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Abstract

This paper is aimed at presenting a project-based learning proposal for the subject
Scientific Research Methodology at the Computer Science Engineering career, taking into
account the learning styles of the group and the areas of opportunity identified to
contribute to the improvement of students’ study habits. The logical and historical analysis,
the analytical synthetic method, the Honey-Alonso questionnaire of learning styles (CHAEA,
for its Spanish equivalent) and the ladov technique were used as research methods.
Descriptive statistics are applied. The results of the diagnosis of learning styles were: active
style: 11.6, reflective style: 16.5, theoretical style: 13.9 and pragmatic style: 14.6. The
reflective style predominates.The active style is the one with the lowest score. The study
showed that the diagnosis of learning styles constitutes a valuable resource that

enriches the orientation of teachingbased on diversity and the improvement of learning.
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With the insertion of project-based learning, students were directed to the leading role in
the construction of their learning, declaring them active agents in the Teaching-Learning
Process (PEA, for its Spanish equivalent) of the Research methodology subject. As a result,
they were encouraged to learn how to face their future professional life. The level of
satisfaction of the students with the use of project-based learning in the Research

Methodology subject, as a way of stimulating study habits, was satisfactory.

Keywords: project-based learning, learning styles, study habits, research methodology.

Resumen

Este trabajo tiene como objetivo presentar una propuesta de aprendizaje basado en
proyectos para la asignatura Metodologia de la Investigacion Cientifica de la carrera de
Ingenieria en Ciencias Informaticas, teniendo en cuenta los estilos de aprendizaje del grupo
y las areas de oportunidad identificadas para contribuir a la mejora de los héabitos de
estudio de los estudiantes. . Como métodos de investigacion se utilizaron el analisis l6gico
e historico, el método sintético analitico, el cuestionario de estilos de aprendizaje de Honey-
Alonso (CHAEA) y la técnica de ladov. Se aplica estadistica descriptiva. Los resultados del
diagnostico de estilos de aprendizaje fueron: estilo activo: 11,6, estilo reflexivo: 16,5,
estilo tedrico: 13,9 y estilo pragmatico: 14,6. Predomina el estilo reflexivo. El estilo activo
es el que tiene menor puntuacion. El estudio demostré que el diagnéstico de estilos de
aprendizaje constituye un recurso valioso que enriquece la orientacidon de la ensefianza
basada en la diversidad y la mejora de los aprendizajes. Con la insercion del aprendizaje
basado en proyectos, se direcciond a los estudiantes a un rol protagénico en la construccién
de sus aprendizajes, declarandolos agentes activos en el Proceso de Ensefianza-
Aprendizaje (PEA) de la asignatura Metodologia de la Investigacién. Se propicié que
aprendieran a afrontar el estilo de trabajo que necesitaran en su futura vida profesional.
El nivel de satisfaccion de los estudiantes con el uso del aprendizaje basado en proyectos
en la asignatura Metodologia de la Investigacién, como forma de estimular habitos de
estudio, fue satisfactorio.

Palabras clave: aprendizaje basado en proyectos, estilos de aprendizaje, habitos de

estudio, metodologia de la investigacion.
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Introduction

The university has the responsibility to encourage students’ interest in scientific
development. The subject Scientific Research Methodology (MIC, for its Spanish
equivalent) provides the necessary elements for their understanding. It is important to
take into account whether the student possesses the academic skills required to achieve
success in college.

Study habits are the accumulation of periodic actions, of routine activities used to study
focused on the achievement of learning. For an adequate development of the teaching-
learning process, it is necessary to acquire study habits, which must be generated
progressively and recurrently to create the routine. For its formation it is necessary that
there are clear objectives of what is intended to be achieved, the student’s motivation, the
resources available, the purpose and orientation of the study should be added, since
individual commitment is required [1].

Good study habits are acquired with responsibility and commitment. Personal motivation,
willpower, commitment and discipline are fundamental to generate them [2]. Higher
education requires instruments to assess the way in which university students acquire
disciplinary knowledge and to explain the different ways they approach, plan and respond
to educational experiences in order to achieve academic success [3]. Hence the need for
constant evaluation of the teaching-learning process and as a starting point the
identification of students’ learning styles [4] and [5].

The theory of learning styles is based on the characteristics of people to process
information, where each individual has a preferred way or style of assimilating new
knowledge. This concept has been studied by several authors, most notably David Kolb
(1984) [6], who developed a model of experiential learning, with four learning styles:
accommodative, divergent, assimilative and convergent. These styles were modified by
Honey-Mumford into active, reflective, theoretical and pragmatic, respectively [7].

The four learning styles proposed in the CHAEA are: active, which includes people who
engage with new experiences, get carried away by events, and tend to act first and think
about the consequences later. Reflective, which includes people who are observant,
analyze their experiences from different perspectives, and try to collect data and analyze
them in detail before reaching a conclusion. Theoretical, which corresponds to people who
adapt and integrate their observations into complex and logically well-founded theories,
analyze and synthesize information and their value system prioritizes logic and rationality

and pragmatic, which includes people who try out new ideas, theories and techniques,
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and try to test whether they work in practice and they dislike long discussions on the same

topic as they are practical and attached to reality [8].

University students are characterized by presenting characteristics of the four learning

styles, to a greater or lesser extent. Ideally, all four styles should be strengthened in order

to learn effectively. The application of several styles positively influences academic

performance [9]. Table 1 presents research conducted on learning styles in engineering

careers with the use of the Honey-Alonso questionnaire of learning styles (CHAEA).

Table 1. Research on learning styles in engineering careers.

Country Study Subjects Active Reflective | Theoretical | Pragmatic
Colombia Gravini Industrial
[10]. engineering 12,50 51,78 8,93 16,7
(2008)
Argentina Laugero, Engineering
et al (Mechanical,
(2009) Electrical/Metallur | 11.75 14,34 12.80 12.97
[11]. gy, Industrial and
Electronics)
Aragébny | Computer
Jiménez SysFems. 20 31.8 11.4 22.4
(2009) Engineering
[12].
Morales- Computer and 12,53 14,16 12,97 13,74
Ramirez Administrative
et al. Informatics 11,94 13,55 12,17
L. (2012) Engineering 13,50
México
[13].
Ortiz y | Computer
Canto Systems
(2013) Engineering,
[14]. Industrial 11.21 14.44 12.36 12.44
Engineering,
Electromechanica
| Engineering
Colombia Acevedo School of
et al. Engineering 11,0 12.9 11.7 12,2
(2015)
[15]
Pera Rios Geological,
(2019) Metallurgical,
[16]. Mining,
Economic, 12,6 41,7 31,7 14,0
Statistical,
Chemical and
Textile
Engineering.
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Peru Alburquer | Electrical 12 11 21 15
que Engineering, 11 11 21 14
(2020) Electronics, 14 5 22
[17]. Telecommunicati 17

ons

Colombia Bolafios
et al. IndL.Jstrla.I 12.1 145 13.3 13,3
(2020) Engineering
[18].

Ecuador Torres et | Systems
al. (2021) | Engineering 15,79 15.27 12,45 16,51
[19].

Peru Cruz et Civil Engineering
al. (2022) | and Food 12,71 15,72 14,64 14,62
[9]. Industries

Studying and evaluating learning styles allows the formulation of adjustments in teaching
strategies according to individual particularities, in search of better results in terms of
quality in the teaching-learning processes [20].

Based on the information provided by the questionnaire about learning styles, the teacher
can make decisions aimed at improving university learning, can personalize teaching and
design effective learning strategies [14]; [19], can make modifications in the programs of
the subjects or major academic changes such as the introduction of new teaching
methodologies [21].

Project-based learning is a methodology that is developed in a collaborative manner that
confronts students with situations that lead them to propose proposals for a given problem
[22].

PBL is an innovative teaching option, where students, in addition to learning significantly,
develop essential skills, venture into the field of research and provide answers to real
problems through a final product [23].

The objective of this reaserch is to present a project-based learning proposal for the
Methodology of Scientific Research subject at the Computer Science Engineering course,
taking into account the learning styles of the group and the areas of opportunity identified

to contribute to the improvement of the students’ study habits.

This research is the result of the institutional project: Strategy for the development of
study habits in the formation of Computer Science Engineering students. It is derived from
the cooperation agreement signed by the National Polytechnic Institute, with the
participation of the Higher School of Mechanical and Electrical Engineering, Culhuacan Unit,

Mexico and the University of Informatics Sciences, Cuba.
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Material and methods

A descriptive, cross-sectional, purposive sampling study was carried out. Theoretical
methods were applied: historical-logical analysis and the analytical-synthetic one, which
allowed systematizing and interpreting the results according to the theoretical references
consulted.

In empirical methods, the Honey-Alonso questionnaire of Learning Styles (CHAEA) was
used as a diagnostic instrument [24] to identify and establish the level of learning style
preference in students. This questionnaire consists of 80 dichotomous response items:
positive (+) if agree or negative (-) if disagree. The authors of this questionnaire were able
to identify 20 questions for each style, in correspondence with their specific or particular
characteristics.

Based on the results obtained with the average achieved in each style, the Honey-Alonso
diagram is elaborated. This is a widely used instrument which was validated in the Spanish-
speaking university context [3]; [9]; [21]; [25]-

The information was collected by processing the individual questionnaires in a Microsoft
Excel spreadsheet. Statistical processing was performed by analyzing simple frequencies
and their percentage expression. The results are shown in tables and figures.

The students from group 2201 of the Computer Science Engineering course at the
University of Informatics Sciences, 28 students in total, 8 female and 20 male, were
selected as the unit of study. The ladov technique was used to check the level of
satisfaction of the students about the PBL applied to the subject Scientific Research
Methodology.

Results and discussion

Table 2 shows the results of the diagnosis of the students’ learning styles. The
representation is shown in Figure 1.

Table 2. Results of the diagnosis of students’ learning styles.

I Active style | 11 Reflective style | 111 Theoretical style | IV Pragmatic style
FA 324 463 390 408
FP 11,6 16,5 13,9 14,6
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Graph 1. Results of the diagnosis of the students’ learning styles.

The average score of the CHAEA was active learning style: 11.6, reflective style: 16.5,
theoretical style: 13.9 and pragmatic style: 14.6. This tendency allows identifying
receptive, analytical students, who prefer the application of the ideas learned in the
classroom. This is valuable information for teachers who should take these characteristics
into account when selecting the most appropriate teaching methodologies. The active style
has the lowest score.

For the correct interpretation of the information obtained in the CHAEA questionnaire, [26]
it is important to take into consideration that the values should not be analyzed in an
absolute manner, since it does not mean the same even when the score acquired in
different styles is identical. Their interpretation should be made using a scale developed
on the basis of practical experience, grouping the results by sections to which a qualitative
classification is assigned, following the suggestions of Honey and Mumford (1986)

[27].Table 3 shows the general scale of learning style preference proposed by Alonso.

Table 3. General scale of learning style preference proposed by Alonso.

Learning Preference

style Very low Low Moderate High Very high
Active 0-6 7-8 9-12 13-14 15-20
Reflective 0-10 11-13 14-17 18-19 20
Theoretical 0-6 7-9 10-13 14-15 16-20
Pragmatic 0-8 9-10 11-13 14-15 16-20

The results obtained using the scales proposed by Alonso show that in the active style
there are four students with a score below 9. In the reflective style there is one student

with a score below 14, in the theoretical style there are two students with a score below
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10 and in the pragmatic style all students have a score above 10. It is shown that most of
the sampled Computer Science Engineering students showed a moderate level of
preference in all learning styles, which can be translated as there is little difference in
relation to students’ preference levels and some of them have more than one predominant
learning style.

The results obtained about the predominant learning style coincide with the results
reported by [5]; [9]; [10]; [11]; [12]; [13]; [14]; [15]; [16] and [18]. The results
attained through the study about the preferred order of learning styles coincide with the
results reported by [9]; [12]; [14] and [15]. There is no coincidence with the results
reported by [17] and [19] regarding the preference for the reflective style in first choice.
It is possible that the differences in the results are due, in part, to context and personality
characteristics of the students.

The challenge assumed by the teacher goes beyond teaching the students, it involves
responding to multiple demands, that is why a variety of methodological strategies that
strengthen the four learning styles will sometimes be necessary, so that all students can
be assisted according to their preferences in the way they learn.[28].

Based on these results, PBL is applied in the subject Scientific Research Methodology. This
subject has a total of 32 hours and is taught in the Computer Science Engineering course.
Systematic evaluations: Application of written and oral questions in each face-to-face
meeting that favors the evaluation of contents. Practical classes and seminars are required
for the analysis and resolution of exercises and/or case studies. Workshops are planned to
encourage the analysis of the proposed solutions.

Partial evaluations: Extra-class work that relates the theoretical-methodological design of
a research project with the final work of the subject Software Engineering (ISW, for its
Spanish equivalent). Articulation of contents between the subjects Software Engineering 1
(1S1) and Subsystems of Organizations (SUBO, for its Spanish equivalent) and Scientific
Research Methodology.

Final evaluation: Final workshop where an integrative project is presented.

At the beginning of the course, students are asked to carry out a project, which they must
develop throughout the academic semester, in which they must apply the theoretical
concepts discussed in class. Students have several options related to the s solve a specific
problem, or the professor can suggest research projects that are election of such project:

they can choose it according to their interests in the subject developed in the to groups
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and research lines of the program or problems that a certain

They are offered proposals of topics for the project of Software Engineering | and Scientific
Research Methodology: System for the control of the materials of professors and students
of the Vice-Deanship of Administration. System for the management of educational
projects of the teaching brigades. Fixed Asset Management System. System for the
management of planning and control of the student-worker guard. System for the
management of the student residence. System for the management of union processes.
System for the management of disciplinary processes, among others.

The working group for each classroom project plans, organizes, develops the guided work
and presents the results in written and oral form. The groups are formed by two or three
students, depending on the chosen project. The project is evaluated systematically,
partially and finally.

Phases for the implementation of Project Based Learning according to the identified areas
of opportunity:

1. Initial phase:

Selection of the topic: related to reality (general attitude towards the study).

Review of contents: The same that are within the curriculum of the subject. (Study
techniques)

Group formation: Distribution of collaborative groups determining the roles for each
student (General attitude towards study).

Establishment of activities: Spaces, time and resources necessary to help and guide the
students’ work (Work plan).

Type of production to be developed: Modality of the project.

Establishment of objectives: Describe the objectives of the project which should be
clear, precise, possible to fulfill and awaken the interest of the students. (General attitude
towards the study).

2. Development phase

Search and collection of information: Students will research all information regarding
the proposed topic (Study techniques).

Analysis and synthesis of the information: Students will share all researched in which
they will analyze the information gathered. (Study techniques)

Production: Students will apply what they have learned and begin to produce their

research work according to their creativity (Study techniques).
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3.Final Phase

Presentation: In this phase the formal presentation of the entire project will take place.
Evaluation: Formative type evaluation using a competency based rubric.

Reflection: Reflecting on the significance, failures and mistakes during the execution of
the process (general attitude towards the study) [29] and [30].
Theoretical-methodological requirements that should characterize the activities or tasks of
a teaching-learning process, based on projects as its didactic strategy:

To foresee a first moment of reflection oriented to the identification of problems of the
environment linked to the content object of learning (general attitude towards the study).
To contemplate the link between theory and practice (to predict the possibility of taking
the knowledge and skills acquired to the closest reality) (General attitude towards study).
An active role is assigned to the student: he/she is the one who identifies the problem that
will be the object of research and who proposes his/her possible ways of approaching to
solving it. (General attitude towards the study).

It is accompanied by levels of help elaborated by the teacher, which are provided to the
student depending on his characteristics and needs (General attitude towards study).

The use of knowledge from different subjects is stimulated, seeking an analysis of the
problem with an interdisciplinary approach (Study techniques).

Action plans are structured to address the identified problem with the distribution of
individual and collective tasks and responsibilities, promoting both independent and
cooperative learning (Work plan).

A follow-up, control and feedback action is planned for the different stages of the process,
which stimulates a formative evaluation (Work plan).

The presentation of the best projects in some kind of scientific-student activity is foreseen,
the teacher should coordinate with the institution’s directors, the development of a
"products and solutions Fair" or another type of activity that involves not only teachers and
students, but also parents and community. (General attitude towards the study) [22].
The teacher plays the role of mediator, gives recommendations, formulates questions,
helps the group in the decision-making process and allows students to develop their task
independently.

At the end of the semester, the ladov Technique was applied to evaluate students
satisfaction level with the PBL methodology applied in the Scientific Research Methodology

course.
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The ladov technique constitutes an indirect way to study satisfaction, since the criteria
used are based on the relationships established between the three closed questions, which
are interspersed within a questionnaire and whose relationship is unknown to the
respondent [31].

In this case they are questions 2, 4 and 7. These three questions are related through what
is called the "ladov Logic Chart". The group satisfaction index (ISG, for its Spanish
equivalent) is expressed on a numerical scale ranging from +1 (maximum satisfaction) to
-1 (maximum dissatisfaction). To obtain it, different levels of satisfaction were determined
as shown in the following formula:

A(+1) + B(+0.5) + C(0) + D(—0.5) + E(—1)
N
In this case A, B, C, D and E are the number of respondents placed, respectively, in

ISG =

satisfaction positions 1; 2; 3 or 6; 4 and 5, and N is the total number of respondents.
The factors used have the meaning: values of the coefficients of the ladov technique for
group satisfaction: (+1) Maximum satisfaction, (0.5) Satisfied, (0) Not defined, (-0.5)
Dissatisfied, (-1) Maximum dissatisfaction.

The results are shown in Table 3 for the ladov Technique.

Table 3. Results of ladov’s Technique

Clear More satisfied | Not More dissatisfied | Clear
Satisfaction than dissatisfied | defined than satisfied Dissatisfaction
25 3 0] 0] 0]

Number of students (N = 28)

On the application of the PBL, 28 students responded, with a group satisfaction index:

_25(+1) +3(+0.5) + 0(0) + 0(—0.5) + 0(—1) N 265
28 28

The result was (0.95) which demonstrates the high degree of satisfaction declared by the

ISN 0.95

students with the application of the PBL. The open-ended questions (3 and 6 of the survey)
made it possible to delve deeper into the nature of the causes that led to the different
levels of satisfaction.

The aspects that the participants liked the most were: the level of commitment achieved,
the evaluation of the semester subjects in an integrative project, they consider this type

of learning important to acquire a valuable professional experience and the development
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of skills, the favorable disposition to face the project during the course, the application of
the knowledge covered in class as well as the cooperation and collaboration among the
team members. They also refer that it is a pleasant learning experience, better academic
performance, deeper understanding of the subject matter, lower levels of stress and
anxiety, higher motivation, better ability to see situations from other perspectives, more
positive and mutually supportive relationship with peers, better attitude towards the
subject matter, and a good connection with the real world.

The aspects that the participants disliked the most were: the workload, some students did
not collaborate actively in the group, but gained all the benefits of the evaluation by the
team work in the project, the team work is shared, but it is not divided equally between
all the members, some are more overloaded than others, so the team work competence
should be improved.

Further research is needed to corroborate the preference and evolution of learning styles
in various years of professional training in computer science engineering and the
application of other methodologies that enhance their development.

Conclusions

The study showed that the diagnosis of learning styles constitutes a valuable resource that
enriches the orientation of teaching in terms of diversity and improvement of learning. The
results of the diagnosis of learning styles were: active styles: 11.6, reflective styles: 16.5,
theoretical styles: 13.9 and pragmatic styles: 14.6. The reflective style predominates,
people who are observers, analyze their experiences from different perspectives and try to
collect data and analyze them in detail before reaching a conclusion. The active style has
the lowest score. With the insertion of PBL, students were directed to the leading role in
the construction of their learning by declaring them active subjects in the TLP of the subject
MIC. They were encouraged to learn to face the style of work they will need in their future
professional practice.

The level of student satisfaction with the use of project-based learning in the subject

Research Methodology, as a way of encouraging study habits, was high.
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