned as
the person in charge of the project.

During these stages, young university
students have continuous face-to-face, virtual or
electronic counseling to facilitate the process.
Finally, the young university students, in
collaboration with the project advisor, carry out
the analysis of experimental data and present it
in poster format in the academic space for
scientific dissemination, attaching the full
document of the project.

2.6.2 Presentation phase: Project evaluation

In this phase, the logistics of the academic
space for scientific dissemination are carried
out, the program coordinators ensure that they
have the necessary material such as screens,
tables, chairs, screens, computer equipment,
projectors, posters, stationery, etc. Meanwhile,
the teams participating in the program present
their prototypes or research models to the
technical committee, made up of professors and
researchers from the public university. At the
end of the presentations, the technical
committee evaluates and gives feedback to the
university students to optimize their projects or
research models.

Weighted proposals with a score higher
than 80 points, with a maximum of 100 points,
are considered as a modular project of the
selected area of knowledge. The best projects of
each edition of the program are advised with
greater impetus for their participation in
national and international congresses. Finally,
the acknowledgments of participation in the
program are delivered.
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The main current advantages of the
evaluation of projects in international
dissemination focus on the fact that students
have feedback from research experts that allows
the improvement of the projects presented to
increase their quality; in addition, the
development of projects with scientific and
methodological rigor is generated, allowing
their approval to be published at an
international level; as well as the increase in the
explanation of various problems with a direct
contribution to the generation of knowledge.

2.6.3 Follow-up phase: Diffusion and
implementation of innovations

The coordinators of this academic space for
scientific dissemination, monitor the best
weighted projects in each edition, integrating
them into the scientific research work team,
through  which  modular  projects are
complemented until they have the profile and
comply with the necessary guidelines to be
presented in a congress of scientific
dissemination at the national and / or
international level. Also, university students are
linked in scientific research stays, where they
will continue to enrich their knowledge in the
area of scientific research.

Another modality considered as a
modular project in the public university, is the
realization of diffusion campaigns and
ecological campaigns, which benefit the social
development and the sustainability of our
entity. University students who so wish,
develop projects related to the performing arts,
aimed at dissemination campaigns. They join
the theater group "Spontaneous Reaction"”
where they participate in the realization of
original scripts (unpublished works) that are
later staged in a cultural or social event. At the
end of the play, evaluation activities, discussion
forums, interviews, etc. continue. The theme to
be developed in each work has the purpose of
raising awareness and disseminating scientific
knowledge, referring to chemical, biological,
pharmacological, ecological, ethical or social
issues.
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On the other hand, university students
who wish to participate in ecological
campaigns, work according to the guidelines of
the Eco-sustainable Program for Institutional
Management of Solid Urban Waste (PREMI),
focusing on sustainability activities such as the
rehabilitation of green spaces, campaigns for
the collection of paper, plastics and electronic
waste, the giving of workshops on paper
making and reuse of available resources and
collaborating in the Conference With
Enviroment Science.

3. Method
3.1 Research type and design

This research presents a quantitative approach,
of a non-experimental type with a cross-
sectional section (Hernandez, Fernandez &
Baptista, 2014; Bernal, 2016). The technique
used was the documentary review of a historical
printed report of student participation in the
PMDPM for the period 2014-2020 developed
by those responsible for it, in order to quantify
the data and identify the impact.

3.2 Variables
3.2.1 Research project variable

It corresponds to the number of scientific
research projects focused on various areas of
knowledge such as analytical chemistry,
biology, pharmacy, ecology and the performing
arts, which start from a problem detected as a
research idea and a solution proposal by
undergraduate students.

3.2.2 Modular projects variable

It is identified as the number of scientific
research projects that become modular projects,
which were evaluated by means of a rubric by
the technical committee, being capable of being
published with scientific and technological
input.

3.2.3 Participation in congresses variable

Corresponds to the number of scientific
research projects, accepted as modular projects
that participate in science congresses at national
and international level, in poster or presentation
mode.
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3.2.4 Electronic book variable

It is the number of scientific research projects
that after participating in national and
international science congresses, in poster or
presentation mode, are published in an
electronic book.

3.2.5 Published papers variable

Corresponds to the number of research projects
in article mode, published in national and
international peer-reviewed journals.

3.3 Measuring instrument

The instrument used to collect information was
a matrix for the collection of quantitative
information, which covers the period from 2014
to 2020, of its own construction, where the
variables under study are indicated and the
record of the number of products obtained from
participation in the PMDPM.

3.4 Participants

809 undergraduate students from the third to
the sixth semester of the degrees in Chemistry,
Chemical Engineering and Chemical Pharmaco
Biologist were considered.

3.5 Procedure

The information collection was carried out
through a matrix that integrates the variables
under study, for this, the historical report of
student participation in the PMDPM for the
period 2014 - 2020 was used, to obtain the
necessary data and meet the objective of the
present investigation.

3.6 Data analysis

Descriptive statistics were used for data
analysis, counting, tables and graphs,
comparing the findings by year.
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4. Results and discussion

After the documentary review with a
quantitative approach of the historical report of
student participation in the PMDPM, it was
found that, as of June 2014, the first exhibition
of  scientific  research  projects  with
physicochemical applications for the study of
biological systems was inaugurated. in the
facilities of the university center of the public
university under study, with the participation of
students from the third and fourth semester of
the Bachelor's Degree in Pharmaceutical
Chemistry Biologist (LQFB) (Expo, 2014).

The initial conditions to generate this
PMDPM model contemplated modular projects
that brought together both formal and content
aspects, developed by third and fourth semester
LQFB undergraduate students, who were
subjected to compliance with various indicators
such as: originality consistent in the design,
distribution of the elements in the space and
visual route; use of the color factor and visual
impact (attractiveness of the project); clarity in
the presentation of information and proper use
of language and spelling; quality and logical
sequence of the presentation; inclusion of the
institution of origin; elaboration according to
the subject of the title; addressed to the agreed
recipients; offering relevant information to the
agreed recipients; content of the students' points
of view, in addition to the information
collected; presentation of updated and
innovative information; facilitating recipients to
have useful support tools in their professional
work; evidence of acquisition of knowledge of
different subjects by students; incorporation of
the bibliography used; and defense of the
authors on the theme of the project.

The first edition had the participation of
145 students of the LQFB career, which is
equivalent to a representative sample with a
95% confidence level and a margin of error of +
5%, of 232 possible participants, allowing the
validity of the model proposed in this research,
which presented 30 projects  with
physicochemical approaches in the modalities
of oral presentation, poster presentation and
prototype presentation.
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A significant finding was that, over
time, the PMDPM has been carried out
uninterruptedly, two editions per year starting
in 2015, in addition to expanding the areas of
knowledge and incorporating projects carried
out by students of the Degree in Chemistry
(LQUI) and the Bachelor's Degree in Chemical
Engineering (LIQU) from this public university
in Jalisco.

In graphic 1, the evolutionary behavior
of the PMDPM is shown during the period
between June 2014 and August 2020, it is
possible to appreciate three critical stages that
describe the participation of students through
projects presented in the program. In the first
stage (2014), there is a participation of 145
students who presented 30 projects, this great
result was due to the work carried out in the
promotion and dissemination of the program;
However, in 2015 and 2016, the second stage
arises, in which a significant decrease can be
seen with the participation of 174 students and
41 projects presented in this period, this effect
was caused by the limitation of educational
programs incorporated into the program (LQFB

only).

As of 2017 and until 2019, the PMDPM
is consolidated, appearing the third stage, in
which there is the maximum participation in the
triennium of 163 students and 38 projects, this
result was obtained by the strategy of
incorporation of the careers of LQUI and LIQU
as fundamental knowledge areas of the
program, managing to integrate modular
projects carried out by students of these careers.
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Graphic 1 Participation of undergraduate students in the
PMDPM

Source: Own elaboration from data obtained from
PMDPM 2014-2020, of the documentary review carried
out on the institutional records held by those in charge of
its implementation
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Table 1 shows the relationship of the
results obtained in the program during the
period between 2014 and 2020.

ar  Projects presented _Participating students _Modular projects _Participation in congresses _E-books _Published papers
14:

201 39 16/ 2

Total 189 80 138 5

Table 1 Results of the PMDPM in the period between
2014 and 2020

Source: Own elaboration based on the data obtained
from the PMDPM 2014-2020, of the documentary review
carried out on the institutional records held by those in
charge of its implementation

During the analyzed period, 12 editions
of the PMDPM were carried out, with the
participation of 809 students from the LQFB,
LQUI and LIQU careers, who developed 189
projects that have been presented in the
program; 2019 being the most productive year
with 21% of the total projects presented in the
PMDPM (see graph 2). The pie chart shows the
year of publication, followed by the number of
projects presented and concludes with the
representative percentage of the total number of
projects.

2020, 6, 3%

2014, 30,
2019, 39, 16%
21% 2015, 19,
10%

2018, 37, 2016, 22,
19% 12%

2017, 36,
19% ’

Graphic 2 Relationship of the participation of projects in
the PMDPM

Source: Own elaboration from data obtained from
PMDPM 2014-2020, of the documentary review carried
out on the institutional records held by those in charge of
its implementation

It is important to mention that the
decrease in participating projects in the 2020
PMDPM corresponds to the effect caused by
the global health emergency regarding COVID-
19, a circumstance that has so far prevented
experimental work in laboratories and face-to-
face activities at the university center of the
public university participating in this research.
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On the other hand, of all the projects
presented in the PMDPM, 138 have been
approved by the technical committee as
"Modular Projects” applied to the different
areas of knowledge of the participating degrees,
in relation to the 189 projects presented
(consult Table 1), corresponding to 73%
effectiveness of the program.

In graphic 3, the production obtained
through the implementation of the PMDPM is
shown, which has influenced young university
students to participate with 60 modular projects
(43.47% of the modular projects accepted) in
different congresses of scientific dissemination
at national and international level , among
which those carried out by the Mexican
Chemical Society (SQM), the Mexican
Academy for Research and Teaching in
Chemical Engineering (AMIDIQ), and the
Academia  Journals (AJ) stand  out.
Furthermore, it has collaborated with the
participation of modular projects in 7 chapters
of digital books and in the publication of 5
papers in journals with rigorous arbitration and

Published papers

indexed in EBSCO.
20
15
5
O i |. I

2014 2015 2016 2017 2018 2019 2020
Year

m Projects presented

45 Modular projects
| Participation in congresses
40 m E-books

Results of PMDPM
3

Graphic 3 Results obtained from the PMDPM in relation
to modular projects, participation in congress, e-book
chapters and published papers

Source: Own elaboration from data obtained from
PMDPM 2014-2020, of the documentary review carried
out on the institutional records held by those in charge of
its implementation

As for the dissemination of the exact
sciences and engineering through the
performing arts, the theater group "Spontaneous
Reaction” was created, made up of
undergraduate students with creative vision and
artistic abilities. The main function of the
theater group was to create unpublished works
with themes of environmental awareness and
dissemination of scientific and cultural
knowledge.
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To date, 30 original scripts have been
designed and staged in different cultural events,
university forums, national congresses and in
civil associations such as Narices Rojas A.C.
The information regarding these scripts can be
seen in table 2.

In addition to this, in 2016 the theater
group was consolidated as part of the Social
Service Program in the university center of the
public university participating in this research,
which was oriented to support the cultural
activities of undergraduate students; without a
doubt, a very significant achievement for the
Multidisciplinary Program for the Development
of Modular Projects (PMDPM).

1 Philosophical water Alchemy Cultural ~ Scientific Event of the
Pharmaceutical Chemist Biologist
2 My sweet human sacrifice Alchemy Cultural Scientific Event of the Bachelor
of Chemistry
3 From elements to compounds Chemical National Congress of Pharmacy
4 Glucose in the country of Biochemical Cultural Scientific Event of the Bachelor
enzymes (krebs cycle) of Chemistry
5 Hormone initiative Biochemical Cultural Scientific Event of the Bachelor
of Chemistry
6 Metabolized in life Biochemical Civil Association for Children with
Cancer Narices Rojas
7 Cells war Biochemical National Congress of Chemistry
8 The ghost of expired drugs Pharmacist Cultural ~ Scientific Event of the
Pharmaceutical Chemist Biologist
9 Errors of medication Pharmacist Civil  Association for Children with
Cancer Narices Rojas
10 SAEP- Serotoninergic Pharmacist National Congress of Pharmacy
combat
11 The magic formula to heal Pharmacist Cultural ~ Scientific Event of the
Pharmaceutical Chemist Biologist
12 My pneumonia fever Medicine Old Civil Hospital, Social Security
Pediatric Specialties Tower
13 My abnormal normality Psychiatric CUCS Psychiatry Conference
Medicine
14 Metro fail Cancer Civil  Association for Children with
Cancer Narices Rojas
15 Immunological detectives Immunology Western Intellectual Property Congress
Ccucs
16 Mental resonance Criminalistics | Cultural ~ Scientific Event of the
Pharmaceutical Chemist Biologist
17 Head shot Criminalistics National Congress of Pharmac:
18 The three feet to the cat Social X Academic Meeting of Social Work
Service
19 Heroes never die Ecological House Home of Guadalajara
20 Plasticize my life Ecological Rambla Catalufia of the University of
Guadalajara
21 Six reasons not to Live on Ecological Rambla Catalufia of the University of
earth Guadalajara
22 Recycle my life Ecological Conference  of  With Science
Environmental (JACC)
23 Five minutes more Ecological Mixed Secondary 71 “Idolina De Cosio
Vidaurri”
24 Chemical friendships Infant Primary Urbana 124 “Margarita Maza de
Judrez”
25 The children's crab bucket Infant “Salvation Army” Children's Home
26 Fluoride and the thieves of Infant “La Luz” Children's Home
children's day
27 Looking for the perfect Pastorela “Salvation Army” Children's Home
alchemist
28 Chemical pastorela Pastorela Old Civil Hospital, Social Security
Pediatric Specialties Tower
29 Deadly sins Pastorela Civil Association for Children with
Cancer Narices Rojas
30 Pastorela according to Satan Pastorela Mixed Secondary 35 “Ricardo Flores
Magon”

Table 2 List of original scripts created and staged by the
theater group Spontaneous Reaction

Source: Own elaboration from data obtained from
PMDPM 2014-2020, of the documentary review carried
out on the institutional records held by those in charge of
its implementation

Finally, in the field of environment, the
guidelines of the Institutional Environmental
Sustainability Plan of the university center
belonging to the public university participating
in this research and the Eco-sustainable
Program for the Institutional Management of
Urban Solid Waste were designed.
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Through these environmental
sustainability programs, undergraduate students
have participated in 4 campaigns to collect
paper and plastic, an edition of the Conference
With Environmental Science 2019 and 3
workshops for the reuse of available resources
such as paper, plastic and metals. Additionally,
they have rehabilitated green spaces at this
university and collaborated in the Eco
Olympiad for high school students. Now, as
part of the discussion, it is possible to go back
to the postulate of the World Declaration on
Higher Education in the XXI Century, which
establishes that, in the new teaching model, the
student becomes the protagonist of the
educational system, therefore, higher education
has to adapt its teaching methods. In this sense,
authors such as Maldonado (2008) and Murrieta
(2013) establish that, in the model focused on
learning, the teacher must be a facilitator of
knowledge and implement methodologies so
that the student appropriates knowledge
autonomously, multidisciplinary and practice.

While Roldan (2000), affirms that
students must develop specific skills and
abilities that allow them better access to the
labor market and to this is added the
incorporation into the development of scientific
research  projects. In this sense, the
implementation of the PMDPM and the results
obtained during the analyzed period have
undoubtedly contributed to the new university
teaching model, generating an academic space
for scientific dissemination in which students
develop skills and capacities that help to
achieve competencias established in the
graduation profile of the careers involved in the
program. On the other hand, authors such as
Blank & Harweel (1997) as well as Bell (2010)
and Marti, et al., (2010), affirm in their
independent  studies  that  Project-Based
Learning (PBL) is a learning model that enables
students to acquire skills and abilities with real-
world application beyond the classroom. In this
way and in coherence with said research, the
quantitative analysis of the incorporation of
undergraduate students to scientific work
through the implementation of this program
shows that it has been possible to influence the
training of young university talents in terms of
innovation, science, technology, performing
arts and the environment, which results in the
creation of prototypes or unpublished research
models, according to the reality of their
immediate surroundings.
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The results obtained from this research
identify, among others, the development of
projects such as early initiation to scientific
research, the approval of modular projects,
participation in  scientific  dissemination
congresses, the publication of papers in
research journals, the design of scripts theater
and participation in environmental awareness
campaigns. In this way, the PMDPM has
effectively contributed to the modular study
plan coined by the university center of the
public university in Jalisco, in which it was
sought to favor the pedagogy of projects in
order to develop specific skills and abilities in
students undergraduate.

It is also possible to highlight that the
PMDPM, in the process of evaluating the
projects presented by undergraduate students,
considered both academic and scientific
endorsement, support granted by professors and
researchers from the public university and that
later in the scientific dissemination, it was
ratified by institutions recognized nationally
and internationally. Such is the case, with the
projects  "Determination of  hexavalent
chromium in the soil near the tanning factory in
Guadalajara, Jalisco™ and "Determination of
lead, cadmium and zinc present in enamelled
and non-enamelled clay jars of the municipality
of Tonala, Jalisco”, which were accepted to
participate in the 53rd Mexican Congress of
Chemistry, held by the Chemical Society of
Mexico A.C., and obtained favorable criticism
at the congress, arousing great interest from
specialist researchers in the environmental area.

Another similar case is the one
presented at the XXXIX National Meeting of
AMIDIQ, 2018. In which the modular projects
“Synthesis and characterization of hollow gold
nanocoats loaded with doxorubicin for the
treatment of ovarian cancer” and “Study of the
capacity of solubilization of doxoribucin in
nanostructures formed by the F127 / Water
system”, both projects contributing to the fight
against cancer through the use of
nanotechnology as a viable alternative against
the fight against this disease.
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Now, in the field of the environment,
with the design of the Institutional
Environmental Sustainability Plan of the
university center of the university under study,
the awareness of the university community was
achieved, regarding the reuse of available
resources such as paper, plastic and metal,
carrying out ecological activities such as
rehabilitation campaigns in green spaces,
collecting paper, plastics and electronic waste,
and participating in the Conference With
Environmental Science (JACC).

On the other hand, regarding the
performing arts, Perez-Aldeguer (2017), points
out that, through music, dance and theater,
students are able to seek solutions to real
problems. In this same sense, Nufiez & Navarro
(2017) affirm that dramatization is an
integrating instrument that favors expression
and communication in all fields of teaching. It
is worth mentioning that in the PMDPM a
specific area was integrated to the expression of
the performing arts, where undergraduate
students organized food collection campaigns
(non-perishable food and personal cleaning
items), non-warlike toys, clothing and blankets
in good condition within the university
facilities, as part of a social and community
service, in order to donate the proceeds to the
civil association of children with cancer Narices
Rojas A.C., and to the “Salvation Army A.C.”
children's homes and "La Luz A.C." These
campaigns culminated in the staging of a play
by the theater group "Spontaneous Reaction”,
with themes that involved messages oriented to
science, ethical behavior and personal
improvement.

Thus, through the achievements
identified in this research, the central
hypothesis is confirmed, since, of the 1,440
undergraduate students as a universe of work,
that is, as a potential population, it was found
that only 56%, equivalent to 809 students (see
table 1), participated in research, scientific
dissemination and performing arts projects.

Additionally, it was corroborated, as
indicated by the theoretical review supporting
this article, that young university students
develop certain specific abilities and skills in
scientific, cultural and environmental areas,
during and after their participation in various
activities, such as their incorporation into the
PMDPM.
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5. Annexes

The format of the quantitative information
collection matrix from 2014 to 2020 is shown
(see table 3).

‘ear_Projects presented _Participating students Modular projects Participation in congresses _E-books _Published papers

Table 3 Information collection matrix
Source: Own elaboration (2020)

Moroever, the evaluation format of the
PMDPM research projects is integrated, where
the formal aspects of the project and the content
aspects are considered (see table 4).

Formal aspects of the project

1 | Originality: design, distribution of 2
elements in space and visual tour.

2 | Use of the color factor and visual 2
impact  (attractiveness of  the
project).

3 | Clarity in the presentation of 2

information and proper use of
language and spelling.

4 | Quality and logical sequence of the 2
presentation.

5 | Includes the institution of origin. 2

TOTAL 10
Project content aspects

6 | Prepared according to the subject of 10
the title.

7 | Aimed at the intended recipients. 5

8 | Provides relevant information for 10
the intended recipients.

9 | Contains the points of view of the 5

students, in addition to the
information collected.

10 | Provides up-to-date and innovative 15
information.

11 | Allows recipients to have useful 15
support tools in their professional
work.

12 | Evidence of  acquisition  of 10
knowledge of different subjects by
students.

13 | Includes bibliography used. 10

14 | Defense of the authors on the theme 10

of the project.

TOTAL 90

Table 4 Project evaluation format
Source: Own elaboration, based on the document review
of the PMDPM (2020)
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7. Conclusions and recommendations

Through the quantitative analysis carried out in
this research, the main finding shows that the
number of undergraduate students incorporated
into programs for the development of projects,
such as the PMDPM of the public university
participating in this research, is able to foster
interest in science with the use of the scientific
method and awareness of the various problems
that afflict society. Therefore, entering
undergraduate students in scientific work is
more than the generation of innovative ideas;
given that it becomes a way of life committed
to society and the environment, through
innovative actions under a scientific and
technological approach, with applicability in
the daily actions of undergraduate students, as
an invaluable and highly necessary human
talent today.

Further to this, the teaching-learning
process achieves its mission at this educational
level, where the student is the center of this
process and their involvement is essential so
that learning effectively generates knowledge
and it is applied, through various innovation
projects, science and technology, with an
approach that results in the creation of
prototypes or unpublished research models,
according to the social reality of the state of
Jalisco.

The main limitations of the research
focus on the scope of the documentary review
carried out, since only three careers of exact
sciences and engineering were contemplated
from a university center of the public university
analyzed, in the period from 2014 to 2020,
where implemented the PMDPM.
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However, future research will have to
study how other careers in different university
centers, both public and private universities, are
incorporating  undergraduate  students in
scientific work; in addition to making
comparisons to generalize the behavior of this
research topic with a greater scope.

Regarding the quantitative analysis
carried out, it was limited to descriptive
statistics, therefore, in future work, new
statistical techniques will have to be
incorporated, such as Exploratory Factor
Analysis (EFA), which determines the factors
that explain the problem studied, with the
incorporation of new variables, given the
complexity of the present investigation.
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