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Abstract

This article aims to discuss the implications of using Educational Robotics
and Artificial Intelligence in mathematics learning for students in the final
years of elementary education, based on a literature review. To this end,
we adopted a qualitative approach, conducting a mapping of the CAPES
(Coordination for the Improvement of Higher Education Personnel) thesis
and dissertation database from 2019 to 2023. The results revealed the
importance of incorporating digital technologies in schools, especially

Robotics and Artificial Intelligence (AI), as they reflect various successful
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practices and offer innovative tools that go beyond traditional teaching
approaches. Furthermore, the data indicated that preparing educators to
effectively integrate these digital technologies into their pedagogical
practices is relevant, as is the need to reflect on the challenges they
present. Therefore, reflecting on the future of education involves
considering the ability to harmonize innovation with teaching practices,
emphasizing empathy and stimulating curiosity. Through a proactive and
collaborative approach among educators, technologists, and education
managers, it is possible to contribute to an educational environment in
which students play an active role and are prepared for the challenges of
the 21st century.

Keywords: Literature review, Mathematics learning process, Digital

technologies, Mathematics education, Basic education.

Resumen

Este articulo tiene como objetivo discutir las implicaciones del uso de la
Robodtica Educativa y la Inteligencia Artificial en el aprendizaje de las
Matematicas en los ultimos anos de la Educacidon Primaria, a partir de una
revisidn bibliografica. Para ello, se utilizé un enfoque cualitativo, realizando
un mapeo en el catdlogo de tesis y disertaciones de la Coordinacién de
Perfeccionamiento del Personal de Nivel Superior (CAPES) en el periodo de
2019 a 2023. Los resultados revelaron la importancia de incorporar las
tecnologias digitales en el ambito escolar, especialmente la Robdtica y la
Inteligencia Artificial (IA), ya que reflejan diversas practicas exitosas y
proporcionan herramientas innovadoras que trascienden los enfoques
tradicionales de ensefianza. Ademas, los datos sefalaron que es
fundamental la preparacion de los educadores para incorporar eficazmente
estas tecnologias digitales en sus practicas pedagdgicas, asi como
reflexionar sobre los desafios que estas implican. Por lo tanto, reflexionar
sobre el futuro de la Educacién implica pensar en la capacidad de armonizar
las innovaciones con las practicas educativas, privilegiando la empatia y el

estimulo a la curiosidad. A través de un enfoque proactivo y colaborativo
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entre educadores, tecndlogos y gestores educativos, es posible contribuir a
una Educacidn en la que el estudiante tenga un papel activo y esté
preparado para los desafios que exige este siglo.

Palabras clave: Revision bibliografica, Proceso formativo en
matematicas, Tecnologias digitales, Educacion matematica, Educacion

basica.

Résumeé

Cet article vise a discuter des implications de I'utilisation de la robotique
éducative et de lintelligence artificielle dans I'apprentissage des
mathématiques au cours des derniéres années de I'enseignement
fondamental, a partir d'une revue bibliographique. Pour cela, nous avons
adopté une approche qualitative, en réalisant une cartographie dans le
catalogue des theses et mémoires de la Coordination pour I’Amélioration du
Personnel de I'Enseignement Supérieur (CAPES), entre 2019 et 2023. Les
résultats ont révélé I'importance d'intégrer les technologies numériques
dans le contexte scolaire, en particulier la robotique et l'intelligence
artificielle (IA), car elles refletent diverses pratiques réussies et offrent des
outils innovants qui dépassent les approches pédagogiques traditionnelles.
De plus, les données ont souligné qu’il est essentiel de préparer les
enseignants a intégrer efficacement ces technologies numériques dans leurs
pratiques pédagogiques, ainsi que de réfléchir aux défis gu'elles posent.
Réfléchir a l'avenir de I'’éducation revient donc a penser la capacité a
harmoniser les innovations avec les pratiques d’enseignement, en
privilégiant I'empathie et la stimulation de la curiosité. Grace a une
approche proactive et collaborative entre enseignants, technologues et
gestionnaires éducatifs, il est possible de contribuer a une éducation ou
I’éleve joue un role actif et est préparé aux défis du XXIe siecle.
Mots-clés : Revue bibliographique, Processus de formation en
mathématiques, Technologies numériques, Education mathématique,

Enseignement de base.
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Resumo

Este artigo visa discutir as implicacdes do uso da Robdtica Educacional e da
Inteligéncia Artificial na aprendizagem de Matematica dos Anos Finais do
Ensino Fundamental a partir de um levantamento bibliografico. Para tanto,
utilizamos uma abordagem qualitativa, realizando um mapeamento no
catalogo de teses e dissertacdes da Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) de 2019 a 2023. Os resultados revelaram
a importancia de incorporar as tecnologias digitais no ambito escolar, em
especial a Robotica e a Inteligéncia Artificial, uma vez que retratam diversas
praticas exitosas e fornecem ferramentas inovadoras que transcendem as
abordagens tradicionais de ensino. Além disso, os dados apontaram ser
relevante a preparacao de educadores para incorporar efetivamente essas
tecnologias digitais em suas praticas pedagodgicas, assim como ser
necessaria uma reflexao diante dos desafios que se apresentam. Portanto,
refletir acerca do futuro da Educacgao consiste em pensar na capacidade de
harmonizar as inovagdes com as praticas de ensino, primando pela empatia
e pelo estimulo a curiosidade. A partir de uma abordagem proativa e
colaborativa entre educadores, tecndlogos e gestores educacionais, é
possivel contribuir para uma Educacdo em que o aluno tenha um papel ativo
e seja preparado para os desafios que este século demanda.
Palavras-chave: Levantamento bibliografico, Processo formativo em

matematica, Tecnologias digitais, Educacao matematica, Educacao basica.
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Educational robotics, artificial intelligence, and mathematics
education in the final years of elementary education

Introduction

Teachers and researchers have been mobilizing in search of
meaningful ways of teaching mathematics that make sense to students
(Azevedo, Maltempi & Powell, 2022; Faria & Maltempi, 2020; Pereira et al.,
2023; Ponte, Brocardo & Oliveira, 2009). We belong to this group because
we are looking for possibilities that take into account students’ daily lives,
experiences, culture and prior knowledge. We dedicate our research to
transdisciplinary teaching that goes beyond the school walls and respects
the students’ history and context (D’Ambrosio, 2013).

We recognize that, in Brazil, traditional teaching still prevails, based
on a routine of too many exercises aimed only at memorization, coming
from strictly expository classes that do not stimulate student involvement
and have a single method of evaluation, a format that makes classes
exhausting and uninteresting (Faria & Maltempi, 2020). According to
Charlot (2000), learning is directly linked to making sense. It is therefore
necessary for the object of study to make sense to the student. In the
learning process, the personal relevance of what is being studied becomes
important, as students become engaged when they see the connection
between the content and their lives, interests and future goals (D’Ambrosio,
2013).

The urgency of this debate is corroborated by data from PISA 2022,
which reveals that 73% of Brazilian students perform poorly in
mathematics, maintaining a worrying stability in proficiency rates since
2009 (Brazil, 2023; OECD, 2023). From this perspective, Educational
Robotics (ER) and Artificial Intelligence (AI) should not be seen as
accessories, but as essential mediating environments. Thus, it is necessary
for the school institution to understand the universe in which children,
adolescents and young people are inserted and to be willing to constantly
update itself, after all, the digital technologies that permeate and outline

our society are constantly being updated (Santos, Santos & Javaroni, 2023).
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In the quest to deviate from traditional teaching, some teachers
change specific attitudes, such as changing the arrangement of desks from
rows to a circle or swapping the blackboard for a multimedia projector.
Attitudes like this, although often well-intentioned, have no effect if the
teacher maintains the same attitude in the classroom, thinking they are the
center of attention and the holder of knowledge (D’Ambrosio, 2013). For
there to be effective change, it is essential to “know that teaching is not
transferring knowledge, but creating the possibilities for its own production
or construction” (Freire, 2002, p. 21). Introducing robotics in the final years
of elementary school promotes a transition from passivity to protagonism,
allowing students to materialize abstract concepts and build meaningful
mental models. It is in this sense that “The education of students in a school
system where technology is inserted helps to strengthen students’ prior
knowledge, stimulate and challenge students, making learning more
enjoyable and meaningful” (Kaminski et al., 2019, p. 308).

D’Ambrosio (2013) discusses the role of the teacher in the
construction of knowledge. In particular, in the teaching of mathematics, it
is necessary to work with the purpose of encouraging students to develop
critical thinking, as well as to always be in search of the new as a researcher.
In order to do this, teaching and learning processes need to be reframed,
based on the discussion of everyday issues. One of the current problems is
the lack of access to digital technologies for part of the Brazilian population.
The disparity in technological access perpetuates socio-economic
inequalities, since it compromises equal participation in the job market, as
Siqueira, Moreira and Vieira (2023) point out.

Inequalities in technological access are also reflected in the school
environment. In this sense, the entire school community needs to mobilize
to create an environment that provides teaching that allows students to
keep up with current social issues. According to Sibila (2012), the school
must try to overcome the challenge of building bridges between teachers
and students in the face of the various possibilities in the technological world

that attract children, adolescents and young people. Therefore, it is
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necessary to understand that it is about building together, creating
dialogues and learning spaces that take into account the subjectivities of
the students. For this reason, teachers and researchers need to constantly
update themselves, allowing them to learn new things, which includes ways
of making digital technologies accessible in the classroom (Santos, Santos
& Javaroni, 2023).

Ever since the first computers, digital technologies have been
constantly evolving, presenting increasingly up-to-date software and
mechanisms that seek to make life and everyday work easier. In particular,
we can highlight Robotics, which is present in research in many areas.
Education is no different. Robotics opens up space for various discussions
and makes it possible to approach it at various levels of difficulty, making
it inclusive and accessible (Petini, 2019; Romulo, Faria & Brandao, 2024;
Silva & Blikstein, 2020).

Campos (2019) points out that incorporating ER into the school
curriculum has proved relevant, since there is a growing use of robotic
systems in companies, in the health area, showing that these are changes
that are here to stay (Romulo et al., 2023). In view of the reasons
mentioned, we understand that many students will be able to have contact
with the advances of the digital environment in the school environment if
we include robotics in activities inside and outside the classroom.
Furthermore, if we think of students as future professionals, it will be even
more relevant to integrate robotics into teaching.

In the search for innovative strategies that contribute to the
understanding of mathematical content and promote a learning
environment aligned with the demands of contemporary society, we aim to
discuss the implications of the use of Educational Robotics and Artificial
Intelligence in the learning of Mathematics in the Final Years of Primary
School based on a bibliographic survey. Please note that this article is part
of a master’s thesis published in multi-paper format, which was approved
by the Ethics Committee for Research with Human Beings of the Federal
University of Vicosa (CAAE: 75881223.5.0000.5153) (Romulo, 2025).
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As for the theoretical basis, this study dialogues with references in
Mathematics Education that advocate constructionist approaches to
teaching. In particular, contributions from Papert’s constructionism (1980;
2008) are mobilized, which emphasizes learning through the construction
of significant artifacts. This perspective serves as an analytical lens for
interpreting the results of the mapped research. Unlike instructionism,
knowledge occurs when students construct their ideas and project them
onto concrete artifacts (Campos, 2019). The robot acts as a “thinking
machine”, providing a physical mirror for thought and enabling the
debugging process. Error ceases to be a punitive stigma and becomes
essential cognitive data for refining mathematical strategies. In this
theoretical architecture, Artificial Intelligence (AlI) emerges as a strategic
ally (Boden, 2020).

Educational robotics and artificial intelligence: possible
connections

Artificial Intelligence and Robotics are two interconnected areas that
have significantly transformed the way we interact with the world around
us. “Artificial Intelligence seeks to prepare computers to do the kind of
things that the mind is capable of doing” (Boden, 2020, p. 13). Robotics,

on the other hand,

is the field of technology that encompasses mechanics, electronics
and computing, which currently deals with systems composed of
automatic machines and mechanical parts and controlled by
integrated circuits (microprocessors), making motorized mechanical
systems, controlled manually or automatically by circuits or even
computers. (Campos, 2019, p. 13)

The intertwining of Artificial Intelligence and Robotics manifests itself
in everyday life through autonomous robots as intelligent systems that
incorporate advanced machine learning algorithms. They have innovative
applications such as intelligent virtual assistants, autonomous cars,
healthcare robots and advanced industrial automation systems. According

to Luckin et al. (2016), the integration of Al and ER offers personalization
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of learning and adaptive systems that respect the pace of each learner. In
the Brazilian context, the R-CASTLE (Robotic-Cognitive Adaptive System for
Teaching and Learning) system, proposed by Tozadore (2020), exemplifies
the potential to naturalize student-robot interaction. This relationship is
favored in environments where the student actively interacts with the robot,
tests hypotheses and adjusts learning strategies. In this way, the focus
shifts from the tool to the process of constructing knowledge, moving closer
to constructionist logic, in which technology acts as a mediator of
investigative experiences and meaningful learning.

This perspective can be understood in the light of constructionism,
since it emphasizes the student’s active role in the construction of
knowledge through interaction with significant technological artifacts
(Papert, 1980). In constructionism, learning takes place in a deeper way
when the subject is involved in creating, manipulating and exploring objects
that make it possible to externalize ideas and experiment with concepts
(Papert, 2008).

In the Educational sphere, the partnership between AI and Robotics
provides tools to enhance the construction of knowledge. As Luckin et al.
(2016) point out, both can add benefits to the Education scenario, since
they offer personalization of learning, teacher support, adaptive learning
systems, among others. However, the authors warn that there are several
challenges to be faced when it comes to using AI in Education, such as: a
lack of data, since Al depends on large amounts of data to work properly;
a lack of skill among educators; privacy and security concerns; as well as
the need to overcome inequalities. It is therefore essential that the use of
AI, in conjunction with ER, is carefully evaluated and monitored, ensuring
that these resources are used responsibly, providing different practices
capable of enriching the Educational experience.

In this sense, these practices can help in the learning of various
subjects in the school context, even those considered challenging, such as
Mathematics, by making concepts accessible (Petini, 2019; Romulo, Faria

& Brandao, 2024). The challenges related to learning Mathematics in Basic
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Education are one of the main complaints of students, since many children
and adolescents believe that it is an incomprehensible subject, culminating
in the unsatisfactory results present in our schools (Silva, Hoed & Saraiva,
2023; Silveira, 2011). In addition, the 2022 Program for International
Student Assessment (Programa Internacional de Avaliacao de Estudantes -
PISA) shows that Brazil scored below average in terms of proficiency in
Mathematics, as 73% of Brazilian students recorded low performance,
culminating in 62nd and 69th place in the ranking# . Similar to the averages
achieved in 2018, these worrying results have remained stable since the
20009 statistics (Brazil, 2023; OECD, 2023).

According to the Common National Curriculum Base (Base Nacional
Comum Curricular — BNCC), it is essential that students understand digital
technologies in order to be able to use them or even create them. Students
must be able to act beyond accessing and disseminating information, so
that they can produce knowledge, solve problems and play a leading role in
their daily lives. Furthermore, it is essential to exercise curiosity in order to
investigate causes, develop hypotheses, formulate and solve problems and
create solutions, based on knowledge from different areas (Brasil, 2018).
Therefore, meaningful teaching and learning processes in Mathematics
require that practices involving ER, together with Artificial Intelligence, are
linked to an exploratory approach (Ponte, Brocardo & Oliveira, 2009). Its
use should be directed in such a way as to enhance teaching, in which the
figure of the teacher is fundamental and irreplaceable, but not centralized.

As an alternative to rethinking the processes of teaching and learning
Mathematics, we carried out a bibliographical survey aimed at discussing
the implications of using ER and Artificial Intelligence in learning
Mathematics in the Final Years of Elementary School, following the

methodology presented below.

4 The country can assume positions in this range (in this case between positions 62 and 69) depending on the
study’s margin of error (Brazil, 2023; OECD, 2023).
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Methodology

This is a qualitative study, as it analyzes research found on a common
theme from a specific perspective. In this sense, the perspectives and
subjectivities of the authors are relevant in analyzing the data found
(Bogdan & Biklen, 1994). As Lidke and André (2013) point out, we are
interested in going beyond demonstrating results, as we are trying to
understand the phenomenon from a holistic perspective.

Among the possibilities within the scope of qualitative research, this
article is of the bibliographical survey type, considered an essential process
for guiding, grounding and enriching the research process, ensuring that
the results are contextualized, meaningful and contribute to the
advancement of knowledge in the field of study (Garcia, 2016).

In light of our objective, which aims to discuss the implications of
using Educational Robotics and Artificial Intelligence in learning
Mathematics in the Final Years of Elementary School, we mapped the
catalog of theses and dissertations of the Coordination for the Improvement
of Higher Education Personnel (Coordenagao de Aperfeicoamento de
Pessoal de Nivel Superior - CAPES) because it has a broad framework of
academic scientific productions in the Brazilian scenario. We chose theses
and dissertations because they elucidate the research as a whole,
presenting important details in a thorough manner. The survey was carried
out taking the period between 2019 and 2023 as a time frame, in order to
understand the current scenario with regard to ER and the use of Al in
Education. With a view to delimiting our research problem and seeking to
locate studies that directly or indirectly correspond to it, we applied the
following sentences and Boolean operators (AND, OR) to the search:
“Mathematics Teaching (Ensino de Matematica) OR Mathematics
(Matematica) AND Artificial Intelligence (Inteligéncia Artificial) OR Robotics
(Robdtica)”; “Educational Robotics (Robdtica Educacional) AND
Mathematics (Matematica) AND Elementary Education (Ensino
Fundamental)”. As a result, we found 227 papers. Delimiting the period

from 2019 to 2023, this sample was reduced to 81, of which 18 are
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dissertations, 33 academic master’s thesis and 30 professional master’s
thesis. Paying attention to the focus of the work, after a critical reading of
the titles and abstracts, we selected 20 of these studies that aligned with

the proposal of this article, as shown in Figure 1.

Figure 1

Inclusion of potential studies identified in the research (Research data)
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ioe Operadores H 2023 gResumos ] Anallse;
“.. Booleanos . “.. Sistematica

Of the 61 studies excluded, 25% discuss initial or continuing teacher
training, 20% focus on secondary school students, 17% on students in the
early years of elementary school and 5% on higher education students. In
addition, 18% of the studies found were excluded from the corpus of the
analysis because they dealt with digital technologies in general and did not
focus on Robotics and/or Artificial Intelligence. Finally, 15% of the studies
focused on other areas of knowledge such as writing, chemistry, genetics,
computing and different engineering disciplines.

We therefore justify excluding these studies, given that this article is
part of a master’s thesis whose target audience is students in the Final Years
of Elementary School, with Educational Robotics and Artificial Intelligence,
as well as predominant content in the school subject of Mathematics. We
therefore strived for coherence and alignment with the specificities of this

research, so the 20 accepted papers can be seen in Table 1:
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Table 1

Works included in the review (Research Data)

Author

Title Level Institution
(Year)
Robdtica educativa na construgdo do
Aragon pensamento matematico [Educational Master’s Regional University
(2019) robotics in the construction of thesis of Blumenau
mathematical thinking]
A pesquisa brasileira em robdtica
pedagdgica: um mapeamento sistematico
Brito com foco na educacgdo basica [Brazilian Master’s | Federal University of
(2019) research in pedagogical robotics: a thesis Pernambuco
systematic mapping with a focus on basic
education]
Uma experiéncia da robética educacional:
a solugao do desafio rescue line para os
Jorge alunos do ensino fundamental [An Master’s | Rio de Janeiro State
(2019) educational robotics experience: solving thesis University
the rescue line challenge for elementary
school students]
Unidade de ensino potencialmente
significativa para aulas de cinematica no
EJA: o uso da robotica e outras
Soares estratégias interativas [Potentially Master’s | Federal University of
(2019) meaningful teaching unit for kinematics thesis Pampa
classes in the EJA (Youth and Adult
Education): the use of robotics and other
interactive strategies]
Robdtica com Arduino como recurso
Filete p(_adagégico para o ef?S‘”O.de geometria € Master’s North Fluminense
trigonometria [Robotics with Arduino as a . ) )
(2020) X - thesis State University
pedagogical resource for teaching
geometry and trigonometry]
Robdtica pedagdgica como ferramenta
para aplicacao da metodologia steam
(science, technology, engineering, arts
Gavazzi | and mathematics) no ensino fundamental | Master’s University of Sdo
(2020) [Pedagogical robotics as a tool for thesis Paulo
applying the steam methodology (science,
technology, engineering, arts and
mathematics) in elementary education]
Robdtica pedagédgica para o ensino de
Oliveira | ciéncias em Santo Antonio do Taua - Pard | Master’s | Federal University of
(2020) | [Pedagogical robotics for teaching science thesis Para
in Santo Antonio do Taua - Para]
O software scratch como fomento para
praticas steam a partir da aprendizagem
criativa com alunos de uma escola publica
Pereira de Alvorada, RS [Scratch software as a Master’s Lutheran University
(2020) | tool for steam practices based on creative thesis of Brazil
learning with students from a public
school in Alvorada, State of Rio Grande do
Sul, Brazil]
Provin Interfaces da robdtica educativa na Master’s University of Passo
(2020) ensinagem de alguns elementos de thesis Fundo
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geometria plana no ensino fundamental
[Interfaces of educational robotics in the
teaching of some elements of plane
geometry in elementary school]

Toi:do Robotic-cognitive adaptive system for dDi:scécr)tr:tIi University of Sao
(2020) teaching and learning (r-castle) on Paulo
Robotica educacional nas aulas de
Zignag matematica: trabalhos cc_)laborativos com _ _
alunos do 8% ano do ensino fundamental Master’s | Federal University of
o . L . :
(2020) [Educatlonal_ robotics in math classes: thesis Juiz de Fora
collaborative work with 8th grade
students]
Robdtica no ensino e aprendizagem de
Carvalh fisica e matematica no ensino Master's | Federal University of
o] fundamental II [Robotics in the teaching thesis Uberlandia
(2021) | and learning of physics and mathematics
in elementary school II]
Incentivo a popularizacdo da robética
educacional como recurso de ensino por
meio da utilizagdao de um sistema de
~ - . , Federal Rural
Passos | geracao automatizada de planos de ensino | Master’s Uni :
. R, . niversity of the
(2021) [Encouraging the popularization of thesis Semi-Ari
. ; . emi-Arid
educational robotics as a teaching
resource through the use of an automated
teaching plan generation system]
Robdtica educacional livre no 92 ano do
ensino basico: uma trilha de
Silva implemen_tagéo d’e_robética com Arduino Master’s | Federal University of
(2021) para o ensino de f|s_|ca_e matematica [Free thesis Goids
educational robotics in the 9th grade: a
robotics implementation trail with Arduino
for teaching physics and mathematics]
Robdtica educacional aplicada ao ensino
basico: uma analise das abordagens
tedricas e metodoldgicas e dos resultados
. de aprendizagens presentes nas pesquisas , . .
Amorim brasileiras de 2015 a 2020 [Educational Maste_rs State Un|v_er5|ty of
(2022) : . . S thesis Bahia
robotics applied to basic education: an
analysis of theoretical and methodological
approaches and learning outcomes in
Brazilian research from 2015 to 2020]
Marinh Up robotics: Robética Educacional
o Utilizando Linguagem Visual Baseada em Master’'s | Federal University of
(2022) Blocos [Up robotics: Educational Robotics thesis Amazonas
Using Block-Based Visual Language]
Em busca de compreensdes sobre
inteligéncia artificial e programacédo Doctoral
Mattos intuitiva na educagdo matematica [In dissertati Federal University of
(2022) search of understandings about artificial on Parana
intelligence and intuitive programming in
mathematics education]
Simetria da reflexdo, translagdo e
Seghett rotac,:ap. uma abprdagem através da Master's | Federal University of
o] robética educacional [Symmetry of thesis the Southern Border
(2022) reflection, translation and rotation: an

approach through educational robotics]
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O potencial da robdtica educacional na
matematica para estudantes do ensino
fundamental [The potential of educational
robotics in mathematics for elementary
school students]

Robotica educacional: sequéncia didatica
para introducao ao desenvolvimento do
pensamento computacional utilizando o
BBC micro: bit no 9° ano do ensino
fundamental [Educational robotics: a
didactic sequence to introduce the
development of computational thinking
using the BBC micro:bit in the 9th grade
of elementary school]

Sodré
(2022)

Master’s | Santa Catarina State
thesis University

Oliveira
(2023)

Master’s Lutheran University
thesis of Brazil

In view of the studies presented above, the predominance of the
qualitative research approach is notable, as it was adopted by fifteen studies
in this sample. Of the others, only two studies were quantitative (Tozadore,
2020; Passos, 2021) and three were quantitative-qualitative (Gavazzi,
2020; Oliveira, 2020; Marinho, 2022), as shown in Figure 2.

Figure 2

List of research methodological approaches (Research data)

10.00%, _—

15.00%,

/

Qualitativa

Quanti-
gualitativa

Quantitativa

Lidke and André (2013) emphasize the importance of qualitative
research in the field of education because it considers the individuality of
the research, the context, the scenario, the relationship between the
researcher and the research, among other characteristics that are relevant
in the development of a study. We also noticed a greater number of Master’s
thesis than Doctoral dissertation in the studies selected.

As for where these studies were carried out, we can see that eight
studies were carried out in the South of Brazil: two at the Lutheran

University of Brazil, one at the Federal University of Pampa, one at the
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University of Passo Fundo, one at the Regional University of Blumenau, one
at the Federal University of the Southern Frontier, one at the State
University of Santa Catarina and one at the Federal University of Parana. In
the Southeast of Brazil, we had six studies: two from the University of Sao
Paulo, one from the State University of Rio de Janeiro, one from the State
University of Norte Fluminense Darcy Ribeiro, one from the Federal
University of Juiz de Fora and one from the Federal University of Uberlandia.
In the Northeast of Brazil, we selected three studies: one from the Federal
University of Pernambuco, one from the State University of Bahia and one
from the Federal Rural University of Semi-Arid. In the North of Brazil, we
found two studies: one from the Federal University of Para and the other
from the Federal University of Amazonas. Finally, in the Midwest region of
Brazil, we only found one paper from the Federal University of Goias.
Therefore, in the sample that makes up this article, the largest number of
productions is concentrated in the southern region of Brazil.

Below we will present the results of the mapping and analysis carried
out. During the investigation, we found two emerging themes that support
our discussion: "“Educational Robotics as a learning object aimed at
engaging students in the formative process in Mathematics” and “"The use
of Robotics and/or Artificial Intelligence to understand different
mathematical concepts”.

These emerging themes were identified through a process of
analytical reading of the 20 selected papers. Initially, the papers were read
in their entirety, followed by an open coding stage in which recurrences
were recorded in relation to the objectives of the interventions, the results
presented and the discussions produced by the authors. Subsequently,
these recurrences were grouped into thematic categories considering
convergences between the studies. The first emerging theme refers to
evidence of student engagement during activities with ER, often described
in terms of motivation, active participation, collaboration and interest in
mathematical content. The second theme concerns the understanding of

mathematical concepts mediated by robotic devices or computer systems,
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an aspect identified when the studies reported conceptual advances related
to specific content, such as geometry, proportionality or quantities and
measures.

We would like to clarify that our intention is not to provide a detailed
analysis of each study, but rather to discuss the implications of using
Educational Robotics and Artificial Intelligence for learning mathematics in
the Final Years of Elementary School. We have therefore highlighted various
aspects that we believe are relevant to the field of ER in the research we

have found.

Robotics and AI in mathematics learning: academic-scientific
production scenario (2019-2023)

In our search, we found two reviews on ER in Basic Education that
expand this study. The systematic mapping of research from 2001 to 2017,
carried out by Brito (2019), and the systematic literature review from 2015
to 2020, produced by Amorim (2022), show the essentiality as well as the
prevalence of Seymour Papert’s theory of constructionism. According to
Campos (2019), in constructionism, knowledge essentially happens when
students are able to construct their ideas and represent them in the world.
From this perspective, the author argues that we should learn by doing.
Both studies also show that the qualitative approach predominates,
reinforcing the importance of understanding the phenomenon as a whole.
Table 2 shows the theories present in the studies in this survey.

Table 2.

Main theories present in the research (Research Data)

Author (Year) Theory

Ausubel’s Significant
Learning

Aragdo (2019), Soares (2019) and Carvalho (2021)

Jorge (2019), Gavazzi (2020), Oliveira (2020), Pereira
(2020), Provin (2020), Zignago (2020), Silva (2021),
Seghetto (2022) and Oliveira (2023)

Filete (2020) and Marinho (2022) Piaget’s Constructivism
Oliveira (2020), Passos (2021), Mattos (2022) and
Tozadore (2020)

Sodré (2022)

Seymour Papert’s
constructionism

Active Methodologies

Universal Design for
Learning (UDL)
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In particular, other theories underpin research such as: Connectivism
by George Siemens and Stephen Downes (Oliveira, 2020); Collaborative
Learning (Zignago, 2020), Creative Learning (Silva, 2021); Gardner’s
Multiple Intelligences and Vygotsky’s Theory of Personal Relationships
(Pereira, 2020). However, we can see that, in this survey, there is a
predominance of Seymour Papert’s theory of Constructionism.

Dialoguing with the first emerging theme, “"Educational Robotics as a
learning object aimed at engaging students in the formative process in
Mathematics”, the aforementioned reviews present the contributions of
Educational Robotics not only in academic life but also in social life. Robotics
practices can stimulate skills such as working as a team, exercising
creativity, sharpening attention, exploring critical thinking, reasoning
logically, knowing how to communicate, being able to explain ideas to
colleagues, among others that are instilled in the learning process. These
skills can help personal relationships and contribute to the development of
critical and aware citizens (Amorim, 2022; Filete, 2020; Gavazzi, 2020;
Jorge, 2019; Oliveira, 2020; Oliveira, 2023; Pereira, 2020; Silva, 2021;
Sodré, 2022).

The analysis of the 20 papers reveals a tension between the tools
used and the socio-economic reality of the schools. While 41.67% of the
studies used high-cost commercial kits (Lego Mindstorms), authors such as
Aragao (2019), Provin (2020) and Silva (2021) opted to use low-cost
materials and scrap metal. This is not just a financial choice, but a
“pedagogical-political decision for democratization” (Carvalho, 2021). The
use of “"Free Robotics” puts the school “"up to date with its time”, promoting
sustainability and reducing the disparity in technological access that
perpetuates inequalities (Siqueira et al., 2023). Furthermore, from the
perspective of Azevedo, Maltempi and Powell (2022), such practices foster
“Critical Mathematics”, where robotic invention encourages intellectual and
scientific emancipation.

The second emerging theme, “The use of robotics and/or Artificial

Intelligence to understand different mathematical concepts”, consists of
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introducing or exploring mathematical concepts through Robotics. Some
learning models are involved in this process, such as the collaborative, the
meaningful, the active through investigations and playful activities that
enable moments that make the teaching and learning processes dynamic
and light (Aragao, 2019; Carvalho, 2021; Marinho, 2022; Mattos, 2022;
Passos, 2021; Provin, 2020; Seghetto, 2022; Tozadore, 2020; Zignago,
2020).

ER has proven effective in materializing concepts of Plane Geometry,
angles and functions. Mattos (2022) uses Pierre Lévy’'s “hypertext
metaphor” to explain how intuitive programming creates networks of
mental nodes that facilitate the understanding of complex mathematical
models. The teacher acts as a “curator” of the technological message,
mediating the relationship between the student (interpreter) and the
interface (developer). Studies such as those by Seghetto (2022) and Filete
(2020) show that the use of Arduino and simulators such as Tinkercad
transform abstract concepts of symmetry and trigonometry into practical
and tangible challenges.

Although the term Artificial Intelligence appears in the title of several
of the papers analyzed, there is a significant analytical gap in the treatment
of this concept. In general, Al is mentioned superficially, without any in-
depth discussion of its pedagogical possibilities or ways of integrating it with
ER. Among the studies analyzed, only Tozadore (2020) deals more directly
with the technical and pedagogical link between Artificial Intelligence and
Robotics. This lack of depth may be related to different factors, such as
educators’ resistance to emerging technologies (Sodré, 2022), the need for
specific technical knowledge to develop or use Al-based systems, and the
scarcity of structured educational databases that can feed machine learning
algorithms in the Brazilian school context (Luckin et al., 2016). In this
scenario, Artificial Intelligence tends to be presented predominantly as an
innovative or motivational resource, rather than as a tool capable of
promoting personalization of learning, analysis of educational data or

support for the construction of differentiated cognitive trajectories.
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An example of research that sought to explore Mathematics and
Science concepts through Robotics was that of Oliveira (2023).
Corroborating Gadanidis et al. (2022), the work found that the use of
robotic devices, aligned with a Didactic Sequence, makes it possible to
explore various concepts in these disciplines, stimulating creativity,
abstraction, pattern recognition, problem solving and skills such as notions
of programming, decomposition, among others. Adding to these
contributions, Azevedo, Maltempi and Powell (2022) point to the possibility
of developing socio-emotional skills based on critical mathematics, making
the subject autonomous, a protagonist, and critical when facing societal
issues, with their intellectual and scientific emancipation encouraged during
the training process.

In the field of Artificial Intelligence (AI), Mattos (2022), Pereira (2020)
and Tozadore (2020) show the possibilities of Al in Education. Tozadore
(2020, p. 13) states that

[...] Al can enhance the learning experience through interactive
devices that, at first, increase students’ interest and motivation
because they are new and that try to continue producing these effects
in the long term through adaptation and customization techniques.

Al fosters Mathematic Education through intuitive programming, since
it develops various skills in students. Mattos (2022) also believes that
intelligence technologies and intuitive programming can be related to the
hypertext metaphor. According to Lévy (2010), the hypertext metaphor
consists of the association used to give meaning to a text, linking or
connecting it to other texts. Thus, through the associations and network of
nodes® that can be established in images, as well as mental models, it is
possible to establish relationships through which the message will be
understood. As an example, she cites the relationship between the user,
who will interpret software based on their knowledge and experience, and

the developer responsible for providing the message to be interpreted. In

> The expression “nodes”, commonly used in the field of Artificial Intelligence, particularly in neural networks,
refers to a set of nodes, i.e. connections established between models.
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addition, Pereira (2020) exposes the benefits of using Scratch software in
relation to the difficulty of learning complex sciences such as Mathematics.
However, we identified a gap in studies involving Al in conjunction with ER.
Only Tozadore (2020) addresses the relationship between Al and ER, aiming
to naturalize student-robot interaction through R-CASTLE, an Adaptive
Cognitive System for Educational Social Robotics that assists teachers in
their planning, execution and evaluation of educational activities.

Tozadore (2020) and Pereira (2020) agree with Luckin et al. (2016)
regarding the role of the teacher in the use of Artificial Intelligence in their
teaching practices. This role is characterized as fundamental, that of
facilitator of learning, responsible for analyzing, evaluating and weighing up
the practices, methods or models used.

Inserting ER into the curriculum can provide dynamic teaching, since
it can enable a range of classroom productions. By using the robot as a
learning object, students can be attentive, focused, motivated and
interested in learning. In addition, contextualized teaching through problem
situations can contribute to the development of teamwork and knowledge
exchange (Jorge, 2019; Romulo; Faria & Brandao, 2024). It should be noted
that schools need to go beyond the physical walls of the space in search of
up-to-date and relevant knowledge (Gadanidis et al., 2022; Sibila, 2012).

In the context of Mathematics Education, Aragao (2019), Marinho
(2022), Oliveira (2023) and Sodré (2022) attest that it is possible to use
Robotics to explore knowledge and to introduce a new subject in class,
elucidating even the most complex concepts. According to Sodré (2022),
encouraging the construction of mathematical thinking based on
decomposition, quantification, abstraction, flat figures, basic calculations,
among other tasks that emerge when working with Robotics reveals that it
is a resource that can enhance the formative process in Mathematics. This
process influences both academic performance and the development of
interpersonal relationships. Thus, “in the contemporary era in which we are
living, schools cannot remain inert to this new panorama that Educational

Robotics has been presenting in society” (Aragao, 2019, p. 119).
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Similarly, the research by Zignago (2020), Seghetto (2022), Provin
(2020) and Filete (2020) addresses school content related to the study of
plane geometry through Robotics. In these works, the satisfactory results
help us to affirm that ER can become a valuable ally for Mathematics
teachers, promoting the creation of projects and learning situations in which
participants collaborate directly in order to train active, questioning and
innovative students (Serres, 2013). However, it is worth pointing out that
“Robotics in Education cannot be taught in isolation and fragmented by
areas of knowledge or disciplines” (Filete, 2020, p. 111) since, in order to
build and solidify knowledge, it is essential to introduce basic concepts of
electronics. In addition, it is necessary to review and address all the content
needed for the practices to run smoothly in order to resolve any doubts and
provide students with active participation in the learning process.

In the context of teaching, the Science system has shown promise as
it is a lesson plan generation system that combines Mathematics and
Robotics. In this way, students can have contact with ER linked to
Mathematical concepts, even if the teacher has no knowledge of Robotics
(Passos, 2021). In view of this new challenge of working with Robotics, a
tool that provides lesson plans for teachers could become an interesting
resource. However, it is worth pointing out that each educational
environment has its own individuality in terms of resources and the context
in which the school is located. Therefore, it is necessary to be appropriate
and cautious when using lesson plans prepared by third parties.

Articulating with other disciplines, Gavazzi (2020), Oliveira (2023)
and Pereira (2020) show studies in the area of STEAM® in the Final Years of
Elementary School. In the same direction, with a view to multidisciplinarity,
Oliveira (2020) uses ER as an auxiliary tool to introduce concepts in the
subject of science in the Final Years of Elementary School. Through the use
of Arduino kits, the researcher worked on different concepts in Physics,

Chemistry, Biology, Mathematics and the Arts. More specifically, working in

® STEAM is the abbreviation of the English term “Science, Technology, Engineering, Arts and Mathematics” to
refer to practices that work with the connection between these areas.
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an interdisciplinary way with Mathematics, Carvalho (2021), Silva (2021)
and Soares (2019) relate ER to the teaching of physics in the Final Years of
Elementary School, the first two with 9th grade classes and the last with
students in the EJA (Young Adult Education) modality. In order to better
analyze the research, in Table 3 we present in detail the area and the
mathematical content developed, as well as how the practices were carried

out during classes or in the after-school hours.

Table 3

Main mathematical content covered in the studies (Research data)

Author (Year) Area Mathematical Content Realization
Arago (2019) and Mathemati Rules of Th_ree; Numbers:: Regular
cs and Real, Irrational, Integer;
Soares (2019) : . schedule
Science Quantities and Measures.
Mathemati Quantities and Measures; Extracurricul
Carvsaillr\'n/c; ((33311)) and cs and Numbers: Real, Irrational ar (After-
Science and Whole. school)
Jorge (2019), Passos . . .
(2021), Mattos (2022), Mathemati Numbers: ReaI,IIrrat_lonaI Extracurricul
, and Integer; Basic ar (After-
Sodre (2022) and cs Operations school)
Tozadore (2020) P '
. . Angles; Symmetries of
Filete (2020) and Mathemati Reflection, Rotation and Regular
Seghetto (2022) cs . schedule
Translation.

. . Plane geometry: angles, ;
Provin (2020), Zlgnago Mathemati triangles and Extracurricul
(2020) and Marinho : ] _ ar (After-

cs quadrilaterals; quantities
(2022) school)
and measures.
Gavazzi (2020), Oliveira Numbers: Real; Irrational; Extracurricul
(2020), Pereira (2020) STEAM Potentiation; Scientific ar (After-
and Oliveira (2023) notation; Percentage;
L : school)
Periodic decimals.

There are also studies exploring proportionality (Aragao, 2019;
2020), 2019; 2021),

circumference (Aragao, 2019; Filete, 2020) and trigonometry (Filete,

Zignago, affine functions (Aragao, Carvalho,
2020). In general, the practices were conducted by the class teacher, with
two exceptions: one was carried out by a Technician with training in
Robotics (Marinho, 2022) and the other there is no data in the research
about the researcher’s relationship with the school (Gavazzi, 2020). Most
of them are math teachers, some of whom also teach Robotics classes, with

the exception of science teachers (Soares, 2019; Pereira, 2020) and
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Robotics teachers (Jorge, 2019). It is important to note that all the teachers
were concerned about continuing training, seeking specialization or a
second degree in areas that were close to digital technologies, in particular
Educational Robotics. Therefore, the data suggests that the professionals
responsible for the practices developed in the research had knowledge of
Robotics.

These studies indicate the relevance of Robotics in different fields of
Education. However, we can’t see it as a mere complement to the
classroom, since here we present its potential to provide a dynamic,
inclusive, enjoyable teaching environment that can foster the development

of different student skills. In particular,

the use of Free Pedagogical Robotics, fostering the use of
Mathematics, can be a great ally in Basic Education, as it gives us the
“Meaning of Knowledge”, the “why” and application of that
knowledge. At the same time, it opens up a range of possibilities for
future studies, both for the participants, who discover new areas of
knowledge, such as engineering, electrical/electronics, programming,
automation, science and the arts, and for the teacher/researcher, who
is able to use/make new learning methods, where they can learn from
the participants, in a mutual exchange of knowledge. (Silva, 2021, p.
142-143).

However, it should be emphasized that in various practical activities,
among the studied presented (Aragao, 2019; Gavazzi, 2020; Jorge, 2019;
Seghetto, 2022; Soares, 2019; Zignago, 2020), the use of Lego and
Arduino ER kits known for their excellence, with precise and high-tech parts,
is predominant. However, due to the prices they are sold for, we understand
that they are far from the budget of most public schools. We therefore
believe it is necessary to engage in studies that include low-cost and even
sustainable tools. “Educational robotics, with the use of a low-cost robot,
can be a teaching aid capable of bringing ‘school up to date with its time””
(Carvalho, 2021, p. 105, emphasis added). In order to verify what has been
described above, Table 4 provides details of the materials, platforms and

methodologies used in the studies in this review.
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Table 4

Details of studies on Educational Robotics (Research Data)

Author (Year) Material Platform Methodology

Aragao (2019), Jorge (2019), || .1 Mindstorms

Gavazzi (2020), Zignago Kits Mindstorms Problem solving
(2020) and Passos (2021)
Soares (2019) and Seghetto Lego Mindstorms Mindstorms Didatic sequence

(2022) kits

Filete (2020), Provin (2020), Arduino
Carvalho (2021), Silva (2021)

; . Arduino IDE Didatic Sequence
and Sodré (2022) Educational Kit

Oliveira (2020) and Marinho Arduino

(2022) Educational Kit Arduino IDE Problem solving
Pereira (2020) Notebooks Scratch Creating games
Oliveira (2023) Micro: Bit M'CArg;)b't Didatic Sequence

In his review, Brito (2019) points out that 41.67% of the sample used
Lego kits, corroborating this data. Amorim (2022) emphasizes that, in his
survey, the predominant methodologies are workshops, sequences of
didactic activities, pedagogical scripts and experimentation. It should be
noted that Aragao (2019), Provin (2020) and Silva (2021) also used scrap
metal to make the study comprehensive and sustainable. With regard to
software, Sodré (2022) did not explore the programming part. More
specifically, Oliveira (2020) used Ardublockly, Provin (2020) made use of
the S4A platform, Zignago (2020) used the EV3 block, as did Carvalho
(2021) and Filete (2020) who expanded the possibilities using tinkercad.
With regard to methodologies, Oliveira (2020) also explored project-based
learning.

Among the limitations presented in the studies, we can highlight the
search for suitable methods, since there are few projects in the literature
to link robotics to the content required in the curriculum (Brito, 2019; Silva,
2021; Soares, 2019). Likewise, statistically evaluating the efficiency of
projects as a whole is a complex process (Tozadore, 2020). There is also

concern about reflecting on the ethical and philosophical aspects of using
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Al systems involved in educational processes (Mattos, 2022). Another
challenge that emerges in this scenario is the large number of students in
the class, making it difficult to carry out the practices since the volume of
students is disproportionate to the robotic materials available due to the
limited resources of some schools (Amorim, 2022; Marinho, 2022; Provin,
2020; Seghetto 2022; Zignago, 2020).

Because it is a subject that has been little explored in the Educational
sphere, digital technologies, especially Robotics, face resistance from some
educators and principals (Sodré, 2022). In addition, in order to make the
most of robotic experiences, some studies report that a greater number of
meetings would be necessary, which can compromise the limited schedule
of schools. Thus, sometimes the time becomes insufficient for consistent
practices (Amorim, 2022; Oliveira, 2023; Seghetto, 2022). Provin (2020)
points out issues relating to the imprecision and quality of the components
and recommends that, in order to minimize this limitation, the teacher
should act as a mediator in the process of building knowledge. In addition,
research points to the growing demand for initial and continuing training for
educators that provides knowledge of the different digital technologies and
security to develop practices (Amorim, 2022; Marinho, 2022; Filete, 2020;
Mattos, 2022; Provin, 2020).

In general terms, the results of the research reaffirm the importance
of incorporating digital technologies into the school environment, especially
Robotics and Al, since they portray multiple successful practices, providing
innovative experiences that transcend traditional teaching approaches. In
addition, they point out that it is possible to establish a balanced approach
that promotes the integration of Robotics and Al as facilitating tools in the
school environment, but not as a substitute for the human interaction that
is essential in Education. However, the discussions also reveal that it is

important to prepare educators to effectively incorporate these digital
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technologies into their teaching practices, since the teacher has the
important role of orchestrating this construction of knowledge.

It can be seen that, in the works analyzed, Robotics is not only used
as a motivational resource, but as a teaching device that allows
mathematical concepts to be represented, modeled and experimented with.
The manipulation of sensors, motors and geometric structures creates
situations in which mathematical properties need to be explained in order
for the robot to perform certain actions. In this way, concepts such as
angles, proportionality and spatial relationships are no longer dealt with
exclusively on a symbolic level but are also explored on a material and

operational level, favoring processes of mathematical meaning.

Final considerations

This study sought to discuss the implications of using Educational
Robotics and Artificial Intelligence for learning mathematics in the Final
Years of Elementary School. Thus, based on a bibliographic survey, we
investigated research that addressed the topic of ER and/or AI in
pedagogical practices, especially in mathematical learning.

The findings of this review show different practices that demonstrate
how to use Robotics to enhance the processes of teaching and learning
Mathematics in the FINAL YEARS of Elementary School, awakening a critical
and creative vision in students in relation to these advances. In addition,
although there are few studies, research indicates that ER, combined with
AI, can personalize learning, adapting to the individual needs of students.
The interactivity and engagement provided by educational robots open up
new possibilities for meaningful, playful, contextualized and enjoyable
teaching and learning processes.

The comparative analysis of the studies indicates that student

engagement does not appear only as a consequence of the presence of
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technologies, but as a result of pedagogical proposals that articulate
problem solving, mathematical investigation and collaborative construction
of artifacts. In this context, ER works as a mediator of investigative
practices in which students test hypotheses, review strategies and negotiate
solutions collectively, a dynamic that is close to the constructionist
perspective in the context of Mathematics Education (Papert, 2008).

Although the research analyzed does not specifically address teacher
training for the use of ER and Al, the results also warn of the need and
urgency to consider the preparation and role of teachers. Faced with
technological innovations, it is essential to invest in initial and continuing
teacher training, since their role as mediators of knowledge construction is
key to the conscious and critical use of these tools.

Given the gap in this research, future in-depth studies on the
existence of works that address exactly this connection could reveal
essential nuances to understand the use of AI and Robotics in the
Educational sphere in a comprehensive way. In addition, future research
could consider the training of educators in relation to digital technologies,
especially Al and Robotics.

Among the contributions of this article, we can highlight the relevance
and urgency of addressing an important issue emerging in the field of
Education, the comprehensive synthesis of interesting practices, the limits
and challenges highlighted as well as the possibilities pointed out. The
analysis carried out provides a scenario for subsequent research in recent
years, highlighting fundamental aspects for the field of ER and Al in the
context of Education, as well as providing valuable input for educators,
researchers and others interested in the subject.

In the Education scenario, AI and Robotics have the potential to
transform teaching and learning processes, ensuring a fertile environment

for both innovation and creativity, contributing to the understanding of
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subjects considered complex and abstract, such as Mathematics. However,
its use must be carefully evaluated and monitored to ensure that it is a safe
and promising practice. It is worth highlighting the relevance of involving
educators, students, carers and other stakeholders in the development and
implementation of ER alongside Al in Education in order to enable it to meet
the needs of everyone involved.

Reflecting on the future of Education means thinking about the ability
to harmonize innovations in the field of digital technologies with teaching
practices, focusing on empathy and stimulating curiosity. In this way, the
challenge is to maximize the benefits of these digital technologies without
compromising human interaction, socio-emotional development and
encouraging creativity in teaching and learning processes. Based on a
proactive and collaborative approach between educators, technicians and
educational managers, we envision an education that is student-centered
and prepared for the challenges arising from the different demands of the
21st century.

The mapping of Brazilian scientific production shows that ER and
Artificial Intelligence have transformative potential in Mathematics
Education, as long as they are harmonized with empathy and teacher
mediation. Technology does not replace the teacher; it expands their
capacity to orchestrate learning environments where curiosity is the main
driving force. However, the limitations are real: the high cost of proprietary
kits and the challenge of overcrowded classrooms faced with a reduced
number of materials (Amorim, 2022; Marinho, 2022) impose barriers to
large-scale implementation. The future of the area depends on overcoming
the gap related to AI, and investing in continuing education that enables
teachers to manage adaptive learning systems safely and ethically.

Finally, in order to strengthen the propositional nature of this study,

it should be noted that the research was part of a project funded by the
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National Council for Scientific and Technological Development (Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldégico - CNPq)
(408155/2022-1 - Application of Reinforcement Learning Techniques in the
Navigation of Autonomous Vehicles), coordinated by Prof. Dr. Alexandre
Santos Brandao. Alexandre Santos Brandao, whose developments have led
to the consolidation of new research fronts, including two other research
projects funded by the Minas Gerais State Research Foundation (Fundacao
de Amparo a Pesquisa do Estado de Minas Gerais - FAPEMIG): Mathematics
Education and Social Robotics: potential and challenges in the context of
Basic Education (APQ-04493-23) and Teacher Training for the
Transformation of Basic Education through Educational Robotics (APQ-
06673-24), both coordinated by Prof. Dr. Rejane Waiandan. Dr. Rejane
Waiandt Schuwartz de Carvalho Faria.

These projects provide for the implementation of continuing education
actions structured around practical workshops and the development of
teaching materials, with a view to promoting the exchange of experiences,
the monitoring of teaching practices and the effective integration of
Educational Robotics into teaching. The aim is to move beyond diagnosis,
contributing to contextualized, collaborative and sustainable training
proposals, aligned with the demands of Basic Education and the
requirements of research with greater academic and social impact (Faria,

Santos & Brandao, 2026).
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