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Abstract

Currently, the tutorial action is of vital importance to
integrate in the processes of teacher training, as well as
for the execution in practice of the students. However,
the application in courses of scientific orientation is
complicated, causing the tutorial action to be oriented to
cases of attention in administrative, academic courses or
exclusively for degree purposes. Thanks to University
Educational Models and Institutional Tutoring Programs,
it is possible to apply the tutorial action in scientifically
oriented subjects to have a significant contribution in the
training of students, promoting actions that place it in the
place that, as a teaching practice, corresponds to it. In the
present, a case study is exposed with the revision of a
series of subjects of the automation career of the Faculty
of Engineering of the Autonomous University of
Querétaro, focused on the development of projects
through the scientific method, an analysis and proposal to
improve the conceptions and practices of university
tutoring, in the application of knowledge and
development of skills in students, likewise, offer the
foundations and methods to achieve the objectives that
the didactics of these subjects pursues in the training of
students

Tutorial, Engineering, Projects

Resumen

Actualmente la accién tutorial es de vital importancia
tanto para integrar en los procesos de formacion docente,
como para la ejecucion en préctica de los estudiantes. Sin
embargo, es complicada la aplicacion en materias de
orientacion cientifica, causando que la accion tutorial sea
enfocada a casos de atencion en cuestiones
administrativas, académicas o exclusivamente con fines
de titulacién. Gracias a Modelos Educativos
Universitarios y Programas Institucionales de Tutorias es
posible aplicar la accién tutorial en materias de
orientacion cientifica para tener un aporte significativo en
la formacion de los estudiantes. Promoviendo acciones
que la sitten en el lugar que, como practica docente, le
corresponde. En el presente documento se expone un
caso de estudio con la revision de una serie de materias
de la Licenciatura en automatizacién de la Facultad de
Ingenieria de la Universidad Auténoma de Querétaro.
Dicho conjunto de materias est4 enfocadas al desarrollo
de proyectos implementando el método cientifico. Por lo
cual, se realiza un analisis y propuesta para mejorar las
concepciones y practicas de la tutoria universitaria en la
aplicacion de conocimientos y desarrollo de
competencias en los alumnos. Asi mismo, se ofrece una
propuesta sobre los fundamentos y métodos para alcanzar
los objetivos que la didactica de dichas materias persigue
en la formacion de los estudiantes.

Tutorias, Ingenieria, Proyectos
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Introduction

Currently, society is in search of information
that generates knowledge that is not only part of
an academic formation, but also has an impact
on the different areas that compose it. Thus, it is
essential that educational systems meet the
needs of society, which is characterized to a
large extent by assertive changes in their
training throughout their academic career. That
is, offering a comprehensive training that
promotes the existence of proactive, reflective
and critical citizens in the face of social,
economic and environmental events in their
environment. Thus, the Universidad Auténoma
de Querétaro (UAQ) in its University
Educational Model (Universidad Auténoma de
Querétaro, 2020) approved in November 2017
established an integral formation centered on
the student. Said model is based on three
pillars: principles and values, Educational
Innovation and a pedagogical approach.

Educational systems have sought
methodologies that integrate an approach with
students (in search of an efficient understanding
and comprehension of knowledge) to improve
the efficient absorption of knowledge, develop
greater inclusion within the Programs of Study
(PE), better relationship between the student
and his school environment, a capacity for
analysis, reflection and criticism of the
environment in which he develops. As a result,
we hope that the above will be reflected in
project proposals where the main objective is a
more just society, an improvement in the
economy or a sustainable development that
generates a different way of relating to the
environment. It is in this sense that institutional
tutoring programs are created with the aim of
monitoring and supporting students during their
school career. In 2012, the UAQ established its
Institutional ~ Tutoring  Program  (PIT)
(Rodriguez Galvez, Saavedra Uribe, Sanchez
Rosas, Rodriguez Mufioz, & Ordaz Guzman,
2012).

ISSN-2523-0336
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This program defines tutoring as a
process of accompanying students in their
academic  life,  which  involves the
administration of the institution, the academy
(tutors) and the students (tutored); with the
implementation of this program a positive
impact is expected on several indicators, some
of them are: student retention, graduation and
graduation rates. In many cases, these
indicators are a requirement to obtain federal
support or  accreditation  (national or
international).

The PIT also aims to integrate students
to the different PE, the establishment of a tutor
to guide and advise them on different issues
(academic, administrative or personal). In
addition, students who present a specific need
can be detected through this program and can
be channeled to the specialized areas of each
faculty or the university itself. As can be seen,
this effort of accompaniment in the student's
school career is aligned with the MEU in its
humanistic vision, centered on the student and
his or her formation. This generates a very
important commitment to interaction and
integration of the different areas that make up
the UAQ. Since, to a greater or lesser extent, all
university processes impact the formation of
students.

In the search for alignment with the
requirements established in the MEU and in
compliance with the PIT, the Faculty of
Engineering (FI) of the UAQ has been
constantly updating the different PE that
comprise it. Not only to have a quality
educational program, accreditable, viable and
with a long-term vision, but also to integrate a
humanistic vision in the formation of its
students.  Consequently, the Automation
Engineering program has established a
commitment with the continuous improvement
of its curriculum and in 2013 (INA-14 plan) the
Development  Workshop in  Automation
Technologies (TDTA) was established. The
objective of this workshop is the development
of a unique project where the student is trained
in a multi-inter-transdisciplinary environment,
focused on learning and from meaningful
learning. This proposal consists of five courses
that begin in the third semester of the course
(TDTA 1) and end in the seventh semester
(TDTA V).

SOTOMAYOR-OLMEDO, Artemio, MARTINEZ-
HERNANDEZ, Moisés Agustin and AVENDANO-
JUAREZ, José Luis. Tutorial action integrated to the
scientific method for the development of engineering
projects. Journal High School. 2022
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In this sense and as part of the
continuous improvement of the PE, we have
had the following feedback from teachers and
students: students in the third semester lack
sufficient knowledge to formalize a technical
proposal that proposes a solution to a problem
in their environment, because in this semester
students do not yet have sufficient emotional
development to understand and accept a long-
term commitment, to follow up on a proposed
solution and in many cases they do not have
enough soft skills to work in a team. Another
difficulty to highlight is that during the
development of the different courses, students
drop out of the teams, some for academic
reasons and others for lack of interest in the
proposed project. In the end, this has the
consequence that the proposed projects do not
culminate or have a lesser impact than
originally planned. An additional difficulty is
the connection that exists between the TDTA
courses and the Degree Seminar, since this type
of projects are rarely used as a method of
graduation (collective or individual thesis) and
in most cases the projects are forgotten and do
not reach commercialization or implementation.

Finally, as established in the feedback
from teachers and students in the restructuring
of the Automation Engineering career (INA-21
plan), a new approach is proposed that
establishes the tutorial action as a
transcendental actor in the improvement of the
results obtained in the subjects that make up the
TDTA together with the application of the
scientific  method for the consequent
development to continue with the objectives set
out in the PIT and in the MEU of the UAQ.

In the present document, the subjects
that make up the TDTA line with the tutorial
action and its management of competencies are
shown in detail.

Development

With the presentation of the proposal for the
automation career, addressing the TDTA
subjects, there is a clear opportunity to take the
students' education to a scientific process, with
the preparation of a project that allows them to
obtain a possible degree method.

ISSN-2523-0336
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However, addressing subjects that
students learn in an undergraduate period
oriented to the scientific method and that
develop competencies to be professionals with
ethics and skills, is complicated because it
requires the support of a teacher who acts as a
tutor, which allows them to have a follow-up
and constant help in personalized and group
counseling. To improve and support in that
sense, the activities are complemented from the
tutorial point of view, since having a small
group and with the support of an advisor
complements the structural design of the
subject to obtain a better learning, taking into
account the different types of tutorials of the
PIT, it is possible to approach a tutorial model
that complemented is a tutor-scientist, who
takes the student through six steps of this
method.

Type Basic description
Teacher Is to a mentoring, research or

project based, maintains a support in
professional and academic growth.

Group Itis to a group, it is carried out
simultaneously, with a frequency of
meetings.

Regularizer Individual or small groups, it deals

with particular subjects, and is based
on personalized counseling for
students at risk due to the number of
failed subjects

Pairs It is an accompaniment, interaction
and support; it is carried out among
students, generally in higher
semesters, to provide advice on
administrative methods and
recommendations for courses and
subjects.

Table 1 Types of institutional tutoring

Based on Table 1, we can observe that
two types of tutoring are useful for the TDTA
subject scheme, teaching tutor and group tutor,
because the teacher of the development
workshop, semester by semester, must act as a
tutor to lead the student to obtain knowledge.
This must be carried out by illustrating their
knowledge and experiences around scientific
knowledge under a constant focus and attention
in a group manner, since each participant of the
subject must attend to the observations and
recommendations of the tutor-scientist,
proposing and discussing their discoveries
throughout the educational programs.

SOTOMAYOR-OLMEDO, Artemio, MARTINEZ-
HERNANDEZ, Moisés Agustin and AVENDANO-
JUAREZ, José Luis. Tutorial action integrated to the
scientific method for the development of engineering
projects. Journal High School. 2022
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If we consider the general approach of
the TDTA subjects adjusted to the
characteristics of the tutorial action, we could
summarize what is illustrated in Table 2.

\EINCIG TS Automation Technology Development
Workshop
Number of 5
courses
Complementary‘ Degree Seminar
courses
RENENTEEREIE 3er-7mo
se imparten
Objective Know and apply the concepts of
General automation  for  the  successful
development of a project proposed and
developed by the scientific method
through the integration of working
groups that promote the resolution of
social, economic and environmental
problems, from local and external
actions.

LU - To advise the student from the
scientific point of view to solve
problems.

Enlighten the student to exploit the
knowledge of the subjects of each
semester.

- To maintain the learning curve by
taking advantage of the semester
courses.

- Expose group experiences through
frequent group sessions.

Continuous analysis of
improvements for projects by
working with external and internal
advisors to strengthen the projects.

- Continuous monitoring of group
and personal situations for students
oriented to their personal and

academic development.

Table 2 Generic program of the TDTA courses.

The proposed restructuring of the TDTA
course with the contribution of the tutorial
action is to improve the acquisition of
knowledge in stages, and it is also carried out
with the objective of guiding the student to
know how to develop projects, plan, program
and execute them. Through the monitoring and
improvement process, points have been found
that can be strengthened with the objective of
improving the student's performance and
making it a complementary subject.
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Not only to obtain technical knowledge,
but also to develop attitudes and skills that
allow them to develop in society with ethics
and responsibility, thinking about continuous
improvement and the contributions we need as
part of this world.

"l educate in truth and honor".
"Ingenuity to create not to destroy".

When considering the mottos of the
University and the FI, it is clear that the
commitment as teachers not only lies in
teaching technical content, it is also an
obligation to generate a commitment to society.
Therefore, each TDTA course must take into
account the preservation of technical concepts,
student monitoring and support, constant
counseling and continuous improvement
process.

The following is a description of the
objectives and orientations of the subjects
where the activities and competencies to be
obtained at the end of each course are
described, explaining how tutoring would be
the support for the development of the
competencies for each semester.

Tutorial Actions for TDTA Courses
TDTAI

Stage of the scientific method: Observation.
General learning: Obtaining knowledge.

Main objective: To generate awareness
in students, in order to make them critical and
sensitive to the various problems facing society,
through the diversified presentation of issues at
local, regional, national and international levels.

Tutorial Level Competency: The student
remembers and recognizes information and
ideas in addition to principles in approximately
the same form in which he/she learned them.

Tutorial activities:

- Relate the types of projects that can be
developed, as well as the differences
between them (administrative, social,
academic, research, resolute, etc.)
advising against student findings.

SOTOMAYOR-OLMEDO, Artemio, MARTINEZ-
HERNANDEZ, Moisés Agustin and AVENDANO-
JUAREZ, José Luis. Tutorial action integrated to the
scientific method for the development of engineering
projects. Journal High School. 2022
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- Record informative meetings such as
talks and conferences related to the living
context to expose social and professional
needs.

- Relate experiences with speakers and
peers to create awareness of problems in
their ~ context,  social,  economic,
environmental, etc.

- Teach research databases and explain
methods and search mechanisms for
debugging information.

TDTAII

Stage of the scientific method: Asking
questions.

General learning: Understanding and
integration of knowledge.

Main objective: Identify particular needs
to propose solutions based on ethical proposals,
forms and models that improve the quality of
life that generate a social, economic,
environmental impact among others.

Tutorial level competence: The student
clarifies, understands or interprets information
based on previous knowledge through
personalized counseling with experts in
different areas.

Tutorial activities:

- Recognize impacts based on general
issues the student has had in the previous
course.

- Distinguish possible research problems
associated with an educational and social
impact that the student is able to identify.

- Interpret results through interviews to
denote the importance and impact of their
project, identifying the fields of
application.

- Analyze the student's capacity to reaffirm
the viability of his/her research project
from theoretical and contextual elements.

ISSN-2523-0336
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TDTA LTI

Stage of the scientific method: Hypothesis
generation.

General learning: Analyze, extend and
reaffirm knowledge.

Main objective: Apply knowledge and
research to integrate into projects in real
practical scenarios based on the student's
experience throughout his or her training, as
well as his or her social context.

Tutorial level competence: The student
clarifies, understands or interprets information
based on prior knowledge through personalized
counseling with experts in different areas.

Tutorial activities:

Analyze group and particularly the
knowledge obtained from students against
their proposal to extend the proposed
solution.

- Illustrate the classification of information
(bibliography) obtained and acquired to
address a problem with social, economic
and educational impact.

Continuous advice for the formal
presentation of the Senior Project content.

- Selection and use of necessary tools to
support with the validation of a sample in
data management, as well as activity
management.

- Explain with rationale the deliverable
points for your master document, such as:
Hypothesis,  justification,  objectives,
background and problem definition.

TDTA IV

Stage of the scientific method: Conduct the
experiment.

General learning: Use of significant
knowledge.

SOTOMAYOR-OLMEDO, Artemio, MARTINEZ-
HERNANDEZ, Moisés Agustin and AVENDANO-
JUAREZ, José Luis. Tutorial action integrated to the
scientific method for the development of engineering
projects. Journal High School. 2022
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Main objective: To develop the
methodology of a project through the
application of tools and methodologies that
allow the reduction of possible execution and
validation errors.

Tutorial level competency: The student
selects, transfers and uses data and principles to
complete a task or solve a problem.

Tutorial activities:

Advise on technical and management
tools, for project management.

- Relate personal experiences within
projects, mistakes, consequences,
learnings.

- Explain TRL levels of projects, learn
about administrative platforms such as
ASANA, Mendely bibliographic citation
software.

To denote a program adequately its
development activities in execution times
by semesters, for each team of the course.

Explain and direct the development of the
different Methodologies, activity
schedules, Human Resources and
Materials for the senior project.

TDTAV

Stage of the scientific method: Analysis of
results and search for a conclusion.

General learning: Generates productive
mental habits.

Primary Objective: Validate project
components and steps with testing in a
controlled environment to demonstrate the
technical feasibility of the proposed solution.

Tutorial Level Competency: The student
generates, integrates, and combines ideas into a
product, plan, or proposal new to him or her.

Tutorial activities:

- Inclusion of Standards that the student
must know for the realization of the
projects, such as: NOM, ISO, IEC, ISA,
etc.
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- Perform light experiments for validation
of functionality.

- Explain sizing conditions for operations
and limits within the project.

- Metrological orientation, data processing
and  acquisition  through  previous
knowledge.

- Analysis of skills and attitudes of team
members in order to generate proposals
for task assignment.

[llustration of recommended platforms,
easy access and efficient use for data
acquisition.

Review and support in preparation for the
Senior Project draft, analyzing the points
and giving recommendations of what will
be requested.

Degree Seminar

Stage of the scientific method: Reporting and
analysis of results.

General learning: Self-regulation.

Primary Objective: To compare and
discriminate among ideas; to give value to the
presentation of theories; to make choices based
on reasoned arguments; to verify the value of
evidence; to recognize subjectivity.

Tutorial-level competency: The student
assesses, evaluates, or criticizes based on
specific standards and criteria.

Tutorial activities:

- Importance or relevance assessment by
determining how  important  the
knowledge is and the reason for the
student's perception.

- Efficiency assessment by identifying their
beliefs about skills that will improve their
performance or understanding of specific
knowledge.

- Identify ~ emotions  about  specific
knowledge and the reason why a specific
emotion arises due to academic or
personal conditions.
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- Identify their level of motivation to
improve their performance or
understanding of knowledge and the
reason for their level.

- Counseling on degree methods and
follow-up of requirements fulfilled or to
be fulfilled for academic support.

With the implementation of this proposal
for the INA-21 plan, it is expected that students
who take this series of subjects will have a
competency-based training, that the
development of a project that aims to have an
impact on the student's environment, whether
social, economic or environmental, will be
achieved. Thus seeking to contribute to the
fulfillment of the objectives set out in the MEU
and to definitively demonstrate the benefits
provided by the follow-up established by the
PIT through the tutors.

Conclusions

As an institution of higher education, the
university must support the generation of
knowledge with the intention of contributing to
its generation through processes that allow
establishing growth in constant improvement,
thus becoming a reference of change towards
the continuous improvement of society. For
this, it is necessary that their teachers,
professors and tutors are able to encourage the
singular thinking of students from a reflective
and critical attitude in them, as well as the
constant participation of these three entities
with the obligation to guide towards the general
welfare of academic, personal and professional
training.

By proposing that the student develops a
clear concept and applies the scientific method
for the approach and development of a project
during a rough stage of his career. Having as a
condition to contribute to the personality of the
students, in order to complete it as an individual
component and professional project, it is
required that the university provides the means,
mechanisms and conditions for the achievement
of this dual purpose. It is necessary to
emphasize considerations on which the actions
of university teaching are based, since the
starting conceptions have a determining
influence on the whole process and goals of the
students' action.
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Thus, the facilitation of choices, the
group and personalized advice, the contribution
to form criteria and give options as processes
through the TDTA courses, it becomes
necessary the participation of a scientific tutor,
understanding that the university tutoring has a
teaching character; and, within the current
teaching practice, it is carried out by professors
with their teaching and research activity, being
able to do it in parallel to work with the
objective of the development of the generic
competences proposed.
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Abstract

This article shows the design of a measurement
instrument for group cohesion and the results of
implementing it in a group of study, the analysis
presented shows the level of cohesion before and after
applying group cohesion techniques and based on the
results, the appropriate interaction among students is
reflected, correlating the cohesion with the school
dropout rate. Likewise, strategies are presented to
improve group cohesion based on monitoring through the
proposed measurement instrument. The group activity
and the adequate organization of work groups, facilitates
the approach and fulfillment of objectives, promoting a
harmonious interaction and distribution of
responsibilities aligned to common interests. In this way,
it promotes the cohesion, the sense of belonging and,
consequently, the identity generation through recognition
in a social sense among the classroom members.
Additionally, it is considered if the lack of group
cohesion in higher education students motivates them to
make school drop-out decisions.

Group cohesion, Terminal efficiency, Student
retention

Resumen

El presente articulo, muestra el disefio de un instrumento
de medicién para la cohesion grupal y los resultados de
implementarlo en un grupo de estudio, el analisis
presentado denota el nivel de cohesidn antes y después
de aplicar técnicas de cohesién grupal y con base en los
resultados, se reflexiona la adecuada interaccion entre
alumnos, correlacionando la cohesidn con el indice de
desercion escolar. Asi mismo, se presentan estrategias
para mejorar la cohesién grupal con base en el monitoreo
a través de un instrumento de medicion propuesto. La
actividad grupal y la adecuada organizacion de grupos de
trabajo facilitan el planteamiento y cumplimiento de
objetivos, impulsando una interaccién armoniosa y
distribucion de responsabilidades alineadas a intereses en
comun. De esta manera se favorece, entre los miembros
del aula la cohesion, el sentido de pertenencia y por
consiguiente la generacion de identidad desde el
reconocimiento en un sentido social. Adicionalmente se
reflexiona si la carencia de cohesion grupal en los
estudiantes de educacion superior les motiva a tomar
decisiones de abandono escolar.

Cohesion grupal, Eficiencia terminal, Retencién
estudiantil
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Introduction

From the Latin cohaesum, cohesion is the
action and effect of things adhering or joining
together. Cohesion, therefore, implies some
kind of union or link. Cafizares (2004),
referring to group cohesion in the book
Psicologia y Equipo deportivo, defines it as "...
the expression of closeness and coincidence of
opinions, of points of view, of equality in the
affective, evaluative plane of the joint activity
that a team carries out".

Morris describes group cohesion as "a
product of the integration of team members in
the development of the joint activity, as a
consequence of their affective, evaluative and
action unity" (Morris, 2016).

For both Morris and Cafiizares, group
cohesion includes an affective element among
its ingredients, which is highlighted as a key
component in the design of strategies to be
implemented to improve group cohesion among
students belonging to the same classroom.

Likewise, Lazaro highlights that there
are studies where groups with a high degree of
cohesion are identified, their members
cooperate more effectively, are more
predisposed to abide by the rules and are
focused on achieving group objectives (Lazaro,
2021).

For his part, Nervi (2015) identifies
integration problems in the student environment
as one of the types of causes of desertions, and
also relates student desertion to the curriculum,
personal interests, motivations, study habits and
academic regulations; he also describes that
desertion tends to be more frequent during the
first cycle of studies. For Nervi, affective
interpersonal relationships play an important
role as a cause of dropout, so that improving
group cohesion would reduce the reasons for
dropping out of school.

Morris considers that communication
and interpersonal relationships are indicators
that allow expressing the development of group
cohesion (Morris, 2016). Likewise Morris
identifies that group cohesion is of vital
importance to the adolescent in their need to
belong to a social group.
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One of the main concerns of the
Polytechnic University of Gomez Palacio
(UPGOP), as well as that of other institutions of
higher education, is to keep students who are
pursuing a career within the institution, until the
completion of their university studies.

Since 2013, in an article entitled
Problems related to terminal efficiency from the
perspective of university students, whose
objective was to identify the factors that affect
terminal efficiency in chemical engineering
students at the Universidad Juarez Auténoma
de Tabasco in Mexico, motivational and
personal reasons such as student disinterest and
non-attendance among other reasons are
mentioned as causes of a decrease in terminal
efficiency (Dominguez, 2013). The
interpersonal relationships originated as a
consequence of improving group cohesion in a
school group, motivate students to continue
cohesively in common school and personal
activities, dissipating one of the motivational
reasons as a factor for decreasing terminal
efficiency described by Dominguez.

Other authors such as Garcia, Quevedo
and Cuenca (2015), have identified factors such
as group activity as a strategy to promote
cohesion, sense of belonging and self-identity
in students from the recognition of their social
significance. Group activity favors the creation
of affective bonds among participants,
individual participation and interaction with
other members of a group, generates a sense of
belonging and identity in students. This is
accentuated in universities where the common
denominator among students is the lack of
affective ties from their families.

Jornet warns of a series of dimensions
for the evaluation model towards Social
Cohesion (Social Welfare, Sustainability,
Equity and Integration and Participation), all of
them being necessary to be able to face the
teaching-learning process from a holistic
approach of educational systems (Jornet, 2020).
For now we will only analyze disintegration, as
a component that could cause a student to drop
out of school; in this sense, improving group
cohesion is the initial obligatory path to
catalyze this factor. But how to identify that
cohesion is of greater or lesser degree in a
group of students?
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Due to what has been identified by the
aforementioned authors and in virtue of having
tools to measure group cohesion that facilitate
the establishment of strategies to reduce school
dropout at UPGOP, this paper shows the design
of a measurement instrument to identify the
level of group cohesion in a group of students,
It also describes the results of an intervention
carried out with students of the Information
Technologies career at the same university,
where the students' personal and motivational
interests of integration, among others, are
highlighted and correlated with group cohesion,
thus decreasing school dropout and contributing
to improve the terminal efficiency index.

Materials and methods

The study group was composed of a group of
29 students of the information technology
career of the UPGOP, where 21 of them were
men and eight were women. An intra-group
longitudinal quasi-experimental design was
implemented. The application of the
measurement instrument was carried out before
implementing group cohesion techniques. The
first application of the measurement instrument
shown in Table 1 was used at the beginning of
the first four-month period, and later, at the end
of the four-month period, the same
measurement instrument was applied to monitor
the degree of cohesion existing in the study

group.

The initial stage of application of
cohesion techniques to the study group was
considered from its entry into the first four-
month period of the university when
implementing innovative school retention
strategies, according to the chronological
execution of the following set of activities:

1.  Firstday of class:

Collaboratively  designate  in  the
classroom some student(s) to form the group's
social networks, one of the social networks
should include the teachers who teach them and
another one that does not consider adding
teachers.

2. First week of classes:

Motivate the students to have a get-
together at the beginning of the semester where
only students without teachers attend.
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3. Within the first two weeks of classes:

a)  Students should receive reflection
talks that include aspects related to:
improving their self-esteem,
creating social awareness,
visualizing themselves as future
professionals and explaining to
them what possible positions and in
which probable companies they
could work, guiding them to be
positive and proactive leaders,
explaining how they should
contribute as good citizens, etc. The
above talks are given during the
non-classroom  hours  already
scheduled in their class schedules.

b)  In the classroom, dynamics should
be carried out to improve group
bonding and encourage fellowship.

4.  Itis proposed that the Academic Program
Director (DPA) or a full time Professor be
a teacher of the students in the first
training cycle to directly monitor their
behavior.

5.  Constantly mention success stories of
students and alumni.

6. Third week of classes:

A student should be collaboratively appointed
among the classroom members guided by the
academic program director to be assigned the
role of group leader.

7. Throughout the first quarter:

a)  Conduct an effective tutoring intervention
making the teachers assigned for this
activity aware of the proper role they
should play as tutors of the students.

b)  Constantly mention to the students
informative capsules of real projects
carried out by teachers and students of the
specialty as well as success stories of
teachers, students and alumni.

c) Motivate the creation of collaborative
learning groups generating positive
synergies that contribute to perform as
good students.
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d)  Designate academic support pairs, among
students in the same classroom, where
high performing students are in charge of
explaining to low academic profile
students the concepts addressed by their
teachers in class.

e) Close and individualized follow-up for
students by the DPA in support of
tutoring teachers.

8. At the end of the term:

Motivate them to hold an end-of-course
get-together where only students without
teachers attend. During the last week of class,
the group cohesion measurement instrument
(Table 2) should be applied to monitor the level
of cohesion that exists among the members of
the study group.

Results and discussion

The results presented below are based on the
implementation and  analysis of the
measurement instrument for group cohesion
shown in the section on materials and methods.
The instrument was applied at two different
times: the first intervention was carried out
before implementing group cohesion techniques
and the second application was made after the
cohesion techniques had been applied to the
study group.

To contextualize the results, it is
important to point out that, statistically, it was
identified that traditionally at UPGOP the
highest dropout rate was located in the first year
of academic training, made up of the first,
second and third semesters for the academic
program of information technology engineering
at UPGOP (Graphic 1).
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Graphic 1 Cumulative academic dropout rate in the first
cycle of the generations that entered in the academic
cycles from 2013 to 2017 in information technologies at
UPGOP

Source: UPGOP School Services Department

After  applying group  cohesion
strategies, a considerable decrease in the
dropout rate is identified, it is observed in
Figure 1 that in the first year of training for the
generations that entered in the years 2013 and
2014, eight out of 20 students dropped out in
the first year of university training, for the
generation entered in 2015, one out of two
students dropped out in the first academic year.
It should be noted that in the previous statistics,
group cohesion techniques were not yet
implemented. For students who entered in 2016
and 2017, group cohesion techniques were
implemented and a decrease in dropouts is
observed where for both years, only three out of
20 students decided to abandon their university
studies in the first academic year. It is attributed
that this notable difference is due to the group
cohesion strategies applied in the two
generations entered in the aforementioned
years. Likewise, Figure 1 shows a lower
dropout rate for both the generation entered in
2016 and the one identified in 2017 in relation
to the 2015 generation. The results shown in
Figure 1, denote a clear trend towards a
decrease in the dropout rate, so an improvement
in terminal efficiency is predicted, associated
with the group cohesion strategies applied to
the object of study. However, for the following
generations of students entering from 2019
onwards, the pandemic did not allow the
application of techniques to improve group
cohesion and a higher dropout rate is identified.
It is expected that from the year 2022 onwards,
the dropout indicators will improve again by
allowing the application of social integration
techniques with the return to classes.
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In the instrument designed to measure
group cohesion, the response items were
quantified (Table 1) for statistical analysis
purposes.

Answer questions Quantification
a) Always

b) Almost always
c) Sometimes

d) Rarely

e) Never

RINW~|O1

Table 1 Quantification of items for the responses of the
measurement instrument in the independent and
dependent variables

Source: Department of Information Technologies

The first application of the instrument
was carried out within the first week of entering
the university for the 2016 generation and the
second application of the instrument was
carried out at the end of the first year of
academic training for this same generation.

The results obtained when applying the
measurement instrument in the 2016 generation
before applying group cohesion techniques,
indicated a low level of cohesion since in the
questions related to measure this independent
variable (from question 1 to 19 shown in the
materials and methods), the mode for the
answers oscillates between the categories of
"rarely” and "sometimes", interpreting these
answers as low cohesion, the mean in the
questions of this category results in an average
of 2.68 with an average variance of 1.02 and an
average standard deviation of 1.18.

On the other hand, after applying group
cohesion techniques, the results showed that
group cohesion improved notably and a trend is
identified in the answers "almost always™ and
"sometimes”, which establishes a greater
cohesion in relation to the first application for
this same study group, the mean in questions of
this category results in an average of 3.52 with
an average variance of 0.97 and an average
standard deviation of 1.05.

The Cronbach's alpha obtained to
measure the reliability of the scale for the
questions designed to obtain the independent
variable "group cohesion” is 0.83, which
reflects an acceptable level that allows
accepting the hypothesis of reliability in the
scale.
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In  the measurement instrument
described above, from questions 20 to 31, the
student's perception is measured in relation to
academic compliance and performance, as well
as the student's attachment to the information
technology specialty. From these results,
greater compliance and academic performance
is identified when there is greater group
cohesion. Likewise, the student has a greater
attachment to the specialty when he feels more
cohesive with his fellow students.

The preliminary results shown in Figure
1, show a tendency to decrease the dropout rate,
so an improvement in terminal efficiency is
predicted, associated with the group cohesion
strategies applied to the object of study. The
proposed research should continue in its
maturation process in order to demonstrate the
following hypothesis Group cohesion is a key
factor that contributes to improve university
terminal efficiency?

Conclusions

Terminal efficiency is an indicator that Higher
Education Institutions (HEI) must urgently
address in order to increase the number of
graduates in Mexico, and although strategies
are being implemented to improve it, they are
not massively obtaining convenient results.

Group cohesion is an element that HEIs
do not consider fundamentally in a generalized
way, as a technique to reduce school dropout
and consequently improve terminal efficiency,
so they should consider this technique as a
guiding principle to reduce school dropout in
addition to constant and adequate tutoring.

The sense of belonging generated as part
of group cohesion favors an increase in terminal
efficiency.

With group cohesion, the affective
relationships of the young students are
improved, which leads to the generation of
collaborative work groups, potentiating the
results in their objectives and promoting
participatory synergies, which consequently
allow them to perform jointly, as better
professionals in their specialty of graduation.
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For the information technology career at
UPGOP, group cohesion rescued the last two
generations entered in 2016, 2017 and 2018
from being victims of a massive dropout by
students, as has happened statistically in
previous generational cuts, so it is expected to
continue applying this type of techniques to
improve group cohesion, within the first school
cycle for future generations of students.
However, the prohibition of classroom
attendance for the generations entering in the
years 2019 to 2021 made it difficult to apply the
techniques to improve group cohesion, resulting
in a higher dropout rate.

In the first cycle of university education,
students greatly value the testimonies that
students from previous generations can provide
them, thus mitigating the possible lack of
academic dedication and facilitating the
establishment of professional goals, focusing
efforts on the fulfillment of both academic
objectives and established professional goals.

As part of the strategies established in
the methodology described above, the
individual awareness talks for the students
provide them with a fundamental channel to
establish personal goals and behaviors in their
lives, motivating them to generate intrinsic
codes of conduct for their daily activities, thus
encouraging them to behave little by little as
better professionals.

Subsequently, in a second stage, once
the strategy has been validated, it will be
implemented in other specialties within the
same educational institution to test its
effectiveness. It is expected to participate in a
third stage, where group cohesion will be
implemented at a national level in all the
Polytechnic Universities of Mexico, as a core
part of collaborative tutoring.
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Instructions: Answer anonymously by selecting only one item for
each of the following questions, your answers must be honest and

true to your own reality according to the following scale: a)

Always b) Almost always c) Sometimes d) Rarely e) Never
Ask Repl

1. | generally enjoy being part of the school | a | b | c |d | e
group | am enrolled in.

2. | tend to get close to my classmates to talk. alblc|d]e

3. The friendships and relationships | have | a | b | c | d | e
with my classmates are very important to me.

4. If given the opportunity, | would switchto [ a [ b |c | d | e
another group in the same career.

5. If the school group is planning a social | a [ b |[c|d | e
activity for everyone, | automatically feel part
of it.

6. 1 would like to repeat in the future the |a [ b [c | d | e
experience of living with my classmates in
another environment different from school.

7. When | need advice on a personal situation, | a | b [ c | d | e
| can freely turn to my colleagues.

8. | agree with most of my peers regarding | a [ b [c | d | e
what is important in life.

9. Me siento leal a mis compafieros de grupo | a [ b [c | d | e
del salén de clases.

10. I am willing to work together with othersto | a | b [ c | d | e
improve our coexistence.

11. I like to think that | have a lotincommon | a | b [ c | d | e
with my classmates.

12. Regularly one of my classmates comesup | a | b | c |d | e
to me to talk.

13. | regularly take the initiative to approacha | a | b [ c | d | e
classmate to talk.

14. All the people in this room feel part ofthe | a | b [ c | d | e
same team.

15. Attending and studying in this classroom, | | a | b [ c | d | e
have a feeling of fellowship.

16. | have the confidence to approach my |a | b |c|d | e
classmates to ask them something | didn't
understand about my classes.

17. There are conflicts between classmates alblc|d]|e

18. | live with my classmates outside of school | a | b | c | d | e

19. | enjoy studying and doing homework | a | b | c |d | e
together with my classmates.

20. | comply with the punctual delivery of |a | b |c|d|e
evidence according to the dates requested by
the teachers

21. It is common for me to fail at least one | a [ b [c | d | e
subject at the end of the term.

22. | continually take special examinations a|bjc|d]e

23. When | take a special exam | fail it. a|bjc|d]e

24. 1t is common that when a re-course is |a | b |c|d|e
opened, | enroll because | failed the subject
that corresponds to that re-course.

25. | have failed a re-test. a|blc|d]|e

26. | participate actively and positively in | a | b |[c|d]|e
class.

27. 1 turn in individual evidence commissioned | a [ b | c | d | e
by teachers.

28. | turn in evidence per team commissioned | a [ b [ c | d | e
by teachers.

29. The specialty | am studying isthe one |l |a | b |c|d|e
choose to enter on my own.

30. I like the career | am studying and I feel | a [ b [c | d | e
identified with it.

31. | visualize myself in the future workingin | a [ b [ c | d | e

something related to the career | am studying.

Table 2 Annex 1
Source: Own elaboration
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Abstract

The teaching-learning process of university students in
exact sciences must go beyond the traditional approach
and incorporate new styles that have a positive impact on
their academic training. This implies both the
understanding of concepts, models and theories, as well
as practice in the laboratory and the use of specialized
software for the validity of the results and interpretation
of the theory reflected in practice, in order to achieve
meaningful learning considering the constructivist
approach. In this sense, the present investigation was
developed under a quantitative, experimental and
longitudinal approach (Hernadndez et al., 2014; and
Bernal, 2016), whose sampling used was non-
probabilistic of the type of intact groups (McMillan &
Schumacher, 2005). The main finding, after the
application of an instrument to 91 undergraduate
students, shows the level of impact on meaningful
learning, the theoretical training given on the subject:
"Determination of adiabatic compressibility coefficients
and volumetric expansion of triblock copolymers,
through experimental data of density and speed of
sound”, complemented with practices in the laboratory
and the use of specialized software.

Constructivist theory, Quantitative analysis, Exact
sciences

Resumen

El proceso de ensefianza aprendizaje de los estudiantes
universitarios en ciencias exactas, deber ir mas alla del
enfoque tradicional e incorporar nuevos estilos que
impacten de manera positiva en su formacion académica.
Esto implica tanto la comprension de conceptos, modelos
y teorias, asi como la practica en el laboratorio y el uso
de software especializado para la validez de los
resultados e interpretacion de la teoria reflejada en la
practica, a fin de lograr un aprendizaje significativo
considerando el enfoque constructivista. En este sentido,
la presente investigacion se desarrolld bajo un enfoque
cuantitativo, de tipo experimental y longitudinal
(Hernandez et al., 2014; y Bernal, 2016), cuyo muestreo
utilizado fue no probabilistico del tipo de grupos intactos
(McMillan y Schumacher, 2005). El principal hallazgo,
tras la aplicacion de un instrumento a 91 estudiantes de
pregrado, muestra el nivel de impacto que se tiene en el
aprendizaje  significativo, la capacitacion tedrica
impartida en el tema: “Determinacién de los coeficientes
de compresibilidad adiabatica y expansién volumétrica
de copolimeros tribloque, mediante datos experimentales
de densidad y velocidad del sonido”, complementada con
las préacticas en el laboratorio y el uso de software
especializado.

Teoria constructivista, Analisis cuantitativo, Ciencias
exactas
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Introduction

In the current era, the teaching-learning process
faces new challenges, in which academics must
use innovative methodologies in order to
achieve true meaningful learning in university
students. Also, students have to join with an
active participation so that the learning
objectives are achieved, that is, leave aside the
passive attitude, where only the teacher is the
one who transmits the knowledge.

That is why both the theoretical and
practical explanation as well as the use of
specialized software have an important role in
the meaningful learning of students, since in
addition to the teachers having mastery of the
courses and the necessary skills for the transfer
of theoretical knowledge, such as the
traditionalist approach, must incorporate
practices in the laboratory and the use of
technologies.

The foregoing constitutes a great
challenge and an advance in the teaching-
learning process for the students, who upon
graduating from the careers face various
problems that they will have to overcome with
what they have learned through their teachers.
Although this is achieved as long as learning
has been internalized, that is, meaningful
learning has actually been achieved.

This research is of great importance due
to its innovative approach, since it not only uses
the traditional teaching model, but also includes
the constructivist model of learning, where it
seeks the generation of knowledge, from the
student's own learning, considering the
knowledge prior to adding new knowledge,
which requires a lot of commitment and
participation from both the student and the
teacher.

The technique used in this research is
developed under a quantitative, experimental
and longitudinal approach (Hernandez et al.,
2014; and Bernal, 2016), which includes
descriptive statistics both to explain the
phenomenon under study and to test the
hypothesis. In this same sense, the sampling
used was non-probabilistic of the type of intact
groups (McMillan & Schumacher, 2005).
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This technique has added value with
respect to other techniques such as qualitative,
since the results yield numerical data that allow
describing the population and explaining the
research problem, as well as verifying the
hypothesis based on the supporting theory and
proposing new teaching learning strategies in
this area.

Consequently, the problem that is
intended to be solved lies in identifying the
impact on true meaningful learning in
university students with the use of innovative
methodologies, not only traditional teacher-
centered  teaching, but changing to
constructivist teaching where the teacher is
considered as a facilitator of learning and the
student is at the center of the process.

In this sense, the research question is
formulated as follows: What is the impact of
theoretical ~ training on  the  subject:
“Determination of the coefficients of adiabatic
compressibility and volumetric expansion of
triblock copolymers, through experimental data
of density and speed of sound”, complemented
with practices in the laboratory and the use of
specialized software, in the meaningful learning
of the undergraduate student?

Now, the central hypothesis to be tested
is as follows:

Ho: Theoretical training on the topic:
"Determination of the coefficients of
adiabatic compressibility and volumetric
expansion of triblock copolymers,
through experimental data of density and
speed of sound”, complemented with
practices in the laboratory and the use of
specialized software, not significantly
influences the meaningful learning of the
undergraduate student.

- Ha: Theoretical training on the subject:
“Determination of the coefficients of
adiabatic compressibility and volumetric
expansion of triblock copolymers,
through experimental data of density and
speed of sound”, complemented with
practices in the laboratory and the use of
specialized software, influences
significantly in the meaningful learning of
the undergraduate student.

HUERTA-CHAVEZ, Irma Alicia, GONZALEZ-QUEZADA,
Esperanza, SOLTERO-SANCHEZ, Jazmin del Rocio and
FIGUEROA-OCHOA, Edgar Benjamin. Impact of theoretical teaching,
laboratory practice and the use of specialized software in the
meaningful learning of university students. Journal High School. 2022
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This article includes nine sections. In
the first, an introduction to the research topic
and its importance, the technique to be used, the
added value, the description of the problem, and
the hypothesis to be tested, as well as
generalities of this research, are presented. In
the second section, the review of the state of the
art is presented, as support for the approach to
the problem and the incidence in its
explanation, which includes teaching-learning
models such as the traditional teaching model
and the constructivist learning model that
includes problem-based learning, laboratory
practices, OriginPro software and finally
meaningful learning.

In the third section, the method used, the
type and design of the research, the description
of the variables, the measurement instrument,
the participants, the procedure and the data
analysis are described. In the fourth section, the
results and discussion are included, with
descriptive statistics, as well as the discussion
in light of the supporting theory. In the fifth
section, the annexes are included, where the
instrument used is incorporated. In the sixth
section, the acknowledgments are added to the
participating informants and to the institution
from which they come and in the seventh
section the source of financing of the research
work is shown.

In the eighth section, the conclusions
and recommendations are shown, where the
main findings, limitations and future work are
explained. Finally, in the ninth section, the
references of the authors who contribute
directly to this study according to the review of
the state of the art are listed.

State of the art
Teaching-learning

Teaching is the process by which knowledge
about a subject is transmitted. While learning is
the process in which a person acquires
knowledge, data and information to solve
specific situations, it is also learned by trial and
error. Learning can be autonomous, it is the
appropriation of knowledge in a critical way
according to a life experience, intellectual or
cultural, through the theoretical analysis of
basic concepts, principles and values (Cabrera-
Medina et al., 2016).
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Learning can also be collaborative,
arising from interaction with people, done in
groups, or inclusive, which also takes place in
groups to achieve successful learning (Cabrera-
Medina et al., 2016).

Therefore, education faces various
challenges in the face of changes and demands
of society, which permeates teachers to change
their way of instructing and training students,
which leads to a constant search for information
and research to be incorporated into the
changes, considering technological tools
(Gonzélez-Zambrano et al.,, 2022); and
professionally train students who can enter the
labor market at the end of their university
education (Garcia et al., 2021).

In this same context, emphasis is placed
on the rapid change in both science and
technology since the middle of the previous
century, which has caused a revolution in
society, including educational systems, where
new teaching paradigms have been created. and
methodologies for planning the teaching-
learning process in order to achieve meaningful
learning in students. For this, the teacher will
have to consider the intellectual capacities of
the students to develop and implement new
didactic strategies; but it must socialize and
review the already existing contents in order to
link them with the generated knowledge; and
also achieve with these strategies the
motivation of the students to continue learning
and promote the search, collection and
generation of the provided knowledge (Guaman
& Venet, 2019) .

In this regard, there are two main
teaching-learning models, the first focused on
the teacher's teaching and the second on student
learning. The first is explained as the traditional
model centered on the teacher, in which the
information is transmitted and is merely
expository, the participation of the students is
null (Gargallo-Lopez et al., 2011).

! Guaman, V. J., & Venet, R. (2019). El aprendizaje
significativo desde el contexto de la planificacion

didactica. Revista Conrado, 15(69), 218-223.
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The teacher is responsible for
stimulating student learning, where knowledge
is obtained externally and when acquired, a
reward or punishment is received (Guerrero &
Flores, 2009), which is reflected in the exam
grades, is supported by behaviorism theory,
motivation is external, students depend on
external stimuli, there is not a rich relationship
between the student and the teacher, in addition,
the evaluation is associated with a grade in the
exam that responds to the reinforcements .
While the second model focuses on learning, its
starting point is the student as established by
constructivist theory, and the role of the teacher
in facilitating learning (Gargallo-Lopez et al.,
2011). This entails contemplating the previous
knowledge of the students to add new
knowledge, through a process of analysis and
reflection for learning in conjunction with
various methodologies.

Traditional teaching model

From birth the learning system of the human
being is active, therefore, contemplating the
experiences and previous knowledge with the
new knowledge constitutes a process in which
the student gives meaning and understanding to
the new concepts, this entails regulation and
control of mental processes and general
thought, among them are attention, perception
and memory, which affects many information
processing activities (Machado et al., 2018).

The teaching-centered model conceives
knowledge as an external construction from a
set of scientific knowledge of a discipline that
the teacher is responsible for transmitting to the
students, for which the teacher is responsible
for organizing the information developed by the
scientists. For this model, learning then refers to
acquiring or increasing knowledge in a certain
area for future applications (Gargallo-Lopez et
al., 2011).

In this sense, teaching understood as the
transmission of knowledge by the knower, who
is the teacher who masters the subject,
facilitates the understanding of the topics, is up-
to-date and explains. Therefore, the method
used by the teacher is basic, the master class
and the teacher's presentation, due to this, the
interaction between teacher and student is
unidirectional, if anything it becomes
bidirectional in the space of questions or doubts
(Gargallo-Lépez et al 2011).
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The traditional teaching model focuses
on teaching and the teacher, so knowledge is
already defined or constructed, therefore, the
teacher's goal is to transmit it; that entails
mastering the subject, updating knowledge and
knowing how to explain it in a masterful
presentation, without considering previous
knowledge. The teacher's own notes and a
textbook are used as study material. Therefore,
the student's knowledge s increased by
repeating what is taught by the teacher, for
which he is limited to listening and copying
(Morales et al., 2015).

In addition, this model uses the exam as
an evaluation method so that students repeat
what they have learned. Finally, teacher
tutoring is voluntary and in certain temporary
spaces (Gargallo-Lopez et al., 2011).

Constructivist learning model

During the last decades, the traditional form of
learning has been questioned, since a
professional must graduate from the university
with knowledge that can be applied to social
reality. Must consider elements such as social,
economic and technological changes to be
competitive graduates. Therefore, a
professional must have the skills to perform in
working life based on knowledge. That is why
the constructivist model is taken up, which has
different ways of teaching and generating
knowledge (Ramos & Palacios, 2007). For this
type of learning, the techniques used are
cooperative active learning as opposed to
traditional passive learning. With techniques
that facilitate learning such as interactive
methods, dialogue or group techniques
(Morales et al. 2015).

Therefore, it is possible to affirm that in
the university the teaching-learning process has
changed, since it seeks to focus the learning
strategies on the student, where the student is
the authentic axis of university education and
the teacher is a mediator or mediator. rather a
guide merely (Fernandez & Aguado, 2017).
Therefore, the teaching-learning process is
conceived not only as a transmission of
knowledge, but as a reconstruction process,
which implies the accumulation of different
learning experiences (Piaget, 1950).

HUERTA-CHAVEZ, Irma Alicia, GONZALEZ-QUEZADA,
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Consequently, constructivism influences
the teaching-learning process when it highlights
the student with their knowledge, skills,
abilities, expectations, attitudes, and conditions
to acquire new knowledge (Gonzélez-
Zambrano et al., 2022). The constructivism
approach conceives the student as responsible
for their own learning and their skills, which
requires the identification of the problem, as
well as the knowledge that they have and that
they want to investigate for the solution of the
problem with critical thinking and creativity;
while the teacher is responsible for facilitating
the didactic strategy (Lozano-Ramirez, 2020).

This constructivist model focuses on the
student while the teacher facilitates learning.
For this, knowledge is understood as a social
and negotiated construction, that is, both the
student and the teacher create it, so knowledge
is not fixed and immutable, it is not outside to
eliminate ignorance. While learning is
understood as a process of personal
construction which is shared and negotiated
with other people, which gives a significant
new understanding for the evolution of
conceptual and also personal changes
(Gargallo-Lépez et al., 2011).

The constructivist theory of Harré,
(1986) and Osborne (1996) has five main
objectives (Insausti & Merino, 2000):

Understand and disseminate scientific
messages with the use of both oral and
written language properly, including
various notation and representation
systems as needed.

- Use the basic concepts of science and its
scientific interpretation.

- Use personal strategies, consistent with
scientific procedures.

- Plan and execute scientific activities in
teams.

- Form reasoned individual criteria about
basic scientific and technological issues
of this time.
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In relation to these constructivist
objectives, it is stated that the real knowledge of
the sciences should not only focus on collecting
knowledge out of context and inoperative, but
also that concepts should be interrelated with
reality. That is why students must learn science
and also do science, that is, acquire cognitive
and metacognitive content, so the right place to
acquire and form new knowledge is precisely in
the place where science originates, in the
laboratory (Insausti & Merino, 2000).

Now, the knowledge that the student
acquires is not only to pass the subject, but
must serve to interpret the reality in which he
develops. Therefore, teaching is understood as
an interactive process to facilitate the
construction of knowledge, the teacher must
have the didactic-pedagogical training so that
the generation of knowledge is achieved. With
this, the teacher makes use of various methods
in relation to the objectives contemplating the
context, there is a bidirectional interaction,
various bibliographic resources are used to
generate critical thinking, dialogue and
discussion, as well as teamwork. The evaluation
method goes beyond repetitive exams, problem
solving, case studies and self-assessments are
used (Gargallo-Lo6pez et al., 2011).

With this model, the student reaches a
significant level of understanding that helps to
have a conceptual and personal change.
Therefore, the knowledge, in addition to being
useful to pass the subject, will serve to face
reality (Morales et al. 2015). Likewise, the
skills (Insausti & Merino, 2000) that are
intended to be achieved through the procedural
contents are those of research that include the
identification  of  problems, hypotheses,
variables, data analysis, use of models and
techniques, as well as the generation of
conclusions. As well as the development of
manual skills and the generation of both written
and audiovisual communication skills.
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Problem-based learning

Problem-based learning focuses on
experimental learning in relation to a real
problem, which is solved by students (Hurtado
& Salvatierra, 2020), contemplating: the
exploration of the problem, the establishment of
hypotheses, the identification of knowledge
required to address the problem, the search for
information, independent study of the topic,
critical analysis and discussion about the
knowledge acquired for the application to solve
the problem and reflection on the process, and
feedback. Previous knowledge is considered,
since it will influence the resolution of the
problem (Llorens-Molina, 2010).

To this end, critical thinking, basic
knowledge, self-learning skills, individual and
collective responsibility are promoted (Hurtado
& Salvatierra, 2020) and the development of
negotiation, communication and experience
skills that affect their professional training
(Lozano-Ramirez, 2020). This learning
involves developing the following skills:
technical (know/knowledge), methodological
(know how to do), skills (know how to be) and
personal (know how to be) (Gil-Galvéan et al.,
2021).

Problem-based learning, in addition to
being a methodology, is a teaching technique or
an alternative strategy for active and
autonomous learning that allows the student to
learn cooperatively (Espinoza, 2021). This
learning shows its effectiveness in reading
comprehension, by having an investigative
approach, where students seek answers to
problems in a given context, creating doubts
and uncertainties to change them into
significant and challenging ones (Hurtado &
Salvatierra, 2020). Students acquire and apply
knowledge without the need for the teacher to
give a master class (Ferndndez & Aguado,
2017).

Therefore, it requires students to
develop analysis and reflection skills in order to
solve the problem objectively, critically, and
creatively, making the right decisions to
establish expectations and goals for the solution
(Lozano-Ramirez, 2020). This learning is
related to the behavioral paradigm, which
highlights the relevance of the students' attitude
to guarantee success in the teaching processes
(Bustillo, 2020).
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However, this learning allows students
to develop critical skills through thinking and
problem solving with a high cognitive level, in
order for the student to be interested in the
subject and also to achieve learning. In this
regard, it is highlighted that learning is the
responsibility of the student (Ramos &
Palacios, 2007).

Based on the foregoing, the construction
of a series of increasingly complete and
complex concepts is provoked, which entails
including new methodological tools such as this
one, since it broadens the change, by
introducing laboratory work and contributing to
the development of cognitive skills (Llorens-
Molina, 2010). This learning seeks to introduce
the student within a context of a specific
problem linked to the social and professional
reality in order to encourage him to develop a
plan with cooperative work and with the
supervision of teachers (Llorens-Molina, 2010).

Problem-based learning is a didactic
approach for the construction of knowledge
based on the context, which can affect the
intrinsic motivation to achieve deep learning,
based on a real and interesting problem.
Although, it requires a broad methodological
commitment and resources to implement it
(Ramos, 2018), the following being necessary:
establish objectives, identify the problem, ask
questions, make decisions on the part of the
students, use the appropriate instruments and
evaluation tools, to end with the publication of
the findings.

With this, undergraduate students
establish a commitment to society in the search
for problem solutions under a scientific and
technological approach (Soltero-Sanchez et al.,
2021).

Laboratory practices

According to the constructivist model,
laboratory practices are understood as a didactic
strategy for the generation of scientific
knowledge (Espinosa-Rios et al., 2016) and if
before carrying out an evaluation is applied to
know what the students know, during the
practice will show greater motivation and
interest, promoting the development of certain
scientific skills.
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This model seeks that students build
scientific knowledge for the development of
scientific skills, promoting greater autonomy
and participation, with the aim of propagating
and carrying out laboratory practices in the
conceptual,  procedural and attitudinal
dimensions (Espinosa-Rios et al. al., 2016).

Therefore, practice is fundamental in
scientific theory, when checking with verifiable
activities, trial and error experimentation and
the handling of certain devices. Likewise,
carrying out practices in the laboratory is
directly related to meaningful learning and
allows us to understand the phenomena. The
student's work in the laboratory allows them to
discuss, reason and compare their results to
solve problems (Flores et al., 2009).

It should be noted that the teaching of
science is complemented with practices in the
laboratory, since this work involves learning the
conceptual foundations, where the teacher acts
as a support and guide in this regard. This is
extremely necessary for learning that goes
beyond the verbal training that the student
obtains by listening to the teacher's
explanations or by seeing the way in which the
experimentation is carried out in the laboratory.
For this reason, one of the main objectives of
the practices in the laboratory is based on the
constructivist theory, which highlights their
ability to promote conceptual change, that is,
exchanging superficial beliefs for scientific
approaches about the natural phenomena
(Barbera & Valdés, 1996).

The teaching of science, due to its
experimental nature, has always been
developed through theory and practice in the
laboratory, despite this, what is sought is that a
true contribution be developed. This depends
largely on the objectives sought, which depend
on the teaching approach, the type of activity,
the type of evaluation instrument, the
educational level to which it is directed, the
curriculum to be developed, in addition to the
correspondence between what is intended to be
achieved and how it will be done (Flores et al.,
2009).
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Even so, university students face some
difficulty in applying the conceptual constructs
acquired during their university career to their
current social reality, which reflects the
insecurity of the acquired professional
knowledge, which is decontextualized from
reality and even conceptual outdated, although
teachers and researchers implement new
methodological teaching tools, different from
rote ones (Rodriguez-Cepeda, 2016).

In addition, on certain occasions the
practical work carried out through experiments
in the laboratory disturbs the students, as the
objectives are not clear and the conceptual
theoretical discussion IS confused,
disassociating the theoretical teaching processes
from the experimental one. Therefore, they do
not perceive that knowledge is being generated
through experimentation. That is why the
common thread of conducting experiments will
be through the relationships achieved between
the works and scientific production (Gonzalez,
1992).

However, there is a certain disparity in
the objectives of practical work in the
laboratory, both for teachers and students. In
this sense, teachers expect the discovery of laws
with  experience, training in conducting
experimental reports and the development of
the daily log, as well as fostering interest in
studying science. While the students show a
slightly different vision in this type of work,
since the main objectives for them are mainly
learning experimental techniques, assessing the
quality of the results obtained and reinforcing
the theoretical classes (Barbera & Valdés,
1996).

It is provided that once the students are
clear about the objectives of the laboratory
work, it is easier for them to make decisions to
carry out the established task. Since the
student's attitude improves, giving security,
commitment, playful attitude and proactive
participation in relation to what they are asked
to face. In addition, it allows them to
understand the connections between theory and
phenomena, associating new concepts and
finally developing procedures (Montino et al.,
2011).
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It is also important to allow a self-
assessment of the students before the practice
sessions in the laboratory to help their
preparation and to generate interest in
participating and doing the practice correctly, in
addition to taking advantage of all the resources
available to them. The foregoing has a direct
impact on promoting a positive and active
attitude towards practices, improves
understanding, capacity and skills. Teachers
achieve a change in attitude for better use
(Noguera et al., 2011). Another didactic
technique consists of the application of directed
cards to encourage group work of students, and
thus encourage their deductive reasoning and
their critical capacity. These cards are applied
at the beginning and at the end of the laboratory
practices, to see the learning achieved (Grueso,
2018).

It should be noted that learning that
leads to an understanding of science will allow
students to pass exams by acquiring concepts,
models, and reasoning. However, when science
is successful, students will be able to practice
scientific methods and processes, which will
allow them to judge the validity of the results.
Therefore, it is possible to create new methods,
procedures and judgments, hence the
importance of the construction of new
knowledge (Séré, 2002).

Consequently, practical work in the
laboratory motivates students, encourages
teamwork, order, cleanliness, and safety, also
helps them to experience the phenomena in an
experiential way, allowing variables that
influence the study phenomena to be correlated,
in addition to approaching the methodologies
and procedures of scientific research. These
practical works are classified into experiences,
illustrative experiments, practical exercises and
investigations. They also involve: the ability to
internalize knowledge (know-know); general
and specific knowledge (knowledge); technical
and procedural skills (know-how); the
development of attitudes (know-how); and
social  skills  (knowing-living  together)
(Rodriguez-Cepeda, 2016).
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In this same sense, the learning that is
obtained through the experimental activity in
the laboratory is not compared or replaced with
other teaching methods, which is why the
practical work in the laboratory helps, among
other things, to: understand the theory , such as
concepts, models, laws, specific reasoning,
which sometimes differ from traditional
concepts; learn the theory; experience through a
certain number of realities, facts and teams that
use theories and procedures; learn the
procedures to replicate them in other contexts;
learn to use the theoretical knowledge learned
so that it is present and used when it comes to
carrying out a complete research process (Séré,
2002).

Additionally, teaching in the laboratory
can be given with an epistemological approach
through the use of Gowin's V (epistemological
V, heuristic V or V diagram), this is a heuristic
tool which guides the interactive integration of
theoretical and methods in the search for the
solution of problems. In addition, it allows
understanding the interrelationships between
what is known and what is desired to know;
meaningful relationships between events,
processes, or objects. Ordinarily, concept maps
as resources or learning tools allow organizing
information, but these two tools serve to
improve learning and evaluate it (Flores et al.,
2009).

It is important to note that students need
to develop skills and competencies for
abstraction, imagination and the use of
computer tools for scientific development. At
present, new curricula have been designed for
the training of teachers to use new information
technologies, a tool is the virtual laboratory,
which is a model that includes the necessary
equipment to carry out research, experiments
and scientific work or technical developed by a
computer system (Machado et al., 2018).
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In this context, it is worth mentioning
four innovative proposals for laboratory work.
The first focuses on a-theoretical activities, that
is, those that are intended to improve practical
skills and technical knowledge, however, they
are unrelated to theory and real problems. The
second consists of the development of
resources, which involves activities that include
the preparation of the elements that make up the
practice in the laboratory plus their
improvement. The third consists of new or
problematic applications, this proposal refers to
new ways of confronting the practices in the
laboratory against the theory. Finally, the fourth
proposal consists of carrying out small directed
investigations, this implies taking the practical
work to a real investigation, that is, linking the
laboratory task with the generation of
knowledge (Gonzélez, 1992).

This anticipates that it is no longer
enough for the teacher to have experience in the
subject, but rather he must have theoretical-
practical knowledge about the teaching-learning
of scientific subjects, so that educational
innovation on the part of teachers and the
expectation of the students is successful
(Gonzélez, 1992). Thus, the teaching-learning
strategies to be developed must consider
competencies such as the ability to interpret and
evaluate data derived from observations and
measurements in order to be related to theory;
the ability to develop and apply analytical
techniques; knowledge of scientific progress
and the ability to plan, design and execute
research projects (Marquez, 2022).

OriginPro software

The use of Information and Communication
Technologies (ICT) as tools in education,
denotes the interest of institutions in providing
students with the skills required in today's
society (Alejo, 2022) with the condition that
they are designed for educational purposes
academic and focused on areas of knowledge
(Alvarez et al., 2022). In this regard, university
teachers, in order to achieve the expected
learning according to the study plans, are added
with new skills (Esquerre, 2022) and digital
skills with the use of networks, digital
environments, as well as the development and
use of digital resources (Poma, 2022).
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Consequently, the OriginPro software is
integrated as a computer system, which consists
of different functions that are used for different
branches such as mathematics, statistics,
physics, chemistry, among others. This
specialized software is functional for data
analysis and graphing, which is chosen by
scientists, academics and in various laboratories
in the world, since it provides an easy-to-use
interface initially for beginners, which has the
advanced customization capability as you use it.
It also has the ability to modify the different
mathematical and statistical functions, as well
as graphical data display. With the use of
OriginPro software, students can view the
graphs generated by entering the data and
execute the specific functions of the
phenomenon analyzed, allowing greater
interpretation, which is a pedagogical tool for
motivation and improvement of student
expectations (Zavaleta & Moreno, 2019).

Meaningful learning

Currently in educational teaching, the concepts
of  stimulus, response and  positive
reinforcement have changed to meaningful
learning, conceptual change and constructivism,
that is, at this time, quality teaching considered
as good should contribute to the conceptual
change that facilitates meaningful learning
(Moreira et al., 1997). The meaningful learning
theory postulated by Ausubel et al. (1976)
affirms that the acquisition of new knowledge
in students is based on previous knowledge,
which allows them to interrelate what they have
learned with what is new to learn, different
from rote learning.

In the same order of ideas, this theory
considers learning as a process that occurs
when new knowledge or information is related
to the previous knowledge (cognitive structure)
of the person who learns in a non-arbitrary and
substantive way, which starts from anchoring
ideas or relevant aspects (Guaman & Venet,
2019) 2.

2 Loc. cit.
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Likewise, this theory goes beyond the
traditional learning of a change in the behavior
of the individual, to a change in the meaning of
their experience. In this sense, there are several
elements that affect student learning; firstly,
they are the teachers and their teaching method,
second, the structure of the knowledge of the
study plan and the way of producing it; and
third, the social context in which learning takes
place during the educational process (Ausubel,
1983).

The use of the knowledge that the
student has so that new learning is generated
and becomes meaningful, not rote or
mechanical, is of great importance. Therefore,
the teacher must establish  congruent
relationships so that meaningful learning
develops (Gonzalez, 2019).

The meaningful learning theory was
born during the rise of constructivism, as a
response to behaviorism, where activism and
discovery learning were strong (Ordofiez &
Mohedano, 2019). However, this learning is
likely to occur both by reception and by
discovery. Now, this learning is classified
according to  Ausubel (2000) in:
representational learning, in which meaning is
attributed to certain symbols without defining
attributes; the learning of concepts, defined as
common objects, events, situations or properties
that characterize a sign or symbol; and
propositional  learning, where there are
combinations of words in sentences that
represent concepts.

Meaningful learning (Ausubel et al.,
1976) is defined as a process with which new
information is directly integrated in a non-
arbitrary and substantive way into the cognitive
structure of the learner. This theory has two
important elements: non-arbitrariness and
substantivity. In the first instance, non-
arbitrariness refers to the fact that the new
knowledge is not related to any knowledge, but
rather, it is related to the most relevant
cognitive structure, to what is called sub-
consumers. This leads to relevant prior
knowledge becoming an anchor for new
knowledge and facilitating its retention.
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Therefore, the important variable for
significant learning to occur is based on the
previous cognitive structure. On the other hand,
regarding the second element, substantivity, it
refers to the fact that what is incorporated from
the new knowledge is only the substance, that
is, new ideas are included, not the exact words
used in the transmission of the new knowledge.
With this transmission, new knowledge is built
with new meanings (Moreira et al., 1997).

For this, it is important to understand
that the student will learn from the cognitive
structure that he has, that is, the concepts and
ideas that are possessed in a certain area of
knowledge and the way in which it is
organized. Meanwhile, these experiences and
previous knowledge of the students will affect
learning in a beneficial way. In this regard,
learning is significant when it is possible to
teach a subject in a non-arbitrary way to what
the student already knows, but from what the
student knows, a relevant aspect of the
cognitive structure is identified and the teaching
is carried out to achieve learning of this type
(Ausubel, 1983).

That is why significant learning is based
on understanding, considering that the student
knows the teaching process, in addition to
knowing the student's ideas in order to relate
the theoretical content with the conceptual
bases related to the social environment of the
student (Gonzélez-Zambrano et al., 2022). In
this sense, the student is required to reflect a
positive attitude in the educational process,
therefore, when teaching methods are chosen, it
is preferable to select those in which the student
participates more in order to achieve interest
and conceptual learning without being
repetitive (Zavaleta & Moreno, 2019). They can
be considered learning resources such as mental
and conceptual maps, as well as technological
tools to design strategies and methodologies
that generate interest and motivation in students
(Gonzalez-Zambrano et al. 2022). Or, choose or
create new pedagogical, didactic and
methodological strategies on the part of
teachers with a focus on achieving true
significant learning in professional life
(Intriago-Cedefio et al., 2022).
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Then, meaningful learning will occur
when new information is able to connect or
relate to a relevant concept already existing in
the student's knowledge, achieving an
anchoring of previous knowledge with the new
one provided. This does not mean that
knowledge is only associated, but that when the
interaction  between them occurs, new
knowledge is generated in the cognitive
structure of the students, which allows them to
see the difference, growth and development of
knowledge. For this, students must be willing to
relate the new knowledge not in an arbitrary
way but in a substantial way, identifying that
learning is significant for them (Ausubel,
1983). With meaningful learning, the individual
himself with a predisposition to learn is the one
who generates and creates his own learning,
therefore, this theory aims to know and explain
the conditions that generate learning, so that a
balanced cognitive change is achieved in a
balanced way have individual and social
meaning. Consequently, the learning built in the
classroom is evolutionary (Rodriguez, 2004).

On the other hand, with the application
of meaningful learning, students are more
responsible for their learning through the
construction of knowledge with participation in
various interaction activities in which they
share their experiences and opinions in a group
(Intriago-Cedefio et al., 2022). It is important to
highlight that this learning contemplates
different aspects, which promote interest and
the use of strategies so that students advance in
the construction and appropriation of new
knowledge, as well as affecting academic
performance (Intriago-Cedefio et al., 2022).

Ordinarily, two types stand out within
meaningful learning: representational learning
and propositional learning. The first refers to
individual symbols as knowledge of concepts,
which leads to generic or categorical
representations. The second refers to learning
the meaning of ideas expressed by groups of
words (Moreira et al., 1997). It should be noted
that this theory is still valid, since it has been a
benchmark for teachers and researchers in their
study plans for more than forty years, but there
are still elements that have not been learned
significantly in the teaching process. This
learning has a great explanatory capacity in
pedagogy that justifies its strength (Rodriguez,
2004).
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Method
Type and design of research

This research was developed under a
quantitative, experimental and longitudinal
approach (Hernandez et al., 2014; and Bernal,
2016).

Variables
Theoretical training variable

Didactic teaching-learning strategy, of a
theoretical type understood as an expository
master class carried out by the teacher in the
classroom on the subject "Determination of the
coefficients of adiabatic compressibility and
volumetric expansion of triblock copolymers,
through experimental data of density and speed
of sound”, under the behavioral model.

Laboratory practice variable

Didactic teaching-learning strategy of a
practical type for the development of scientific
research skills that entails the applicability and
discovery of new theories, as well as the
explanation of real phenomena, on the subject:
"Determination of the coefficients of adiabatic
compressibility and volumetric expansion of
triblock copolymers, through experimental data
of density and speed of sound”, under the
constructivist model.

OriginPro software variable

Didactic teaching-learning strategy of a
practical type and theoretical applicability, data
management and graphics resulting from
experimentation in laboratory practices, under
the constructivist model.

Meaningful learning variable

Teaching-learning  strategy  that  mainly
contemplates the student as the center of
learning and the teacher grants the requirement
of new didactic methodologies to achieve
significant learning in students with the theme
"Determination of the coefficients of adiabatic
compressibility and volumetric expansion of
triblock copolymers, using experimental data
on density and speed of sound”, under the
constructivist model.
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Measuring instrument

The measurement instrument consists of three
questions on demographic variables and twenty
reagents, the first nineteen contemplate
knowledge questions about the subject
"Determination of the coefficients of adiabatic
compressibility and volumetric expansion of
triblock copolymers, through experimental data
of density and speed of sound" and the last
question in the pre-test refers to the need to
apply theoretical and practical teaching-
learning methodologies to improve learning,
while in the post-test it refers to the impact
achieved after the applied methodologies.

Participants

91 undergraduate students from the third to
sixth semester of the degrees in Chemistry,
Chemical  Engineering and  Biological
Pharmaceutical Chemist participated, who were
selected through the type of non-probabilistic
sampling of the type of intact groups (McMillan
& Schumacher, 2005). The characteristics of
the selected sample are detailed below (see
table 1).

Sociodemographic
variables
Age 17-20 years = 60%
21-24 years = 34%
25 years and more = 6%

Sample profile

Sex Male = 29%;
Feminine =71 %

Bachelor's degree Chemistry = 2%
Pharmaceutical chemist
biologist = 94%

Chemical engineering = 4%

Table 1 Sample characteristics
Source: Own elaboration (2022).

Procedure

The method used to collect information was
longitudinal, that is, a pre-test and a post-test
were applied twice in person in the classroom, a
space where the participating undergraduate
students met as intact groups. At that time, the
link to the questionnaire was sent electronically
and they were given advice on how to fill it out.
It is worth mentioning that all the items were
mandatory questions with the necessary locks
to avoid omissions in the answers.
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The students answered three questions
of the categorical variables referring to
demographic data and 19 reagents with
response options, of which they selected one for
each question. In addition, a final item was
added to the pre-test regarding the need to
implement the didactic strategy, on a Likert
scale from 1 to 5. Also in the post-test
questionnaire, the last question served to assess
the impact of the implementation of the
didactics strategy teaching-learning, on a Likert
scale from 1 to 5, from very negative to very
positive.

Data analysis

Descriptive statistics were used for data
analysis, counting, tables and graphs,
comparing the findings of the pre-test and the
post-test, for the test of the central hypothesis.

Results and discussion

The university students surveyed, in the pre-
test, were asked how necessary it is to receive
training that contributes to their academic
training with both theoretical and practical
support on the subject of "Determination of the
coefficients of adiabatic compressibility and
volumetric expansion of polymeric systems,
through experimental data of density and speed
of sound", complementing with practices in the
laboratory and the use of specialized software?,
on a Likert scale from 1 to 5, being 1 totally
disagree and 5 totally agree, 56.04 % selected
option 5 as they totally agreed, 31.87% selected
option 4 as they agreed, 9.89% selected option
3 as they were impartial, 0% selected option 2
as they did not agree, and 2.20% selected
option 1 by totally disagreeing. Therefore, the
need to implement the theoretical and practical
didactic strategy in high percentages was
manifested (see graphic 1).
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Graphic 1 ldentification of the need to implement the
theoretical and practical didactic strategy

Source: Own elaboration based on the data obtained
from the pre-test (2022)

Now, considering the need to implement
the theoretical-practical didactic strategy and
considering the results obtained from the pre-
test, a contrast of the results obtained in the
post-test was carried out, from which favorable
results were obtained regarding the significant
learning of the students (see graphic 2 and table
2).
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Graphic 2 Percentage contrast of previous achievement,
outstanding achievement and meaningful learning
Source: Own elaboration based on the data obtained
from the pre-test and the post-test (2022)
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In item 1 regarding the knowledge of
polymers, a meaningful learning of 6.59% was
achieved; while in item 2 referring to the
applicability of the topic in the industry, a
meaningful learning of 2.20% was achieved; in
item 3 regarding knowledge in triblock
copolymers, a meaningful learning of 59.34%
was achieved; in item 4 regarding knowledge of
density, a meaningful learning of 1.10% was
achieved; in item 5 referring to the knowledge
of Newtonian fluids, a meaningful learning of
10.99% was obtained; and in item 6 referring to
the knowledge of the speed of sound, a
meaningful learning of 15.38% was obtained.

However, in items 7, 9 and 15, referring
to the knowledge of the speed of sound of
Newtonian fluids, the determination of the
density and the speed of sound, and the
equation of the coefficient of isothermal
compressibility, respectively, no results were
obtained meaningful learning.

On the other hand, items 8 and 10,
referring to knowledge of the effect of density
and speed of sound as a function of temperature
and knowledge of the density meter model
used, a meaningful learning of 57.14% and
56.04%, respectively, was obtained. In item 11
referring to the measurement of the density and
speed of sound, a meaningful learning of
31.87% was obtained. Items 12 and 13 referring
to the definition of the coefficients of
volumetric ~ expansion  and  isothermal
compressibility, 19.78% and 14.29% of
meaningful learning were obtained,
respectively; while item 14 referring to the
equation of the volumetric expansion
coefficient, a significant learning of 13.19%
was obtained.

Likewise, items 16 and 17 referring to
the calculation of the coefficient of volumetric
expansion and isothermal compressibility, a
meaningful learning of 46.15% and 47.25%,
respectively, was obtained. Regarding the
knowledge of the OriginPro software and its
use (items 18 and 19), a meaningful learning of
56.04% and 52.75%, respectively, was obtained
(see graph 2 and table 2).
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Previous Outstanding Meaningful
achievement achievement learning
C0) €0 (%)
1 90.11 96.70 6.59
2 31.87 34.07 2.20
3 9.89 69.23 59.34
4 92.31 93.41 1.10
5 47.25 58.24 10.99
6 67.03 82.42 15.38
7 45.05 45.05 0.00
8 9.89 67.03 57.14
9 92.31 92.31 0.00
10 18.68 74.73 56.04
11 10.99 42.86 31.87
12 54.95 74.73 19.78
13 63.74 78.02 14.29
14 65.93 79.12 13.19
15 85.71 85.71 0.00
16 30.77 76.92 46.15
17 30.77 78.02 47.25
18 7.69 63.74 56.04
19 7.69 60.44 52.75

Table 2 Percentage contrast of previous achievement,
outstanding achievement and meaningful learning
Source: Own elaboration based on the data obtained
from the pre-test and the post-test (2022)

It should be noted that the items where
more meaningful learning was achieved refer to
laboratory practice and the use of specialized
software.

On the other hand, in relation to the
impact generated on student learning, 34.07%
answered that it had a very positive impact,
while 37.36% answered that it had only a
positive impact; however, 28.57% responded
that it had a regular impact. In this sense, no
negative or very negative impact responses
were obtained (see graph 3).

1. Very 2. Negative

negative impact

impact 0%

0%

5. Very 3. Regular
positive impact
impact 29%

34%

_ 4 Positive
impact

37%

m 1. Very negative impact m 2. Negative impact
3. Regular impact 4. Positive impact

Graphic 3 Identification of the implementation of the
theoretical and practical didactic strategy in the
meaningful learning of the students

Source: Own elaboration based on the data obtained
from the post-test (2022)
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Based on the results obtained, it is
possible to confirm the meaningful learning
theory of Ausubel et al., (1976), given that from
the pre-test applied to university students, in
which prior knowledge was detected, it was
possible to interrelate the new knowledge
identified in the post test, derived from the
didactic strategy implemented for the
construction of new knowledge, which included
theoretical training, laboratory practice and the
use of specialized software. Therefore, it is
confirmed that the traditional teacher-based
teaching approach with the exclusive
transmission of knowledge (Gargallo-L6pez et
al., 2011; Machado et al., 2018), complemented
with the constructivist learning approach, based
on student learning and knowledge construction
(Piaget, 1950; Harré, 1986; Osborne, 1996;
Ramos & Palacios, 2007; Lozano-Ramirez,
2020; Morales et al., 2015; Ferndndez &
Aguado, 2017; Gonzalez-Zambrano et al.,
2022) has a significant impact on the
meaningful learning of university students who
participated in this research.

Annexes

The instruments applied in the pre-test and in
the post-test are shown below.

Pre-test questionnaire

The present survey has the purpose of detecting
the level of knowledge that the students of the
Bachelor of Chemistry, Bachelor of Chemical
Engineering and Bachelor of Chemical
Pharmaceutical Biologist enrolled in the
University Center of Exact Sciences and
Engineering of the University of Guadalajara,
have regarding the subject "Determination of
the coefficients of adiabatic compressibility and
volumetric expansion of polymeric systems
through experimental data of density and speed
of sound”, in order to generate a theoretical-
practical didactic strategy that contributes to the
meaningful learning of the student.

It is important to mention that the
information you provide will be handled
confidentially, so it will not affect the current
course grade. Initially, answer your general data
according to the options provided for it and
then answer the questions and/or statements
numbered from 1 to 20, selecting the option that
best reflects your knowledge.
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1.- Which of the following statements define a
polymer?

a) Macromolecules made up of the repetition of
a simple unit known as a monomer, arranged
sequentially: linear, branched, grafted, star-like
or in blocks

b) Amphiphilic chemical substances that
manage to reduce the surface tension of a liquid

c) Chemical substances that have the same
composition or molecular formula, but with
different physical and structural properties

2.- Select from the following industries, the one
that you consider uses polymers the most in the
manufacture of its products:

a) Pharmaceutical

b) Automotive

c) Textile

d) Cosmetics

e) Oil company

f) Food

3.- Do you know the commercial triblock
copolymers (Pluronics)?

a) Yes
b) No

4.- Which of the following answers define
density?

a) Physicochemical property that relates the
amount of mass in a given volume of a
substance

b) Physical vector magnitude that relates the
change of position with respect to time

c) It is the resistance that some substances have
during the process of fluidity and deformation

5.- What effect is manifested in the density of
Newtonian fluids when the temperature
increases?
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a) Density increases
b) Density decreases
c¢) Density remains constant

6.- Which of the following answers define the
speed of sound?

a) Physical vector magnitude that relates the
change of position with respect to time

b) It is the speed of propagation of sound waves
through a given medium as a function of
temperature

c) It is the resistance that some substances have
during the process of fluidity and deformation

7.- What effect is manifested in the speed of
sound of Newtonian fluids when the
temperature is increased?

a) The speed of sound increases

b) The speed of sound decreases

c) The speed of sound remains constant

8.- Do you know the effect of the density and
the speed of sound in Pluronic/Water solutions
when the temperature is increased?

a) Yes

b) No

9.- By means of which instrument it is possible
to determine the density and speed of sound of
solutions?

a) Electronic hydrometer

b) Viscometer

c) Tensiometer

10.- Do you know any model of electronic
density meter?

a) Yes

b) No
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11.- Have you made any measurement of the
density and speed of sound in an electronic
densimeter?

a) Yes

b) No

12.- What does the coefficient of volumetric
expansion physically indicate (o)?

a) Isothermal compression of matter as a
function of pressure

b) Isobaric expansion of matter as a function of
temperature

c) The effect between expansion and
compression

13.- What does the isothermal compressibility
coefficient physically indicate (k)?

a) Isothermal compression of matter as a
function of pressure

b) Isobaric expansion of matter as a function of
temperature

c) The effect between expansion and
compression

14.- What is the equation that defines the
coefficient of volumetric expansion (a)?

Ja=|-()(&),]
=) ()]

15.- What is the equation that defines the
coefficient isothermal compressibility (i)?

ax=[-G)E)]
= [)2)
g (2),
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16.- Have you calculated the value of the
coefficient of volumetric expansion using
experimental data on the density and speed of
sound?

a) Yes
b) No

17.- Have you calculated the value of the
isothermal compressibility coefficient using
experimental data on the density and speed of
sound?

a) Yes
b) No

18.- Do you know the software used to process
data, OriginPro?

a) Yes
b) No

19.- Have you ever used the OriginPro software
to process data and make graphs?

a) Yes
b) No

20.- At what level, from 1 to 5, do you consider
it necessary to receive training that contributes
to your academic training, both with theoretical
and practical support in the subject
"Determination of adiabatic compressibility
coefficients and volumetric expansion of
polymeric systems using data experiments of
density and speed of sound”, complementing it
with practices in the laboratory and the use of
specialized software?

1) Strongly disagree

2) Disagree

3) Neither agree nor disagree
4) Agree

5) Totally agree
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Post-test questionnaire

It includes questions from 1 to 19 of the pre-
test, only question 20 is replaced by the impact
measurement, on a Likert scale, as follows:

20. At what level from 1 to 5 does the
theoretical and practical training received on
the subject of "Determination of the coefficients
of adiabatic compressibility and volumetric
expansion of triblock copolymers, through
experimental data of density and speed of
sound”, complemented with practices in the
laboratory and the use of specialized software,
impact your academic training?

1) Very negative impact
2) Negative impact

3) Regular Impact

4) Positive impact

5) Very positive impact
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Conclusions and recommendations

The analysis of the state of the art and the
results obtained, consequently allow us to
conclude that the teaching-learning process is
constantly changing, from the traditional
teacher-based teaching approach to the student-
based learning approach, the latter supported in
constructivist theory.

ISSN-2523-0336
ECORFAN® All rights reserved.

June 2022, Vol.6 No.16 16-37

The foregoing is due to the new
demands in the training of the next
professionals, who after graduating from a
professional career must have significant
learning, that is, learning added to previous
knowledge and with applicability in the real
world. Hence, the new teaching-learning
strategies that include the classic master class,
problem-based learning such as experimental
learning, laboratory practices and the
implementation of information technologies
such as specialized software. With this
research, a direct contribution to the theory of
meaningful learning of the constructivist
approach was achieved, given that with the
analysis of the state of the art and the results
obtained, two evaluation instruments previously
validated by experts were generated, in which
qualitative and quantitative variables were
incorporated, which allowed describing the
population under study and confirming the
theory, in addition to identifying the significant
percentage of learning achieved. Likewise, the
central hypothesis was verified, given that the
null hypothesis was rejected and the alternative
was accepted, where: Theoretical training on
the subject: "Determination of the coefficients
of adiabatic compressibility and volumetric
expansion of triblock copolymers, through
experimental data from density and speed of
sound”, complemented with practices in the
laboratory and the use of specialized software,
significantly influences the meaningful learning
of the undergraduate student.

Among the main limitations of this
research is the selection of the sample, because
although it was non-probabilistic of intact
groups, it is recommended to generate a larger
and statistically representative sample to make
generalizations of the population. Likewise, the
data analysis was limited to the use of
descriptive statistics, for which it is necessary
to incorporate more variables to increase the
statistical level.
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Abstract

Although it is true that there is a great diversity of
teaching-learning methods, it is important to identify that
their didactic components comply with three main
aspects: a) stimulate the exchange of ideas, findings and
suggestions; b) prepare people for the working world as
well as for assuming their personal responsibilities; and
c) respond to the demands of today's society. Based on
this context, exploratory-descriptive research was
developed at the School of Accounting and
Administration of the Universidad Veracruzana, with the
objective of proposing a methodological system of
experiential learning that allows the generation of applied
knowledge for the benefit of society and to improve the
training of future professionals. The design of the study
is of an analytical-propositive type, since, from an
orderly review of: the different sets of competencies that
make up the thematic contents of the study programs, the
knowledge applied to reality, the teaching strategies and
their impact on learning and the resources provided to
students to perform in the workplace; a methodological
learning proposal oriented to the generation of
knowledge through the Small Business Development
Center (SBDC) model is constructed.

Strategies, Experiential, Learning, Administration,
Competencies

Resumen

Si bien es cierto, existe una gran diversidad de métodos
de ensefianza-aprendizaje, es importante identificar que
sus componentes didacticos cumplan tres aspectos
principales: a) estimular en intercambio de ideas,
hallazgos y sugerencias; b) preparar a las personas tanto
para el mundo laboral como para asumir sus
responsabilidades personales; y c) responder a las
demandas de la sociedad actual. A partir de este contexto,
se desarroll6 una investigacién de caracter exploratorio-
descriptivo, en la Facultad de Contaduria vy
Administracion de la Universidad Veracruzana, con el
objetivo de proponer un sistema metodoldgico de
aprendizaje  experiencial que permita  generar
conocimiento aplicado en beneficio de la sociedad y
mejorar la formacion de los futuros profesionales. El
disefio del estudio es de tipo analitico-propositivo, toda
vez que, a partir de una revision ordenada de: los
diferentes conjuntos de competencias que conforman los
contenidos tematicos de los programas de estudio, los
conocimientos aplicados a la realidad, las estrategias de
ensefianza y su impacto en el aprendizaje y, los recursos
que se brindan a los estudiantes para desempefiarse en el
ambito laboral; se construye una propuesta metodoldgica
de aprendizaje orientada a la generacion de conocimiento
a través del modelo de Centro de Desarrollo de Pequefias
Empresas (SBDC).

Estrategias, Aprendizaje,
Administracion, Competencias

Experimental,
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Introduction

In a world of globalization and institutional
diversification, universities need to develop
thinking strategies that allow a transfer of
knowledge in accordance with the present
social and cultural reality, and the personal and
material means necessary to achieve them.

This implies carrying out an adequate
learning management, through activities that
recognize the complexity of the teaching and
learning processes and that achieve a transfer of
knowledge through the recognition of
applicable situations.

However, the acquisition of these
strategies does not have to be the only objective
of learning; on the contrary, the following
should also be considered: competencies, work
methods, evaluation  processes  between
different alternatives and the teaching of skills
such as reasoning, creative thinking and
problem solving, which really allow learning.

As can be seen, the role of higher
education institutions is key in the structuring
and  organization  of  teaching-learning
methodologies. It is under this context that this
research is developed with the objective of
"proposing an experiential learning
methodology, which allows to generate and
experience knowledge through the recognition
of applicable situations and is useful to develop
competencies, since knowledge can be learned
theoretically, but without the development of
competencies there will not be an adequate
training™.

Generally, the processes related to
learning are studied independently and no
interrelationships are established between them;
however, the nature of propositional research
demands the realization of a study that allows
linking diverse elements that affect the learning
process with the needs of professional training,
in this sense, this work is structured in three
sections.
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In the first section, the fundamental
ideas obtained from a documentary research are
outlined, regarding the experiential learning
theory, the application of the university linkage
in the learning process and the model of the
Small Business Development Center (SBDC) is
explained, whose main idea is to provide
assistance to entrepreneurs and small and
medium-sized enterprises in areas such as
business  planning, marketing, financing,
development and commercialization of new
products/technologies, government contracting
and international trade.

The second section shows the results
obtained from the exploratory-descriptive
research carried out at the School of
Accounting and Administration, with the
objective of determining which are the
competencies mostly applied during the
development of the study programs, the
knowledge provided through experiences as
"real” as possible, the teaching strategies and
the means adopted for the students to perform
in the work environment.

Finally, in the third section, and after
linking the results with the SBDC model, the
methodological  proposal  for  achieving
significant learning is presented, which is based
on an experiential, active, problem-based
learning style, consisting of the generation and
application of knowledge through the provision
of extension services from the university
community to the business sector through the
Small Business Development Center (SBDC)
model.

Experiential learning theory

Although knowledge can be widely shared, it is
at the same time very individualized and
difficult to transmit to others, which "tends to
work against a formal education system unless
the individual is adept at handling routine,
experiential,  conceptual and  systemic
knowledge types" (Garcia & Flannery, 2010, p.
2).
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Experiential learning is a theory built
“on social and constructivist theories of
learning, but situate experience at the core of
the learning process” (Huaizhong et. al., 2019,
p. 284), whose essence is learning by doing.
The development of the experiential learning
process and a multilinear model has been
introduced by Kolb in 1984 (1bid).

Kolb’s model of experiential learning
(loc. cit.) was created out of three important
aspects:

Experience in  Learning (concrete
experience)
- Active Participatory Learning

(observation and reflection)

Conceptualizing as result of individual
interaction  with  the  environment
(formation of abstract concepts and
testing in new situations)

The learning process begins with the
student undergoing an actual “real life”
experience which becomes the basis for their
Observations  and Reflections.  These
observations and reflections subsequently
become a concept or theory, and then these
concepts or theories work as guides for creating
new experiences. According to Kolb’s learning
model, knowledge is created through the
transformation of experience and rests on six
basic assumptions:

Learning is a process, not an outcome;
derives from experience; requires an
individual to resolve dialectically opposite
demands of grasping and transmitting
experience; is holistic and integrative;
requires interaction between person and his
involvement; and results in knowledge
creation (Bhandarker & Kumar, 2017, p.245)

Students  should be exposed to
experiential learning to improve their
understanding of theory significantly and to
enhance their learning. In this sense, the use of
theoretical perspective of Kolb’s theory helps in
the process of counseling and supervision of
small group teaching.
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As is evident, this model requires "the
development of a learning space that positions
its student in- habitants as central, active and
engaged participants in their learning and
knowledge created through the experience”
(Sharma, et al., 2018, p. 543). This means that,
this learning experience extends beyond the
classroom, making universities need to evaluate
their facilities by providing learning spaces in
for group activities and quiet areas for
individual leaners and small group discussion
(Op. cit.).

At the same time, the role of the professor
has to change from beining a “teacher” to
becoming a “coach”, so that learners develop
their individual experiences, rather than simply
adopting those explained by the educator (Ibid).

University link-up as an educational learning
strategy

There are several strategies designed to deepen
learning, among the most frequently utilized are
simulation, games and case studies (Restrepo,
2005). However, if you want to bring the
student to a higher level with experiences that
are as “real life” as possible, it is necessary to
consider other types of strategies that allow for
the enhancement of various professional and
cognitive skills and that can adjust to different
content as appropriate.

Considering the characteristics  of
different educational strategies, it has been
determined that the university link-up can
function as a method through which learning is
achieved, since it allows for the building of a
meaningful and cognitive universe within the
learning process of university students
(Gonzalez, 2011). The objective from the point
of view of the university should be understood
as a mechanism that helps to raise the quality of
research, university teaching and to facilitate a
better integration with social needs (Acuiia,
1993).

GARIZURIETA-BERNABE, Jessica, GONZALEZ-BENITEZ, Rubén
Alvaro, MARQUEZ-VELAZQUEZ, Aurora and MORALES-
TOXQUI, Jazmin. Experiential learning through the Small Business
Development Center (SBDC) model in Faculty of Accounting and
Administration. Journal High School. 2022



Article

41
Journal High School

There are different forms of university
link-ups that may be identified, such as
technology  transfer,  courses,  services,
consultancies, collaboration  agreements,
research financing, exchange of personnel,
association with new companies, centers jointly
administered by the university and industry,
incubators, and many others. According to
Campos & Séanchez (2005), there are three
approaches on which different types of linkages
can be developed, which are:

- The Economist. It is based on the sale of
products and services by the university in
order to gain access to resources, which
allows for it to partially solve the lack of
financial resources. As a result, it tends to
focus on the productive sector. The
majority of its efforts are focused on
technical assistance activities, provision
of services and research and the
development and transfer of technology.
Its duration can vary from weeks or
months to indefinitely.

The fiscalist. This is the most traditional
approach. It conceives the link as the
relationship of the institution as a whole
with the broader society, which not only
considers the productive sector but also
the social one. The main idea is to
contribute something to society, so it
takes into account varying extension
activities such as offering dental services
in underserved communities as well as the
transfer of technology, to name just two
examples.

- As part of the outreach functions of
universities. The idea is to establish the
link as a function and not as a university
extension, so that the functions of
teaching and research are developed,
helping to contribute to the solution of
problems facing society.

Regarding university linkage as an
educational learning strategy, going back to the
objective of experiential learning, it can be
affirmed that employing the linkage with the
approach of positioning it as a new function
within the universities, allows us to achieve a
greater achievement of this learning.
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Linking through the Small Business
Development Center (SBDC)

In 1976, The Small Business Administration
(SBA) of United States of America (USA)

Created the University Business
Development Center pilot program to
establish small business centers within
universities to provide counseling and
training for small businesses. The first center
was founded at California State Polytechnic
University at Pomona in December 1976.
Seven more centers were funded over the
next six months at universities in seven
different states (Jay Dilger, 2019, p. 5).

With the premise that the nation’s small
business owner’s lack of management expertise
as the primary cause of business failures, in
1980 legislation was signed establishing the
program, citing.

The network of SBDCs would be charged
with the counseling this demographic
concerning the managing, financing, and
operation of small business enterprises as
well as the delivery or distribution of such
services and information; and providing
access to business analysts who can refer
small business concerns to available experts
(Ryan, 2014, p. 128).

The principal idea of SBDCs is to
establish a link between the private sector
primarily, and the university community, “to
deliver management and technical assistance
training to small businesses in order to promote
growth, expansion, innovation, increased
productivity and management improvement”
(Jay Dilger, 2019, p. 6). This is achieved
through programs and training designed to
improve the profit and growth potential of small
businesses and potential new ventures, and at
the same time, achieve job creation and
retention.
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SBDCs “are funded through
partnerships that bring together a combination
of SBA federal funds, leveraged by partnerships
with state and local governments, the
universities and colleges that host the SBDCs,
as well as community and business
partnerships” (Ryan, 2014, p. 128); the services
are typically provided at no charge, so that
“SBDC funding is based on a dollar-for-dollar
Federal funds matching requirement; matching
funds from state, regional or local sources”
(Garcia & Flannery, 2010, p. 4). This means
that, for every dollar invested from federal
sources, the local and regional non-federal
funding should be contributed at the same level.

In summary, the SBDC model is based
on a cooperative funding and resource
partnership that includes collaboration between
the SBA, the host institution and other
stakeholders. The SBDCs can be identified in
the current model:

Small Business Development Centers
are now found throughout the Americas. (For
example, the ASBDC in U.S.A), CONAMYPE
in El Salvador, SEBRAE in Brazil, AMCDPE
in Mexico, etc.). In all cases, host institutions
(Universities) economic development entities
and Governments work to gether in a
cooperative and collaborative fashion to deliver
the SBDC services. As such, it is vital to
expand the role of the SBDC networks in order
to contribute to the growth of local, state,
regional, and national economies. The host
institutions provide infrastructure such as
buildings, offices, computers, research
resources, students and the administration of
funds. The Federal funding partner which is the
SBA in the United States, provides funding,
technical assistance and oversight, sets goals in
support of small businesses development and
promotes governmenty backed loan programs
within the services of the SBDC (Op. cit.).

Specifically, SBDC assistance in
management and operations of the businesses
area is accomplished through:

- In-depth confidential one - on-one
counseling. Personal attention is provided
to the client over an indefinite period of
time, with support provided in all areas of
the  organization, improving  the
competitiveness of small business.
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- Transfer of information. This is about
additional services that are offered by
different public or private institutions
including credits, benefits, free courses,
training for employees and employers,
among others.

- Provision of learning opportunities.
Capacity building for all entrepreneurs
and strengthening the human resources of
the organization in general, through a
variety of seminars on topics such as:
advertising and promotion strategies,
marketing the small business, developing
a business plan, obtaining a bank loan,
leadership and motivation, licensing and
franchising, among others. They are
focused on develop skills and abilities
that helps in increase the productivity and
de competitiveness.

Applied research. Through technical
assistance in all areas of the organization
in order to solve specific challenges faced
by the business. This is where the
University can best be taken advantage of
through its ability to carry out research,
workshops,  technologies,  products,
among others.

The SBDC can certainly help small
businesses; however, it is important to establish
a link between small businesses and the center
because not all enterprises know about the true
benefit that they can get from them.

Methodology

As previously mentioned, this work is
developed under an Exploratory-Descriptive
methodological perspective. Likewise, it was
mentioned that it consisted of three parts, the
second one being the one we are interested in,
which has the objective of knowing how the
competencies of the students of the Faculty of
Accounting and Administration - Xalapa of the
Universidad Veracruzana are developed, and to
determine how their application through
counseling to SMEs, allows them to obtain
experiential learning, achieving not only to
accredit the educational experience but also to
acquire work experience.
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This Faculty has a department known as
the  University  System  for  Business
Improvement (SUME), which is based on the
SBDC model (explained in previous sections);
thus, it is responsible for providing better
assistance to small and medium-sized
enterprises, and through its methodology,
groups of students led by their professor
participate, allowing in a certain way an
experiential learning opportunity, bringing them
closer to a real work experience, and therefore
improving their level of competence to face the
business market.

To carry out the analysis of how the
competencies that are developed in the students
in their various curricula, and their applicability
through their interventions in SUME, within the
framework of the exploratory-descriptive
methodology, a data collection instrument
constructed mainly of items in Likert scale
format was developed. For its application, data
were obtained on the number of students
enrolled in the Faculty's careers with
admissions in the years 2015, 2016 and 2017
(labeled as S15, S16 and S17 respectively),
being the total number of students for these
enrollments provided by the secretary of the
faculty was 1201, distributed as illustrated in
table 1. Thus, a stratified random sampling was
performed, with the objective of obtaining data
from students with these years of entry (which
allows them to already have a significant
curricular advancement, that is, from advanced
periods), and from the 4 educational programs,
with the purpose of enriching the results and
consequently the description obtained from the
analysis.

Bachelor's degree Number of

students
/Accountancy 420
Management 478
Administrative Computer Systems 196
Business Management and Direction 107,
Total 1,201

Table 1 Distribution of the 2015, 2016 and 2017
pollution by academic program

Source: Obtained information of the Universidad
Veracruzana.
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We proceeded to apply the sample
calculation formula for population proportions
(QuestionPro,sf) with a confidence level of
95% and a margin of error of 10%, obtaining a
sample size of 90. Given the confinement
caused by the pandemic of the covid19 disease,
the instrument was distributed to students
through the social networks of the career heads,
obtaining as a response 118 resolved
questionnaires, and with which the sample size
was satisfied and proceeded to carry out the
analysis.

The instrument was created on an
electronic platform from which the data
collected were exported to a spreadsheet, to
carry out their processing and gratification
using the R language and the integrated
development environment Rstudio. These are
complemented with the installation of the likert
package (github, n.d.), which allows processing
and tabulating the data obtained in a Likert-type
questionnaire, as well as carrying out three
types of graphs for this type of instrument: bar,
density or heat (Peran, 2016). The code used to
process the data collected and generate the
graphs shown in this paper can be found in the
appendices of this paper.

Results

A benchmarking instrument was made of the
different sets of competences that are frequently
used throughout our educational experiences.
Based on this, we contributed to a sampling in
different graphs based on the Likert scales, for
this the instrument was divided into seven parts
where each of them corresponds to different
intertwined questions that were answered by a
maximum sample of 118 students of higher
education. In the first part the frequency of a set
of competences for the development of
educational experiences is indicated, in the
second part it is considered that both knowledge
is applied to reality, in the third how often
teachers use learning strategies in their classes,
in the fourth part the levels of impact that these
strategies have are shown, in the remote part
the impact of the strategy for our learning is
indicated, in the sixth part it indicates if they
give us the necessary resources to perform in
the workplace and in the last part we show
which ones have a greater impact on our
learning and which would improve our
academic training.
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Graphic 1 Competences in educational experiences
Source: obtained information of the Universidad
Veracruzana of the R system

Frequency in the use of competences in
educational experiences

From the following set of competencies
indicate the frequency you consider you have
used each of them during the development of
your Educational Experiences

1 Adaptability

2 Analyses of Problems

3 Numerical Analyses

4 Critical Capacities

5 Creativity

6 Persuasive Verbal and Not Verbal
Communication

7 Written Communications

8 Decisions

9 Leadership

10 Planning and Organization
11 Sociability

12 Teamwork
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A sample of 118 responses from Higher
Education students of the Administrative
Computer Systems career of enrollment S15,
S16 and S17 was configured. Given the results
obtained through graphs, it can be considered
that students apply some of the skills during the
development of their experiences; within the
Likert scale where: 5 always, 4 frequent, 3
occasionally, 2 rarely and 1 never.

Among the lowest percentages almost
zero were chosen the competencies of
leadership, sociability and planning and
organization with  0.85%, then written
communication with 9.32%, with these data it
can be considered that students do not work
with these and emphasizing that they are one of
the most important to carry out projects. The
average percentages were those selected
occasionally and always, where an average of
24.58% — 35.59% was obtained. The highest for
what is attributed to be frequently used are:
decision (58.47%), persuasive and non-verbal
verbal communication (45.76%), problem
analysis (59.32%), planning and organization
(50.00%) and adaptability (59.32%).

Knowledge during classes

The next question of the questionnaire is of a
general nature: to what extent do you consider
that the knowledge acquired is applied to reality
during your classes?

As can be seen in Graph 2, the students
surveyed from the Universidad Veracruzana
responded to the question "How much do you
consider that the knowledge acquired is applied
to reality during your classes? where the
highest percentage was 60.71% with frequently,
so students if they apply their knowledge in
their daily lives, the lowest percentage was
6.90% of these almost do not show their
knowledge externally, it can be said that only
within the institution.
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With this it is determined that a
maximum of 60.71% of them apply their
learning either on a daily or work basis. In the
graph indicated with option 2.1 the curve is
shown where the frequency of ascent between
frequent and always is appreciated, in option 1
the maximum percentage of 65% is shown well,
the average of 28% and the low of 7% and
finally in the graph named as separating by
category the percentage separated by
enrollment is more reflected where the S16 and
s17 have a percentage between 62% and 79%
so these students are applying their knowledge
to reality, the lowest enrollment was S15 with
40%, so they should be asked more about this
case to students to reach a more detailed
conclusion.

1_In general, how much do you consider who is applied the knowledge acquired to the
reality during his classes?

S17 G808 31% 49% 13%
21% 60.71% 18%

40% 20% 40%

0% 10% 20% 30% 0% 50% 60% 70% 80% 90% 100%

Percentage of participants

ENEVER RARELY OCCASIONALLY FREQUENTLY ALWAYS

Graphic 2 Knowledge in classes
Source: Obtained information of the Universidad
Veracruzana of the R system

Teacher learning strategies

The next question of the questionnaire
addresses the issue of learning strategies used
by teachers and the predilection of students,
being investigated the strategies listed below:
How often have your teachers used the
following learning strategies in their classes?

14 Business Simulations

15 Case Study

16 Experimental Works

17 Resolution of Problems with the Society

18 University Link
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Graphic 3, is separated by categories of
learning strategies, in the first case we have a
business simulator where the range was 23% -
44% for S17, 32% - 36% for S16 and 40% -
60% for S15.

In the second we have the case study
where the range was 7% - 55% for those with
S17 enrollment, 4% - 64% for those with S16
enrollment and 0% - 80% for those with S15
enrollment.

In third we have the experimental works
where the range was 13% - 47% for those of
S17 enrollment, 14% - 50% for those of S16
enrollment and 0% - 80% for those of S15
enrollment.

In fourth we find the resolution of
problems with society where the range was
29% - 33% for those with S17 enroliment, 14%
- 50% for those with S16 enrollment and 20% -
80% for those with S15 enrollment.

And in last position we have the
university linkage where the range was 16% -
47% for those with S17 enrollment, 21% - 54%
for those with S16 enrollment and 20% - 80%
for those with S15 enroliment.

Moreover, we highlight that
occasionally and frequently these strategies are
used by teachers in the classroom. Graph 2
shows the upward and downward curves of the
different learning strategies.
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Level of impact based on a set of
competences

The next item of the instrument addresses the
impact of previous learning strategies on
competencies.

19 Adaptability

20 Analysis of Problems
21 Numerical Analysis
22 Critical Capacity

23 Creativity

24 Persuasive Verbal and Not Verbal
Communication

25 Written Communication

26 Decision

27 Leadership

28 Planning and Organization

Through a probabilistic sampling and
taking as a reference adaptability, problem
analysis, numerical analysis, critical capacity,
creativity, persuasive and non-verbal verbal
communication,  written  communication,
decision, leadership, planning and organization,
to be able to consider which of these is having a
level of impact on their development; To
answer the question, a sample of 118 Higher
Education students from the Administrative
Computer Systems career was taken from
enrollment S15, S16 and S17. Within the Likert
scale where 5 is very high, 4 high, 3 normal, 2
low and 1 very low.

As an interpretation of this graph taken
from option 2, the lowest point of 0.85% was
taken, which corresponds to creativity, and with
a normal of 41.88%; so, it is considered that it
is among the average of the level of impact of
learning strategies on their development. Those
that have a very high impact with 34.17% is
planning and organization, 30.00% decision,
26.67% leadership and with  25.83%

adaptability.

Graphic 3 Teacher Learning Strategies
Source: Obtained information of the Universidad
Veracruzana of the R system
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Those that are at a high level are:
40.83% adaptability, 36.13% critical capacity
and 34.17% problem analysis. Those that are in
the middle range, that is, normal are, 49.17%
persuasive and non-verbal verbal
communication, 47.06% written
communication, 46.67% numerical analysis,
42.50% problem analysis and with 40.00%
leadership. And finally in the low range we
have  decision  with  6.67%,  written
communication with 6.72% and numerical
analysis of 6.67%.

Consequently, it can be said that there is
a high percentage of impact level in the
different learning strategies, where this exceeds
45% of all these. Graph 2.1 shows the ancestry
curve between the normal and high level of
Likert levels within the different strategies. And
finally, in there is a graph that is separated by
categories, it shows us in more detail the
percentage of each of the students based on
their enrollment, which is how they are
separated in the different categories; in these
the one that stood out the most was a 100% in
planning and organization of the S15
enrollment.
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Graphic 4 Impact of competences
Source: Obtained information of the Universidad
Veracruzana of the R system

Level of impact of strategies used by the
teacher

The next question in the questionnaire is: in
general, what level of impact do you think the
learning strategies used by your teacher have on
their learning?

Within the Likert scale where 5 is very
high, 4 high, 3 normal, 2 low and 1 very low. In
the graph with option 1 we can see how the
surveyed students of the Veracruz university,
answered the question of What level of impact
do you consider that the learning strategies used
by your teacher have in their learning? where
7% are between low and very low, 38% in
normal and 56% in high and very high. In the
linear graph named with option 2 the curves of
ancestry and descent are shown and so that it is
understood rather this graph option 2.1, where it
shows that with 6.7%, they consider that there
is a low percentage with respect to the
strategies used by the teacher, with 37.5% it
was considered a tie between normal and high,
S0 you can see in the linear graph is the peak of
ancestry between these two and 18.3% is
cataloged at very high.
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In the graph where these were separated
by categories based on the enrollments
indicated above, it is considered that those of
the S15 60% cataloged that the strategies
considered by their teacher have a normal level
of impact against 40% that is high and very
high. Those of registration S16 reported a
percentage within the low range of 14% based
on the 68% that is constituted in high ranges
and finally those of the S17 contributed to 43%
within the normal scale against 53% in high —
very high.

Based on the graphs and the results
obtained through the differences between the
percentages, it was concluded that the students
consider that, of the impact levels cataloged
within the Likert scale, they are within the high
— very high range; so, when the teacher uses the
different learning techniques, they have a high
level of impact for our learning.

1_In general, what level of impact do you think the learning strategies used by your
teacher have on their learning?

S17 S8 43% 37% 16%
S16 14% 18% 43% 25%

S15 60% 20% 20%

Percentage of participants

®mVERY LOW ®LOW ®NORMAL ®HIGH ®VERY HIGH

Graphic 5 Strategies used by the teacher
Source: Obtained information of the University
Veracruzana of the R system

Job performance based on educational
experiences

In the following question of the questionnaire,
do you consider that the educational
experiences you are studying give you
sufficient resources to perform in the
workplace?

Within the Likert scale where 2 no and 1
yes. In this sample we can see that percentage
of the students surveyed consider that the
educational experiences taken can perform
within the workplace.
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4 graphs were cataloged with different
options, the first of them we can observe it
within option 1 in which it shows us the
percentage only of the two possible answers
and of all the students, we can see that 48% of
them consider that the experiences if they can
help you in the workplace against 52% that tells
us that they will not serve you in the workplace
so that you perform. In the second graph with
option 2 it shows us the same as the first, but
with a difference that in this one it is showing
us the average of all the values in general with a
1.52 (0.5) that leads to the percentages already
mentioned above.

The third shows us in a linear way the
ascent curves with respect to the two answers.
Within the last graph where the information
divided between the three registrations with
their respective percentage is being specified in
more detail; where the enrollment S17 a 49% of
students said yes and 51% that no, the
enrollment S16 43% said yes against 57% that
no and in the last enrollment S15 40% said yes
and 60% that no.

Taking as a reference the results
obtained in a general way, it can be contributed
that the experiences that are being studied offer
you resources to perform in the workplace in
50%, that is, half of them consider that yes and
the other 50% consider that no. This may be
because the experiences taken are not related to
a future job and only some can help you solve
problems or situations that are presented to you
in the professional field, this may be the reason
why only half consider that they cannot offer
you the necessary resources to perform.

Do you think that the educational experiences you are studying give you enough resources
to perform in the workplace?

51%

g
2 16 57%
2

Graphic 6 Performance of educational experiences
Source: obtained information of the University
Veracruzana of the R system
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Strategies that improve academic training
and its impact on learning

To analyze this area, the following questions
were asked:

31 Which of the following strategies do
you consider to have the greatest impact on
your learning?

32 From the following set of learning
strategies, indicate those that would improve
your academic background

Through a probabilistic sampling and
taking as a reference the business simulator,
case studies, experimental works, problem
solving with society and university linkage to
be able to consider which of them have a level
of impact on their learning and which would
improve academic training.

Given the results obtained through
graphs, it can be considered that students apply
some of the skills during the development of
their experiences; within the Likert scale where
5 is university linkage, 4 problems solving with
society, 3 experimental works, 2 case studies
and 1 business simulator.

In the graph option 2 the curves are
found linearly within the different standards of
the scale and in option 2.1 it is shown
answering the first question of which of the
strategies are considered of greater impact; we
have an average of 1.72 (1.1), with 60.8% for
business simulator, 18.3% of case studies,
10.8% experimental work, 8.3% for solving
problems with society and 1.7% university
linkage; based on the percentages obtained, it is
considered that the business simulator is the one
that has the greatest impact on our learning and
the university link the one with the lowest
percentage. Regarding the second question of
which would improve their academic training
we have with an average of 2.56 (1.3) to
business simulator with 29.4%, case study
17.6%, experimental works 30.3%, problem
solving with society 12.6% and university
linkage 10.1%; so, of the strategies mentioned
the one that would help our academic training
the most is experimental work and business
simulation.
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In the separation by category it is
separated by the enrollments where the
percentage obtained based on the first question
is: for the S17 enrollment we have a percentage
of 52% business simulation and case studies,
28% for experimental work and 20% for
university linkage and problem solving with
society, in the S16 enrollment we have a
percentage of 36% business simulation and case
studies, 32% for experimental work and 32%
for university linkage and problem solving with
society, and the S15 enrollment we have a
percentage of 20% business simulation and case
studies, 60% for experimental work and 20%
for university linkage and problem solving with
society.

The percentage obtained based on the
second question is: for the S17 enrollment we
have a percentage of 83% business simulation
and case studies, 9% for experimental work and
8% for solving problems with society, in the
S16 enrollment we have a percentage of 68%
business simulation, 14% for experimental
work and 18% for university linkage and
problem solving with society, and the S15
enrollment we have a percentage of 80%
business simulation and case studies and 20%
for experimental work. So, the strategies that
would improve our academic training are
business simulator, contributing to that it was
one of the highest in this case and case studies.

1_Which of the following strategies do you consider to have the greatest impact on your
learning?

60% 20%

S16 _ 14% 32% 11% 21%
0 20¢

30% 40% 50% 60% 70% 80% 90% 100%

2_From the following set of learning strategies, indicate those that would improve your
academic background

HBUSINESS SIMULATIONS
23% 9% 8%

CASE STUDY

= EXPERIMENTAL WORKS
S15 _ 40% 20% RESOLUTION OF PROBLEMS WITH

THE SOCIETY

100% UNIVERSITY LINK

Graphic 7 Academic training and its impact on learning
Source: Obtained information of the Universidad
Veracruzana of the R system
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Methodological proposal for the generation
of learning through the small business
development center (SBDC) model

The starting point is the experiential learning
process and the fundamental characteristics of a
linkage through the SBDC model. With these
elements, a triple helix method is established,
where the organization, students and teachers
(the latter in their role as advisors) converge.

The central objective is to support
student learning, but at the same time, to
promote the development of the social and
productive sector through the linkage of
educational, governmental and productive
agents. In this way, students can acquire their
own working methods and apply them to
different types of situations, thus generating
experiential learning.

The perspective of the proposal is that
learning is achieved through theoretical
knowledge but complemented, and to a great
extent is generated through the combination of
experiences, so that the fusion of these
variables will allow a dynamic learning; as
benefits of the application of a triple helix
model will allow, among other aspects, the
following:

Transfer and incorporate to the curricula,
experience, technology and business
knowledge.

Promote the linkage between students,
academic entities and productive sectors.

- Promote multidisciplinary research and
the formulation of alternative solutions to
business problems.

- Promote the integral formation of the
students, through their participation in the
solution of problems in the organizations
that allow them to acquire experience.

- To achieve intellectual support in the
projects of the organizations, through
which technologies and methodologies
are developed that allow the organizations
to update their processes and contribute to
their competitive improvement.
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For this method to work within the
academic entity, it is considered necessary to
establish an organizational structure that allows
supporting the organizations through academic
specialists and students, from a
multidisciplinary approach. In this sense, it is
recommended to apply the methodology
through the University Business Improvement
System (SUME) of the School of Accounting
and Administration, since it is made up of a
coordinator, academic  specialists  with
professional experience and students.

As explained in later sections, the
SBDC's main objective is to provide technical
advice and training focused on competitiveness
issues for small enterprises, and to conduct
business research tailored to the client's
requirements; all of this on a confidential, free
and long-term basis. Therefore, SUME will be
responsible for guiding the efforts to articulate
the linkage and alliance so that they translate
into benefits for both the academic entity and
the productive sector.

As for the academic groups, they will be
integrated by specialists in the functional areas
of the different organizations and will be
responsible for the first contact with the
economic entities and for developing the
specific requirements of the companies.
Throughout the process, the students' learning
will be reflected in their participation in the
solution of real situations in the organizations,
which will increase their knowledge base. This
participation translates into an accompaniment
between the academic groups and the students.
Regarding the development and application of
the methodology, based on Kolb's experiential
learning model and the SBDC model, four
phases are proposed: linking the university with
the business sector, experiential learning, active
participatory learning and feedback for
conceptualizing. The above with the objective
of achieving experiential learning in students
and a proactive impact on organizations.

The following is a description of the
phases of the methodology application process
using the SBDC model.

Phase 1. Linking the university with the
business sector
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As already mentioned, the organization
in charge of the linkage in this case is SUME,
which must work to achieve recognition from
government agencies. For this purpose, it
should elaborate a university offer focused on
solving the problems faced by the private sector
so that, according to the information, it can
promote this service through brochures, videos,
web page, among others; reflecting what the
academic entity offers to the organizations.

It is important to emphasize that the
university in the early stages of the linkage, is
responsible for approaching the private sector,
making various development proposals, in
order to facilitate the transfer of knowledge
between the two organizations.

Phase 2: Experiential learning

The basic premise is interaction, so the
university must provide spaces and advisors to
guide the students' activities and provide them
with the appropriate help for their needs. To
this end, the organization interested in business
consulting must conduct an initial interview
where a "contract" is signed that establishes the
commitment between the company and the
University.

Through a confidential, no-cost, long-
term relationship, focused on producing
tangible concrete results; by means of a
diagnostic interview, the company presents the
problems in its organization to the SUME
coordinator, who will be in charge of
identifying the most appropriate academic
specialist to help the company.

While the company presents the
problems in its organization to the academic
specialist, the latter must allow the students to
listen to the problems faced by the organization,
with the intention of actively participating in
the strategic processes and being part of the
dynamics with the organization, creating the
possibility of reducing the gap between theory
and practice.

In short, this phase consists of knowing
the problem, applying the reasoning, identifying
the learning needs through the process of
interaction with the main actors and
establishing commitments for action.
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Phase 3: Active participatory learning

In this phase it is important to emphasize that
the academic specialist should be the facilitator
of learning so that students focus on how to
solve business problems. Therefore, he/she
should assign specific tasks to the students, who
are involved in solving the problem.

These tasks can range from market
research and search for specific information, to
the creation and presentation of a project
proposal. This, with the intention of
encouraging students to apply the knowledge
acquired in the classroom in real-life situations
present in the different companies. However, it
is important to keep in mind that all the
information or work done by the students must
be supervised, reviewed and verified by the
academic specialist to ensure the quality of the
consultancy.

Phase 4: Feedback for conceptualization

At this point, the academic specialist
must review the results and provide feedback to
the students on whether the tasks assigned to
them, allow them to achieve the expected
results for the company, which will be
presented by the student to the organization,
allowing them to develop in the students the
skills of analysis and reflection, and
demonstrate their skills and attitudes in problem
solving.

Here, research becomes an instrument for
the creation of knowledge, allowing to obtain
benefits, both for the academic entity as well as
for the participating companies and for the
students when conceptualizing the practice.

Limitations and future Direction

One of the limitations that we can anticipate is
the inefficiency of processes and procedures
used, that in most cases are based on
monotonous academic research.

On the other hand, we see that the
incentive structure doesn’t include cash and
non-cash rewards in the payment and incentive
systems. These are often factors that motivate
University to support counseling free of charge.
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At the same time, many academics are
unaware of recent industrial advancements or
changes in some regulations; or even have lack
of a practical perspective. In this sense, it is
necessary to have academics who have
experience in the field and who are permanently
engaged in updating their knowledge base for
their area of expertise.

Finally, bureaucracy and the
inflexibility of administrative systems in
university can lead to a lack of communication
and slowing down of negotiations between
networks of small business, industry actors,
government and academics. It is therefore
necessary to increase the knowledge of
industrial actors about business related services
that are provided in universities.

Consequently, some practical
recommendations are offered below for the
coordinator of the program.

Review the structure and processes
associated with university research with
respect to the internal and external
contexts of the SBDC centers.

- Create a process for obtaining budgets for
companies and for the SUME.

Develop a professional proficiency
system for academics that allows them to
improve their professional capacities and
focus in experiential learning.

- Defining common goals for the university
and the small business development
centers in line with the Development
Vision of the local, state and country.

- Hold specialized common meetings and
sessions between the university and the
small business community to exchange
views and to identify common issues of
concern.

- Define projects based on the real needs of
the sector.
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Conclusion

In a world characterized by a rapidly changing
environment that is undergoing deep structural
transformations, there is an urgent need for
professional development and training that
provide students with specific knowledge, but
also with the necessary soft skills to apply
techniques to solve problems in a creative and
impactful way. The university is responsible
for preparing its students to be able assume the
level of responsibility demanded by the labor
market. This requires that learners be equipped
with the necessary mix of knowledge and
experience in order to be more attractive to
employers, but also to start or manage
businesses, and assume the role of being job
creators themselves.

Therefore, the importance of seeking out
effective teaching strategies that allow for the
achievement of adequate  professional
development is critical. Thus, the role of
universities is key in the structuring and
organization of teaching-learning
methodologies.

It can be affirmed that experiential
learning plays an important role as an
alternative that improves the quality of learning
and outcomes. There are different strategies to
apply this type of learning, among which
include the university linkage model. This is
due to its approach of ensuring its applicability
to the “reality” that businesses face and day in
and day out, as well as to the fact that it favors
the rapid absorption of knowledge. However, in
spite of recognizing the importance of the
linkage university in the teaching-learning
process and the acceleration to achieve it, it has
not yet been given the importance it deserves in
the field of higher education and with the
private sector.

The SBDC model represents a type of
university linkage. This is due to its use of
various tools for improving the skills and
competencies of organizations and how it
provides access to information and other
benefits that facilitate the rapid assimilation of
knowledge and significant learning.
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SBDCs that are located at universities
involve a learning process that emphasizes an
interactive framework that highlights the
building-up of knowledge. This is achieved by
fostering a relationship between students,
faculty, staff and entrepreneurs. This ultimately
can allow students to apply what they have
learned in the classroom as well as in “real-life”
situations working with different types of
organizations.

It is important to keep in mind however
that successfully applying experiential learning
through the SBDC model requires collaboration
at a high level between the SBDC and its host
institution. This is important as it can facilitate
the development of a solid relationship with the
productive sectors in order to guarantee the
success not only of the experiential learning
program, but also of the SBDC and other
stakeholders. Without taking all the key
stakeholders into account and establishing
connections with members of the private sector,
it is difficult — if not impossible- to carry out
the activities and services that are offered by an
SBDC.
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