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Abstract

The term “contextualization” in Mathematics Education, particularly in Mathematical
Modeling, raises concerns due to the multiplicity of ideas that lack explanation. In this
scenario, we investigated the phenomenon of contextualization in Mathematical
Modeling, guided by the question: what is this, contextualization in Mathematical
Modeling in Mathematics Education? Taking a phenomenological stance, this research
was carried out in the texts of the annals of the National Conference on Modeling in
Mathematics Education, covering the editions from 1999 to 2019. Through a
hermeneutic analysis, four categories emerged that discuss aspects of
contextualization: 1) Context is part of Modeling; 2) Context as a ground in which... 3)
Contextualization as a way of, that and for; 4) Modeling as a way of contextualizing or

contextualization through Modeling. The interpretations revealed that contextualization
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and the various contexts, by themselves, do not fulfill the promises of learning and are
not donors of senses and meanings. However, we understand that it is human historicity
that allows us to contextualize, considering the lived horizon of each subject in their
entropic relationships.

Keywords: Context, Mathematics education, Contextualize, Phenomenology.

Resumen

El término “contextualizacion” en Educacién Matematica, particularmente en
Modelacion Matematica, genera preocupaciones debido a la multiplicidad de ideas que
requieren explicacién. En este escenario, investigamos el fendmeno de la
contextualizacién en la Modelacion Matematica, guiados por la pregunta équé es esto
de la contextualizacion en la Modelacién Matematica en la Educacion Matematica?
Asumiendo una postura fenomenoldgica, esta investigacion se desarrolld en los textos
de las actas del Congreso Nacional de Modelizacidn en Educacion Matematica, que
abarca las ediciones de 1999 a 2019. A través de un analisis hermenéutico, emergieron
cuatro categorias que discuten aspectos de la contextualizacion: 1) El contexto es parte
del Modelado; 2) El contexto como terreno en el que... 3) La contextualizacién como
modo de, aquello y para; 4) Modelado como forma de contextualizar o contextualizacion
a través del Modelado. Las interpretaciones revelaron que la contextualizacion y los
diferentes contextos, por si mismos, no cumplen las promesas del aprendizaje y no
aportan significados y significados. Sin embargo, entendemos que es la historicidad
humana la que nos permite contextualizar, considerando el horizonte vivido de cada
sujeto en sus relaciones entropia.

Palabras clave: Contexto, Educacion matematica, Contextualizar,

Fenomenologia.

Résumé

Le terme « contextualisation » dans I'enseignement des mathématiques, en particulier
dans la modélisation mathématique, suscite des inquiétudes en raison de la multiplicité
des idées qui nécessitent une explication. Dans ce scénario, nous avons étudié le
phénomeéne de contextualisation dans la modélisation mathématique, guidés par la
question : qu'est-ce que la contextualisation dans la modélisation mathématique dans
I'enseignement des mathématiques ? Dans une perspective phénoménologique, cette
recherche s'est déroulée dans les textes des actes de la Conférence nationale sur la

modélisation dans I'enseignement des mathématiques, couvrant les éditions de 1999 a
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2019. Grace a une analyse herméneutique, quatre catégories ont émergé qui discutent
des aspects de la contextualisation : 1) La contexte, cela fait partie de la modélisation ;
2) Le contexte comme fondement dans lequel... 3) La contextualisation comme moyen
de, cela et pour ; 4) La modélisation comme moyen de contextualisation ou de
contextualisation par la modélisation. Les interprétations ont révélé que la
contextualisation et les différents contextes, en eux-mémes, ne remplissent pas les
promesses de l'apprentissage et ne fournissent pas de sens et de significations.
Cependant, nous comprenons que c'est [|'historicité humaine qui permet de
contextualiser, en considérant I'horizon vécu de chaque sujet dans ses relations
entropiques.

Mots-clés : Contexte, Enseignement des mathématiques, Contextualiser,

Phénoménologie.

Resumo

O termo “contextualizacdo” na Educacao Matematica, particularmente na Modelagem
Matematica, gera inquietacdes pela multiplicidade de ideias que carecem de
explicitacdo. Nesse cenario, investigamos o fenOmeno da contextualizacdo na
Modelagem Matematica, orientados pela interrogacao o que € isto: contextualizacdo na
Modelagem Matematica na Educacdo Matematica? Assumindo a postura
fenomenoldgica, essa pesquisa se deu nos textos dos anais da Conferéncia Nacional
sobre Modelagem na Educacdo Matematica, abrangendo as edicdes de 1999 a 2019.
Por meio de uma analise hermenéutica, emergiram quatro categorias que discutem
aspectos da contextualizagdo: 1) O contexto é parte da Modelagem; 2) O contexto
como um solo em que... 3) A contextualizagdago como um modo de, que e para; 4) A
Modelagem como um modo de contextualizar, ou a contextualizagdao pela Modelagem.
As interpretacdes revelaram que a contextualizacao e os diversos contextos, por si so,
nao concretizam as promessas de aprendizagem e nao sao doadoras de sentidos e
significados. No entanto, compreendemos que € a historicidade humana que permite
contextualizar, considerando o horizonte vivido de cada sujeito nas suas relagdes
entropaticas.

Palavras-chave: Contexto, Educacao matematica, Contextualizar,

Fenomenologia.
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A phenomenological investigation on contextualization in mathematical
modeling

Introduction

Contextualization, a recurring theme in educational debates, gained prominence
after the 1990s, with discussions about secondary education reform and curricular
proposals such as the National Curriculum Parameters (PCN) (Maia Filho et al., 2018),
and continues to feature in subsequent documents, including the current National
Common Core Curriculum (BNCC). The Curriculum Guidelines for Secondary Education
(OCEM) state that it is in the “[...] dynamics of contextualization/decontextualization
that students construct meaningful knowledge” (Brasil, 2006, p. 83).

With similar statements in various curricular documents, such as the PCN, OCEM,
BNCC, the Law on Guidelines and Bases for National Education (LDB), and the National
Curricular Guidelines for Basic Education, contextualization has been promoted as a
means to achieve various objectives. As a way to give meaning to knowledge, to move
beyond an exclusively disciplinary approach, to propose connections between the
dimensions of work, science, technology, and culture, establishing a relationship
between the subject and the object to make learning meaningful (Brasil, 1999, 2006,
2013, 2018).

In the literature, contextualization is addressed in different areas of knowledge;
in Mathematics Education, it is considered a means of giving meaning to abstract
content (Teixeira Junior, 2008) and of bringing mathematical concepts closer to reality
(Spinelli, 2011; Ponte & Quaresma, 2012; Biserra, 2013; Silveira et al., 2014).
Furthermore, there are considerations that the context can be varied, such as being
specific to mathematics, problem situations, Mathematical Modeling, the History of
Mathematics, and others (Luccas & Batista, 2008).

As an alternative in mathematics education, possible approaches to
contextualization through modeling are suggested (Kliber, 2016). There are recurring
arguments that Mathematical Modeling is a resource for contextualization (Borges &
Nehring, 2008), since it proposes work in a contextualized manner (Burak, 2019) or
even that it stems from contextualized situations (Kfouri, 2008). However, the term
“contextualization” has been used ambiguously and without clear descriptions of what
it is and how it is contextualized. Even though the pursuit of contextualization is
common, this term lacks explicit definitions and is often misused (Barbosa, 2004;
Bicudo & Paulo, 2011).
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In view of this, in this article we present aspects that stood out in our
investigations regarding contextualization in Mathematical Modeling in Mathematics
Education. In particular, we discuss the dissertation research of the first author.
Adopting a phenomenological research approach, in line with Bicudo (2011) and KlUber
(2012), we ask: what is this, contextualization in Mathematical Modeling in
Mathematics Education? This question called for a hermeneutic interpretation, which
made it possible to elucidate the intertwining of the phenomenon in its temporality
through a rigorous search for what is expressed in language (Bicudo, 2014).

This approach allowed us to transcend the understandings that appear in their
natural sense, that is, taken at face value, by focusing on aspects that, at first glance,
may not be explicit in written language. The revelations of this way of understanding
the phenomenon under study make this research even more significant, since it casts
a close eye on the ways in which contextualization manifests itself in Mathematical
Modeling in Mathematics Education. In this approach, we studied the texts from the
proceedings of the National Conference on Modeling in Mathematics Education (CNMEM)
from 1999 to 2019, covering all proceedings available at the time of the investigation.

The interviewee sought to understand aspects of contextualization in legal terms
as presented in national curriculum documents (Brasil, 1999, 2006, 2018), in the
literature on contextualization (Ricardo, 2005; Spinelli, 2011; Luccas & Batista, 2008;
Wartha et al., 2013), in the literature on Mathematical Modeling and contextualization
(Borges & Nehring, 2008; Burak, 2019). These aspects related to the manifestation of
the phenomenon were analyzed and interpreted phenomenologically and are presented
in four categories: 1) Context is part of Modeling; 2) Context as a ground in which...;
3) Contextualization as a way of, that, and for and; 4) Modeling as a way of
contextualizing / contextualization through Modeling.

Before explaining the process of arriving at these categories, we consider it

important to situate the reader within the region of inquiry, briefly presented below.
A brief explanation of the region of inquiry

Mathematical Modeling, which originated in Applied Mathematics, has been
increasingly discussed in the educational sphere. In these discussions advocating for
Modeling in teaching, it is evident that there is no consensus on what is meant by
Modeling. Different conceptions have gained prominence, both internationally and
nationally.
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Internationally, Kaiser & Sriraman (2006) classify understandings of modeling
into different perspectives, namely: applied or realistic modeling, contextual modeling,
educational modeling, socio-critical modeling, and epistemological modeling. Each of
these perspectives has a distinct focus, with some related to practical issues, aimed at
problem-solving, and others addressing aspects of teaching, such as the structure of
learning and understandings of the world, as possibilities for the classroom (Kaiser &
Sriraman, 2006).

From a cognitive perspective, Ferri (2006) present modeling as a cycle in which
mathematics and reality are treated as separate entities. In this sense, mathematics is
used to explain real-world situations, aligning with the utilitarian view (Arseven, 2015;
Vorholter et al., 2014). This “utilitarian” view of mathematics prevailed in early
discussions on modeling, as advocated by various proponents (Biembengut, 2009).

In the Brazilian community, a variety of conceptions of modeling can also be
observed. Some authors even propose stages for modeling activities, as seen in
Bassanezi (2002) and Burak (2004, 2010, 2019), or moments when these activities
occur, according to Almeida & Vertuan (2011).

Upon delving into studies on conceptions of modeling, we identified that, among
so many ideas, it can be viewed as a learning strategy (Bassanezi, 2002), a means of
creating interaction between mathematics and reality (Biembengut & Hein, 2009), a
pedagogical tool (Jacobini, 2004), a learning environment (Barbosa, 2001), a set of
procedures (Burak, 1992), or even a thematic investigation (Klliber, 2012).

As we understand it, one should not assume a single conception of modeling,
since different perspectives can be considered depending on the context in which it is
viewed. As can be seen in Klliber (2012) and Schwendler (2023), we understand that
modeling does not strictly follow a step-by-step process, but is part of a movement, an
investigation that serves different purposes, working not only through mathematics but
with it.

Furthermore, among the arguments in favor of mathematical modeling, the term
“contextualization” is frequently mentioned. Whether it is considered that modeling is
a resource for contextualization (Borges & Nehring, 2008) or that modeling makes

contextualized work possible (Burak, 2019). In this sense, different narratives are
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presented regarding contextualization, both in the educational context and in relation
to modeling.

Upon delving into epistemological aspects, we observe that the term
“contextualization” is composed of contextualize + action and is defined as “the act or
effect of contextualizing; contextualization” (Michaelis, 2023). To contextualize, in turn,
is *1. To provide context; 2. To insert or introduce into a text; to incorporate into a
narrative; 3. To incorporate (something) into a specific context” (Michaelis, 2023).

The importance of contextualization is most prominently highlighted in curriculum
debates, as it is employed by the National Curriculum Parameters (Wartha et al., 2013).
Considered one of the pedagogical principles manifested in the high school reform, it is
addressed from different perspectives. It is presented as a method for attributing
meanings, as a way of addressing content, and as a requirement for relating content to
context. At times, it is manifested as the contextualization of knowledge, focusing on
aspects related to the student and their performance in different dimensions of
personal, social, and cultural life (Brasil, 1999).

This multiplicity of ideas regarding contextualization manifests itself in
Mathematics Education, being considered at times as specific to mathematics, at other
times as something pertaining to the student, and at still other times as inherent to the
concepts. Furthermore, as contextualized knowledge, contextualized teaching, or
contextualized activity. Thus, although the term appears in different approaches, it
lacks explicit definitions (Bicudo & Paulo, 2011; Maioli, 2012). However, in general, it
is adopted with the intention that something [that which is being contextualized] makes
sense to those involved.

It is therefore appropriate to reflect on the contexts to be adopted in these
contextualizations. Burak (2010) describes that it is within the context that problems
are developed, starting from a contextualized situation that fosters creativity and
greater meaning for mathematical content. Even if one considers that the context can
be diverse (Luccas & Batista, 2008), in the literature, including research conducted with
teachers, the prevailing understanding is that contextualization involves exclusively
situations from daily life and reality (Ricardo, 2005). Manifested as a form of applying

mathematical concepts (Spinelli, 2011), contextualization is understood as having a
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practical nature, based on students’ reality, on experiments, and on the understanding
of scientific language (Fernandes et al., 2011).

However, in the same curriculum documents that present arguments in favor of
contextualization, it is emphasized that this does not mean simplifying content or
abandoning the abstract realm, since the aim is not to reduce concepts to what is
applicable in daily life. It is, in fact, a facilitator that enables the construction of different
worldviews (Brasil, 1999). In this sense, it is emphasized that contextualization should
not be understood as a search for immediate or exclusive application to everyday
situations (Ricardo, 2005; Lopes, 2002; Wartha et al., 2013; Biserra, 2013; Silveira,
2016; Teixeira Junior, 2018). Another caveat is the caution that must be exercised
when addressing contextualization in mathematics, as it may imply the existence of
mathematical activities without context, an idea that is mistaken (Barbosa, 2004).

We consider that context, in this case, “is not only the one in which the individual
or group is embedded, but also the world in which they live and interact, influence, and
are influenced” (Kliber, 2016, p. 49). As a conception of knowledge, contextualization
breaks with Cartesian and positivist assumptions (Orfdo & Alvim, 2022), as it allows for
insertion into a given context and the relationship between texts. Immersed in the
diversity of ideas on the subject, we understand that contextualization can be a way of
acting and doing things for different purposes, becoming a complex whole that unites
a part to the whole and the whole to the parts, like a dialogue between and among
texts, these texts being lived experiences, which in turn relate to other lived
experiences.

Having presented some aspects regarding contextualization and Mathematical
Modeling, in the next section we will explain the methodological and interpretive

approach of the research.

Methodological aspects

Adopting the assumptions of phenomenology to guide our studies requires us to
take a careful and rigorous look at what is revealed by the phenomenon under
investigation. This rigor is grounded in the researcher’s quest, always attentive to what
one seeks to understand (Bicudo, 2011) and allows us to comprehend things through

the way they manifest themselves (Ales Bello, 2006). The research, conducted as a
8 Educ. Matem. Pesq., Sdo Paulo, v. 28, p. 01-26, 2026, 69965



meta-analysis, employs hermeneutic interpretation, “guided by the search for the
senses and meanings expressed in language” (Bicudo, 2021, p. 550), as a “reading
between the lines, discovering behind the text, the unwritten text” (Stein, 2004, p. 55).

Establishing this research approach requires, as a source of study, significant and
relevant material in the field. In view of this, in the search for the meanings and
significance expressed regarding the contextualization of Mathematical Modeling in
Mathematics Education, we chose to turn our attention to the proceedings of the CNMEM
from 1999 to 2019 (from the 1st to the 11th edition), covering all editions available at
the time of the research, which took place from March 2021 to March 2023. We consider
this a significant event, as it is organized by the Brazilian Society of Mathematics
Education (SBEM) and is part of the "Mathematical Modeling” Working Group (WG10),
bringing together studies from all levels of education that discuss and promote modeling
at the national level. Initially, we surveyed the number of papers in these issues,
identifying a total of 591 available texts, including Scientific Communications and
Experience Reports.

In the second step, we selected the texts relevant to our research. To do so, we
searched for works containing the following terms: context, contextualize,
contextualization, and contextualizing. Of these, only 25 did not contain any of the
search terms; that is, 566 could still be considered. Given the need for further
refinement, we conducted an initial reading of the passages containing any of the search
terms in each of the 566 texts, discarding those in which the term appeared only in the
references or was used in isolation. Thus, 533 texts remained, in which we read the
passages containing the search terms and from which we highlighted the excerpts with
the investigated terms.

From the highlighted excerpts, we proceeded with the analysis, which took place
from mid-2022 to February 2023, organized into two phases: ideographic analysis and
nomothetic analysis. In the first phase, units of meaning were established, which are
segments considered significant in light of the research question (Garnica, 1999). With
the aid of Atlas.ti software, we identified 601 distinct units of meaning, organized using
identification codes; for example, 12:20 represents the twentieth unit identified in the

twelfth document, since for each edition of the event, a separate document was created
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for scientific papers and another for experience reports, with the excerpts highlighted.

In the second phase, considered to be the nomothetic analysis, we sought convergence

among these units of meaning, establishing the articulation of the categories.

Below we present a summary table with some of the units that constituted each

category and what they convey, indicating possibilities for interpretation. From this

search for convergences, we articulated the following categories: 1) Context is part of

Modeling; 2) Context as a ground in which...; 3) Contextualization as a way of, that,

and for; 4) Modeling as a way of contextualizing / contextualization through Modeling.

Table 1

Example of the articulation of units

Category Units of meaning that stand out What they say
Context influences the choice of mathematical Context as
topics to be modeled (2:08); something that

_ _ o influences, from
Mathematical quellng act|V|t|es. em(.arge from the  \yhich activities
extra-mathematical context (19:34); emerge, as a
Historical and cultural contexts are incorporated Stagt’”g po]lcnt
into modeling (14:16); and origin tor
modeling.
The student’s context [is taken] as a starting
point for the activities (18:33); Context
influences the
Within the context, an investigation of a real-life model and is
. situation arises, involving the exploration of also represented
Context is . . by it
art of mathematical content and the construction of y It.
P ; models (9:35);
modeling The context

The context of the investigated situation
influences the interpretation and validation of a
model (19:3);

The social context is represented in the
description of models (10:1);

The social, historical, and cultural context
determines the mathematics to be used in
mathematical modeling (19:12);

The context can take on different meanings
through Mathematical Modeling (6:36).

determines the
mathematics
used.

Context can take
on meanings.

Context as a
foundation on
which...

Context is where the problem is situated (8:46);

Context is where the problem arises, is translated
into mathematical language, and then returns

(6:28),;

Context as a
place.

Types of
contexts

10
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Mathematics should be taught within contexts
(19:28);

The four types of contextualization in teaching
are: everyday life, mathematics for mathematics’
sake, history of mathematics, and
interdisciplinarity (15:2);

Contexts involve problems from the student’s
daily life that make sense to them and
consequently spark interest and motivation to
learn (8:29);

The context of problem situations in Mathematical
Modeling is familiar to students because it deals
with their daily lives (17:5);

Contextualization of reality (18:37);

The real-world context deals with a situation from
the student’s daily life (12:36).

The interdisciplinary context enhances
Mathematical Modeling activities (16:43);

Mathematics must adapt to the real-world
context, not the other way around (10:35);

In the classroom context, real-life situations or
topics of interest to students can be addressed
through Mathematical Modeling (16:35);

In the context of school mathematics,
relationships between formal knowledge and what
is learned in non-formal settings can be explored
(14:11)

considered: daily
life,
interdisciplinarity
, mathematics
itself, reality.

Contextualiza
tion as a way
of, what, and
for

To contextualize is to study the object of a context
by inserting it into other contexts with new
meanings (6:53);

Contextualizing learning is thinking about
mathematics from the perspective of reality (5:7);

To contextualize is to associate mathematics with
various contexts (7:4);

To contextualize, problematize, and investigate an
everyday problem situation (16:14);

Contextualization is working with an existing
problem and modeling it (18:3);

Contextualizing means explaining everyday
phenomena mathematically (5:10);

Contextualizatio
n as a way of
associating,
thinking,
investigating,
questioning,
and explaining.

Contextualizatio
n as a way that
assigns,
allows,
promotes,
provides, and
enables.

Contextualizatio
n as a means

Educ. Matem. Pesq., Sdo Paulo, v. 28, p. 01-26, 2026, 69965

11



Contextualization helps students perceive the for: critical and
importance of mathematics (8:15); social

o _ _ ) development,
Contextualization gives meaning to mathematics meaningful

instruction by relating it to students’ daily lives learning.
(11:1);

The contextualization of mathematics enables
interdisciplinarity (6:45);

Contextualization promotes practical lessons for
understanding the mathematical concepts
necessary for students to function in the
workforce (12:12);

Contextualization enables students to reflect, plan
their actions, and critically analyze strategies
(9:22);

Contextualization enables the understanding of
mathematics and its applications in daily life
(15:9);

Contextualization aims to facilitate knowledge
construction in the process of Mathematical
Modeling (6:27);

The contextualization of mathematics as a means
for problem-solving (14:45);

Contextualization between school mathematics
and real-life mathematics contributes to critical
and social development based on the
mathematical knowledge studied within the
context in which the student lives (17:7);

Contextualizing mathematical knowledge is
fundamental to meaningful learning (4:10).

Modeling as a Modeling contextualizes content (18:2); Modeling that
way to o _ contextualizes.
contextualize Contextualization is made possible by

/ Mathematical Modeling (13:1);

contextualizat  ,ntextualizing through Mathematical Modeling
ion through (9:26)

Modeling.

These categories will be presented with their descriptions and interpretations in

the next section.
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Categories and interpretations

Through the process of reading and rereading the excerpts, highlighting units of
meaning and their convergences, we established the categories, which are used to
interpret and understand the phenomenon (Bicudo, 1994). The discussions presented
here can be found in greater detail in the dissertation by Schwendler (2023), and
because they are part of this work, the text written below resembles the text of the
dissertation.

In the category that considers context to be part of the Modeling, being a part
is assumed to mean something that belongs to the whole, in the sense of participating
in something and being in it. This part manifests itself through the relationship it
establishes with the whole, a movement of interactions and feedback loops. A
relationship that varies, with context sometimes being assumed as something that
comes before, sometimes as something that is part of the process, or even something
that comes after modeling, but in any and every way, indispensable to it. This is justified
by the various understandings expressed regarding what constitutes context, taken as
the origin for Modeling activities, as something that influences the choice of topics to
be modeled, and as something that can be represented through Modeling.

In epistemological terms, the origin can be related to knowledge and the way we
attribute meanings to things. While it is taken as a foundation, a basis that determines
something, a starting point, being an origin transcends into aspects that can be
considered as reasons, which speak to the existence of something.

In addition to being an origin, context influences the construction and validation
of mathematical models and is also represented in and by Modeling, revealing aspects
that, at first glance, may appear to lie outside of Mathematics. It also indicates that, by
being present as the origin, by influencing the process, and by being represented, the
context assumes a constant presence in the Modeling, sometimes as an internal agent,
sometimes in an external position, in such a way that sometimes it appears, sometimes
we do not see it, as in a rocking motion, being assumed with duality in the community.

These different ways in which the context manifests itself as part of modeling
express a relationship of mutual dependence, from the context to modeling and from
modeling to the context. This dependence can be likened to the understandings of
complexity theory, in which the parts that constitute a whole are inseparable.
Furthermore, there is “an interdependent, interactive, and inter-retroactive fabric

between the parts and the whole, the whole and the parts” (Morin, 2003, p.14).
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Beyond these aspects considered for the context, it is also understood as ideas of
place, of where an activity or problem is situated. We relate these manifestations to
what we call “"ground,” framing the discussions of the category “Context as a ground
in which...” by considering this understanding of ground as both the place of
Mathematical Modeling and the ground for it. This understanding allows us to state that
context and modeling share a relationship of mutual dependence, each in relation to
the other, while one can modify or serve as the setting for the other’s discussions.

Thus, in this category, different contexts emerged, such as the sociocultural,
Mathematics for Mathematics’ sake, the interdisciplinary, the everyday, and reality. We
have chosen, at this point, to emphasize and elaborate on the most recurrent ones:
Mathematics for Mathematics’ sake, interdisciplinarity, the everyday, and reality.

Mathematics for its own sake, as the ground of Mathematical Modeling,
reveals mathematics as something in itself that requires nothing external to it to
account for or sustain itself. By exploring the field of Mathematics for its own sake, it is
considered that it possesses the necessary resources for the entire development of
Mathematical Modeling, from the identification of a problem to the formulation of the
final model. These situations and problems that arise and are solved in and by
Mathematics itself can be called intramathematical (Chevallard et al., 2001; Sales et
al., 2021; Pedra et al., 2019).

The intramathematical approach reveals a certain self-sufficiency of
mathematics, which allows for the exploration of its internal structure, the relationships
between mathematical concepts, and the complementarity of their meanings (Spinelli,
2011). This ground aligns with what is presented by Vieira (2004) when considering
the possible connections within mathematics itself, between the new and the already
known, through different representations. Even though this scenario offers a fruitful
possibility for Mathematical Modeling activities, there is an inherent risk in restricting
oneself exclusively to this context, since it may not be sufficient to account for students’
knowledge development. In fact, care must be taken not to reduce what is intended by
Modeling to problem-solving “in a strict sense, in which only techniques and applications
can be simply used, without going through the process of mathematical modeling”
(Klaber, 2012, p. 212). Thus, to broaden our understanding beyond Mathematics, we
also consider another ground that has emerged: interdisciplinarity.

The term interdisciplinarity represents the reciprocal relationship between
different disciplines or areas of knowledge, involving specific knowledge from each area

and the exchange and interaction between them. Consequently, it pertains to the
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process of quality learning (Aiub, 2006). As stated by Coimbra (2000, p. 56),
interdisciplinarity is not merely about the link “between bodies of knowledge, but,
above all, about one body of knowledge in relation to another, or bodies of knowledge
in relation to one another, in a sort of complementarity, of supportive complicity,
depending on the reality being studied and understood.”

From this link between fields of knowledge emerge other terms, such as
multidisciplinarity and/or pluridisciplinarity and transdisciplinarity, which
represent different levels of interaction between disciplines. Focusing on the
interdisciplinarity that emerged in this study, it is worth noting that it establishes an
intercommunication made necessary by the scope of topics that “do not fit within the
boundaries of a single discipline” (Bicudo, 2008, p. 145). Thus, in Mathematical
Modeling, the interdisciplinary context allows one to go beyond Mathematics itself, not
limiting itself to the application of models, but involving aspects of knowledge
construction, fostering a dialogue between fields that address the topic and work
together.

Daily life, defined by the Portuguese Language Dictionary as that which is “of
every day. That which is done or happens every day” (Michaelis, 2008, p. 235). The
term denotes what is habitual to a person, part of their routine, intimately linked to
individual experience, which reflects the space-time complexity of life, permeated by
social, cultural, and scientific practices and the production of knowledge (Oliveira &
Sgarbi, 2008). Thus, daily life manifests itself in the intrinsic interaction between the
individual and their environment. While daily life is treated as something universal,
belonging to “everyone,” it fails to account for individual experiences, since each
person’s experience of daily life is unique (Oliveira & Sgarbi, 2008). This highlights a
dichotomy when speaking of the everyday, which, when considered in ontological
terms, that is, in the common way of understanding something, reveals itself as familiar
and close, while at the same time being something distant and unknown in its
ontological essence.

From the idea of the everyday also arises the notion of everydayness, which, in
the Heideggerian sense, addresses aspects of what is common, of the everyday, as
something inherent to Dasein (Inwood, 2002). Understood in a sense of totality, in
which the “everyday” does not represent a sum of days, but rather an expression of
existence, of how the being-there lives day by day, permeating Dasein “throughout its
life.” This indicates that taking everydayness as a ground of and for Mathematical

Modeling may become an invention, a mere illusion. Since, when taken as a foundation,
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in the natural conception that emerges, specific aspects of personal experience are
focused on, reducing the complex lived experience to isolated facts and ignoring the
multiplicity of factors that influence daily life and that speak to how the being-there
lives its day-to-day existence.

Another field that deserves attention is reality. Even though our investigation
shows that the specific meanings of “real” or “reality” are not explicitly stated, we open
up possibilities for discussion regarding this context as a ground in Mathematical
Modeling. There is ambiguity regarding the term, allowing for different interpretations
that lead us to question which reality is being referred to, whose reality it is, and for
whom it is intended. From a realist perspective, reality indicates “the mode of being of
things existing outside the human mind or independently of it” (Abbagnano, 2007, p.
831).

In the research analyzed in our study, the real is manifested as something
objectively given, that which is there, to be understood and translated. From the
phenomenological perspective, however, reality is not considered a passive object
independent of the human mind, but an intersubjective construction that emerges from
the relationship between the subject and the world. Thus, it is not valid to consider the
mathematical model as a representation of reality, but rather as an interpretation of
reality aimed at through Mathematics (Kliber et al., 2022). Therefore, it is not an
approximation of the subject to the environment in which they live or as something
practical in daily life, as is manifested in a reductionist sense.

From this realistic and reductionist perspective, a warning emerges when
considering reality as context and ground, as it is often taken as a guarantee of
learning. Although, in fact, it may be fertile ground for Modeling, reality itself does not
provide meaning or knowledge, and learning is not an automatic product that can
“utilize” reality. Meaning is constructed within the horizon of each individual, based on
their own experiences and interpretations, and learning occurs through individual
responsibility, dependent on factors intrinsic to each person.

Also as emerging aspects of this category, we highlight that context, as a ground,
expresses the environment in which the individual engaged in modeling is situated,
considering the world in which they live and interact. From the classroom to the school
and social context, these are environments that enable modeling and can also influence
it.

Speaking of contextualization refers to practical actions related to the act of

contextualizing, which is defined as the act of establishing a context for something,
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serving as a bridge to attribute meaning and understanding to an object. Thus,
contextualization manifests itself in the act of creating or reaffirming the roots of
something that, due to various situations, may have become uprooted.

The different ways in which contextualization manifests itself and the breadth of
meanings led to the need to organize this category into three perspectives that differ
in some aspects and intertwine at the same time. That is, contextualization as a mode
of, that, and for. We understand the way as a path of being or existing, through the
ways in which something presents itself, as a possibility of doing something, and as a
state or condition in which something finds itself. Thus, by affirming contextualization
as a way of, we express the meanings of doing things; in the way that, we address
aspects that suggest contextualization as a path; and, finally, the way to manifests
contextualization for certain purposes. Given the complementarity and particularities of
these perspectives on contextualization, it is essential to present each of them and their
orientations.

To express it more succinctly, we chose to highlight and focus the discussions on
verbs that indicate the action of contextualizing. Thus, in the way of, the actions of
thinking, problematizing, investigating, working, explaining, modeling,
relating, and doing, which speak of and depend on a subject, are manifested. This
occurs through an intellectual activity of the subject who seeks to reorganize and
interconnect aspects that may initially appear disjointed. This interconnection goes
beyond the simple joining of elements, requiring a deep understanding of the possible
relationships and the context in which they are embedded. Furthermore, when
considering contextualization as a way of doing things, one must be aware that these
actions are not immediate, that is, they do not happen on their own, as this would lead
to disregarding the full complexity of the process. Thus, we reiterate that the act of
contextualizing is not automatic but requires effort, reflection, and the active
construction of knowledge on the part of the subject.

Another perspective is that of contextualization as a way of in which
contextualizing is understood as a path that unveils a universe of possibilities for
teaching mathematics. Contextualization is seen as something that assists,
attributes, enables, fosters, provides, and makes it possible to achieve something
or for it to happen. That is, it helps students perceive the importance of mathematics,
gives meaning to mathematics education, allows for breaking down barriers between

disciplines, fosters more dynamic and engaging lessons, encourages reflection and
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critical thinking regarding mathematical concepts, and enables the identification of
mathematics in various aspects of life, in decision-making, and in problem-solving.

In general, contextualization is a way of that leads us to view it as a tool for
teaching mathematics that carries with it the power to make learning engaging and
meaningful. However, this reveals beliefs about the effects of contextualization and its
objectives, as if what results from contextualization were something automatic and
certain. For example, the idea of attributing meaning to mathematics through
contextualization, which, although supported by realist theories, is not accepted in
phenomenological understanding, since meaning is woven through each person’s lived
experience and is not given as something true and immutable in its temporality.
Furthermore, another limitation lies in the idea of contextualization as something that
brings about more meaningful and decisive teaching and learning, with a guarantee of
success, given that this factor depends directly on intentional engagement.

Beyond what has already been stated, contextualization in Mathematical Modeling
also revolves around certain purposes, organized from the perspective of a way to. In
this approach, contextualization plays a role but is not determinative. While the way
of requires a subject to contextualize and the way to indicates cause-and-effect
actions, contextualization as a mode for assumes an intermediate function for things
that are desired. For example, aspects are highlighted that speak of contextualizing to
facilitate knowledge construction, a means to solve problems, which contributes to the
formation of critical and socially engaged citizens. Thus, this accessory and intermediate
position of contextualization indicates Modeling’s dependence on it.

When analyzing the perspectives of contextualization in its different ways, one
can observe a shift in the “weight” attributed to its functions. This is justified by the
fact that, in some situations, contextualization is taken as the goal, as the central core
of Modeling; in others, it is considered a means, approaching the idea of a tool or path
to achieve other goals; or even as something that participates in the entire process.
This variation indicates that different understandings circulate within the community
and that, in their various aspects, they are adopted to highlight the relevance of
Modeling.

Although the most immediate forms of contextualization carry positive and
progressive connotations, it is crucial to recognize their limitations. Excessive
simplification of contextualization can lead to the weakening and obscuring of complex
relationships within the phenomena it addresses, such as learning, teaching, and

education. Adopting contextualization as an educational principle places it “before”
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Modeling, which does not belong exclusively to it, but which participates in its action as
a cross-cutting element that helps sustain it. This reveals a complex and intertwined
relationship between Modeling and contextualization, which is the focus of the
discussion in the fourth category: Modeling as a way of contextualizing /
contextualization through Modeling. Aspects are revealed that consider Modeling
to be the agent that contextualizes content, that contextualization is made possible by
and through Modeling, emphasizing the idea that it is Modeling that takes on the role
of contextualization.

Modeling is not limited to being a mere instrument for contextualization. It
[Modeling] assumes an active and proactive role, as a driving force that propels and
shapes contextualization; it is what creates, carries out, and produces
contextualization, encompassing the context and generating interpretations of it. Thus,
contextualization is not a mere byproduct of Modeling, but an actively pursued goal, a
necessity for “success.” In this regard, Modeling is what seeks to achieve what is called
contextualization, and this grants it a “power”, assumed as know-how. In fact, it is
possible to achieve contextualization; however, little is asked about how this is
guaranteed. One does not ask how contextualization occurs, as it is assumed that with
Modeling, contextualization happens as something inherent to the process.

An opening emerges that invites us to go beyond the application of techniques
and to think about power and the ability to contextualize, in line with the hermeneutics
of the verb “to know” proposed by Bombassaro (1993), which emphasizes the action
and transformative power of knowledge. Although the possibilities for contextualization
are opened up, what makes this possible is not questioned. We interpret that it is in
the understanding of human historicity, in the realization that we are situated within a
specific time and space, that contextualization becomes possible. It is within this lived
horizon, among the co-subjects who participate in this time, that the opportunity arises
to contextualize Mathematics, transcending the limits of formal and protocol-based
models. Historicity occurs in the lifeworld, in the historical horizon that extends beyond
the present, encompassing everything that has been bequeathed to us since the
beginning. It intertwines with meanings and significances, in the intentionality of
consciousness, in the inquiry into origin, which takes into account intersubjectivity and
individual and corporeal subjectivity (Bicudo, 2016). This allows us to understand that
it is within the lived horizon of each subject and in their entropic relationships that
contextualization occurs, as shown in Figure 1.

Figure 1
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Contextualization in historicity (Schwendler, 2023)
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In the figure, we express an understanding of human historicity through the
format of a moving spiral, in which the subject, at some point within this spiral, can,
within their historical horizon, turn toward the origin, understand the present, and
expand their experience of the world in which they live and interact. The points indicate
the texts, the lived experiences, which interconnect and enable relationships among
themselves and with others, and this back-and-forth movement expresses

contextualization.

Comprehensive synthesis

Investigating a phenomenon is a process of back-and-forth, of revisiting and
delving deeper, of pursuing a question. In this study, we ask what this is,
contextualization in Mathematical Modeling in Mathematics Education, and,
adopting a phenomenological research approach, we examine the scientific papers and
experience reports from the CNMEM proceedings for the 1999-2019 editions. From the
interpretations and understandings of the meanings and significance of context and
contextualization in Mathematical Modeling in Mathematics Education, we articulated
four categories, namely: 1) Context is part of Modeling; 2) Context as a ground in
which... 3) Contextualization as a way of, that, and to and; 4) Modeling as a way of
contextualizing / contextualization through Modeling.

Context can be viewed from different perspectives: as the origin of an
investigation, as an influencer of and within Mathematical Modeling, and as something
that can be represented by it. It emerges from these possibilities that context assumes

different positions in relation to Modeling, sometimes recognized as an internal agent,
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sometimes as an external one, in situations where it comes before, during, or after
Modeling. These variations raise the question of whether interest in the context itself
predominates to the detriment of Mathematics itself, given that a reciprocal dependence
between context and modeling is evident. Although in the natural sense they are
assumed to be independent, with the idea of inserting or removing one from the other,
from a phenomenological perspective the oscillating relationship of dependence can be
seen as the impossibility of separating knowledge from context. This occurs, as we
understand it, in the lifeworld, where each subject’s lived experience is the fundamental
basis for knowledge, the primary ground, and knowledge “it only becomes present as
a function of man’s way of being, discovering, revealing, comprehending” (Roehe, 2006,
p. 154).

In Modeling activities, different types of contexts are considered, with the most
recurrent one as a ground being everyday life, which also manifests in a natural
sense. Through phenomenological interpretations, everyday life speaks to how the
being-there lives and coexists in their daily life, not as a sum of days, but as a way of
existence that permeates Dasein. Another type of context that manifested as a ground
is that of interdisciplinarity, with the idea of exchange and reciprocal relationships
between different fields. Reality, on the other hand, is inherently considered as a
ground in Mathematical Modeling, being naturally accepted as what is there, as
something objectively given. In our understanding, in light of the phenomenological
sense, reality is constituted in the experiences themselves and cannot simply be
grasped, but depends on the perspective of the one who perceives it.

Related to these and other contexts as a ground of and for Mathematical
Modeling, contextualization, in turn, has proven to be a way that can be treated from
different perspectives: as a way of, that, and to. The first requires the subject’s
intellectual activities in their actions of thinking, problematizing, investigating,
working, explaining, modeling, relating, and doing. The second refers to
contextualization as a path that assists, allows, favors, provides, and enables
things. The “to” way, however, occupies an intermediate position between the other
two, as something that participates but is not determinative. When articulating the
three ways, it is notable that there is a shift in ideas when speaking of contextualization:
sometimes it is taken as an objective, sometimes as something that helps achieve other
objectives, sometimes as something that comes “before” Modeling, and sometimes as

something that comes after. From these different aspects, we understand that Modeling
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makes it possible to contextualize; it seeks to articulate something with Mathematics
through and with contextualization.

In general, contextualization has been shrouded in promises, taking on different
roles in a variety of contexts. This multiplicity of interpretations sometimes turns into
an empty slogan, an idealized truth that spreads as a promise of learning and reinforces
unfounded beliefs, ignoring the complex nature of the educational process. We
emphasize that contextualization and context do not confer meaning or significance;
they do not guarantee student engagement, motivation, or interest, even though they
may contribute to these outcomes, they do not achieve them alone or automatically.
Contextualization is, therefore, the act of bridging the gap between the text and its
temporality, which extends beyond the immediate and establishes relationships
between texts and contexts that the subject comprehends within their horizon of
understanding. We understand that contextualization occurs within human historicity,
within the lived horizon of each subject, and within their entropic relationships. This,
however, has not yet been the focus of the literature, indicating possibilities for further

research.
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