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Abstract

Digital technologies (DT) have positively contributed to various areas, including
learning. However, it is essential to adopt methodological rigor when analyzing the
relationship between technology and learning, avoiding conclusions based solely on
empiricism. In this regard, following bibliographic procedures, a qualitative approach,
and a descriptive character, this study aimed to map the theses and dissertations
published in the Catalog of Theses and Dissertations of Capes and in the Brazilian Digital
Library of Theses and Dissertations. The purpose was to identify which learning theories
(LT), according to Lefrancois (2016) and Moreira (2023), underpin research on the
mathematics learning facilitated by DT in high school. The results indicated that, out of
the 120 analyzed works, only 12 were based on just three theories: Ausubel’s Theory

of Meaningful Learning (TML) (10), Vygotsky’s Mediation Learning Theory (MLT) (2),
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and Dewey'’s Interest-based Learning Theory (IBLT) (1). This suggests that the majority
of research does not use LT to substantiate their claims regarding learning. Among the
12, the TML was the most used. It was also highlighted that the DT play an important
role in learning, although this does not depend exclusively on them, as the TDs were
supported by non-digital resources or teaching methodologies. Finally, the results
suggest that the integration of LT with DT can enhance the teaching and learning
process of mathematics.

Keywords: Learning Theories, Digital technologies, Mathematics, High school.

Resumen

Las tecnologias digitales (TD) han contribuido positivamente en diversas areas,
incluyendo el aprendizaje. Sin embargo, es esencial adoptar un rigor metodoldgico al
analizar la relacion entre tecnologia y aprendizaje, evitando conclusiones basadas
Unicamente en el empirismo. En este contexto, siguiendo procedimientos bibliograficos,
un enfoque cualitativo y un caracter descriptivo, este estudio tuvo como objetivo
mapear las tesis y disertaciones publicadas en el Catalogo de Tesis y Disertaciones de
la Capes y en la Biblioteca Digital Brasilefia de Tesis y Disertaciones. El propdsito fue
identificar cuales teorias del aprendizaje (TA), segun Lefrancgois (2016) y Moreira
(2023), fundamentan investigaciones sobre el aprendizaje de matematicas
proporcionado por las TD en la Educacion Media. Los resultados senalaron que, de los
120 trabajos analizados, solo 12 se basaron en tres teorias: Teoria del Aprendizaje
Significativo (TAS), de Ausubel (10), Teoria del Aprendizaje por Mediacién (TAM), de
Vygotsky (2), y Teoria del Aprendizaje por Interés (TAI), de Dewey (1). Esto sugiere
que la mayoria de las investigaciones no utilizan las TA para fundamentar sus
afirmaciones respecto al aprendizaje. Entre los 12, la TAS fue la mas utilizada. Se
evidencido también que las TD desempefan un papel importante en el aprendizaje,
aunque este no dependa exclusivamente de aquellas, ya que las TD fueron auxiliadas
por recursos no digitales o metodologias de ensefianza. Por ultimo, los resultados
sugieren que la integracion de TA con TD puede mejorar el proceso de ensefianza y
aprendizaje de matematicas.

Palabras-clave: Teorias del aprendizaje, Tecnologias digitales, Matematicas,

Educacion secundaria.

Résumeé
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Les technologies numériques (TN) ont contribué positivement dans divers domaines, y
compris |'apprentissage. Cependant, il est essentiel d'adopter une rigueur
méthodologique lors de I'analyse de la relation entre technologie et apprentissage, en
évitant des conclusions basées uniquement sur I'empirisme. Dans cette optique, en
suivant des procédures bibliographiques, une approche qualitative et un caractére
descriptif, cette étude a pour objectif de cartographier les theéses et mémoires publiés
dans le Catalogue de Theéses et Mémoires de la Capes et dans la Bibliotheque Numérique
Brésilienne des Théses et Mémoires. Le but était d'identifier quelles théories de
I'apprentissage (TA), selon Lefrancois (2016) et Moreira (2023), fondent les recherches
sur l'apprentissage des mathématiques facilité par les TN au lycée. Les résultats ont
montré que, parmi les 120 travaux analysés, seulement 12 étaient basés sur trois
théories : la Théorie de I'Apprentissage Significatif (TAS), d'Ausubel (10), la Théorie de
I'Apprentissage par Médiation (TAM), de Vygotsky (2), et la Théorie de I'Apprentissage
par Intérét (TAI), de Dewey (1). Cela suggere que la majorité des recherches n'utilisent
pas les TA pour étayer leurs affirmations concernant I'apprentissage. Parmi les 12, la
TAS a été la plus utilisée. Il a également été souligné que les TD jouent un rdle
important dans |'apprentissage, bien que celui-ci ne dépende pas exclusivement de
celles-ci, étant donné que les TD ont été soutenues par des ressources non numériques
ou des méthodologies d'enseignement. Enfin, les résultats suggerent que l'intégration
de TA avec TD peut améliorer le processus d'enseignement et d'apprentissage des
mathématiques.

Mots-clés : Théories de I'apprentissage, Technologies numeériques,

Mathématiques, Enseignement secondaire.

Resumo

As tecnologias digitais (TD) tém contribuido positivamente em diversas areas, incluindo
a aprendizagem. No entanto, é essencial adotar um rigor metodoldgico ao analisar a
relacao entre tecnologia e aprendizagem, evitando conclusdes baseadas apenas no
empirismo. Nessa esteira, seguindo procedimentos bibliograficos, uma abordagem
qualitativa e um carater descritivo, este estudo objetivou mapear as teses e
dissertacOes publicadas no Catalogo de Teses e Dissertacdes da Capes e na Biblioteca
Digital Brasileira de Teses e Dissertacdoes. O propdsito foi identificar quais teorias da
aprendizagem (TA), segundo Lefrancois (2016) e Moreira (2023), fundamentam
pesquisas sobre a aprendizagem de matematica proporcionada pelas TD no Ensino

Médio. Os resultados apontaram que, dos 120 trabalhos analisados, apenas 12 foram
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embasados em apenas trés teorias: Teoria da Aprendizagem Significativa (TAS), de
Ausubel (10), Teoria da Aprendizagem por Mediacao (TAM), de Vygotsky (2), e Teoria
da Aprendizagem por Interesse (TAI), de Dewey (1). Isso sugere que a maioria das
pesquisas nado utiliza as TA para fundamentar suas afirmacdes quanto a aprendizagem.
Entre os 12, a TAS foi a mais utilizada. Foi evidenciado ainda que as TD desempenham
um papel importante na aprendizagem, embora essa nao dependa exclusivamente
daquela, visto que as TD foram auxiliadas por recursos nao digitais ou metodologias de
ensino. Por fim, os resultados sugerem que a integracao de TA com TD pode aprimorar
0 processo de ensino e aprendizagem de matematica.

Palavras-chave: Teorias da aprendizagem, Tecnologias digitais, Matematica,

Ensino médio.
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Learning theories and digital technologies in national research applied to
High School Mathematics: a mapping

Introduction

Learning is a natural human ability, essential for cognitive development. In the
context of learning mathematical concepts, which is fundamental to both academic
progress and civic education (Brazil, 2018), this process presents a challenge for both
teachers and learners. According to Antunes (2007), there are various learning
methods that manifest themselves uniquely in each individual, and it is crucial that
teachers understand and utilize these processes effectively.

The teaching and learning of mathematics have been extensively discussed by
various authors (D’Ambrosio, 1986, 2008; Carvalho, 1994; Alro & Skovsmose, 2006;
Skovsmose, 2001; Toledo & Toledo, 2009; Vitti, 1999; Parra & Saiz, 1996). This field
of study has found a new foundation in digital technologies (DT), which have introduced
new approaches in the classroom, with the aim of improving, enhancing, and
overcoming traditional barriers in mathematics education.

This potential of TD is also demonstrated in studies such as those by Borba et al.
(2014), Borba (2009), Borba & Penteado (2001), Borba & Villarreal (2005), and Chiari
(2019), as well as research based on the ideas of Seymour Papert (Silva et al., 2015;
Lopes et al., 2017; Gaidargi, 2020; Soffner, 2021; Pereira et al., 2022; Pereira, 2023).
As early as the 1970s, Papert suggested the use of computers in mathematics learning
beyond the simple manipulation of symbols, so as to allow children to develop as they
control real physical processes in an intelligible and programmed manner (Papert,
1971).

In this regard, the use of tools that make the teaching and learning process more
effective and enjoyable has become central to the discussion of TD. Taking advantage
of the fact that today’s students are digital natives (Prensky, 2001), these TD have
been introduced into education to provide new ways of approaching instructional
content, with the aim of making learning more satisfying and, perhaps, enjoyable.

In this context, although teaching is an intentional process aimed at promoting
learning, involving the mediation between knowledge and the learner and organizing

situations that enable the learner’s active acquisition of knowledge (Libaneo, 2017),
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this study does not intend to explore or discuss this field in depth. Thus, we confirm
that learning is the focus of this study, particularly the learning of mathematics through
the use of TD.

As for this digital technology, although studies confirm improvements and positive
contributions to learning, we question whether the analysis is rigorous. In other words,
is this learning empirically supported or grounded in any learning theory? Given this
concern, the study aims to identify which learning theories (LT) have underpinned the
research (theses and dissertations) addressing the use of DT and mathematics learning
involving high school students. Some secondary questions, presented in the section
“Description of the mapping and delimitation of the body of studies,” will also be
explored, contributing to the identification of possible gaps in the application of these
theories.

In the following sections, we present the theoretical framework, including a
summary of LT, with a focus on mathematics learning and the use of DT.

It is worth noting that, in this mapping, as in Jesus (2014) and Zarpelon and
Resende (2020), we have considered all the major LT —cognitive, humanistic, and
behavioral—in accordance with the works of Lefrancois (2016) and Moreira (2023),
namely: Ausubel, Bandura, Bruner, Dewey, Freire, Gagné, Gestalt theory (Max
Wertheimer, Wolfgang Kdéhler, Kurt Koffka), Gowin, Guthrie, Hebb, Hull, Johnson-Laird,
Kelly, Laird, Moreira, Novak, Pavlov, Piaget, Rogers, Skinner, Sweller, Thorndike,

Tolman, Vergnaud, Vygotsky, and Watson.

Learning from the perspective of theories

The act of learning is innate to human beings and begins at the very first moment
of life. It is a continuous process through which individuals acquire, modify, and
reinforce knowledge, skills, behaviors, or values through study, experience, practice,
or observation. This process is fundamental to cognitive and personal development and
can occur in various contexts, such as educational, professional, and social settings.
Learning involves a dynamic interaction between the individual and the environment,
influenced by both internal and external factors.

Lefrancois (2016) defines learning as any relatively lasting change in behavioral

potential resulting from experience, with these behavioral changes serving as evidence
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that learning has occurred. Moreira (2023) expands on this view, highlighting that
learning is influenced by various aspects, including conditioning, the acquisition of
information (increased knowledge), stable behavioral changes, the application of
knowledge to problem-solving, the construction of new meanings, the creation of new
cognitive structures, and the revision of mental models. Both, in fact, refer to cognitive
learning, which “[...] results in the organized storage of information and knowledge in
the learner’s memory, and this organized complex is known as a cognitive structure”
(Moreira, 1999, p. 13).

Several theorists present their conceptions of the learning process. Skinner
(1953), for example, states that learning is the alteration in behavior resulting from
previous experiences or practices. For Piaget (1952), it is a dynamic process of
knowledge construction, which occurs through the interaction between the environment
and the cognitive reorganization of experiences. According to Vygotsky (1978), learning
is the progressive internalization of social and cultural interactions, culminating in the
development of cognitive abilities. Rogers (1969) argues that it represents the ability
to improve oneself to deal with challenges and solve unprecedented problems,
demonstrating continuous personal development. Bandura (1977) asserts that learning
occurs when we acquire knowledge, behaviors, and skills by observing others and
interacting socially. For Ausubel (1968), learning occurs when there is organization and
integration of the material to be learned into the cognitive structure, that is, when the
subject's existing cognitive structure is modified by the assimilation of new information,
considering their prior knowledge. Freire (1987) conceives of learning as a dialogical
and liberating process, in which individuals are not merely passive recipients of
knowledge, but active participants in the construction of their own knowledge.

As for the types of learning, Moreira (2023) adds that, generally speaking, there
are three main types: cognitive learning, which involves the organization and storage
of information in the learner’s mind; affective learning, which is related to internal
signals such as pleasure and pain, satisfaction or dissatisfaction, joy or anxiety; and
psychomotor learning, which encompasses muscular responses acquired through
training and practice.

Among others, the authors cited have developed theories to explain their views

on learning.

A learning theory is, therefore, a human construct for systematically interpreting

the area of knowledge we call learning. It represents an author's/researcher's

point of view on how to interpret the topic of learning, what the independent,
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dependent, and intervening variables are. It attempts to explain what learning is,
why it works, and how it works (Moreira, 1999, p. 12).

Underlying each theory is a philosophical foundation built upon concepts and
principles. Regarding assistive technologies (ATs), theorists follow one (or sometimes
move between two) of the following philosophies, according to Moreira (2023): the
behavioralist or behaviorist philosophy, which emphasizes the observable and
measurable behaviors of the individual, that is, the responses they give to external
stimuli; the cognitivist or constructivist philosophy, which highlights what is ignored by
behaviorists — cognition, the act of knowing and how human beings understand the
world; and the humanist philosophy, which sees the learner, first and foremost, as a
person, focusing on their self-realization and personal growth, considering them
holistically, encompassing feelings, thoughts, and actions, and not just as an intellect.

In this context, within the classroom environment, understanding learning
processes, their theoretical and philosophical foundations, becomes fundamental for
the educator. This allows them to develop teaching and learning strategies that fully

meet the students' aspirations regarding their learning.

Learning Mathematics and Digital Technologies

Mathematics is not just a resource for fields like economics, engineering,
chemistry, physics, and technology, which drive the development of a society. In the
field of education, it is a central discipline that contributes to the development of
essential cognitive skills. The study of mathematics teaches students to think logically
and structurally, to identify patterns, and to solve complex problems. These skills are
transferable to various areas of knowledge and to everyday life, making mathematics
an indispensable tool for personal and professional development.

In this sense, mathematics is fundamental for citizens to exercise their
participation in society, allowing them, for example, to understand statistics, graphs,
and data, which enables them to interpret information critically and to participate
actively in political, economic, and social issues (D'Ambrosio, 2006; Freire, 1987;
Nunes et al., 1993).

The National Common Curriculum Base (NCCB) (Brasil, 2018) highlights that
mathematical knowledge is essential for all students in Basic Education, both for its
application in contemporary society and for the formation of critical citizens aware of

their social responsibilities.
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Considering its importance to society and its development, the data from the
latest Programme for International Student Assessment (PISA) regarding Brazil are
worrying, due to the low scores obtained in the exam, especially in the subject of

Mathematics:

Of Brazilian students, 73% registered low performance in this subject (below level

2). This level is considered by the OECD to be the minimum standard for young

people to fully exercise their citizenship. Among OECD member countries, the

percentage of those who did not reach level 2 was 31%. Only 1% of Brazilians
achieved high performance in mathematics (level 5 or higher) (Ministry of

Education website, 2024).

Considering this context, DT, given how today's youth, the so-called digital
natives (Prensky, 2001), interact with them, have shown themselves to be alternatives
for the development of teaching and learning in the school environment. Kenski (2007)
corroborates these possibilities, since, according to the author, DTs can represent and
process a wide variety of information, integrating computing, communications, and
diverse content formats. She further states that "there is no doubt that new
communication and information technologies have brought considerable and positive
changes to education" (Kenski, 2007, p. 46).

Regarding DT, the NCCB, in its general competency 5, advocates that it is
necessary to understand, employ, and develop them in a critical, reflective, and ethical
manner in different social contexts, including the school environment, in order to
communicate, access and share information, create knowledge, solve problems, and
assume an active and autonomous role in individual and collective life (Brasil, 2018).

Thus, there is a diversity of technological artifacts that can be and have been
used inside and outside the classroom to improve teaching and learning. This can be
seen in research such as that of Lima et al. (2016), which addressed the integration of
the History of Mathematics with the teaching of Mathematics, using video as a
methodological resource to make classes more dynamic and attractive, promoting
meaningful and reflective learning for students. Rost et al. (2022) highlight the creation
of an educational application, the Chemistry Guru, to teach about chemical elements

and toxic waste, filling gaps in Chemistry education. Nascimento et al. (2023) present

the development of educational games using Scratch software to assist in the teaching

Educ. Matem. Pesq., Sdo Paulo, v. 28, p. 01- 28, 2026, e68357 1155



and learning of mathematical content, focusing on the development of computational
thinking and the approach to probability according to the NCCB.

Although many studies present positive results from the use of DT in high school
mathematics learning, several are not based on technological advancements.
Therefore, this study aims to identify those that make use of these theories and to

promote their dissemination.

Methodology

Considering that "research mapping" is understood as "[...] a systematic process
of collecting and describing information about research produced on a specific field of
study, covering a given space (place) and time period" (Fiorentini et al., 2016, p. 18),
the study in question has a descriptive character, according to its objectives.

Given that we are analyzing theses and dissertations already published in the
Catalog of Theses and Dissertations (CTD) and the Brazilian Digital Library of Theses
and Dissertations (BDTD), this research, in terms of procedures, is classified as
bibliographic, since its fundamental principle is to understand the various scientific
contributions related to a specific theme or phenomenon (Oliveira Netto, 2008).

Given the questions to be answered in this research, the study adopts a

qualitative approach.

Mapping and delimiting the body of studies

Research question and other questions

Prompted by the need for rigor in the analysis of data (Lidke & André, 2013) on
mathematics learning by high school students, provided by DT, this research, which
aims to map theses and dissertations from 2014 to May 2024 in the CTD and BDTD
databases, seeks to highlight which learning theories (Lefrancois, 2016; Moreira, 2023)
underpin mathematics learning in studies involving DT, particularly with high school
students.

Believing that there may be gaps in the relationship between AT and DT within
the scope of this research, we have chosen other questions, considered secondary (SQ),
that may emerge from the analysis of the selected studies, namely:

1. Which philosophical currents (behaviorist, cognitivist, and humanist) have stood
out?
2. What topics are covered in these studies?
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3. What DT have been used in learning these subjects?

4. What theoretical assumptions of LT are mentioned in these studies?

5. Are DT used in research the primary resource that promotes learning, or do they

act in a complementary way?

Given the various ways in which learning can be processed (Lefrancois, 2016;
Moreira, 2023) and the fertile field of subjectivity that surrounds it, we believe in the
importance of "escaping" empirical analyses in favor of solid theoretical foundations
(Lefrancois, 2016; Moreira, 2023).

Definition of the locus

For the collection of studies (theses and dissertations), we chose CTD and BDTD,
as they are the most widely used in the academic field. This statement is justified in
relation to CTD, since the bibliographic data of its published dissertations and theses
are provided directly to CAPES by postgraduate programs throughout the country,
which are responsible for authenticating the information (Catalog of Theses and
Dissertations, 2024). BDTD, in turn, integrates the information systems of theses and
dissertations of teaching and research institutions in Brazil, encouraging the registration
and publication of these works electronically. In collaboration with the country's
academic institutions, BDTD enables the Brazilian scientific community to share and
promote its theses and dissertations produced both in Brazil and abroad, increasing the

visibility of national scientific production (BDTD Capes, 2024).

The selection process: defining the string and initial results in the
databases

With the foundations established, the descriptors "learning theory,"
"mathematics," "high school," and "digital technologies" were defined, based on the
research question, as defining elements of the search string. In order to obtain works
that address digital technologies within the context of the research, words referring to
digital technologies, such as software, applet, virtual learning object, and digital
educational resource, were added to the string. Thus, the resulting string is presented
as follows: “teoria da aprendizagem” AND matematica AND ((tecnologia* digita*) OR
software OR applet OR “objeto* virtua* de aprendizagem” OR “recurso* educaciona*
digita*”) AND “ensino médio”. The use of the asterisk in some words expands their

variations.
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When creating the string, filters were defined in the databases in order to restrict
the scope of the search. Thus, in each database, the time range of January 2014 to
May 2024 was assigned, selecting only theses and dissertations in Portuguese and with
open access.

Considering that the string may return works that meet the criteria but are not
relevant to the research, inclusion/exclusion criteria were defined. Therefore, only
theses and dissertations in the field of mathematics that address the use of DT, deal
with learning, and involve high school students should be included; and those that do
not present a learning theory; do not focus on learning with the use of DT; are
systematic reviews and/or mappings or state-of-the-art studies should be excluded.

Using the parameters that defined the scope of the selected studies, we entered
the string into the BDTD search field and applied the aforementioned filters. Initially,
the system returned 58 results.

Regarding the CTD, the system did not support the insertion of the generated
string, displaying the following information: "No records found for the searched term."
Therefore, it was necessary to break it down into three substrings: string 1 - “teoria da
aprendizagem” AND matematica AND “ensino médio” AND ((tecnologias digitais) OR
software OR applet) - which returned 62 studies within the established timeframe;
string 2 - “teoria da aprendizagem” AND matematica AND “ensino médio” AND “objetos
virtuais de aprendizagem” - which presented only 01 (one) study, but this had already
been retrieved by string 1; e a string 3 - “teoria da aprendizagem” AND matematica
AND “ensino médio” AND “recursos educacionais digitais” - who did not recover jobs
within the considered timeframe.

Thus, after reading the abstracts and conducting a cursory reading of the texts,
from a total of 120 studies, excluding duplicates in both databases and applying the
inclusion and exclusion criteria, the number of studies was reduced to 12, consisting of

1 thesis and 11 dissertations (Table 2).

Results and discussion

Theories Underpinning the Research

This section answers the main question of this research: which learning theories,
according to Lefrancois (2016) and Moreira (2023), underpin research on mathematics
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learning involving digital technologies applied to high school students? The results are

summarized in the table below, followed by a discussion of the data.
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Table 1.

Learning theories that underpin the research

Author Title Theory
Fernandes Meaningful learning: a proposal for teaching and learning spatial TML
(2015) Euclidean geometry in high school
Boiago Area of plane figures: a teaching proposal with mathematical TML
(2015) modeling
Silva (2016) Teachlng_ trigonometry in the t_rallnlng of agrlcultural technicians: TML
overcoming challenges and building meaning
Miléo (2017) Teaching descriptive statistics for data handling in high school TML
. Financial education in high school: an analysis based on David
Villa (2017) Ausubel's meaningful learning theory TML
Gurgel A proposal for teaching and learning statistics in high school from T™ML
(2018) the perspective of historical-critical pedagogy
Potential uses of GeoGebra software for developing content on
Cruz (2018) exponential functions via smartphone MLT
Fabro (2018) Teachl_ng units that are potentially significant for learning TML e
analytical geometry IBLT
Milani (2018) Research on teaching analytical geometry using a video-based TML
approach
Rodrigues Reflection on an interdisciplinary and contextualized practice for MLT
(2019) teaching Positional Geometry and Platonic Solids
Information and communication technology resources in
Souza (2019) statistics education: GeoGebra TML
Sanches Flipped classroom methodology in basic financial mathematics TML
(2019) classes: a proposal for high school

Observing the selected research (Table 1), it is evident that Ausubel's Theory of

Meaningful Learning (TML) is the most frequently used, appearing in 10 of the 12

studies. Vygotsky's Mediation Learning Theory (MLT)appears in 2 dissertations, while

Dewey's Interest-Based Learning Theory (IBLT) is mentioned in only 1. Thus, the

philosophical current of constructivism (Ausubel and Vygotsky) stands out in the

research, with a very small contribution from the humanistic approach (Dewey). This

answers SQ1.

Although they do not specifically address the relationship between LT and DT, the

topic of this mapping, the results obtained are aligned with the research of Zarpelon

and Resende (2020), Jesus (2014) and Oliveira et al. (2017).
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Zarpelon and Resende (2020), in identifying the teaching methods that underpin
teaching practice and reference the work in the Calculus I course, concluded that
Vygotsky was the most cited theorist, followed by Piaget and Ausubel. Furthermore,
the authors “suggest a predominance of work without adequate theoretical grounding”
(op. cit., p. 1, 2020).

Jesus's dissertation (2014), which aimed to present a scientometric profile of LT
in the most important Brazilian journals in the field of Science Education, demonstrated
that, in general, cognitive and humanistic LT are the most mentioned in the works,
highlighting Piaget, Vygotsky, Freire, and Ausubel.

Finally, Oliveira et al. (2017), who presented a literature review on open-ended
problem solving in physics teaching, offering an overview of academic production over
the last 20 years, as well as discussing the theoretical and methodological frameworks
used in teaching and research related to open-ended problems in this area, reported
that Paulo Freire and Vergnaud each provide the basis for only one work, and that, in
other articles, only references to Vygotsky's Zone of Proximal Development (ZPD) and
constructivist philosophy were found. Furthermore, they reaffirm that, in general, the
use of AT (Analysis and Theory) foundations to guide professional practices is not

observed (Oliveira et al., 2017).

Responses to Secondary Questions (SQ) 2 and 3

Table 2 presents the technologies and content of each research project, as well
as their authors, in order to assist in the discussion of the data and to answer secondary
questions SQ2 and SQ3.
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Table 2.

DT and content present in the research

Autor (a) Tecnologia utilizada Contetdo
Fernandes .
(2015) Software Poly Euclidean Geometry
Boiago (2015) GeoGebra Plane geometry
Silva (2016) GeoGebra Trigonometry
Miléo (2017) Excel Descriptive Statistics
Villa (2017) Excel Financial Mathematics
Gurgel (2018) Excel Statistic
Cruz (2018) GeoGebra Exponential Function
Fabro (2018) GeoGebra e GraFeq Analytic Geometry
Milani (2018) Digital videos Analytic Geometry
Rodrigues Positional Geometry and Regular
(2019) Software Poly Polyhedra
Souza (2019) GeoGebra Descriptive Statistics
Sanches Ambiente virtual - ) .
(2019) Schoology Basic Financial Mathematics

Regarding the learning of mathematical content, Geometry (plane, spatial, and
analytical) stands out, appearing in 5 out of 12 studies, followed by Statistics (3/12),
Financial Mathematics (2/12), and Exponential Function and Trigonometry, both
appearing once each (1/12). In the case of the Exponential Function, present in Silva's
research (2016), despite its connection with plane geometry, the author focuses the
learning on the application of this concept, working not only with real-world situations
related to plane geometry but also with other applications, such as trigonometric
functions.

Regarding the technological resources used in research for learning development
(Table 2), GeoGebra is generally the most used software (5/12), contributing as a
relevant resource for mathematics teachers seeking to integrate this technology into
their pedagogical practices in the classroom (Pelli, 2014). It is used in learning plane
geometry (Boiago, 2015), trigonometry (Silva, 2016), exponential functions (Cruz,
2018), analytical geometry (Fabro, 2018), and descriptive statistics (Souza, 2019). It
is therefore confirmed as a versatile software, capable of developing the learning of
diverse content, enabling, according to Faria and Maltempi (2019), the exploration of

different representations that highlight the nuances of various areas of mathematics,

1162 Educ. Matem. Pesq., Sdo Paulo, v. 28, p. 01- 28, 2026, e68357



through its varied tools and visualizations that show interconnected mathematical
objects in a dynamic way.

Regarding the content of Geometry (plane, spatial, and analytical), which
represents 5/12 of the content, GeoGebra, present in 2 of the 5 works on this subject
(Boiago, 2015, and Fabro, 2018), shares preference with the Poly software (Rodrigues,
2019, and Fernandes, 2015) and GraFeq, which is used in conjunction with GeoGebra
in Fabro's research (2018). Also noteworthy in Milani's thesis (2018) is the use of digital
videos (1/5) for learning Analytical Geometry.

In learning Statistics, the Excel spreadsheet is the most widely used tool, as can
be seen in the research by Miléo (2017) and Gurgel (2018). GeoGebra is also used in
learning this content (Souza, 2019).

In learning Financial Mathematics, Excel (Villa, 2017) and the Schoology virtual
environment (Sanches, 2019) are used. Regarding the latter technology, Silva et al.
(2023) point out that the Schoology platform is a virtual learning environment that
offers various resources, such as sharing materials, carrying out activities, interacting
in forums, sending messages, applying assessments, among other functionalities that

assist in the teaching and learning process.

Theoretical assumptions employed in the research and the relationship
between digital technologies and learning

This section presents the theoretical assumptions evidenced in the research, as
well as the relationship between ICTs and learning, in order to obtain answers to SQ 4
and 5.

Fernandes (2015) investigated the occurrence of Meaningful Learning related to
the concept of Spatial Euclidean Geometry through concept maps, concrete materials
and the Poly software, which acted as a prior organizer of learning, stimulating
students' interest and promoting the active construction of knowledge by facilitating
the visualization and understanding of the plan of three-dimensional geometric figures
in two dimensions.

In his research, Boiago (2015) reports that TML provided a theoretical basis for
the development and evaluation of his teaching proposal (a didactic sequence relating
the calculation of the area of plane figures). According to the author, through the
principles of TML, the aim is to ensure that students establish connections between new
knowledge and their prior experiences, attributing meaning and relevance to learning,

which can enhance the effectiveness of the teaching and learning process. In this
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context, GeoGebra played a fundamental role when used as a tool for the mathematical
modeling of figural logos. The results indicated that this approach favored the
understanding of mathematical concepts, promoting meaningful and lasting learning,
in which the combination of TML, educational technology, and practical activities proved
effective for teaching plane geometry.

In Silva (2016), TML is used as a theoretical basis to promote a deeper and more
lasting understanding of trigonometry, stimulating the active construction of knowledge
and favoring the assimilation of hew concepts in a more meaningful and applicable way.
The GeoGebra software worked in conjunction with mathematical modeling to provide
a more practical and visual approach to trigonometry concepts in the context of
agriculture. The research conclusions indicated that the proposed pedagogical
strategies contributed to a more active and meaningful learning of trigonometry
concepts in the context of agriculture.

According to Miléo (2017), the TML played a fundamental role, underpinning the
methodological approach adopted. The researcher sought to promote meaningful
learning for students, integrating their prior knowledge with the content of Descriptive
Statistics (DS) through the Excel spreadsheet. The TAS also aimed to make the teaching
and learning process more meaningful, actively involving students as protagonists,
contributing to the development of reading, interpretation, and data analysis skKills.
Regarding the digital technology used, it was considered an effective way to improve
the teaching and learning process of DS, contributing to meaningful learning for
students (Miléo, 2017).

Villa's (2017) proposal, a didactic sequence aimed at assisting students in
managing financial resources, was based on the essential principles of Ausubel's TML,
with the intention of developing a teaching methodology that explored financial
education concepts based on students' prior knowledge. To this end, the Excel
spreadsheet was used as an auxiliary tool in teaching these concepts. According to the
author, the research results showed that most students improved their understanding
of financial education, indicating signs of significant learning.

The pedagogical approach adopted by Gurgel (2018), which uses Historical-
Critical Pedagogy in Statistics, sought to associate new statistical knowledge with
students' prior knowledge, allowing for the construction of meaning and the integration
of content in a deeper and more contextualized way. To this end, the computer played
a fundamental role as a didactic resource to assist in the teaching and learning of this

content. According to Gurgel (2018), the results showed that this approach promoted
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meaningful and contextualized learning, with students demonstrating greater interest,
engagement, and mastery of statistical language.

Cruz (2018) used Vygotsky's Mediated Learning Theory (MLT), which emphasizes
the importance of the interaction between instruments, subjects, and objects in the
learning process. For Vygotsky (1987), mediation is a fundamental element for the
internalization of social, historical, and cultural activities and behaviors, contributing to
the cognitive development of individuals. Thus, the author reveals in her study that
mobile devices, such as cell phones and smartphones, acted as mediators between the
participants and the content of exponential functions, through the GeoGebra software,
which was essential to enhance the participants' learning in relation to these functions,
making the teaching and learning process more interactive, visual, and effective.

Fabro's (2018) study was based on Ausubel's (2003) TML, emphasizing the
importance of connecting new knowledge to the learner's existing cognitive structure,
seeking the construction of meaning through assimilation and progressive
differentiation. Furthermore, the research was also based on Dewey's (1959) IBLT,
which highlights the importance of student engagement, genuine interest in learning,
and the relevance of prior knowledge in the construction of meaningful knowledge.

The researcher asserts that the implementation of Potentially Meaningful
Teaching Units (PMTU), in association with digital resources (internet, GPS, videos, and
mathematical software such as GeoGebra and GraFeq) and non-digital resources (other
support resources), has the potential to promote meaningful learning, showing
significant results in this aspect. This finding is corroborated by Silva et al. (2024), who
warn, however, that the simple insertion of technologies does not guarantee learning,
and that teacher mediation and a consistent theoretical foundation are necessary to
guide pedagogical practices.

Based on Ausubel's TML, Milani's (2018) study analyzed the impact of videos on
identifying students' prior knowledge, motivation for learning, and the effectiveness of
using this digital technology as an educational tool for Analytic Geometry content. The
evaluation of the learning process, based on Ausubel's TML, revealed that videos have
a positive impact on teaching this content, activating prior knowledge and creating
stimulating and engaging environments (Milani, 2018).

Based on socio-interactionist methods and Vygotsky's learning theory,
particularly the idea of mediation, Rodrigues (2019) sought to create favorable
conditions in the educational environment for learning Positional Geometry and Regular

Polyhedra. To this end, she used the Poly software, which, according to the author,
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enabled a more dynamic and interactive approach to teaching these mathematical
concepts, allowing students to explore the properties of polyhedra in a practical and
visual way, contributing to the development of their learning.

Souza (2019), in his dissertation, which aimed to develop and analyze the
efficiency of a didactic sequence that includes the GeoGebra software in the teaching
and learning of descriptive statistics for third-year high school students, states that the
contribution of the TML to the study was in the perspective of "understanding the
importance of the teaching and learning process and the conditions that should be
considered or created in order to offer greater stability to the content taught in the
classroom" (p. 105). According to Souza (2019), GeoGebra contributed significantly to
the understanding of the descriptive statistics content addressed during the sessions,
evidencing a conceptual evolution of the students throughout the activities, which
manifested itself in the improved understanding of topics related to the subject.

Sanches' (2019) research explored the contributions of a pedagogical proposal
supported by the Flipped Classroom (FC) methodology, developed from the principles
of TML. This approach highlighted the importance of considering students' prior
knowledge, promoting a connection with everyday reality, and providing practical and
reflective activities. In this context, the author concludes that the combination of the
FC methodology with the use of the Schoology virtual environment was effective in
promoting meaningful, collaborative, and personalized learning, offering students a
more dynamic, interactive, and enriching educational experience.

Notably, Ausubel's TML is the most widely used learning theory to support the
research, being present in 10 out of 12 studies. In this sense, we present the terms

most frequently mentioned by the studies (Table 3).
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Table 3.
Theoretical assumptions of Ausubel's Meaningful Learning mentioned in the

research.

Theoretical Fernande Bocl)ag Silva Miléo Villa Gu:’ge Fabro Milani Souza Sanche
assumptions s (2015) (2015 (2016 (2017 (2017 (2018 (2018 (2018 (2019 S

of TML ) ) ) ) ) ) ) ) (2019)

Prior knowledge 2 X X X X 2 2 2 2 2

Potentially
significant

Mechanical
learning

Previous
organizers

Progressive
differentiation
and integrative
reconciliation

Assimilation X X X X X X X X

Representationa

|, conceptual,

and X X X X X
propositional

learning

Subordinate,

superordinate,

and X X X X
combinatorial

learning

Sequential
organization
and
consolidation

Obliterative
assimilation

The theoretical assumptions "prior knowledge" and "obliterative assimilation"
stand out. The first is the most frequently used in the research, while the second does

not appear in any of them. It is important to clarify that some of the terms present in
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these studies (Table 3) are cited as part of the theoretical presentation, but are not
effectively applied in the development of the investigations.

These findings are in line with the research of Huf et al. (2019), who, through the
analysis of the Parana Meeting on Mathematics Education (PMME), sought to examine
the relationship established by the authors between the concepts of Ausubel's TAS and
the teaching and learning of mathematics. Among the results, they report that "[...]
those who address meaningful learning do not delve into the discussions, which are
basically centered on subsuming knowledge and the learner's predisposition to learn"
(p.1).

This mapping does not aim to delve into the reasons that explain the limited
application of the theory. In this sense, a gap for future research is identified.

Regarding the relationship between DT and learning, in general, all research
shows that the former contributes to the latter. Furthermore, in response to SQ5, it
was found that 50% of the DT used in the studies are not the primary resource
promoting content learning, thus acting in a complementary way. This was verified in
Fernandes (2015), who, along with the Poly software, uses concept maps and concrete
materials; Villa (2017), who employs Excel to assist in teaching financial mathematics
and financial education; Fabro (2018), who uses PMTU in conjunction with digital and
non-digital resources, called support materials; Gurgel (2018), who, using Historical-
Critical Pedagogy to work with statistics, employs the computer (Excel) as a didactic
resource to support teaching and learning; and Rodrigues (2019), who integrated
diverse didactic materials, such as polyhedra made with cardboard and MDF (Medium
Density Fiberboard) cubes, in addition to the Poly software. and Sanches (2019), who
combined the SAI methodology with the Schoology virtual environment.

It was also found that 4/12 of the studies worked in conjunction with other
teaching approaches, such as mathematical modeling and/or didactic sequences
(Boiago, 2015; Silva, 2016; Miléo, 2017; Souza, 2019). Once inserted into these
teaching approaches, it is not possible to affirm, based on the reading of the texts, that

these technologies, by themselves, were responsible for the learning.
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Only 2/12 of the studies (Cruz, 2018; Milani, 2018) used technological resources,
GeoGebra and digital videos, respectively, without integrating them into other teaching

approaches, acting individually in student learning.

Final considerations

The main objective of this mapping was to identify which learning theories,
according to Lefrancois (2016) and Moreira (2023), underpin research (theses and/or
dissertations) that address mathematics learning involving DT, applied to high school
students. The results revealed interesting aspects, aligned with the proposed questions.

Of a total of 120 studies, only 12 were based on three of the LT cited by Lefrangois
(2016) and Moreira (2023). Among them, the predominance of D. Ausubel's TMLstands
out (Table 1) (10 studies), with a small contribution from Vygotsky (2 studies) and
Dewey (1 study, in association with TML), thus dominating the constructivist
philosophy. Furthermore, regarding TML, it is observed that all studies make use of the
theoretical assumption of "prior knowledge," while "obliterative assimilation" is not
mentioned in any study.

The findings suggest that most research addressing mathematics learning
through DT, involving high school students, is not consistently grounded in LT. This fact
is also evidenced in the research of Zarpelon and Resende (2020), Jesus (2014), and
Oliveira et al. (2017), although these do not directly address DT and mathematics.

Among the subjects whose learning was based on LT, Geometry (plane, spatial
and analytical), Statistics, Financial Mathematics, Exponential Function and
Trigonometry stand out, with Geometry being the focus of 5 of the 12 studies. Given
the diversity of mathematical topics, this scenario highlights the need for more content
to be investigated in relation to its learning from the perspective of LT.

Among the DT used in the research, the GeoGebra software was the most
frequently used. This demonstrates its importance for mathematics education (Pelli,
2014), since it is possible to address various topics in teaching and learning contexts
(Faria & Maltempi, 2019), many in a dynamic way.

In general, all research indicates that DT play a positive role in learning. However,

it is observed that this learning process, based on LT, is not exclusively based on these
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resources. In half of the studies, DT provided learning in association with non-digital
resources; four were incorporated into didactic sequences and/or modeling; and in only
two studies, DT (GeoGebra and digital videos) provided learning individually.

This study did not aim to compare the effectiveness of learning with the exclusive
use of DT versus its combination with non-digital resources. This gap could be explored
in future research.

The results indicate that integrating LT with DT can contribute to improving the
teaching and learning of mathematics in high school, since teachers, by understanding
how student learning occurs through these theories, will be able to work with DT more
efficiently, achieving the ideal of learning.

In this sense, LT play a central role in providing scientific rigor to research,
allowing us to understand the mechanisms that underpin learning. However, this study
has limitations as it is restricted to the national context, indicating the need for
expansion to international investigations, in order to allow for comparative analyses
and greater generalization of the results.

Understanding how research has focused on improving learning, especially in
mathematics, can inspire new approaches, with or without the use of technology,
directed at teaching and learning. It is hoped that this mapping will also contribute to

this goal.
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