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Abstract: Education is in constant search of educational quality, for this reason different
ways have been investigated to change the traditional education, by making use of new
teaching strategies in which the use of technological tools is included. Nowadays, for the
teaching of the area of mathematics, it is about leaving the conventional; for this reason,
teachers have seen the need to use educational software, among which is the Geogebra
software for the teaching of various topics, which must be addressed according to the grade
in which students are. The main purpose of this project is to create a didactic strategy using
Geogebra software for teaching polygons to fourth grade students. To carry it out, it was
necessary to make use of a mixed research approach because in this way it was possible to
collect all the necessary information to fulfill the objectives and thus provide a solution to
the problem addressed in the study. Likewise, a recurrent triangulation was taken into
account that allowed linking qualitative and quantitative methods to fulfill the established
objectives. The research was carried out with the participation of 31 students to whom a
test with open questions was applied to perform the diagnostic test, which allowed
identifying the strengths and weaknesses of the students with respect to the subject of
polygons. In addition, participant observation was carried out in order to carry out the
different activities for the teaching of polygons and a semi-structured interview. The results
showed that there is, in the first instance, apathy for the subject, which is reflected in the
academic results of the students. When analyzing the results of the pre-test it can be said
that there are deficiencies in terms of the subject matter because a large majority of students
did not obtain favorable results and show deficiencies in the identification of the properties
of polygons, but these deficiencies were improved after carrying out didactic activities
using Geogebra software, as evidenced by the results of the post-test, which significantly
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surpassed those of the pre-test, and the students developed skills for the identification of
polygons and their properties, stating that the activities developed with the software were
fun and applicable to the context in which they find themselves.

Keywords: Teaching, Learning, Polygons, Geometry, Software, Geometric Thinking.

Resumen: La Educacion esta en constante blsqueda de la calidad educativa, por este
motivo se han indagado diferentes maneras para cambiar la educacion tradicional, al hacer
uso de nuevas estrategias didacticas en las que se incluye la utilizacion de herramientas
tecnoldgicas. Ahora bien, para la ensefianza del area de matematicas en la actualidad se
trata de salir de lo convencional; por esto, los docentes han visto la necesidad de emplear
software educativo, entre los cuales se encuentra el Software Geogebra para la ensefianza
de diversas tematicas, las cuales deben ser abordadas de acuerdo al grado en el que los
estudiantes se encuentran. El desarrollo de este proyecto tiene como propésito principal
crear una estrategia didéctica por medio del software Geogebra para la ensefianza de los
poligonos en estudiantes de cuarto grado. Para llevarlo a cabo se requirié hacer uso de un
enfoque de investigacion mixto porque de esta forma fue posible recolectar toda la
informacion necesaria para darle cumplimiento a los objetivos planteados y asi dar una
solucion a la problematica abordada en el estudio. De igual forma, se tuvo en cuenta una
triangulacién recurrente que permitié vincular métodos cualitativos y cuantitativos para
cumplimiento de los objetivos establecidos. La investigacion se realizé con la participacion
de 31 estudiantes a quienes se les aplico un test con preguntas abiertas para realizar la
prueba diagnéstica, el cual permitié identificar las fortalezas y falencias que tenian los
estudiantes con respecto a la tematica de los Poligonos. Ademas, se realiz6 observacion
participante para de esta manera poder llevar a cabo las diferentes actividades para la
ensefianza de los poligonos y una entrevista semiestructurada. Los resultados arrojaron que
existe en primera instancia apatia por la asignatura que se refleja en los resultados
académicos de los estudiantes. Al hacer un anélisis de los resultados del pre-test se puede
decir que existen deficiencias en cuanto a la temética porque una gran mayoria de los
estudiantes no obtuvieron resultados favorables y presentan deficiencias en la identificacion
de las propiedades de los poligonos, pero estas falencias encontradas se lograron mejorar
después de realizar actividades didacticas haciendo uso del software Geogebra, ya que asi
se evidencid en los resultados del postest superan de manera significativa a los del pre-test
y los estudiantes desarrollaron habilidades para la identificacién de poligonos y sus
propiedades manifestando que las actividades desarrolladas con el software fueron
divertidas y de aplicabilidad al contexto en el que se encuentran.

Palabras clave: Ensefianza, Aprendizaje, Poligonos, Geometria, Software, Pensamiento
Geomeétrico.

1. INTRODUCTION

Currently, support tools are implemented for the
teaching and learning process of students in the
different areas of knowledge. However, for the
teaching of geometry, due to its complexity, it is
necessary to develop active didactic strategies to
achieve meaningful learning (Lépez and Garcia,
2008). On the other hand, in education, international
external tests such as Pisa evaluate the fundamental
areas in mathematics and it is found that Colombia
has not obtained favorable results in the
competencies that are evaluated in this area and that
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students should handle. In addition, in 2018 the area
of mathematics was the lowest score that the country
obtained, since only a total of 391 was achieved,
which shows that students do not have the basic
knowledge and instead of having a better
performance over the years, Colombia presents a
setback in the results, since in 2015 it had achieved
a better score in the areas evaluated by PISA
(OECD, 2018).

On the other hand, in education it is important to use
new teaching methods to motivate students to learn
and reinforce their knowledge through the
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implementation of new technology. It is worth
mentioning that some teachers are afraid of change
and refuse to make use of technological tools in the
classroom (Canizales, 2004). According to Ospina
(2017), the use of ICT in education is related to the
interest it awakens in children and young people
thanks to the fact that it motivates them to
participate in class since the use of technologies is
something of their everyday life. Now, geometry is
part of mathematics and is related to the various
human capabilities involving the spatial sense,
visualization and perception. Additionally, this
branch of mathematics contributes to the formation
of individuals and therefore it is essential to
highlight it in school curricula (Camargo y Acosta,
2012).

Research on the implementation of information and
communication technologies in the educational
scenario has not only been approached from
particular positions; rather, there is a national,
regional and global interest in finding ways to
implement them in academic spaces (Herrera and
Ochoa, 2022). Therefore, it is necessary to observe
three institutional contexts: national, regional and
global. A large number of teachers see the need to
articulate their educational practice with the tools
provided by Information and Communication
Technologies in order to provide new spaces that
make it possible to improve the teaching and
learning processes carried out in the classroom
(Morales, 2021).

The use of software such as Geogebra, when
properly implemented, that is, when certain
parameters are taken into account so that it is
possible to achieve learning objectives, can lead to
significant learning (Lazo 2009). Likewise, it is
found that the significant learning proposed by
Ausubel mentions that it is important to defend and
practice this type of learning because in this way a
real change is achieved in the subject. This is due to
the new knowledge that students acquire throughout
their integrated education and this is how they can
build their own knowledge (Viera, 2003). On the
other hand, the teaching process in the area of
mathematics has been considered somewhat
complex, but most of the time the learning of this
discipline is done in a traditional way. For this
reason, the use of didactic strategies in the
classroom is considered, where it is pertinent to
make use of tools such as Geogebra for the teaching
of specific topics in the area. This educational
software includes different areas of mathematics
such as geometry, algebra and calculus. It can also
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be used in other disciplines such as physics
(Cardefio y Cordoba, 2013).

In this sense, Geogebra offers different tools for
strengthening the topics addressed in the area of
geometry that also allow the creativity of students to
be developed because being able to make figures
taking into account their coordinates in a certain
way helps to awaken the creativity of students,
which is important to keep them motivated in their
learning process (Arteaga, 2019). The theory of
creativity is considered as a process because it is
required to carry out a series of steps that will allow
the development of creativity, which is a
fundamental part of the formative processes in the
educational sector. It is a non-linear process because
it is not necessary to be carried out in a particular
order, since the important thing is that the creative
process can take place. Additionally, it is part of a
way of being, thinking and feeling, so it cannot be
concluded that creativity is something simple to
develop (Benlliure, 2019).

Through the application of strategies in the
educational field, it was found that fourth grade
students were presenting low academic performance
in the area of geometry, in particular several
shortcomings were found in relation to polygons.
This was also evidenced in the SAI test reports
(2022) of the students, where it was noted that the
students in the area of mathematics reached an
average of 327.3 being the lowest compared to the
other areas evaluated. For this reason, it was
considered necessary to seek didactic strategies for
students to identify, recognize and strengthen the
concept of polygon and its elements, which included
the use of ICT in the classroom to arouse motivation
and interest in students and lead to the construction
of practical theoretical knowledge that leads to the
improvement of spatial thinking and its impact on
the learning of geometry.

2. MATERIALS AND METHODS

In order to achieve the purpose of the research, it
was necessary to create a didactic strategy for the
teaching of polygons in fourth grade students; the
process required first diagnosing the students'
previous knowledge for the identification of
polygons; based on these results, didactic activities
for the learning of polygons were designed through
Geogebra software. Next, an evaluation of the
didactic strategy designed for the learning of
polygons in fourth grade students was carried out,
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and finally, a booklet on the use of Geogebra for the
teaching of polygons was elaborated.

The educational research (Alvarez, 2006; Elliott,
2000) is based on the socio-critical paradigm that
encourages constant self-reflection (Alvarado,
2008; Habermas, 1988). In the development of the
research process, a mixed approach was used
(Lopez, 2019; Pefia, 2002) that allows combining
quantitative and qualitative looks in the realization
of the phase related to the fieldwork (Nufiez, 2017)
multimethod type, in such a way that it favors the
reconstruction of the phenomena that arise in that
educational environment with flexible applied
techniques in the fieldwork open to the diversity of
thought and the social realities of the context
(Gallardo, 2017; Hernandez, 2018). A concurrent
triangulation design was used, which allows
confirming results and cross validation between
quantitative and qualitative data (Pereira, 2011)

3. RESULTS AND DISCUSSION

Students were tested to diagnose their knowledge
about polygons; it is evident that students do not
distinguish the existing polygon classes and
therefore it is difficult for them to differentiate them.
The students recognize simple concepts that they
should know according to the academic level in
which they are, but they present deficiencies when
applying this knowledge in problem situations. An
interview conducted with a focus group allowed
identifying that there is a certain apathy for the
subject generated mainly by the lack of
understanding of concepts, which is reflected in the
academic results of the students and the difficulty
they have in approaching the subject related to
polygons.

At a general level, it was evidenced as the main
problem that students did not recognize the
components of a polygon or its structure, they did
not recognize the elements of a polygon, its vertices,
edges and number of sides. Only 35% recognize
convexity arguments, 32% identify the correct
figure when comparing between regular and
irregular polygons, 29% identify properties of
polygons, 32% identify the notion of vertexes.
There is good handling and identification of the
properties of the triangle, but not of the square and
rectangle, and very few can identify properties in
polygons with five or more sides.

University of Pamplona
I.1.D. T. A.

54

Tecnologias de Avanzada

From this it can be deduced that students do not
know the subject matter of polygons and therefore it
is difficult for them to have a clear understanding of
their own characteristics. This means that, to cite
one case, when they are asked to draw a certain
polygon, they are not able to identify it because their
knowledge is not sufficient to differentiate them
easily.

On the other hand, the interview allows us to
identify that student present deficiencies in the
knowledge of specific topics of geometry because
these topics are rarely worked on in the classes and
when they are approached, it is done very quickly,
mainly in a theoretical way and without showing
applications of learned concepts.

Based on the information gathered and, taking into
account these characteristics defined in the
performance of each student, different strategies to
implement in the teaching of geometry were
analyzed. The research focused the work on the use
of software as a basis for establishing motivation in
students in the study and learning of geometry. In
particular, a strategy was designed based on the
application of Geogebra software, which is
characterized by being a dynamic software with a
striking interface and very easy to use, which is very
useful at all educational levels involving the study
of geometry and related subjects. Additionally, its
multiple tools help the teacher to create activities
from scratch and according to the students' needs
and to monitor the students' progress.

However, through the observation made during the
application of the software for teaching polygons, it
was observed that the students managed to
understand the topic, even though at the beginning
of the activity there were some inconveniences due
to the lack of knowledge about its use and
applications. However, the students participated
actively during the class and stated that they found
everything that could be done in Geogebra very fun.
They also stated that each of the activities they
developed around the topic of classifying polygons
according to their number of sides was very useful
because sometimes they had doubts about it and this
was able to clarify them. In addition, it was possible
to identify that the students enjoy this type of
activities because it makes it easier for them to learn
and identify the elements that make up each of the
polygons and this makes them want to participate
actively in the activities.
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On the other hand, it was evident that there is a good
management of the group by the teacher and it was
observed that the students were motivated
throughout the class and indicated that this type of
activities seem fun and entertaining to better
understand these topics handled in the subject. It is
worth mentioning that at the end of the observation
it was evident that when students perform activities
that do not involve the traditional methodology, they
show greater interest in the class, since they are
doing something different from what they are used
to. On the other hand, it is deduced that it is possible
to contribute to achieve meaningful learning
because through each activity developed it is
possible to make use of previous knowledge to carry
out the construction of new knowledge.

In this sense, meaningful learning is achieved in the
terms proposed by Ausubel, since the active
pedagogy used evidences a change in the students,
both in the approach to the theoretical aspects of
geometry and in manifestations of development of
their spatial thinking. Thus, the new knowledge that
the students acquired throughout their training leads
them to reach their own knowledge in accordance
with the proposal of Viera (2003).

On the other hand, it was corroborated that the use
of new technologies in the classroom turns out to be
favorable when the educational intention is kept in
mind because it is clear what is to be achieved and
for the construction of the exercises this criterion is
kept in mind, which helps students to be interested,
but also to learn through different experiences.

It was evident from the active participation of the
students that the use of Geogebra software for topics
related to the area of geometry is appropriate
because it offers different tools that allow the
development of different topics in a fun and
attractive way for the students. In addition, since it
is easy to use, it allows students to actively
participate in classes and strengthen their
knowledge without being tedious, since they can
easily access the use of the modules incorporated in
the tool and its applications in the solution of
problem situations.

The use of Geogebra as an educational tool helps to
recreate dynamic environments that make it easier
for users to understand the topics presented and
represents a different way of appropriating
knowledge, so students do not perceive geometry as
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something tedious, but learn in dynamic
environments to achieve significant learning, a
result that is in line with the conclusions presented
by Sanchez (2022).

Participant observation made it possible to evidence
the actions carried out by students in the use of the
tool for exploration of polygon concepts in
geometry. It was appreciated that the strategy favors
self-learning and collaborative work since the
students carried out the academic activities
proposed only with the initial guidance of the
teacher and, the motivation generated by the use of
the software led them to approach each one
autonomously the proposed problems and reach
results that they then socialized with their
classmates. It was also found that many of them, on
their own initiative, relied on their classmates or
supported others to carry out the workshops and
problem situations proposed, thus showing evidence
of collaborative work.

In addition to observation, a semi-structured
interview was conducted through the participation
of students in focus groups in order to evaluate the
results of the use of Geogebra software in the
exploration and learning of polygons and to verify
the effectiveness of the implementation of this type
of strategies in which the use of new technologies is
involved. The results obtained are presented in
Table 1, which shows three categories generated
from the students' perceptions.
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Table 1: Categories identified in the strategy evaluation

CATEGORIES

RESULTS

MOTIVATION

EFFICIENCY

METHODOLOGY

In first instance, the students mentioned that before, when geometry topics were
explained to them, they found it very boring because they felt that it is not something
that will be useful for their future. They also argued that they are always asked to do
the same type of activities in which they have to draw and they find it tedious because
sometimes they do not have the necessary implements and do not correctly perform
the figures according to what is indicated. Some students explained that the traditional
methodology in this type of activities is too boring for them because they think that it
becomes routine and does not even awaken any interest in learning.

It can be concluded that before thinking about implementing this didactic strategy in
the students there was not the slightest interest on the part of the students because they
usually consider that it is tedious to learn geometry because it becomes very
monotonous to perform the same type of activities all the time. Therefore, when
teachers make the decision to perform activities that are not common or have never
been done by students, it generates a positive impact on each of them, but these
activities must be planned so that they can contribute to meaningful learning. The
impact of ICT, within the knowledge society has brought great changes, in terms of
form and content, the effect has been massive and multiplying, so that the sense of
knowledge has permeated society in general, and one of the great implications and
modifications is education.

Regarding whether the Geogebra activities helped students to strengthen their
knowledge of the subject. It was evident that the students said that they were indeed
very useful because most of them argued that it was a topic in which they used to get
confused and usually do poorly in the evaluations, but when they began to use
Geogebra they were able to make a kind of contrast between these classifications of
polygons that allowed them to learn to differentiate them. It is worth mentioning that
this educational software includes different areas of mathematics such as geometry,
algebra and calculus. In addition, it can be used in other disciplines such as physics.

On the other hand, other students mentioned that Geogebra is a very complex tool and
that at first, they thought it would be a bit tedious to use because the interface seemed
a bit complicated, but as they progressed in the construction of each of the figures, they
improved their skills in terms of handling this software. It is important to mention that
implementing these tools in the classroom increases motivation and this was what the
students also evidenced in the interview because they said that the first thing, they did
at the beginning of the class was to ask the teacher if she was going to continue working
in Geogebra because they were all the time waiting to see what kind of polygon they
were going to build.

On the other hand, regarding whether they found it complex to use this software, the
students responded jointly that not at all because the teacher explained very well what
they were supposed to do and also guided them all the time, which helped them to
become familiar with the educational software, additionally they mentioned that the
teacher had a lot of knowledge about its management, which contributed to understand
more each of the activities that were developed in Geogebra and that an adequate
construction of knowledge was achieved. The theory is basically focused on how one
is learning and it is also associated with constructivism, which is already known to be
when an individual begins to construct new knowledge from experiences, that is, from
action.
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Taking into account these categories identified in
the use of the tool by the students, a booklet was
developed for didactic use in which academic
activities are presented and uploaded for the use of
Geogebra software in the learning of polygons with
fourth grade students between the ages of 8 and 10
years old.

The usefulness of the didactic strategy is based on
the diagnosis carried out in order to strengthen the
development of variational thinking in fourth grade
students, in addition to promoting the understanding
of the properties of polygons, so that students,
thanks to the strengthening of geometric
understanding, can acquire a better management of
their creative skills such as insight, reflection, the
vision of new perspectives, imagination, among
others.

The strategy is developed in three phases. The first
contains activities that induce the student, in an
autonomous way, to become familiar with the
software and make some first applications in aspects
related to points, straight lines and affines. The
second, which is the central phase, allows the
student to design polygons and explore their
properties. The third phase focuses on addressing
solutions to problem situations posed by the student.

4. CONCLUSIONS

In first instance in the investigation, it was found
that fourth grade students of the Santa Teresa
presentation school have a deficiency in terms of
knowledge that allows them to carry out the
identification of polygons. Taking into account that
this subject is a fundamental part of the teaching of
geometry. In addition, next year the students will
have to take the Evaluate to Advance tests and for
this reason it is important to identify where the
students are failing in order to apply the necessary
measures to improve or strengthen this previous
knowledge so that they can achieve significant
learning.

On the other hand, technological tools are currently
used as a great support for the teaching and learning
processes of students, since they contribute to
achieve learning objectives in the educational
system. Therefore, in the subject of geometry the
use of Geogebra software is considered relevant and
through observation it was possible to identify that
when a clear strategy is determined to address a
topic of this type of software it is favorable for the
motivation of students because it makes them
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participate actively and want to perform the
activities without them seeing it as an obligation or
feeling evaluated. Furthermore, it has many tools
that allow the construction of figures so that they
learn to differentiate each one of them.

Nevertheless, it is not only a matter of implementing
this type of tools, but it is also necessary to evaluate
the impact generated by this type of activities within
the classroom because it is in this way that it is
possible to know what changes should be made or
what activities the students definitely enjoy doing. It
could be evidenced that the students mentioned that
they found interesting the amount of functions of the
software and that they could change the color among
other things that makes its implementation in the
classroom fun. However, they found the Geogebra
interface a bit boring and this made them think that
it was difficult to handle. Finally, it is very useful to
show the students a primer describing in detail the
basic functions of the application that will allow
them to use it without major problems.
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