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ABSTRACT

This research aims to asses the incidence of Problem Based Learning (PBL) methodology as a didactic strategy in the 
teaching-learning process of the subject Differential Equations. For this purpose, the evaluation was conducted in two groups 
that received the subject during the first cycle of the 2020-2021 academic year at the University of Guayaquil. In the first 
group, corresponding to the Networking and Telecommunications Engineering Degree Course, the methodology was applied 
to the topics of Application of first and second order differential equations. In the second group, the Software Engineering 
Degree Course, the PBL methodology was not applied. Six fundamental aspects of professional training were evaluated in 
engineering students, using linguistic terms associated with Single-Value Neutral Sets. The results were evidenced by the 
comparative analysis aspect/student, aggregated evaluation/student and in the general comparison aspect/group. In gene-
ral, better results were obtained in the group in which the PBL methodology was applied with a greater impact on aspects 
such as communication skills, collaborative work and enhanced creativity.

Keywords: PBL methodology, linguistic terms, single-value neutral set, aggregation operator, score operator.

RESUMEN

La presente investigación tuvo como objetivo valorar la incidencia de la metodología Aprendizaje Basado en Problemas 
(ABP) como estrategia didáctica en el proceso de enseñanza aprendizaje de la asignatura Ecuaciones Diferenciales. Para 
ello, se basó en la evaluación de dos grupos que recibieron la asignatura durante el primer ciclo del año académico 2020-
2021 en la Universidad de Guayaquil. En el primer grupo, correspondiente a la carrera de Ingeniería en Redes y Telecomu-
nicaciones, se aplicó la metodología en los temas de Aplicación de ecuaciones diferenciales de primer y segundo orden. 
En el segundo grupo, de la carrera de Ingeniería de Software, no se aplicó la metodología PBL. Se evaluaron seis aspectos 
fundamentales de la formación profesional en estudiantes de ingeniería, utilizando términos lingüísticos asociados a Con-
juntos Neutrales de Valor Único. Los resultados fueron evidenciados por el aspecto de análisis comparativo / estudiante, 
evaluación agregada / estudiante y en el aspecto de comparación general / grupo. En general, se obtuvieron mejores resul-
tados en el grupo en el que se aplicó la metodología ABP con mayor impacto en los aspectos: Habilidades comunicativas, 
Trabajo colaborativo y Potenciación de la creatividad.

Palabras clave: Metodología ABP, términos lingüísticos, conjunto neutro de valor único, operador de agregación, operador 
de partitura.
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INTRODUCTION

The development of problem-solving skills is one of the 
most important objectives of education in general, and in 
the teaching of Mathematics related subjects in particular. 
Problem solving is, therefore, widely used by science tea-
chers both to instruct and to evaluate learning. The fact 
that students must be taught to solve the problems speci-
fic to each discipline should not imply that the teaching of 
problem solving is approached in a different or disconnec-
ted way from what happens in other disciplines. Although 
conceptual knowledge is specific to each domain, stra-
tegies and mental skills to solve problems do not differ 
significantly (Nurkhin, et al., 2020; Juandi & Tamur, 2021).

The methodology of Problem-Based Learning (PBL) 
constitutes the bridge that joins the theoretical princip-
les of constructivism, instructional design and teaching 
practice. It is a teaching/learning strategy that has been 
applied for more than forty years in university teaching. It 
attempts to shift the concept of teaching based predomi-
nantly on the teacher as the only person responsible for 
transferring knowledge and the students as mere passive 
recipients of it, towards the identification of the student 
as the center and responsible for his or her own learning 
(Tong, et al., 2021). 

PBL is an active learning process that works through the 
solution of problems related to the interaction of man and 
his environment. Its essence consists of identifying, de-
scribing, analyzing and solving such problems, which is 
achieved through the interaction of the teacher and the 
students. It can be used in the orientation of all or part of 
a subject, even in the development of a thematic unit; the 
application of this strategy is based on the design of an 
adequate problem in such a way that the student deepens 
certain topics before trying to solve them (Castaño, 2015).

According to Juandi, et al. (2021), the use of PBL has 
a greater positive effect than conventional instruction in 
terms of developing student‘s mathematical problem-sol-
ving skills. Moreover, mathematics teachers and profes-
sors should choose PBL as one of the best approaches 
in the implementation of mathematics teaching (Tong, et 
al., 2021).

The goals to be achieved by PBL are: that the student be-
comes responsible for his self-learning; diagnoses what 
he needs to know about a certain problem; favors scien-
tific reasoning from the formulation of hypotheses to the 
systematic search for the solution of specific problems; 
works harmoniously with his peers through good commu-
nication and is capable of self-evaluation (Castaño, 2015; 
Nurkhin, et al., 2020).

Tong et al. (2021), points out that „problem-based learning 
represents an effective and flexible strategy that, based on 
what students do, can improve the quality of their univer-
sity learning in very diverse aspects“. Thus, the PBL helps 
the student to develop and work on diverse competences. 
Among them, the following stand out (Alzate, et al., 2013):

 - Problem solving.

 - Decision making.

 - Teamwork.

 - Communication skills (argumentation and presentation 
of information).

 - Development of attitudes and values: accuracy, re-
view, tolerance.

According to Navarro & Suarez (2014), the PBL method it 
allows the formation of people capable of facing the con-
tinuous change of science and disciplines, allowing them 
to develop the necessary learning skills to adapt and be 
competent with the demands of today‘s society. With the 
development of this methodology, the students will be 
able to obtain the suitable aptitudes to carry out any type 
of logical work (Escobar, 2018).

PBL approaches have a extended history of effectiveness 
in different disciplines of high education, and has been 
demonstrated to be one of the best tools in formation of 
engineers for their professions, among the variety of exis-
ting instructive methods (Mann, et al., 2021).

Based on the above and the search for effective methodo-
logical strategies, that facilitate student learning and 
encourage self-learning and independent work in the 
engineering careers of the Faculty of Mathematical and 
Physical Sciences of the University of Guayaquil, the tea-
chers opted for the application of the PBL in the area of 
Mathematics, specifically in a regular course of Differential 
Equations.

The course of Differential Equations was selected becau-
se it is a subject that requires the use of previous knowled-
ge of the courses of Differential and Integral Calculus and 
Linear Algebra, and at the same time provides knowledge 
that will be useful in other courses of the engineering area, 
such as Electrical Circuits, Electricity and Magnetism, 
among others.

The present work has as objective to value the incidence 
of the methodology Problem-Based Learning (PBL) as a 
didactic strategy in the process of teaching and learning 
of the subject Differential Equations. 



386

UNIVERSIDAD Y SOCIEDAD | Revista Científica de la Universidad de Cienfuegos | ISSN: 2218-3620

Volumen 14 | Número 1 | Enero-Febrero,  2022

MATERIALS AND METHODS

In order to meet the objectives, the group of the Networking 
and Telecommunications Engineering degree course that 
received the subject during the first cycle of the 2020-2021 
academic year (total population of 40 students, Group 1) 
was evaluated, in which the PBL method was applied in 
the topics of Application of differential equations of first 
and second order, respectively. As a control group, the 
group that received the same subject was also evaluated, 
in the same period, but of the Software Engineering ca-
reer, conformed by 36 students (Group 2). In this group, 
the PBL methodology was not applied, but the subjects of 
the course were taught in the traditional way.

At the end of the cycle, each student was evaluated qua-
litatively by the professor, the grading system ranged from 
Excellent to Very Bad, in terms of the following aspects:

1. Communication skills (argumentation and presenta-
tion of information).

2. Academic Results.

3. Self-management of knowledge.

4. Collaborative work.

5. Enhanced Creativity.

6. Development of professional skills and competences. 

For a more effective management of subjectivity and inde-
termination in the evaluations, linguistic terms associated 
with sets of neutral numbers were used. Below, some ba-
sic concepts of neurosophy are presented and applied in 
this research.

Neutrosophy is a mathematical theory developed by 
Florentin Smarandache to deal with indetermination 
(Smarandache, 1998, cited by Stanujkic, et al., 2018). It 
has been the base for the development of new methods 
to handle indeterminate and inconsistent information 
as the neutrosophical sets and the neutrosophical lo-
gic and, especially, in the problems of decision making 
(Smarandache, 2005; Leyva & Smarandache, 2018; Liu, 
et al., 2018). The truth value in the neutrosophical set is 
the following (Gayen, et al., 2020):

Let be N={(T,I,F):T,I,F⊆[0,1]}n, a neutral evaluation of a 
mapping of a group of formulas propositional to , and for 
each sentence you have:

v(p)=(T,I,F)   (1)

In order to facilitate the practical application to decision-
making problems, the use of Single-Value Neutral Sets 
(SVNS) (Liu & Tang, 2016; Liu & Shi, 2017) was proposed, 
through which it is possible to use linguistic terms, in order 
to obtain a greater interpretability of the results. 

Let X be a universe of discourse, a SVNS A over X has the 
following form:

A= {〈x,ua (x),ra (x),va (x)〉:x∈X}   (2)

Where

u_a (x):X→[0,1],r_a (x):X→[0,1]  y v_a (x):X→[0,1] 

with

0≤u_a (x),r_a (x),v_a (x)≤3,∀ x∈X

The intervals  denote the memberships to true, indetermi-
nate and false from x in A, respectively. For convenience a 
Single Value Neutrosophic Number (SVNS) will be expres-
sed as A = (a, b, c), where a, b, c ∈ [0.1] and satisfies 0 
≤ a + b + c ≤ 3.

The single-value weighted neutrosophical mean (SVNWA) 
is defined as follows (Leyva & Smarandache, 2018; Liu & 
Teng, 2018):

Let {A1,A2,…,An}∈ SVNS(x), where Aj=(aj  ,bj  ,cj) (j = 1, 2, 
…, n), then, the Single Valued Neutrosophic Weighted 
Average Operator is defined by:

 (3)

Where: 

w= (w1,w2,…,wn )  “is vector of” Aj (j=1,2,…,n)” such that” 
wn∈[0,1]  “y” ∑wj =1.

Let A = (a, b, c) be a single neutrosophic number, a score 
function S of a single valued neutrosophic value, based 
on the truth-membership degree, indeterminacy-member-
ship degree and falsity membership degree is defined by 
Leyva & Smarandache, (2018):

s(Vj )=2+Tj-Fj-Ij    (4)

The evaluations of each aspect for each student were de-
termined by the associated linguistic terms SVN numbers 
as shown in Table 1.

Table 1. Linguistic terms used for the evaluation.

Linguistic term Evaluation SVN Numbers

Excellent E (1; 0; 0)

Very Good VG (0,8; 0,15; 0,20)

Good G (0,60; 0,35; 0,40)

Regular R (0,50; 0,50; 0,50)

Regular Tending To Bad RB (0,40; 0,65; 0,60)

Bad B (0,20; 0,85; 0,80)

Very Bad VB (0; 1; 1)

To aggregate the evaluations of each student and of each 
aspect for the evaluation of the group as a whole, the 



387

UNIVERSIDAD Y SOCIEDAD | Revista Científica de la Universidad de Cienfuegos | ISSN: 2218-3620

Volumen 14 | Número 1 | Enero-Febrero,  2022

single-value weighted neutral mean (SVNWA) calculated 
by equation (3) was used. The same weight was assumed 
for all aspects evaluated (wj equal to 0.1667). 

Once the aggregations were obtained, the scoring 
function (4) was used to obtain a single evaluation value 
per student and per aspect evaluated. With this value, a 
qualitative evaluation was obtained by determining the 
belonging of the score value to one of the intervals shown 
in table 2. To calculate these intervals, 3 (the maximum 
score to be obtained) was divided by 7 (number of lan-
guage terms used).

Table 2. Intervals for student evaluation according to sco-
re function value.

Scoring Intervals Evaluation Linguistic Term

[2,571 - 3] E Excellent

[2,143 - 2,571) VG Very Good

[1,714 - 2,143) G Good

[1,286 - 1,714) R Regular

[0,857 - 1,286) RB Regular Tending To Bad

[0,429 - 0,857) B Bad

[0 - 0,429) VB Very Bad

Based on these results, the results of the student evalua-
tions were analyzed by group in each aspect and in gene-
ral to evaluate the incidence of the application of the PBL 
methodology in the process of teaching and learning of 
the subject.

RESULTS AND DISCUSSION 

The overall results of student assessment in each aspect 
are shown in Figures 1 and 2. The histograms presented 
shown the absolute frequencies observed at the end of 
the evaluation process, according to the linguistic terms 
presented in Table 2. 

Figure 1. Evaluation results of students of group 1 in each 
aspect. 

Note: Group 1, in which the PBL methodology was applied

Figure 2. Evaluation results of students of group 2 in each 
aspect. 

Note: Group 2, in which PBL methodology was not applied

It could be observed that in Group 1, where the PBL 
methodology was applied, the evaluations oscillated 
mostly between Good and Very Good, being greater 
the dispersion in the aspects of Communication skills 
(argumentation and presentation of information) (1) and 
Academic Performance (2) when reaching 19 and 22 stu-
dents evaluations of Very Good and 9 and 2 evaluations 
of Regular, respectively. In the remaining four aspects the 
evaluations were between Good and Very Good, with pre-
dominance of the first, with only one student with a lower 
evaluation. In aspect 6 (Development of professional skills 
and competences) only one student was evaluated from 
Regular tending to Bad.

In the control group, Group 2, where the methodology was 
not applied, the students‘ evaluations were more disper-
sed, between Regular tending to Bad and Good, being 
evaluated from Very Good only between 1 and 3 students 
in each aspect. Although the most frequent evaluation was 
of Good, the evaluations of Regular and Regular tending 
to Bad reach important values being in some cases hig-
her than half of the total group. In the aspect of Academic 
Performance (2) the worst results were observed. 

By adding the evaluations per student from the SVNWA 
operator, to determine their corresponding score and ge-
neral evaluation, the overall results of the evaluation of the 
students by each group can be seen in figure 3.
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Figure 3. Global evaluations of students in each group.

In the first group, of the 40 students, 23 were evaluated as Very good, 15 as Good and 2 as Regular, thus showing a 
predominance of students with favorable evaluation. In group 2, the majority of the students were evaluated as Regular.

Adding the students‘ evaluations for each aspect evaluated in both groups, the results shown in table 3 were obtained.

Table 3. General evaluation of each group by aspect evaluated.

Evaluated Aspect
Group 1 Group 2

Aggregated 
SVNS Score Evaluation Aggregated 

SVNS Score Evaluation

1. Communication skills 
(argumentation and pre-
sentation of information)

(0,7; 0,25; 0,3) 2,141 G (0,54; 0,44; 
0,43) 1,662 R

2. Academic results (0,72; 0,22; 
0,28) 2,223 VG (0,56; 0,41; 

0,42) 1,721 G

3. Self-management of 
knowledge (0,7; 0,25; 0,3) 2,148 VG (0,58; 0,39; 

0,42) 1,773 G

4. Collaborative work (0,71; 0,24; 
0,29) 2,185 VG (0,55; 0,42; 

0,44) 1,691 R

5. Enhancing Creativity (0,7; 0,25; 0,3) 2,154 VG (0,54; 0,43; 
0,44) 1,672 R

6. Development of profes-
sional skills and competen-
ces 

(0,7; 0,24; 0,29) 2,166 VG (0,58; 0,39; 
0,41) 1,776 G

In all aspects evaluated, group 1 (to which the PBL methodology was applied) obtained higher evaluations than 
group 2. The most significant differences were found in the aspects of Communication skills, Collaborative work and 
Empowerment of creativity, being remarkable the incidence of this methodology in these aspects.
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The study carried out allowed verifying that the students 
saw their results favored in each of the aspects evaluated 
from the application of the PBL method. Communication 
skills, in terms of argumentation and presentation of in-
formation, as well as Collaborative work, were positively 
affected thanks to the didactic advantages offered by the 
method through teamwork. These results coincide with 
those obtained by Sugiharto, et al. (2019), and were pos-
sible due to the correct methodological use of PBL.

In these aspects, the role of the teacher as a facilitator of 
the debate from the use of key questions and the constant 
invitation to the exchange of ideas inside and outside the 
formed teams played a determining role. And it generated 
a group identification on the part of the students based 
on the associations among peers for the achievement of 
common objectives.

Derived from this same process of discussion and ques-
tioning in pursuit of debate, it was possible to achieve 
greater creativity when facing the solution of problems, 
in combination with self-management of knowledge, sti-
mulated through the oriented extra-class activities. This 
allowed the development of reflections with different de-
grees of complexity, contributing to the improvement of 
learning systems, through the incorporation and critical 
analysis of new information. Similar results were obtained 
by Nurdyansyah, et al. (2021), who worked in a context of 
greater complexity, due to the handling of scientific and 
religious components in Islamic elementary schools. 

These aspects described lead to the acquisition of con-
ventional skills to face diverse learning circumstances in 
the future professional performance of the Networking 
and Telecommunications Engineering student, when fa-
ced with collective decision-making scenarios for the so-
lution of problems typical of the work environment.

As a consequence of all the above, a higher academic 
performance was observed in the students of the first 
group, since the application of the PBL method contribu-
ted significantly to the appropriation and systematization 
of shared knowledge. Hence, globally, the students in 
Group 1 achieved a higher score in each of the aspects. 
By averaging the scores in Table 3, an overall difference 
of more than 20% can be perceived, with respect to the 
group in which conventional teaching methods were used.

CONCLUSIONS

Through the study of the theory consulted, it was possi-
ble to confirm that the methodology of problem-based 
learning (PBL) is a tool that places the student at the 
center of the teaching-learning process and contributes 

to the formation of professionals capable of adapting to 
the current social challenges and scientific-technical 
development.

The neutral evaluation of the impact of the implementation 
of the PBL methodology for the learning of the Differential 
Equations content, revealed a positive impact of this stra-
tegy, according to six fundamental aspects of the forma-
tion of the professional in students of engineering careers.

The main results were evidenced by the comparati-
ve analysis aspect/student, aggregated evaluation/
student and in the general comparison aspect/group. 
In the latter, a greater impact on the aspects should be 
highlighted: Communication Skills, Collaborative Work 
and Empowerment of Creativity.
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