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Abstract

The present research aimed to determine the effectiveness of an educational program in the development of
mathematical competencies in Peruvian elementary school students. The research adopted a quantitative
approach, the design was experimental, and the type was quasi-experimental. The sample consisted of 102
students enrolled in the third grade of elementary education in a Peruvian public educational institution. An
educational program based on playful strategies was developed and a questionnaire was applied to evaluate
its effectiveness. The results show that, in the pre-test, most of the students in the experimental group were
at the "beginning” level (90.2%). However, in the post-test, most were at the "expected achievement" level
(51%). Regarding the control group, during the pre-test, most were also at the "beginning" level (88.2%),
However, in the post-test, although there was a slight improvement, most remained at the same level
(82.4%). Finally, it was concluded that the application of an educational program was effective in the
development of the mathematical competencies of Peruvian elementary school students.
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1. Introduction
The teaching of mathematics faces numerous challenges in the current educational context (Vera et

al., 2023). Often, this subject is perceived with rejection, fear, or apathy by students, which contrasts
with the small group that enjoys it due to stimuli, motivation, or its relationship to everyday life
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(Quispe et al.,, 2024). In addition, the inadequate implementation of teaching strategies and
techniques by teachers contributes to negative results in student learning (Lugo et al., 2019).
Similarly, the excessive and inappropriate use of technologies has also reduced the application of
playful materials, essential for effective learning (Pérez & Moraima, 2022).

The results of student performance in mathematics, measured through the Program for
International Student Assessment (PISA), show that in Latin America only countries such as
Guatemala, Paraguay, and the Dominican Republic have improved learning, while Peru, Mexico,
Uruguay, and Costa Rica have worsened in 2022 compared to 2018. Peru, in particular, has faced
considerable challenges to improve the results of its students. For example, in science, the score was
408 in 2022, four points more than in 2018; in reading, 408 was obtained in 2022, seven points more
than in 2018. However, in mathematics, the results decreased from 400 in 2018 to 391 in 2022, nine
points less, placing it below the OECD average of 472 points (Organization for Economic Cooperation
and Development, 2022).

In Peru, the Ministry of Education monitors the progress of learning through census
evaluations. The 2023 results in mathematics for the fourth grade of primary school were significantly
lower than in 2019, with only 22.5% of students achieving satisfactory learning, a decrease of 10.7%
compared to 2019 (Ministry of Education, 2024). The global pandemic has been one of the many
factors that have negatively affected the development of learning, exacerbating educational gaps and
limiting access to quality education (Chaverri, 2021).

In the city of Puerto Maldonado, Madre de Dios region (Peru), a low performance in the subject
of mathematics has been observed. The national evaluation of learning achievements carried out in
2023 revealed that only 14% of students reached a satisfactory level, which represents a decrease of
6.1% compared to 2019 (Ministry of Education, 2023). This worrying trend highlights the need to
implement effective educational strategies to improve mathematics performance in this region
(Bautista et al., 2023). Factors such as family disintegration, economic problems, nutritional
deficiencies, and the lack of parental support would negatively affect the development of learning. In
addition, the lack of preparation of materials by teachers aggravates these challenges.

2. Literature Review

Currently, education is focused on teaching based on the development of competencies, seeking to
enhance individual capacities considering the social context, value formation, and the well-being of
society. In this sense, the Ministry of Education (2016a) conceptualizes competencies as a set of
abilities, skills, and skills that allows people to achieve their goals in a real context, acting with ethical
meaning. Thus, competencies imply a comprehensive education, which enables the individual to
activate, articulate, mobilize, and combine knowledge in the exercise of his citizenship (Ldpez, 2016)
The competency-based approach provides a new significance to learning, developing reasoning and
logical skills, and training students to solve problems in real contexts and making accurate decisions
(Valderrama, 2021). This approach focuses on active and significant learning, where students not only
acquire theoretical knowledge, but also learn to apply them in practical and real situations (Trujillo,
2014).

In the case of the mathematics area, this approach is particularly relevant. Mathematical
competences include not only the ability to perform calculations and solve equations, but also the
ability to interpret and analyze data, formulate and test hypotheses, and apply mathematical
principles to a variety of real-world problems (Jiménez, 2022). This implies deep learning that goes
beyond the memorization of formulas and procedures, promoting students a solid and functional
understanding of mathematical concepts (emphasis & Clemenza, 2022).

The development of mathematical competencies in primary children is essential for their
intellectual growth and success in various areas of life. These skills not only build a solid basis for
logical thinking, problem solving and abstract reasoning, but are also essential in daily life (Gomez,
2019). It also facilitates informed decision making, improves the ability to handle practical situations
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and contributes to successful academic performance. In addition, the early development of
mathematical competences provides children with the necessary tools to face challenges in the
modern era, preparing them for professional careers that require skills in science, technology,
engineering and mathematics (STEM), and promoting essential analytical and creative thinking in
the 21st century (Ramirez, 2022).

In Peru, the subject of mathematics involves the development of four skills: it solves quantity
problems, solves problems of regularity, equivalence and change, solves data management problems
and uncertainty and solves problems in form, movement and location (Ministry of Education, 2016a).

The competency of "solving quantity problems" implies a pedagogical approach based on the
Peruvian national curriculum that advocates the direct connection between learning mathematics
and authentic experiences for children. The underlying idea is that this active practice contributes
positively to the construction of solid knowledge about numbers, operations and their properties
(Ministry of Education, 2016b).

For its part, the competency of "solving regularity, equivalence and change problems" is
associated with the generation of general rules, the identification of incognito values, and the
formulation of hypothesis to understand the behavior of events or phenomena (Ministry of
Education, 2016a). In the context of the resolution of algebraic problems, it is sought that students
apply logical and reflective reasoning, incorporating estimate and automation to act with precision
and order (Blanco et al., 2015).

In the case of the competency of “solving data management and uncertainty problems”, it seeks
to promote informed decision making, as well as the ability to make predictions and conclusions
backed by specific data (Ministry of Education, 2016b). In the process of learning statistics, the
emphasis should not be limited to the transmission of knowledge. Rather, it is about establishing
direct connections with reality and context to enhance the student's cognitive understanding
(Alvarez & Barreda, 2020).

As for the competency of "solving form, movement and location problems", it involves the
teaching of forms (geometry) must focus on problem solving, maintaining a relevant connection with
the context to achieve an effective construction of geometric learning (Fernandez- Nieto, 2018). This
competency covers a set of skills that include modeling, understanding and the use of argumentative
strategies related to geometry (Ministry of Education, 2016a).

Now, to evaluate to what extent the students have developed and dominated the competences
established in the curriculum, four levels of learning achievement (Ministry of Education, 2016a) have
been determined:

e Start: This level indicates that the student has very basic and limited skills and shows

difficulties to apply them autonomously.

e Process: At this level, the student demonstrates a partial understanding and an initial
development of the necessary skills. Although you can apply some knowledge, it still
requires support and supervision.

e Expected achievement: This level reflects that the student has reached the expected learning
for their degree. It has adequate understanding and can apply knowledge and skills
autonomously and in varied contexts.

e OQutstanding achievement: At this level, the student has not only reached the expected
learning, but also demonstrates a deep understanding and can apply their knowledge and
skills in a creative and innovative way in various contexts.

One of the most effective ways to develop mathematical skills in primary education is through
playful strategies, which are not only fundamental in the academic field, but also have significant
applications in everyday life (Zulay, 2021). In order to respond to the educational problem associated
with the teaching of mathematics, in this research an educational program based on recreational
activities was applied.

This program proposed to improve the understanding of mathematical contents in third grade
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students of elementary education through the use of concrete playful strategies and materials. These
strategies are designed to make teaching and learning understanding, competitive and motivating,
thus promoting interest in learning mathematics through the game. The application of recreational
materials will allow children to automate and familiarize themselves with the construction of
learning and mathematical thinking. Table 1 shows the issues and activities addressed during the
development of the program.

Table 1: Organization of activities during the educational program

Mathematical
Organization of activities carried out during the educational program competencies
Dimensions
Weeks | Activities Contents D1 D2 D3 D4
Multiplying with cards T .
1 - Multiplicative operations X
and dice
2 Abacuses Additive operations X
3 Nest building game Decomposition X
4 Tallest tower game Equivalence X
5 More and less game Change in magnitude X
6 Pattern race Repetitive patterns X
7 Always rectangle Decomposition X
8 Shape forming game Shape relationships X
9 Reproducing geometric Understanding shape elements X
figures
o Shape l.)%nk, involves Conventional and non-conventional X
recognition measurements
u Shape board Frequency with equivalence X
12 Playing with Dice Counting X
13 Marble box Simple frequencies X
14 Roulette wheels Sequences X

The program includes recreational activities based on various development and learning theories.
According to Piaget (1951), the game is essential for the cognitive development of children, since it
allows them to explore and understand their environment. Vygotsky (1978) complements this idea by
highlighting that the game is part of the next development zone, where children can practice more
advanced skills with the help of others. Freire (1970), on the other hand, promotes the game as a tool
for freedom and creativity, allowing children to be active in their own learning. Finally, Ausubel
(1968) argues that learning is more effective when new knowledge is related to the previous
knowledge of the student. In this context, the game facilitates this connection, making learning more
significant and lasting.

The implementation of a program to develop mathematical competences in primary education
students is essential to improve their academic performance and promote critical skills such as logical
thinking and problem solving. Using concrete recreational strategies and materials not only makes
learning more attractive and motivating, but also helps reduce anxiety and fear towards mathematics.
In addition, this approach prepares students for future opportunities in fields related to STEM, closes
educational gaps and promotes equity by providing all students, regardless of their context, the
necessary tools to achieve high levels of mathematical competencies.

Finally, the objective of this research was to determine the effectiveness of an educational program
in the development of mathematical competences in Peruvian students of Primary Education.
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3. Methodology
3.1 Design

The research was characterized by following a quantitative approach, based on the collection of
numerical data to identify behavior patterns in the study sample. Regarding its design, it was
classified as experimental, since an educational program was implemented based on playful strategies
(independent variable) to evaluate its effectiveness in the development of mathematical competences
(dependent variable) of students. In addition, it was quasi-experimental type, since a pre-existing
student sample was used, dividing them into two groups according to practical criteria (experimental
and control group).

3.2 Population and sample

The population of the study was made up of a total of 789 students from a public educational
institution in the city of Puerto Maldonado, Peru. From this population, a sample of 102 students
were selected that were the third degree of primary education. The exhibition was divided into two
groups: 51 students formed the experimental group, which received the intervention of the
educational program based on recreational strategies, and 51 students formed the control group,
which did not receive said intervention. This division allowed an effective comparison to evaluate the
impact of the program on the development of mathematical competences.

3.3 Technique and instrument

The technique used was the survey, and the instrument used was an ad hoc questionnaire composed
of 26 items distributed in four dimensions: quantity (7 items), regularity, equivalence and change (7
items), form, movement and location (6 items), and data management and uncertainty (6 items). The
metric properties of the questionnaire were determined through procedures for validity and
reliability. In that sense, after submitting the instrument to the judgment of experts, it was found that
it had an adequate level of content validity (V of Aiken = 0.900). In addition, after performing a pilot
test with the participation of 16 students, it was found that the questionnaire had an adequate
internal consistency (KR-20 = 0.832).

3.4 Procedure

The investigation consisted of three stages. In the first stage, the procedures were carried out to
obtain the necessary permits, which implied coordination with the management team of the focused
educational institution. Once the authorization was obtained, the pre-test was applied, both in the
experimental group and in the control group. The second stage focused on the implementation of the
educational program, which was developed for 3 months and consisted of 14 learning sessions of 120
minutes each, using an active and playful methodology. Finally, in the third stage the post-test was
applied in both groups in order to determine the effectiveness of the program.

3.5 Data analysis

Data analysis for this study used both descriptive and inferential statistics. In the descriptive part,
frequency and percentages distributions were used, which were represented in tables to facilitate
their interpretation. As for inferential statistics, the non-parametric U of Mann-Whitney was used to
determine whether there were statistically significant differences between the experimental group
and the control group with respect to the pre-test and post-test.
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3.6 Ethical aspects

As for ethical considerations, this investigation was carried out following the principles established in
the Helsinki statement. Each family father received an informed consent letter, in which the purpose
of the investigation was explained and their voluntary consent was requested. In this way, it was
guaranteed that students could participate in the application of the program and in data collection,
both in the initial stage, during the execution of the educational program, and in the final stage of the
research.

4. Results

Table 2 shows that, in the pre-test, 90.2% of the students of the experimental group were at the level
of learning achievement "start", 5.9% at the "process” and 3 level, 9% at the "expected achievement"
level. In the control group, the pretest results show that 88.2% of the students were at the "start"
level, 9.8% at the "process" level and 2% at the "expected achievement" level. In the post-test, a
significant improvement in the experimental group was evidence 17.6% reached the "outstanding
achievement" level. In contrast, in the control group, 82.4% of the students continued at the "start"
level, 17.6% reached the "process" level and none reached the levels of "expected achievement" or
"outstanding achievement".

Table 2. Development of mathematical competencies during the pretest and posttest, according to
the experimental and control groups

Groups
Levels of learning achievement Experimental Control
Pretest Posttest Pretest Posttest
n % n % n % n %
Start 46 0.2 o 0.0 45 88.2 42 82.4
Process 3 5.9 16 314 5 9.8 9 17.6
Expected achievement 2 3.9 26 51.0 2.0 0 0.0
Outstanding achievement 0.0 9 17.6 0 0.0 0 0.0
Total 51 | 100.0 | 51 | 100.0 | 51 | 100.0 | 51 | 100.0

Table 3 can see that there are no statistically significant differences between the experimental group
and the control group before the application of the educational program (pre-test) (p>0.05).
However, after the application of the program (post-test), statistically significant differences were
found between the groups (p<o.05). That is, the experimental group showed results other than the
control group. These data allow to affirm that the application of an educational program was effective
in the development of the mathematical competencies of Peruvian students of elementary education.

Table 3. Results of the Mann-Whitney U Test in the experimental and control groups (pretest and
posttest) regarding mathematical competencies

A Experimental group and control group| Experimental group and control group
Statistics
(pretest) (posttest)
Mann-Whitney U 1278.500 72.000
|Wilcoxon W 2604.500 1398.000
Z -0.274 -8.675
IAsymp. Sig. (2-tailed) 0.784 0.000

Regarding the competence “solving quantity problems”, in Table 4 it is observed that, in the pre-test,
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60.8% of the students of the experimental group were at the level of learning achievement "start", on
25, 5% at the "process” level and 9.8% at the "expected achievement" level. In the control group, the
pre-test results show that 74.5% of the students were at the "start" level, 9.8% at the "process” level
and 13.7% at the level "achievement expected’. Now, in the post-test, a significant improvement in
the experimental group was evidence 6% reached the "expected achievement” level and 72.5%
reached the " outstanding achievement" level. On the other hand, in the control group, 49% of the
students continued at the "start” level, 27.5% reached the "process” level, 15.7% reached the "expected
achievement" level and only 7.8% reached the "outstanding achievement" level.

Table 4. Development of the mathematical competency "solves quantity problems" during the
pretest and posttest, according to the experimental and control groups

Groups
Levels of learning achievement Experimental Control
Pretest Posttest Pretest Posttest
n % n % n % n %
Start 31 60.8 3 5.9 38 74.5 25 49.0
Process 13 25.5 1 2.0 5 9.8 14 27.5
Expected achievement 5 9.8 10 19.6 7 13.7 8 15.7
Outstanding achievement 2 3.9 37 72.5 1 2.0 4 7.8
Total 51 | 1000 | 51 | 1000 | 51 | 100.0 | 51 | 100.0

Table 5 shows that there are no statistically significant differences between the experimental group
and the control group regarding mathematical competency of "solving quantity problems" before the
application of the educational program (pre-test) (p>0.05). However, after the application of the
program (post-test), statistically significant differences between the groups (p<o0.05) were evidenced.
That is, the experimental group showed results other than the control group. These data allow to
affirm that the application of an educational program was effective in the development of
mathematical competition "solves quantity problems” among Peruvian students of Primary
Education.

Table 5. Results of the Mann-Whitney U Test in the experimental and control groups (pretest and
posttest) regarding the mathematical competency "solves quantity problems”

L. Experimental group and control | Experimental group and control group
Statistics
group (pretest) (posttest)
Mann-Whitney U 1152.0000 288.500
IWilcoxon W 2478.0000 1614.500
Z -1.202 -7.117
Asymp. Sig. (2-tailed) 0.229 0.000

Regarding the competency of "solving regularity, equivalence and change problems", in Table 6 it can
be seen that, in the pretest, 80.4% of the students of the experimental group were at the level of
learning achievement “start”, 9.8% at the “process"” level, 5.9% at the "outstanding achievement" level,
while 3.9% at the "expected achievement" level. In the control group, the pre-test results show that
76.5% were at the “start”, 15.7% at the “process” level, 3.9% at the “expected achievement” level and
also 3.9% at the “outstanding achievement” level. On the other hand, in the post-test, a significant
improvement in the experimental group was evidence % at the “expected achievement” level and
9.8% remained at the “start” level. However, in the control group, 80.4% continued at the “start”
level, 9.8% at the “process” level, 5.9% at the “expected achievement” level and 3.9 % at the
"outstanding achievement" level.
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Table 6. Results of the Mann-Whitney U Test in the experimental and control groups (pretest and
posttest) regarding the mathematical competency "solves quantity problems”

Groups
Levels of learning achievement Experimental Control

Pretest Posttest Pretest Posttest

n % n % n % n %

Start 41 80.4 5 9.8 39 76.5 41 80.4
Process 5 9.8 13 25.5 8 15.7 5 9.8
Expected achievement 2 3.9 12 23.5 2 3.9 3 5.9
Outstanding achievement 3 5.9 21 41.2 2 3.9 2 3.9
Total 51 | 100.0 | 51 | 100.0 51 | 100.0 | 51 | 100.0

According to Table 7, there are no statistically significant differences between the experimental group
and the control group regarding mathematical competency of "solving regularity, equivalence and
change problems" before the application of the educational program (pre-test) (p>0,05). However,
after the application of the program (post-test), statistically significant differences were reported
between the groups (p<0.05). That is, the experimental group showed results other than the control
group. These data allow to affirm that the application of an educational program was effective in the

development of mathematical competency of "solving regularity, equivalence and change problems"
among Peruvian students of elementary education.

Table 7. Results of the Mann-Whitney U Test in the experimental and control groups (pretest and
posttest) regarding the mathematical competency "solves regularity, equivalence, and change problems”

. Experimental group and control | Experimental group and control group
Statistics
group (pretest) (posttest)
Mann-Whitney U 1260.500 313.000
|Wilcoxon W 2586.500 1639.000
Z -0.373 -7.013
IAsymp. Sig. (2-tailed) 0.709 0.000

Regarding the competency of "solving data management and uncertainty problems", in Table 8 we
could observe that, in the pre-test, 80.4% of the students of the experimental group were at the
"start" level, 15,7% at the "process” level and 3.9% at the "expected achievement" level. In the control
group, 94.1% of the students were at the "start” level, 2% at the "process" level and 3.9% at the
"outstanding achievement” level. In the post-test, the experimental group showed a significant
improvement because 31.4% reached the “expected achievement” level, 25.5% was at the “outstanding
achievement” level, 25.5% at the “process” level and 17.6% remained at the "start" level. On the
contrary, in the control group, 88.2% of the students continued at the "start" level, 9.8% progressed
to the "process" level and only 2% reached the "expected achievement" level.

Table 8. Development of the mathematical competency "solves data management and uncertainty
problems" during the pretest and posttest, according to the experimental and control groups

Groups
Levels of learning achievement Experimental Control
Pretest Posttest Pretest Posttest
n % n % n % n %
Start 11 80.40 9 17.60 48 94.10 45 88.20
Process 8 15.70 13 | 25.50 2.00 5 9.80
Expected achievement 2 3.90 16 | 3140 0 0.00 1 2.00
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. . Experimental Control
Levels of learning achievement P
Pretest Posttest Pretest Posttest
% n % % %
Outstanding achievement o 0.00 13 | 25.50 2 3.90 o 0.00
Total 51 | 1000 | 51 | 1000 | 51 | 100.0 | 51 | 100.0

According to Table 9, no statistically significant differences were reported between the experimental
group and the control group regarding mathematical competency of "solving data management and
uncertainty problems” before the application of the educational program (pre-test) (p>0,05).
However, after the application of the program (post-test), statistically significant differences between
the groups (p<o.05) were evidenced. That is, the experimental group showed results other than the
control group. The foregoing allows us to conclude that the application of an educational program
was effective in the development of mathematical competency of "solving data management and
uncertainty problems" among Peruvian students of Elementary education.

Table 9. Results of the Mann-Whitney U Test in the experimental and control groups (pretest and
posttest) regarding the mathematical competency "solves data management and uncertainty
problems”

Statistics

Experimental group and control group|

Experimental group and control group

(pretest) (posttest)
Mann-Whitney U 1131.000 310.000
IWilcoxon W 2457.000 1636.000
Z -1.960 -7.235
Asymp. Sig. (2-tailed) 0.051 0.000_

As regards the competency of “solving movement and location problems”, in Table 10 it is observed
that, in the pre-test, 82.4% of the students of the experimental group were at the "start" level, the
13.7% at the "process” level and 3.9% at the "expected achievement" level. In the control group, 94.1%
of the students were at the "start” level and 5.9% at the "process" level. In the post-test, the
experimental group showed a significant improvement, since 31.4% reached the “expected
achievement” level, 29.4% remained at the “start” level, 25.5% reached the “outstanding achievement”
level and 13.7% at the "process" level. However, in the control group, 90.2% of the students continued
at the "start" level and 9.8% progressed to the "process” level.

Table 10. Development of the mathematical competency "solves form, movement and location
problems" during the pretest and posttest, according to the experimental and control groups

Groups
Levels of learning achievement Experimental Control
Pretest Posttest Pretest Posttest
n % n % n % n %
Start 42 | 82.40 | 15 | 29.40 | 48 | 94.10 | 46 | 90.20
Process 7 13.70 7 13.70 3 5.90 5 9.80
Expected achievement 2 3.90 16 | 31.40 o 0.00 o 0.00
Outstanding achievement o 0.00 13 | 25.50 o 0.00 o 0.00
Total 51 | 100.0 | 51 | 1000 | 51 | 100.0 | 51 | 100.0

According to Table 11, no statistically significant differences were reported between the experimental
group and the control group regarding mathematical competency of "solving form, movement and
location problems" before the application of the educational program (pre-test) (p>0,05). However,
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after the application of the program (post-test), statistically significant differences between the
groups (p<o.05) were evidenced. That is, the experimental group showed results other than the
control group. The foregoing allows us to conclude that the application of an educational program
was effective in the development of mathematical competency of "solving form, movement and
location problems" among Peruvian students of Elementary education.

Table 11. Results of the Mann-Whitney U test in the experimental and control groups (pretest and
posttest) regarding the mathematical competency "solves form, movement and location problems”

. Experimental group and control | Experimental group and control group
Statistics
group (pretest) (posttest)
Mann-Whitney U 1144.500 437.500
Wilcoxon W 2470.500 1763.500
Z -1.869 -6.546
IAsymp. Sig. (2-tailed) 0.062 0.000

5. Discussion

The development of mathematical competencies at the primary level plays a fundamental role in the
education of students, since it feels the basis for their academic success and intellectual development
throughout their lives. Therefore, in this research it was sought to determine the effectiveness of an
educational program in the development of mathematical competences in Peruvian students of
elementary education.

The main finding of this research shows that the educational program was effective in the
development of mathematical competencies. Before the application of the program, it was observed
that most students in both groups, control and experimental, were located at the “start” level and
only a small percentage was in “process” or “expected achievement” level. However, after the
intervention of the program there were significant changes in the results. In the experimental group,
the percentage of students at the “start” level was reduced and most advanced to the “expected
achievement” and “outstanding achievement” level. In contrast, in the control group, the decrease in
the "start" level was less marked, showing a little significant trend. Finally, the U-Whitney test
corroborated these differences (p <o.05).

The foregoing is related to previous research that indicates that the application of the heuristic
and playful method with the development of mathematical thinking skills enhances problem-solving
abilities. Therefore, contribute to the improvement of educational quality (Dominguez & Espinoza,
2019). Likewise, Cacqui (2019) carried out an investigation and concluded that the playful strategies
exert a significant influence on the development of mathematical competency in students. Finally,
Rosas (2013) developed an investigation and concluded that playful strategies have a positive impact
on the understanding and assimilation of mathematical concepts, which suggests that they can
constitute a highly effective tool to improve the learning process in this area.

The implemented educational program was based on a series of playful strategies, carefully
selected to make mathematics learning more engaging, comprehensible, and motivating for
elementary school students. These strategies included activities such as card and dice games to
reinforce multiplicative and additive operations, the use of the abacus to develop addition and
subtraction skills, and tower-building activities to work on concepts of equivalence and magnitude.
Additionally, activities for recognizing geometric shapes were employed through shape-making
games and repetitive patterns, which facilitated the understanding of spatial relationships and
measurements. These activities were selected not only to make often abstract mathematical concepts
more tangible and practical but also to encourage learning based on experimentation and discovery,
which are key aspects of contemporary mathematics pedagogy. In line with current educational best
practices, these active and participatory strategies not only promote the acquisition of mathematical
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skills but also stimulate critical thinking and problem-solving in real contexts (Rosas, 2013).

The development of mathematical competency in primary children is essential for their
intellectual growth and success in various areas of life. These skills not only build a solid basis for
logical thinking, problem solving and abstract reasoning, but are also essential in daily life (Gomez,
2019). The ability to understand and apply mathematical concepts facilitates informed decision
making, improves the ability to handle practical situations and contributes to successful academic
performance. In addition, the early development of mathematical competency provides children with
the necessary tools to face the challenges in the modern era, preparing them for professional careers
that require skills in science, technology, engineering and mathematics (STEM), and promoting
analytical and creative thinking essential in the 21st century (Ramirez, 2022).

Another finding indicates that the educational program was effective in developing competency
of “solving quantity problems”. Before the application of the program, most students in the control
and experimental groups were at the "start” level. After the intervention of the educational program,
there were significant changes in the results: the experimental group evidenced a reduction in the
percentage of students at the "start" level, with a migration to the "outstanding achievement" level.
However, the control group reduced the "start” level, but the trend remained static. Finally, the U-
Whitney U test corroborated these differences (p<o0.05).

Similar results were obtained by Dominguez & Espinoza (2019), who performed an intervention
program and concluded that the heuristic method of Polya and recreational strategies facilitate the
solving problems in students because the empowers of the tools to solve A situation raised taking
into account the four steps stipulated by this theoretical: understand the problem, develop a plan,
execute the plan and finally carry out feedback of this process.

It was also found that the educational program was effective in developing competency of
"solving regularity, equivalence and change problems". Before the application of the program, it was
observed that most students in experimental and control groups initially were located at the "start"
level. However, after the intervention, the results experienced significant changes. In the
experimental group, the percentage of students at the "start” level was drastically reduced, with a
majority migration towards "outstanding achievement" and "expected achievement" levels. On the
other hand, in the control group, the "start" level increased slightly. The U-Whitney U test
corroborated these differences (p<0.05).

The exposed result is similar to what was reported by Rosas (2013), who conducted a study in
order to implement recreational strategies to develop capacities related to the resolution of linear
equations. When analyzing and comparing the statistical results of both data sets, a clear viability is
identified in the implementation of recreational strategies in the teaching of mathematics. These
strategies demonstrated a positive impact on the understanding and assimilation of concepts related
to equations and inequalities, suggesting that they can be an effective tool to improve the learning
process in this area.

In addition, it was determined that the educational program was effective in developing
competency of "solving data management and uncertainty problems". Before the application of the
program, it is observed that most students, both in the experimental group and in the control group,
were at the achievement "start" level. However, after the intervention of the program there were
significant changes in the results. In the experimental group, the percentage of students at the "start"
level decreased, with the majority migrating to the "expected achievement” and "outstanding
achievement” levels. In contrast, in the control group, the "start" level decreased, but minimally,
indicating an almost static trend compared to the experimental group. Finally, the U-Whitney test
corroborated these differences (p<0.05).

Similar results were obtained by Escobar (2020), who conducted an investigation aimed at
knowing to what extent the application of a mathematical games program develops the data
management competition and uncertainty in students of an educational institution in Ayacucho
(Peru). The author concluded that the implementation of the workshop focused on mathematical
games proved to be effective in improving the previously mentioned competition. The statistical
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analysis by means of the Wilcoxon sign ranges obtained a minor p-value than the level of significance
(p<o0.05). This result confirms that the difference between the level of achievement of the students
before and after the application of the intervention program was significant.

Similarly, it was found that the educational program was effective in developing competency of
"solves form, movement and location problems". After the application of the program, it is observed
that most students, both in the experimental group and in the control group, were initially located at
the performance "start” level. However, after the intervention of the program there were significant
changes in the results. In the experimental group, the percentage of students at the "start" level
decreased, with a majority migration towards the "expected achievement” and "outstanding
achievement" levels. On the other hand, in the control group, the "start" level was reduced, indicating
an almost static trend. Finally, the U-Whitney U test corroborated these differences (p<o0.05).

The exposed finding is related to the research of Culqui (2019), who carried out a study with the
purpose of evaluating the impact of an educational program that was based on the implementation of
recreational strategies in the development of mathematical competencies among the students of
primary education. The results of the research concluded that the play of playful strategies exerts a
significant influence on the development of skills to solve geometric problems in the population
studied. This was evidenced by the increase in the arithmetic mean of the experimental group, which
went from 2.9 in the pretest to 18.7 in the post-test (p<0.05). On the other hand, the control group
experienced a minimum increase, from 2.0 in the pretest to 2.3 in the posttest (p>0.05).

Teaching mathematics through games is highly beneficial for the learning of mathematics
(Guisvert & Lima, 2022). This approach allows children to strive their knowledge from an early age
and helps them to develop better in everyday life. Similarly, the United Nations Educational, Science
and Culture Organization (2019) promotes various approaches to teaching mathematics, recognizing
and integrating interactive experiences and recreational elements to achieve effective learning.
Consequently, playful strategy is not simply an attraction, improves both understanding and the
application of mathematics (Aristizabal et al., 2016).

Although the results of this study have demonstrated a significant improvement in
mathematical competencies in the short term, it is essential to consider the possible long-term effects
of such interventions. Previous research suggests that early success in mathematics, combined with
positive learning experiences, can have a lasting impact on students' attitudes toward this subject
area (Ramirez, 2022). Thus, it is possible that students who have participated in programs based on
playful strategies not only maintain their academic achievements but also develop greater confidence
in their mathematical skills and a more favorable attitude toward problem-solving. This would not
only benefit their performance in later educational stages but could also influence their choice of
professional careers related to STEM.

The strengths of this research include their contribution to knowledge when addressing a
relevant topic, the use of a solid research design comparing an experimental group and a control
group, the practical relevance of results in the educational field, the use of appropriate analysis
statistics, the reliable measurement of mathematical competencies and their potential positive
impact on the teaching of mathematics at the primary level. These strengths support the quality,
relevance and ethics of research, underlining their contribution to the field of education and the
development of mathematical competencies in primary education students.

Despite the favorable results obtained, it is necessary to recognize the limitations of the present
investigation. First, the sample size was relatively limited, which could affect the generalization of the
results. In addition, the intervention of the program was carried out for a specific period of time,
which could have influenced the results. On the other hand, the particular context in which the study
was conducted, which includes geographical, socioeconomic and environmental factors, could have
had an impact on the results. Finally, unusual variables cannot be ruled out that could influence the
development of mathematical competences. These limitations must be carefully taken into account
when interpreting the results and by applying the findings in broader educational contexts. In
addition, they offer opportunities for future research in this important area of education.
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6. Conclusion

The findings of this research allow us to conclude that the application of an educational program was
effective in the development of the mathematical competencies of Peruvian students of Primary
Education. Before the application of the aforementioned educational program, the student's learning
achievement belonging to the experimental group was located at the “start” level. However, after the
application of the program it was located at the “expected achievement” level and “outstanding
achievement”. In contrast, in the control group, the vast majority of students remained at the
aforementioned level. Therefore, it is recommended to replicate the educational program based on
recreational strategies in other educational institutions, due to its proven efficacy in the development
of mathematical competencies. In addition, it is essential that teachers receive specific training in
these strategies through workshops and that periodic evaluations are carried out to adjust and
optimize the program.
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