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Abstract – The objective of the research was to
analyse the development of mathematical competences
and soft skills in graduate students through the
implementation of the Project-Based Learning
methodology in times of COVID-19. The type of study
used was a quantitative methodology with a descriptive
scope. The instrument used to obtain the information
was a questionnaire based on a five-point Likert scale.
The main results were that the participants developed
the mathematical competences of using mathematical
terminology, formulating and estimating the
quantitative model. The soft skills developed were time
management, collaborative work, self-regulation and
decision-making.
Keywords – Project-Based Learning, mathematical
competences, soft skills, graduate, COVID-19

1. Introduction
Given the emergence of the COVID-19 pandemic,
the incidence of information and communication
technologies (ICT) has promoted an evolution of
training processes at the international level [1], [2],
[3].
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The ICT have allowed teachers to design and
implement new didactic methodologies focused on
the active training of students [4]. Therefore, the
intensive use of the ICT has made it possible for the
generation of knowledge to be so obsolete that the
human capital needs to be continuously updated to
respond to an environment in which the only
permanent thing is change [5]. Hence, soft and
technical skills have become fundamental pillars of
professional training because they positively
influence the development of organizations [6], [7].
The relevance, then, is to merge in the educational
processes the training of soft and technical skills with
a comprehensive approach that allow the graduates to
successfully insert themselves into the labour market
[8].
The Organization for Economic Cooperation and
Development (OECD) [9] indicates that to achieve
individual well-being and the economic success of a
country, it is necessary to develop competences.
Education contributes to providing a diversity of
skills that allow people to face the problems and
challenges of their personal and work life. Cognitive
or technical skills such as reading, math, and science
enable individuals to understand information, make
decisions, and solve problems. Soft skills help people
to establish positive relationships with others,
emotional stability, self-knowledge and perseverance
in difficult situations. The World Economic Forum
(WEF) [10] establishes that as technology is adopted
in various organizations, various relevant skills are
required that human capital will have to possess:
critical thinking, active learning, solving complex
problems, analysis, creativity, initiative, leadership,
resilience, tolerance, flexibility, reasoning, as well as
the design, use, programming and control of the
various technological tools.
The relevance of technological means is to allow
people to actively develop their skills for both their
personal and work life, which is why a professional
training process that allows linking the interests and
requirements of the work environment with the
education provided is required [11]. Rego-Agraso
[12] indicates that the relevance of professional
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training is the generation of specialized human
capital in the different professional sectors that
satisfies current and future job demands in a work
context.
For the achievement of a comprehensive
professional training provided to graduate students,
there are two important components: 1)
Mathematical competences because they are
considered as the fundamental axis of complex
knowledge processes since it uses critical, reflective
and analytical thinking. Its importance lies in
developing the capacities to reason, formulate and
solve problems in different contexts based on
specific terminology and conventional procedures
[13] and 2) Soft skills, which are oriented towards
proactivity, emotional intelligence, cooperation,
empathy, critical thinking and decision making [14],
[15]. Its relevance is to enable a better job
performance of the person and even have an equal or
more important effect for the positioning of human
capital in organizations [16]. Consequently, a
mathematical training allows human capital to have a
set of tools oriented towards the analysis,
measurement and action proposals for the resolution
of situations in various areas of an organization [17].
Meanwhile, the training of soft skills enables human
talent to adjust socially both to relationships and to
adaptation to a work context [18].
Due to the sudden and widespread establishment of
emergency remote teaching as a consequence of the
COVID-19 pandemic, the need arose to carry out
research considering the circumstance of remoteness,
so the results will allow a change and educational
improvement in the programs of professional
training, especially in those that have only been
taught in the face-to-face modality [19], [20]. Also,
during confinement, Díaz-Barriga and Barrón [21]
report that students who have managed to continue
their academic training have manifested insignificant
learning experiences, an excess of tasks, repetitive
activities and an absence of teacher mediation.
Meanwhile, Sánchez et al. [22] indicate that there is
no research on student learning experiences at the
graduate level, so it is an important topic because it
addresses professional training.
Thus, the moment of crisis caused by the
coronavirus must be conceived as an opportunity for
the construction of new educational environments for
graduate studies in order to promote disruptive
innovation in educational practices that allow
transition between the face-to-face, the hybrid and
the virtual to achieve a quality academic training in
the student body [23]. Once the confinement is
concluded, the training strategies used in virtual form
will constitute important advances and achievements
that will have to be incorporated into the various
educational programs taught by educational
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organizations. In addition, according to the health
authorities of the countries, they have indicated that
the return to the classrooms will be progressive, so
that a hybrid model will continue with the academic
training of students [24]. The importance of research
for the graduate level is to provide useful information
on the academic training of students because before
the appearance of COVID-19 they were taught in a
face-to-face modality which characteristics of both
teaching and learning are different from a distance
learning. So, the results obtained will be relevant for
the formulation of training strategies for a hybrid
model. In consequence, it is important that the
education that is imparted is of quality, so in the
context of virtuality it is the one that is achieved
when the training model is articulated in a coherent
way with the appropriate use of methodologies,
technological tools and instruments, just as in the
face-to-face model [25].
Based on the above, the general objective was to
analyse the development of mathematical
competences and soft skills in graduate students
through the implementation of the Project-Based
Learning (PBL) methodology in times of COVID-19.
2. Literature Review
Rodríguez, Vargas and Luna [26] establish that, at
the graduate level, to achieve quality learning of
scientific concepts, the use of active methodologies is
required. Alptekin, Deturris and Macy [27] indicate
that in graduate school, students learn from real
situations so that they are relevant and useful and
allow them to position them in their job performance.
The main active methodologies used by teachers as
well as various investigations on their effectiveness
have been carried out on students during the training
process in order to generate quality learning [28],
[29], [30]. However, [31] point out that specific
studies are required at the graduate level to determine
their impact on the academic training of students in
the various subjects taught.
This research considers the effectiveness of PBL at
the graduate level during the COVID-19 pandemic.
According to [32], [33] the PBL is a methodology
focused on the student body that promotes not only
the acquisition of disciplinary knowledge but also
transversal competences such as communication,
teamwork, problem solving, autonomy and
responsibility. Therefore, the PBL enables students to
develop various professional competences by linking
education with work [34]. In the same way, the work
of the students is autonomous, inquiring into various
sources of information during the stages of the
project in an inclusive, oriented and formative
learning context because the teachers assume the role
of mediator and guide [35], [36]. The PBL
encourages the research process by carrying out a
project based on a real case that enables the
1639
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application of theory with practice, which generates
not only intellectual but also social development that
will allow better professional training [37].
The main characteristics of PBL according to [38]
are: 1) Focusing on the substantial elements of the
subject; 2) The selection of a subject that can be
developed through a project; 3) The subject to be
addressed has to be a challenge related to a real
problem and, 4) During the project, the students have
to progress not only cognitively but also in their
autonomy and responsibility and even in the opening
to work with others.
Hernández et al. [39] found that PBL is an
adequate methodology for learning curricular content
from real situations because it promotes formal
thinking (organize, analyse, synthesize and conclude)
as well as the project encourages the exchange of
ideas among students. Mateos et al. [34] determined
that PBL has a positive effect on student academic
performance because 88% recognized that it
promotes the development of professional skills;
80% encourages teamwork, leadership, planning and
organization, and communication; 75% allows
research and consultation of bibliographic
information sources and 70% promotes critical
thinking. These authors conclude that PBL has an
impact on students due to the fact that it encourages
motivation and responsibility because it links the
project with professional training.
Sakulviriyakitkul, Sintanakul and Srisomphan [40]
found that PBL promotes teamwork in students as
well as generates high levels of motivation and
interest that encourage the exchange of information
for the realization of the project. In addition, they
conclude that ICT contribute to supporting the
effectiveness of the PBL due to the use of networks
and resources that benefit learning. González,
Ferreira and Barranco [41] found that PBL manages
the systematization of the information to develop the
product. Also, the participants indicated that they
achieved more in the subject than was initially
expected in regard to the use of the project associated
with a problem because it generated greater interest
and responsibility.

phenomenon of the COVID-19 pandemic, a case
study was carried out for a graduate degree in
administration taught by the Instituto Politécnico
Nacional in order to collect information because the
topic addressed has a validity and relevance which
findings will be useful for future research [43].
3.2. Participants
The participants of the study were the students
enrolled in the first semester of the Master of Science
in Business Administration program taught in the
subject of Techniques and Models for Decision
Making in the remote mode of teaching established
by the COVID-19 pandemic with a total of 35. These
participants have been selected through convenience
sampling. The main characteristics of the sample are:
The age range is between 25 and 38 years. With
regard to sex, 64% correspond to women and 36% to
men. Work experience ranges from 1 to 15 years.
92% work in the private sector and 8% in the public
sector. Regarding the time of use of the technology,
70% allocate 6 to 10 hours and 30% 1 to 5 hours.
3.3. Didactic Intervention
The stages of the PBL are presented in Table 1.
Table 1. Stages of PBL
FIRST STAGE:
Project theme

First session online
by Zoom
(synchronous)

3. Materials and Methods

Second session
(synchronous)

The study methodology is presented in five stages:
The first is the type of research; the second describes
the participants with their main sociodemographic
characteristics; the third indicates the didactic
intervention of the PBL; the fourth, the instrument
used and the fifth the procedure and data analysis.

SECOND STAGE:
Search and
selection of
information

3.1. Type of Research
The research has followed a quantitative
methodology with a descriptive scope because it
focused on assessing the effectiveness of PBL in the
development of competences at the graduate level
[42]. Based on the specific characteristics of the
1640

Research in
magazine articles
and books
(asynchronous)

ACTIVITIES
The objective, competences to be
developed, contents and evaluation
of the subject were presented to the
students.
Teacher explanation about the
didactic methodology to be used.
The digital teaching resources to be
used
(videos,
articles
and
presentations) were explained.
Assembly with the student body for
the election and delimitation of the
subject, highlighting that it is
related to their graduate degree in
administration.
The topics to be developed: Effects
of the COVID-19 pandemic in the
business sector from a quantitative
model.
ACTIVITIES
Teams were organized to develop
the theoretical and contextual
framework, establishing as criteria:
topicality and significance for the
administrative field.
During this process, the teaching
staff carried out a review of
progress, indicating areas for
improvement.
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THIRD STAGE:
Socialization

Online sessions by
Zoom
(synchronous)

FOURTH STAGE

Report
(asynchronous)

FIFTH STAGE
Online project
presentation by
Zoom
(synchronous)
Online Course
Evaluation by
Zoom
(Synchronous)

ACTIVITIES
Advances before the group:
mention the study variables and
estimated model.
Each synchronous session is
concluded with a socialization
space on the relevance and
usefulness in professional training
where the teacher is the mediator.
ACTIVITIES
Preparation of the report that
includes the statement of the
problem, the formulation of the
model,
estimation
and
interpretation of results.
The conclusions and proposed
solution were established.
ACTIVITIES
Each team presented its final model
indicating its scope and decisionmaking for the administrative field.
The students did it to express the
comments of the course and their
experience
using
the
PBL
methodology.
The research instrument was
implemented.

Source: Own elaboration

3.4. Instrument
The data were collected through a questionnaire
organized by 1) Socio-labour data; 2) Training of
competences provided by the PBL in the categories
of mathematical and soft type and, 3) Assessment of
the didactic experience of the PBL. The responses
are configured on a five-point Likert scale, ranging
from (1) totally disagree to (5) totally agree. The
content validity was performed through the judgment
of experts made up of five researchers with
experience in education. Reliability was carried out
through Cronbach's alpha coefficient with a value of
0.905, making it acceptable [44]. The Kaiser-MeyerOlkin test was relevant (KMO=0.833), and the
Bartlett sphericity test was adequate (X2 = 3154.88;
p< 0.001), so it is an empirically validated instrument
through exploratory factor analysis.
3.5. Procedure and Data Analysis
The application of the instrument was carried out
once the course had concluded, indicating to the
participants the objective and relevance of the study,
as well as establishing the confidentiality of the
information for the students who voluntarily agreed
to participate. The researcher distributed the
instrument digitally via email. The statistical study
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was carried out using the SPSS version 25 program,
which allowed the organization of the data through
descriptive statistics: mean (M) and standard
deviation (SD).
4. Results
The first findings of the study correspond to the
training of mathematical competences developed
through PBL, which are shown in Table 2.
Table 2. Descriptive statistics of mathematical training
The PBL developed the mathematical
competence of
Use mathematical terminology
Recognize the types of quantitative
models
Identify the variables
Formulate the quantitative model
Estimate the quantitative model
Use ICTs for the development and
presentation of the model
Mathematically argue the constructed
model
Interpret the results of the model
Determine administrative decisionmaking based on the model

Statistics
M
SD
4.95
0.11
4.23

0.35

4.35
4.69
4.67

0.42
0.15
0.18

4.72

0.14

4.13

0.36

4.37

0.26

4.06

0.21

Source: Own elaboration

From Table 2., it was found that the effectiveness
of PBL from the perception of the students allowed
the development of the mathematical competences
established in the graduate course, highlighting with
the highest mean score: Using mathematical
terminology (M= 4.95, SD= 0.11); use ICT for the
development and presentation of the model (M=
4.72, SD= 0.14); formulate the quantitative model
(M= 4.69, SD= 0.15) and estimate the model (M=
4.67, SD= 0.18). These results show that students
have a command of these mathematical competences:
formulation and estimation of quantitative models
with the support of ICT, using the respective
terminology. These technical skills will allow
students to position themselves in the organization
where they work today or to access a better job
position in the future. Regarding the training of the
soft skills developed through PBL, they are presented
in Table 3.
Table 3. Descriptive statistics on the development of soft
skills
The PBL developed the ability to
Verbal communication
Written communication
Collaborative work
Adaptability
Self-knowledge

Statistics
Mean
SD
4.42
0.69
4.55
0.57
4.88
0.32
4.75
0.39
4.65
0.46
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Decision making
Time management
Self-regulation

4.83
4.91
4.87

0.28
0.21
0.25

Source: Own elaboration

In the same way, the findings on the development
of soft skills in graduate level students during
confinement indicate a consolidated training because
the participants' assessments are higher than four
points on average, which is why stand out in
descending order the time management (M = 4.91,
SD = 0.21), collaborative work (M = 4.88, SD =
0.32), self-regulation (M = 4.87, SD = 0.25), decision
making (M = 4.83, SD = 0.28), adaptability (M =
4.75, SD = 0.39), self-knowledge (M = 4.65, SD =
0.46), written communication (M = 4.55, SD = 0.57)
and verbal communication (M = 4.42, SD = 0.69).
These results allow deducing the effectiveness of the
PBL methodology to develop soft skills because they
are an important component of a comprehensive
training. This level of development of soft skills in
students also enables better job performance due to
the uncertain environment in which organizations
find themselves.
Table 4. Descriptive statistics on the assessment of the
didactic experience
The PBL allowed
Learning was dynamic
Professional training was experiential
Synchronous classes using Zoom were
interesting
The feedback from the teaching staff
was timely
The motivation was permanent during
the course
The academic training is of quality
The online mode was enjoyed

Statistics
Mean
SD
4.56
0.59
4.77
0.37
4.62

0.41

4.52

0.62

4.53

0.61

4.93
3.96

0.17
0.89

Source: Own elaboration

Table 4. shows the findings regarding the
assessment of the didactic experience provided by
PBL, which was perceived favourably by the
students. The results show that PBL generates quality
academic training (M= 4.93, SD=0.17) as well as
experiential (M= 4.77, SD= 0.37). Also, the students
recognize that PBL allows synchronous classes to be
interesting (M= 4.62, SD= 0.41), dynamic learning
(M= 4.56, SD= 0.59), continuous motivation
throughout the course (M= 4.53, SD= 0.61), as well
as that the teachers provide timely feedback on the
development of the project (M= 4.52, SD= 0.62).
However, not all students enjoy learning in the
virtual mode (M= 3.96, SD= 0.89).

1642

5. Discussion and Conclusion
The emergence of COVID-19 has generated new
scenarios for professional training at the graduate
level where the diversified use of ICT has been
positioned as a central element to continue with
academic continuity during confinement. Thus, in the
context of the coronavirus, the general objective of
the research has been achieved regarding the use of
the PBL methodology for the development of both
mathematical competences and soft skills based on
the favourable assessment made by the students. In
this sense, the research provides useful information
for the graduate level regarding professional training,
as mentioned by [22].
In this way, education is facing the main challenge
related to the transformation of the face-to-face
classroom to a virtual or hybrid classroom, which is
why [19], [20] coincide. What was established by
Esteban-Guitart et al. [11] regarding the importance
of using technological tools to connect learning
practices with experiences related to the workplace is
also confirmed. In addition, PBL allows the
interrelation of the course contents with real learning
experiences, thus promoting quality professional
training at the graduate level, as stated by [27], [39].
Also, for the graduate level, the PBL encourages the
research process through the development of the
project with a current topic, which is confirmed by
what is reported by [34], [37]. On the contrary, this
research differs from what indicated Díaz-Barriga
and Barrón [21] regarding the little significant
experiences in the training of students during
confinement. Therefore, this study is in complete
agreement with Berry and Routon [6]; Tseng et al.
[8] on the importance of merging technical and soft
skills because they increase the chances of having a
better job position.
This research contributes to knowledge by having a
first approach about the importance of incorporating
active methodologies at the graduate level such as
PBL with technological support and the use of
synchronous sessions through Zoom that allow
providing quality academic training for a course of
mathematics, which is why it coincides with what
Echeita [23], Allen et al. [24] state regarding the
possibility of using PBL in the hybrid modality.
Nonetheless, the main limitation of the study is
related to the generalization of the results as they are
oriented to a single subject. It is recommended to
extend the use of PBL to other graduate subjects to
carry out the assessment of its effectiveness in the
professional training of graduate students. It is even
suggested to explore in other graduate programs, in
other areas of knowledge, or in other educational
institutions. In relation to the prospective that is also
derived from this study, the opportunity to
investigate the characteristics of the formative
assessment used in the context of the COVID-19
pandemic is mentioned.
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