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Abstract — The objective of the article is to
determine the effectiveness of PBL to develop the
mathematical competencies of postgraduate students.
The methodology used was quantitative with a
correlational scope. The study participants were a total
of 29 postgraduate students in administration. The
instrument used was the questionnaire to obtain
information on the effectiveness of PBL. The data were
organized with the SPSS 25 statistical program that
allowed us to calculate: descriptive statistics such as
the mean (M) and standard deviation (SD), the
Shapiro-Wilks test and Pearson correlations (r) with a
level of significance (p) of 0.05. The main results are:
The significant direct associations were greater
satisfaction regarding the use of technology (r = 0.789,
p = 0.00); with their academic performance (r = 0.854,
p = 0.00); promote collaborative work (r = 0.811, p =
0.00); encourage mathematical learning (r= 0.791, p =
0.00); analyze and discuss the contents through
problems (r = 0.825, p =0.00).
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1. Introduction

Derived from the confinement of the COVID-19
pandemic, education implemented various changes to
continue with the educational service at various
levels. One of them, in the case of higher education,
was to break the paradigm of face-to-face instruction
in the classroom [1]. The above has implied a
continuous adoption of digital tools for learning,
communication, and socialization among students
[2]. In addition, the teachers carried out an
articulation of their academic practices through
videoconferencing platforms (Zoom, Skype, Google
Meet or Teams) for synchronous sessions [3].

Also, the disruptive modification from in-person
to virtuality generated a reconfiguration of
educational actors (managers, teachers, and students)
which has allowed the implementation of changes
that have made it possible to achieve the necessary
competencies and thus meet educational goals [4].
One of these changes has been the implementation of
active methodologies that have been positioned as an
alternative that allows the gradual acquisition of
competencies in students, focusing on their main role
as the center of learning. These methodologies
provide the opportunity to dialogue, exchange and
discuss with others based on their knowledge and
previous experiences with the aim of designing a
solution strategy. In the post-covid era, it is relevant
to continuously integrate the active methodologies
that were effective during confinement because they
have demonstrated their usefulness in student
learning. One of these active methodologies is
problem-based learning (PBL). The objective of the
article is to determine the effectiveness of PBL to
develop the mathematical competencies of
postgraduate students.
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2. Literature Review

PBL is an active teaching methodology for
students to gather knowledge, skills, and attitudes to
solve and find solutions or alternative solutions to
problematic situations, which will allow the
acquisition of other knowledge and new
competencies or the strengthening of them for future
professionals.

For the implementation of PBL, real-world
problems are used to motivate students in order to
identify and investigate the concepts and principles
required to solve them. Students are organized into
teams to identify and analyze information to discuss
and build a solution strategy. Therefore, the problem
is deliberately intended to act as a catalyst to promote
the acquisition of new knowledge [5]. In this sense,
Del Valle and Villa [6] indicate that the
characteristics of a problem are: 1) It is resolved
collaboratively; 2) The students have adequate
concepts and procedures for their resolution; 3) Be
organized in a structured way to be resolved; 4)
Enable feedback for students to evaluate the
effectiveness of their knowledge and 5) Encourage
conjectures and arguments for their solution. Doing
an exercise is not the same as solving a problem. In
the exercise, an algorithm is applied, while in the
problem, the student develops a strategy with
reasoned answers, which implies responsibility
during their training process [7].

PBL is a strategy that promotes learning through
inquiry. It mobilizes and enhances the development
of scientific and critical thinking, teamwork, and
autonomy [8]. Additionally, PBL focuses on
promoting individual and collective participation
with the students themselves being the protagonists
of their training; it is based on discovery and the
study is guided by the teacher. PBL is one of the
methods that favors and helps improve their skills,
strengthen their capacities, acquire knowledge, and
the concept and understanding of the school
curriculum [9]. PBL promotes high levels of
connection and social interaction with classmates and
teachers, which generates higher levels of student
retention and satisfaction with respect to the
academic training provided by the program [10].

PBL is characterized by: 1) The students are the
center of learning, they are responsible for what they
need to learn and how to get the information; 2) They
work in small teams, which allows them to distribute
tasks and assume responsibility for achieving a
common objective; 3) The problem posed serves to
integrate knowledge from various disciplines; 4)
There is the possibility of posing real-life problems
to put knowledge into practice in authentic spaces; 5)
Students acquire new information in a self-directed
manner with their own strategies, prior knowledge
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and research and 6) Transversal skills such as socio-
emotional or soft skills are developed: teamwork,
assertive communication, autonomous learning,
conflict management, which are necessary in any
field and valued by the labor sector [11].

The steps to follow in PBL for its development
are [12]:

1) Initial. It is given by the design of a problem
that integrates the contents covered in a topic
or subject, situations to be resolved in an
interdisciplinary manner, linked to the reality
of the student or professional practice.
Previously learned knowledge, operations,
procedures, methods, and values must be
considered.

2) Orientation. The teacher proposes the
problem for resolution with the use of the
knowledge, skills and habits learned related
to the problem. It is important that the
teacher be as precise and clear as possible in
the explanation, that he establishes the rules
to be followed during the execution phase
and provides all the necessary guidance for
the search of information, but without
establishing the solutions, these must be
determined by the students themselves.

3) Execution. The group is divided into small
work teams, made up of three or four
students, for the collective reconstruction of
knowledge; the proposal of possible
solutions; the selection of the one that they
consider most favorable and the application
of the knowledge, skills, and habits to solve
the problem. The students must use search,
selection, recovery, and analysis strategies
for the necessary and timely information that
facilitates the characterization and
understanding of the problem, as well as
elaborate solution strategies or design their
own procedures.

4) End. Once the problem has been solved, the
student members of each team will make an
individual and collective assessment of the
results obtained, as well as the route used.
The results can be shared through a
presentation, a course work, or another
modality that the teacher deems appropriate.

The use of PBL generates a positive effect on the
academic performance and learning of students by
focusing on real situations that encourage the
students to recognize the usefulness of mathematics
[13]. Students recognize that PBL promotes the
continuous support of the teacher, and the
construction of knowledge in situations that help
understand the meaning and importance of the
contents.
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Also, PBL allows group work, which fosters skills
in consulting databases to obtain information that
makes it easier to address the problem with
arguments based on academic sources. In addition,
PBL encourages the establishment of agreements, the
dialogue, the group progression towards the
fulfillment of objectives, the collaboration, and the
search for alternatives during the training process
[14].

The evaluations made by students regarding the
use of PBL highlight the usefulness of technological
tools used in a collaborative work environment that
have a favorable impact on the resolution of
problems close to work reality [15]. PBL allows
students to perceive a better mastery of their
competencies; greater academic performance is
obtained, as well as a positive assessment of their
learning achievements. PBL encourages constant
interaction between colleagues, favors self-regulation
and the development of solutions to problems that
influence the consolidation of arguments to defend
their proposal. PBL recognizes the teacher's
disposition and skills with respect to planning,
implementation and feedback combined with a level
of disciplinary knowledge [16].

PBL motivates students to learn the subject and
promotes collaborative work among participants to
achieve the goal of solving the problem. Also,
support materials in digital format are effective tools
to achieve better learning results [17].

PBL encourages dynamic sessions compared to
the  traditional = method, promotes  greater
understanding of the contents, encourages teamwork,
and contributes to strengthening the capacity for
analysis and synthesis [18]. PBL provides significant
benefits to students in their skills in argumentation
and presentation of the solution strategy, teamwork,
leadership, and use of information technologies [19].
It is necessary that PBL be adapted to the specific
conditions and situations of the subject field for
successful implementation. Furthermore, PBL is
oriented towards creating learning opportunities
through effective interactions and collaborative work
[20].

PBL substantially improves the mathematics
learning process in students because they
strengthened their skills when faced with solving a
problem. Furthermore, it encourages research and a
high understanding of the knowledge acquired during
the training process [21].

Mathematical competencies involve logical
thinking, understanding of concepts, formulas with
their procedures, as well as providing arguments to
validate the strategy for solving a problem [22], [23].

The development of mathematical competencies
is gradual; for this reason, it is necessary to identify
their levels of development to implement training
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practices aimed at their consolidation in students
[24]. According to Georgieva et al. [25] the
mathematical competencies are: Mathematical
thinking; mathematical reasoning; mathematical
modeling; mathematical tools; skills to apply
mathematics in other areas, as well as the
representation and communication of results.

Also, it is important to ensure that students
understand mathematics because it is a relevant tool
in the real world. If the teaching of mathematics is
carried out through adequate guidance that involves a
permanent interaction between the teacher-student-
colleagues with the purpose of exploring, classifying,
abstracting, strategy argument and estimating to
reach results, and being able to interpret them and
communicate them to the others [26].

In the case of the postgraduate level, mathematics
is an important formative axis for decision-making in
the organizations in which students work. Ho et al.
[27] emphasize that the training of graduate-level
administrators is important because organizations
face a growing volume of quantitative information,
which is why they require their human capital to
have professional preparation that allows them not
only to select and organize, but also to analyze,
synthesize, and evaluate information in order to
design and implement actions for decision-making
for the benefit of the company in which they work.

Dituri et al. [28] affirm that focusing on
mathematical problems is an effective means to
promote quality education that generates a better
positioning of human capital. Various technological
tools facilitate the development of mathematical
notions in students, encourage the organization and
analysis of data combined with graphical
representation and calculation in efficient ways,
which promotes the capacity for abstraction [29],
[30]. Cano-Iglesias et al. [31] point out that
promoting mathematical skills has a positive impact
on others such as digital skills, oral and written
communication, initiative, time management, and
entrepreneurial spirit.

Campaign et al. [32] establish that it is essential
to promote dynamic learning based on the
experiences and contexts of the students to involve
them in their educational path to promote both the
development of mathematical skills and attitudes
towards them in a positive way.

3. Materials and Methods

The research approach used was quantitative with
a correlational scope because it focused on assessing
the effectiveness of PBL during the new normal
(2023-2), which corresponds to a case study of
postgraduate students in administration.
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A total non-probabilistic sample of 29
participated in the study (88% women and 12% men)
with an average age of 29.7 years (SD=2.4). The
students correspond to a postgraduate degree in
administration taught by the National Polytechnic
Institute in the subject of Mathematics Applied to
Administration.

The PBL didactic intervention was based on four
moments indicated in Figure 1.

First:
Description of the
problem situation to
be solved in the
classroom.

f v

Third:
Organization in work
teams to develop and

argue the solution

Second:
The teacher guides,
indicating the rules to
follow for resolution.

Fourth:
Presentation of the
formulated strategy to
the group.

Figure 1. PBL moments used

The instrument used was the questionnaire to
obtain information on the effectiveness of PBL. The
dimensions of the instrument were: 1) Student
assessment of the use of PBL based on a Likert scale
(1 — totally disagree to 5 — totally agree) and 2)
Mathematical training with a scale from 0 (not
developed) to 4 (highly developed).

The application procedure was at the end of the
course where the students were invited indicating the
objective of the study, as well as the confidentiality
and anonymity of their responses. The data were
organized with the SPSS 25 statistical program,
which allowed us to calculate: descriptive statistics
such as the mean (M) and standard deviation (SD),
the Shapiro-Wilks test and Pearson correlations (r)
with a level of significance (p) of 0.05.

4. Results and Discussion

The students' highest evaluations of their training
experience through PBL were: The usefulness of the
contents for the business environment (M= 4.83);
greater motivation for mathematical learning
(M=4.82); the use of technological tools (4.81);
constant and timely teaching support (M = 4.80); the
development of the sessions through problems in the
course (M = 4.79) and quality in training (M = 4.78).
These results confirm what was stated by [14], [16],
[17].

Regarding the development of mathematical
competencies promoted by PBL, the results are
shown in Table 1.
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Table 1. Descriptive statistics

The PBL promoted the mathematical M SD
competence for

Identify the main data of the problemto be  3.78  0.21
solved

Formulate the variables of the problem in 375 023
mathematical form

Use mathematical language 3.66 0.29
Build the solution strategy 3.62 032
Elaborate mathematical arguments 339 041
Use digital tools to develop and present 382 0.18
the strategy

Interpret the results 3.55 027
Determine decision making for the 354 031
administrative field

Recognize the importance of mathematical  3.83  0.14

knowledge

Based on Table 1, the assessment made by the
postgraduate students regarding their mathematical
training found that the competencies with a high
level of development are: Recognize the importance
of mathematical knowledge (M = 3.83, SD = 0.14);
use digital tools (M = 3.82, SD= 0.18); identify the
main data of the problem (M = 3.78, SD = 0.21);
mathematically formulate the variables (M= 3.75,
SD= 0.23); use mathematical language (M= 3.66,
SD= 0.29) and build the solution strategy (M= 3.62,
SD= 0.32). These results indicate that participants
recognize that PBL is effective in promoting their
mathematical competencies at the postgraduate level.
Therefore, what was indicated by [23], [24], [25] is
confirmed.

The significant direct associations were: Greater
satisfaction regarding the use of technology (r =
0.789, p = 0.00); with their academic performance (r
= 0.854, p = 0.00); promote collaborative work (r =
0.811, p = 0.00); encourage mathematical learning
(r=0.791, p = 0.00); analyze and discuss the contents
through problems (r = 0.825, p =0.00). These results
coincide with what was pointed out by [13], [15].
Consequently, the students have acquired a
consolidated mastery of these mathematical
competencies that will allow them to position
themselves in the organization they currently work
for or have the possibility of accessing a better
professional position in the short term.

5. Conclusion

The research carried out is important because it is
oriented towards mathematical training at the
postgraduate level based on an active methodology
such as PBL. This study is useful because it provides
results on the effectiveness of PBL based on the use
of digital tools, which promotes collaborative work
and mathematical learning, so the objective was met.
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The results found indicate the relevance and
usefulness of PBL because it generates training
spaces in combination with digital materials that
influence both the participation and motivation of
students. In addition, PBL promotes collaborative
work and communication with students. Also, PBL
allows the teacher to be a guide in each session and
for the activities to focus on solving problems based
on professional practice.

Furthermore, the research is useful because it was
oriented towards student assessment as a relevant
component of the quality with which an educational
program is taught at the postgraduate level. In this
sense, the student assessments indicate the transfer
and usefulness to the workplace, which implies
quality in the training received.

Therefore, the findings determine a high
effectiveness of PBL in the mathematical training of
postgraduate  students, which  generates an
educational quality that makes its continuous
incorporation as an active methodology that favors
the development of mathematical competencies
relevant.
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