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Abstract  The aim of this chapter is to contribute to the debate about the trends, 
objects of study, and theoretical and methodological assumptions that have marked 
and constituted the current identity of working group Cognitive and Linguistic 
Processes in Mathematics Education of the Brazilian Society of Mathematics 
Education. The considerations presented bring together a range of investigations 
that explore the cognitive and linguistic aspects involved in the teaching and learn-
ing of mathematics in different learning contexts and different levels of schooling. 
The work developed by the group has been characterised by investigations con-
ducted on language and communication in the classroom and their sociocultural 
aspects, alongside studies into the cognitive processes involved in mathematical 
reasoning. The discussion about the theoretical-methodological questions underly-
ing the reflections on the cognitive and linguistic processes in the Brazilian scenario 
has been divided into two parts. In the first, we present a historical review of the 
main trends considered during the first 10 years of working group’s history. In the 
second, explore the more recent objects of study. We describe how this development 
indicates a convergence of Brazilian researchers with different theoretical and 
methodological affiliations, as they search for theoretical models that can explain 
the role of language, cognition and cultural aspects in the teaching and learning of 
mathematics. The advances made in terms of knowledge of cognitive and linguistic 
processes in mathematics education within Brazil are also presented.
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10.1  �Introduction

This chapter presents and discusses the proposals, ideas, and theoretical assump-
tions that underlie the research conducted by the Working Group Cognitive and 
Linguistic Processes in Mathematics Education (Processos Cognitivos e Linguísticos 
em Educação Matemática), which has been part of the Brazilian Society of 
Mathematics Education (SBEM) for the last 16 years. The chapter also presents the 
changes that have taken place over this period. Before considering the issues that 
have generated reflections on the cognitive and linguistic processes in the area of 
mathematics education in Brazil, it is important to consider the objectives that led 
to the creation of the Working Group (WG09).

This working group aims to discuss and disseminate research on the cognitive 
and linguistic aspects involved in the teaching and learning of mathematics at dif-
ferent levels of schooling and in different contexts. Three factors have character-
ised these studies: (1) language as the means of formation and expression of 
mathematical reasoning; (2) communication in the classroom; and (3) the cogni-
tive processes involved in the mathematical reasoning. Thus, both the role of lan-
guage in the production of meaning and communication in the classroom, and the 
description of the reasoning processes (limits and possibilities) involved in math-
ematical knowledge are topics that have permeated the production of the working 
group.

In an attempt to give visibility to the diversity of proposals, objects of study and 
theoretical-methodological assumptions that mark and constitute the current iden-
tity of WG09, we have chosen to present the most frequent and relevant questions 
that can be seen in the work produced by the group. To do so, we have presented the 
investigations that demonstrate the extensiveness and variety of subjects consid-
ered, and the interdisciplinary nature of the work conducted by the group, as it 
brings together different areas of knowledge such as cognitive psychology and 
mathematics education. The studies of this working group have been arranged into 
two groups. The first offers a historical review of the first 10 years of the working 
group, presenting the main trends that characterised the first meetings of the group. 
The second discusses the research presented in the last two SIPEMs, which took 
place in Petrópolis (2012) and Pirenópolis (2015). These studies depict two the-
matic and methodological tendencies that remain the focus of the investigations, 
namely: (1) research which emphasises cognitive processes from a developmental 
perspective and (2) research emphasising the language and cultural aspects in the 
teaching and learning processes of mathematics. This organisation reflects the the-
matic and methodological trends that have characterised the work of WG09 since its 
establishment.
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10.2  �The Research Conducted in the First Years of WG09

The first meetings were marked by discussions about how students at different lev-
els of education (elementary, middle and high school, university education and 
youth and adult education—EJA)1 were taught mathematics and about their math-
ematical learning processes. The aim of these first meetings was to study teacher–
student interactions, student–student interactions, as well as how students interacted 
with the mathematical knowledge in which argumentative and metacognitive strate-
gies were identified as support for learning situations in the classroom context. The 
solving of problems involving various concepts (e.g. percentage, function, graphs, 
and fraction) and different fields of the mathematical knowledge (e.g. geometry, 
combinatorics, and arithmetic) were also investigated. These studies, according to 
Rabello, Lins, and Da Rocha Falcão (2000), focused on issues of great theoretical 
and practical interest in the field of mathematics education:

	1.	 Language, cognition, and communication—emphasising the role of language, 
embodied language (according to Lakoff & Johnson, 1999), representation 
(according to Duval, 1993, 1995), and discourse genres (according to Bakhtin & 
Voloshinov, 1992), and highlighting the differences between natural language 
and the language of mathematics (Pires, Curi, Rabelllo, Pavanello, & Valente, 
2003) and the boundaries between the use of rationality in daily life and formal 
logic;

	2.	 Cognitive and linguistic processes in the classroom, focusing on the interface 
between theory and practice in relation to the development of cognitive and lan-
guage skills considered relevant to the teaching and learning of mathematics.

	3.	 Vygotsky’s social-historical-cultural perspective and Piaget’s constructivism, 
addressing some of the theoretical debates about conceptualisation in mathemat-
ics and processes such as internalisation, scaffolding, and interaction.

In summary, the results of the studies presented at the first meetings pointed to 
the following facts: (1) students used concepts acquired in extracurricular social 
contexts and different strategies to grasp the mathematical concepts presented in the 
classroom; (2) the mathematical language used in the classroom, particularly nota-
tion and the use of symbols, was of little significance for the students; and (3) the 
dialogues between teacher and student often inhibited the expression of the ways of 
reasoning of the students.

Some of the research studies presented have gone on to gain international recog-
nition, especially those which focused on the study of cognitive and linguistic 

1 The educational system in Brazil is divided into basic education and higher education. Basic 
education corresponds to: nursery or early-years education (0–5 years old), (2) elementary school 
(elementary and middle school, from 6 to 14 years), and high school (15–17 years). Higher educa-
tion corresponds to university education, undergraduate and postgraduate courses (Masters and 
PhD). This educational system also includes youth and adult education (EJA), distance learning 
and educational technologies, technological education and vocational training, special education 
and indigenous education.
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aspects in the learning of mathematical concepts by blind students (Healy & 
Fernandes, 2008), and on the role of language, corporeality, and technology in sup-
porting the analysis of the process of teaching and learning mathematics (Frant, 
2009). Research on the tacit and explicit knowledge involved in the learning of 
mathematics in the school context (Frade & Borges, 2006); and discussions about 
the learning of mathematics in the context of youth and adult education (Fonseca, 
2010) have also received international attention.

Another feature of the work conducted by WG09 during this period was the con-
cern with how students with atypical profiles learn mathematics, such as blind 
learners and children with epilepsy. There was also a great interest in how the pro-
cesses of teaching and learning take place in the classroom, in investigating how 
teachers understand the learning process and the exchanges between the students 
and the teacher. In other words, there was an interest in how the teacher’s role was 
defined in relation to their teaching practice, the transfer of learning, and the class-
room as a “community of practice” (Garnica, Soares, & Buriasco, 2006). These 
studies seek to construct a knowledge of flexible bases, one that no longer focuses 
on the idealised student. Instead, this knowledge brings into play a teacher who 
respects and integrates different ways of learning and of communicating in the 
classroom. The discussions derived from these studies later appeared in national 
and international publications (David & Watson, 2008; Frade & Falcão, 2007; Frade 
& Tatsis, 2009; Frade, Winbourne, & Braga, 2009; Hazin, Da Rocha Falcão, & 
Leitão, 2006).

Despite the thematic, theoretical, and methodological variations that character-
ised the research conducted by members of WG09 during this period, it is possible 
to see a general common ground in relation to the teaching and learning of mathe-
matics. This involves cognitive and linguistic processes that, whether investigated 
separately or jointly, are interconnected and become inseparable in the classroom.

10.3  �The Most Recent Trends in the Research Conducted 
by WG09

In this part, we consider the propositions and theoretical assumptions present in the 
theoretical-methodological production of the V and VI Brazilian Symposium on 
Mathematics Education, in which twelve and three papers were presented, respec-
tively. First, we offer an overview of the investigations presented at these two semi-
nars. Then we discuss a selected set of studies that show the heterogeneity of the 
research conducted by the group. These studies also illustrate two recurring themes 
of the investigations since the creation of the GW9, namely: research that empha-
sises cognitive processes from a development perspective, and research that empha-
sises the language and the cultural aspects in the teaching and learning processes of 
mathematics.
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The fifth seminar illustrates the diversity of the objects of investigation. The vast 
majority of the investigations focused on language and cultural aspects of the pro-
cesses of reasoning and of learning mathematics. These aspects were investigated 
both from the perspective of those performing the activity individually (questions, 
tasks, or problems) and in the interactions which occur during a mathematics class 
(e.g. Carrião, 2012; David & Tomaz, 2012a; Frant, 2012; Torisu, 2012). There were 
also three studies on the processes involved in the teaching and learning of specific 
contents: rational numbers in fractional form (Freire & Lima, 2012), division 
(Lautert & Spinillo, 2012), and geometry (Viana, 2012). In addition, we identified 
two studies which looked into students’ ability to solve mathematical problems and 
their relationship with the activity of playing chess (Lopes & Magina, 2012) and 
creativity in mathematics (Oliveira, Albuquerque, & Gontijo, 2012). There was also 
a paper on the production of meanings and the decision-making ability of consum-
ers (Kistemann Jr., 2012). Two studies drew attention to the education of blind and 
deaf students, with regard to the material and semiotic tools for the acquisition of 
mathematical knowledge (Fernandes, Healy, & Serino, 2012) and the configuration 
of the mathematics classroom when deaf students are present and interpreters are 
required (Borges & Nogueira, 2012).2

Although these investigations focus mainly on elementary school students, 
diversity is maintained by also conducting studies that consider high school and 
undergraduate students. The three studies presented at SIPEM VI focus on the solv-
ing of problems involving the multiplicative conceptual field in elementary school. 
Two of them focus on the teachers’ conceptions (e.g. Merlini, Santos, Teixeira, & 
Magina, 2015; Spinillo, Lautert, Santos, & Silva, 2015) and one on the students’ 
conceptions (e.g. Magina, Spinillo, & Melo, 2015).

In summary, in recent years, despite the thematic, theoretical, and methodologi-
cal variability that has characterised the work developed by WG09 since its incep-
tion, the studies that have been carried out can be grouped together according to 
their main theme:

	1.	 The cognitive aspects involved in solving problems relating to specific mathe-
matical concepts (Freire & Lima, 2012; Lautert & Spinillo, 2012; Lopes & 
Magina, 2012; Magina et al., 2015; Oliveira et al., 2012; Viana, 2012) and the 
views of the teachers (e.g. Merlini et al., 2015; Spinillo et al., 2015);

	2.	 Communication in the classroom which includes the participation of deaf and 
blind students (Borges & Nogueira, 2012; Fernandes et al., 2012) and the cul-
tural aspects involved in the teaching and learning of mathematics (e.g. Carrião, 
2012; David & Tomaz, 2012a, b; Frant, 2012; Kistemann Jr., 2012; Torisu, 
2012).

In the next section, we discuss the advances made with regard to the knowledge 
about the cognitive and linguistic processes in mathematics education. We consider 
the studies that focus on the cognitive aspects in a developmental perspective, and 
the studies which emphasise the language and the cultural aspects involved in the 
reasoning processes. The division of the latest research by WG09  in two groups 
shows how Brazilian researchers from different theoretical and methodological 
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affiliations have come together in their search for theoretical models that can explain 
the role of language, cognition, and of cultural aspects in the teaching and learning 
of mathematics.

10.3.1  �Studies That Highlight the Cognitive Processes 
in a Developmental Perspective

According to Spinillo and Lautert (2006), cognitive psychology has distanced 
itself from more general theories that explain cognitive development in a broad 
manner, such as the Piagetian theory. Instead, cognitive psychology has become 
more closely identified with more specific theories, such as the theory of concep-
tual fields, proposed by Vergnaud, which deals specifically with mathematical 
knowledge. This has created a scenario that has led to the understanding of the 
multiple connections between psychology and education, and between theory and 
school practice. In the last few years, much of the research on cognitive processes 
that has been presented in the Cognitive and Linguistic Processes in Mathematics 
Education Working Group has adopted a developmental perspective. Based 
mainly on the theory of conceptual fields (Vergnaud, 1983, 1988, 1990, 2003), 
these investigations have examined problem solving in the field of multiplicative 
structures. Problems of this nature have been widely documented, both in the 
national and international literature and are considered a challenge for both those 
who teach and for those who learn them. Following the international trend,2 the 
issues addressed in WG09 emphasise problem solving, drawing attention to the 
importance of learning how to solve problems in order to learn mathematics, and 
to the importance of learning mathematics in order to solve problems (Charnay, 
2001; Onuchic & Alevato, 2004).

Problem solving has been investigated, particularly, aiming at: (1) understand-
ing how students conceive certain concepts considered to be complex, such as 
fractions, proportions, probability, divisions, multiplications, and the solving of 
problems involving combinatorial reasoning (e.g. Freire & Lima, 2012; Lautert & 
Spinillo, 2012; Lopes & Magina, 2012; Merlini et al., 2015; Spinillo et al., 2015); 
(2) analysing the nature of different types of problems since the way of reasoning 
adopted is related to the type of problem being solved (e.g. Magina et al., 2015).

The research conducted in the last few years has taken an interdisciplinary 
approach, involving psychology and mathematics education. To illustrate this 
interdisciplinary nature of the group, we will briefly present some studies that 
look into the solving of problems in the field of multiplicative structures. They are 

2 The solving of problems continues to be a relevant topic in the field of mathematics education. It 
has been the topic of numerous international conferences, such as the 13th International Congress 
on Mathematical Education (ICME) in 2016, the 40th Conference of the International Group for 
the Psychology of Mathematics Education (PME) also in 2016, and of many of the National 
Council of Teachers of Mathematics (NCTM) documents.
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grouped as follows: (1) diagnostic research, which seeks to describe how reason-
ing is organised and how it develops in students from different age groups and at 
different levels of schooling, when these are working with a particular concept; 
analysing the strategies adopted; (2) intervention research, which seeks to exam-
ine ways to develop mathematical reasoning; and (3) research which looks into 
the teacher’s conception when dealing with problem-situations in the field of mul-
tiplicative structures.

A study by Magina et  al. (2015) is an example of a diagnostic study. The 
authors analysed the performance and the strategies adopted by 3rd, 4th, and 5th 
graders of elementary school in the resolution of Cartesian product problems. The 
results showed that the students used different strategies, expressing different lev-
els of combinatorial reasoning, although their performance, in terms of the pro-
cess employed, did not vary throughout the different school years. The most 
elementary of these levels corresponds to the inability to understand the relation-
ships between the variables, and the use of inappropriate operations. The strate-
gies at this elementary level were the ones adopted more frequently. The less 
elementary strategies employed by the students were characterised by the estab-
lishment of fixed combinations based on term-to-term correspondences. Slightly 
more sophisticated strategies, but still not yet entirely appropriate, were those in 
which a flexible combination of the elements was observed. Such strategies, how-
ever, did not exhaust all the possible combinations between the elements from the 
two elementary sets. Appropriate strategies were rare. These were considered to 
be the strategies that, as stated by Moro and Soares (2006), resulted in combinato-
rial solutions derived from one-to-many correspondences, and that made use of all 
possible combinations, involving all the elements from both elementary sets. 
These results confirm Vergnaud’s (1983, 1988) claim that conceptualisation in 
mathematics develops gradually and over a long period since the most sophisti-
cated solutions, although rare, were found among the 5th graders. Moreover, the 
results of this study point to both the limitations and to the potential of the reason-
ing ability of elementary school students. These results have educational implica-
tions that can be translated into didactic actions that can support the development 
of these concepts, as well as helping to overcome the difficulties identified.

As an instance of intervention research, we have selected the study conducted 
by Lautert and Spinillo (2012). In this study, the authors investigated the effect of 
a specific intervention on the understanding of division in children who had dif-
ficulties understanding this concept. The research involved an experimental group 
(EG) and a control group (CG), and all the participants in the groups were required 
to take a pre-test and a post-test. The intervention, which was offered to the EG 
only, consisted of problem-solving activities, and discussed the forms of resolu-
tion adopted by the children. The intervention also explained two invariant prin-
ciples of division considered as determinants of the difficulties experienced by 
students during the early years of elementary school: co-variation relations 
between the terms of division when the dividend is kept constant, and how to deal 
with the remainder. The results showed that the EG students reached more 
advanced levels of understanding than those of the CG, overcoming the difficul-
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ties they had before the intervention. According to the authors, this progress was 
due to the fact that the intervention allowed participants to perform a metacogni-
tive activity—that is, to think about their ways of thinking when solving prob-
lems—and to reflect on the invariant principles of the concept of division.

Finally, as examples of studies that investigate the teacher’s conception with 
regard to mathematical concepts, we focus on two studies that have analysed the 
notions held by teachers about the resolution of problems involving both division 
and multiplication. Most research is based on the assumption that the understanding 
of a concept manifests itself not only in problem-solving situations, but also in situ-
ations where the individual is asked to formulate problems. Research conducted in 
Brazil (Chica, 2001; Itacarambi, 2010), and abroad (English, 1997; Lowrie, 2002; 
Zunino, 1995) assume this perspective regarding the formulation of problems by 
students, showing that students’ ability to formulate problems is related to their 
understanding of the concept involved in the solving of the problems they formu-
late. If we apply this reasoning to the teachers, we can see that the posing of prob-
lems by teachers needs further investigation. If problem solving is considered a 
didactic strategy, and if the problems presented relate to the content to be taught, we 
can conclude that knowledge about problem solving is a didactic knowledge of the 
content that needs to be mastered by those who teach mathematics.

As a result, research in Brazil (Cunha, 2015; Souza, 2015) and abroad (Crespo, 
2003; Leung & Silver, 1997) have looked at how teachers of mathematics formulate 
problems. The results of these studies led Spinillo et al. (2015) to investigate the 
formulation of problems by elementary school teachers. Participants in this study 
were asked to formulate, in writing, problems whose resolution required the use of 
multiplication and/or division. It was observed that the vast majority of the prob-
lems involved simple proportion. With regard to problems involving division in 
particular, most of them involved the idea of partition. Thus, it was concluded that 
simple-proportion problems are considered prototypical, and that teachers seem to 
have a limited notion about problem-situations that involve multiplication. Such 
limitation may have repercussions on how teachers deal with the textbooks that they 
adopt, especially, on their ability to analyse critically the problems proposed in 
these books, and on their capacity to make adjustments that they consider necessary 
in order to develop the knowledge of mathematics of their students.

Another study also investigated elementary school teachers was conducted by 
Merlini et al. (2015). In this study, about the introductory teaching of multiplica-
tion, the authors analysed how the participants, during a teaching training, 
reflected about their own didactical actions when teaching multiplication to 4th 
graders. A semi-structured interview was held shortly after the researchers 
observed classes the participants ministered. The way the teachers reflected about 
their own didactical practices were stimulated according to Schön’s model (2000): 
reflection-on-action (reflection on the actions carried out in the classroom), reflec-
tion-in-action (reflection made when the action is being carried out), and reflec-
tion-for-action (reflection on the outcomes of the actions performed). The main 
result was that after applying the three types of reflection, teachers tended to 
change their unsuccessful didactical actions and could adopt ones that were more 
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efficient. For the authors, teachers showed a progress in their understanding and 
evaluation of their own didactical actions, being able to improve their teaching 
practice. Probably, this was because the teachers were aware of the discontinuity 
between the addition and multiplication conceptual fields, and of the need to 
explore situations that require students to apply forms of reasoning that were 
appropriate to the field of multiplication.

Taken together, the investigations mentioned above have relevant educational 
implications. A first implication is that teachers need to be fully aware of the limita-
tions and difficulties experienced by students in the field of multiplicative struc-
tures. Diagnostic studies contribute to this knowledge. Once these difficulties are 
known, it is possible to think of ways of teaching that will help students overcome 
these difficulties, and that will promote increasingly more sophisticated forms of 
reasoning. In this sense, intervention research can serve as a basis for the creation of 
more effective and appropriate didactic situations that will allow the development of 
the mathematical reasoning. It is necessary, however, to adapt these types of research 
to the school context. Such adaptation, although complex, is possible.

A second implication is that the teacher’s knowledge and conceptions are equally 
crucial to creating an effective learning environment. Therefore, it is necessary to 
make teachers more knowledgeable, both in relation to the knowledge that the stu-
dents possess, and in relation to methodological issues to be considered by the 
teacher, such as the ability to formulate problems and the ability to reflect about 
their actions in the classroom (Gonzales, 1994; Tardif, 2002).

It is important to mention that the studies carried out within this cognitive 
approach are characterised by continuity, complementarity, and depth. More than 
theoretical or methodological tensions and disagreements, the results of these inves-
tigations have gradually added new information to this field of knowledge, both 
with regard to the operative invariants mobilised by the students, as well as the 
teacher’s conception of the conceptual field of multiplicative structures. Moreover, 
in spite of the theoretical cohesion between them, these studies present a wide diver-
sity of methodological resources, and allow investigating different aspects of the 
same phenomenon. A final, but equally important, point about these cognitive-based 
studies is that they have implications for mathematics education, and belong there-
fore to a field of knowledge of international recognition: the psychology of mathe-
matics education.

10.3.2  �Studies Which Focus on the Linguistic and the Cultural 
Aspects Involved in the Processes of Teaching 
and Learning of Mathematics

To consider language in the classroom during a mathematics class means to discuss 
its different aspects and uses. These can range from the individual level (expressing 
the understanding of knowledge) to the social level (involving the different socially 
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constructed discourses and interactions, and how they affect the learning process). 
In this focus, the studies discussed in the Working Group Cognitive and Linguistic 
Processes in Mathematical Education also adopted different theoretical and meth-
odological perspectives. Most frequently adopted is the social-historical-cultural 
perspective (Vygotsky and Leontiev), which calls attention to the fact that all human 
activity is mediated by semiotic instruments, and that these instruments are con-
structed during the interactions and discursive practices developed in the social con-
text, in this case, the mathematics class. These issues have been widely discussed in 
the international literature, with reference to the role attributed to language and the 
cultural aspects in the practices involving the learning of mathematics.

The latest studies presented in the working group (Carrião, 2012; Frant, 2012; 
Kistemann Jr., 2012) draw attention to the fact that language in the investigation of 
learning processes not only has the role of mediator between the student and the 
mathematical knowledge, but it is also the sole form of access to students’ way of 
thinking. In other words, according to the authors, it is through the language used 
by the teacher and by the students that we can obtain information about how they 
understand a particular topic.

Another language aspect considered in the investigations is the social norms of 
conduct that determine what can be said, how and where. This stems from the fact 
that every social group has its own repertoire of forms of discourse in communica-
tion (Carrião, 2012). Kistemann Jr. (2012) draws attention to the fact that we aspire 
to be socially accepted, and this will determine our discursive choices. This view of 
language as social practice means that the study of language cannot be restricted to 
the analysis of isolated phrases or words. For someone to understand the use of 
words in a given context, it is necessary to interact with the social group that makes 
use of those words. Thus, in order to analyse the discourse used in the classroom 
during a mathematics class, we must consider the various elements present in the 
interactions that take place, such as gestures, intonation, written material, and draw-
ings. This is because the mental processes emerge, mainly, through the internalisa-
tion of the social discourse (Carrião, 2012; Frant, 2012).

In order to examine the role of language and the cultural aspects involved in the 
acquisition of mathematical knowledge, researchers have adopted some theoretical 
references, namely: (1) the semantic field theory and critical mathematics education 
(Lins, 1994; Skovsmose, 2005); (2) the historical-cultural perspective of the activity 
(Engeström, 1987; Leontiev, 1978); (3) the conceptual mapping theory (Lakoff & 
Johnson, 1999) and the idea of metaphor (Sfard, 2008); and (4) Vygostky’s socio-
cultural perspective and Bakhtin and Voloshinov’s (1992) discourse analysis.

Research that adopt these theoretical perspectives often involve the observation 
and systematic analysis of the classroom activities and of the teaching material used 
by the teacher. Our focus on this topic is in the discussion of three papers: Carrião 
(2012), David and Tomaz (2012a, b), and Frant (2012). These studies carried out in 
WG09 address recurrent questions regarding the role of language and the cultural 
aspects present in the processes of teaching and learning of mathematics.

The recourses of analysis used, as in any research, are determined by the research 
question and by the theoretical perspective adopted. Frant (2012) uses the idea of 
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conceptual mapping to verify the use of compression and metonymy in the student’s 
text and in the textbook. David and Tomaz (2012a, b), on the other hand, focus on 
the rules that govern the activities and the actions of the individuals, analysing the 
way students participate in the classroom. Carrião (2012), also investigating class-
room discourse, uses strategies of discourse analysis to look for language features 
brought from other fields, in this case nominalisations.

A number of studies in WG09 share the idea that social aspects are involved in 
the learning process and that the development of thought is determined by language, 
in a specific way and by the cultural context of the individual’s social group.

David and Tomaz (2012a, b) and Frant (2012) contrast two different perspectives 
of learning. Frant (2012) stands in favour of the one that she calls participatory 
metaphor, and according to which mathematics is a discourse and learning mathe-
matics is to participate in the development of this discourse. The author highlights 
the role of everyday language in the construction of knowledge. For her, from the 
moment that the cognoscente subject takes hold of the text, everything that is said 
by others acquires meaning, they create objects and produce knowledge. David and 
Tomaz (2012a, b), on the other hand, adopt the perspective of expansive learning. 
From this perspective, it is assumed that learners construct a new object and motive 
for its use, and that they put it into practice in a process of expansive transitions of 
the actions of an activity.

Both the studies by Frant (2012) and Carrião (2012) point to questions related to 
language elements (e.g. nominalisation, compression, and metonymy) in the class-
room discourse. These studies show that students’ ability to use such elements will 
determine how they participate in the classroom activities, as well as influence their 
understanding of the concepts presented. The authors also draw attention to the fact 
that these language elements are used in our daily life although we are not always 
aware of this fact. In order to understand the use of words in the classroom dialogue, 
participants need to agree on the meanings attributed to these words, in particular 
with regard to compression and metonymy. Metonymy occurs when one entity is 
used to refer to another, and its main function is referential. Compression is a pro-
cess that shortens the distance between mental spaces, juxtaposing two spaces and 
creating a third. Without this agreement, the classroom dialogue can become diffi-
cult (Frant, 2012).

Nominalisation is the linguistic process that turns verbs into nouns, indicating 
the resulting action or event, instead of the verb. Carrião (2012) shows that nomi-
nalisation is a feature of the mathematics class discourse, being a direct reflection of 
the discourse of the field of academic mathematics, as shown by other studies (e.g. 
Burton & Morgan, 2000; Meaney, 2005). For Carrião (2012), a grasp of the math-
ematics class discourse, nominalisations in particular, can reconfigure the meaning-
construction process. This will not only lead to better school performance, but also, 
and most importantly, to the development of a specific form of thought that is valued 
socially.

David and Tomaz (2012a, b), on the other hand, discuss the complexity of the 
activities performed during a mathematics class. By analysing the mobility of the 
components of these activities, they explain the complexity of their structure and the 
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superposition of the rules that govern the activities in the classroom and the actions 
of the subjects, identifying tensions and potential learning. The authors also point 
out that in order not to miss learning opportunities, we must focus on the main 
object of the activity. Moreover, they point out that the changes associated to 
momentary overlapping rules are an aspect that seems characteristic of mathematics 
activities in school. David and Tomaz (2012a, b) bring to the analysis of the micro 
level of the classroom, the perspective of Engeström’s third generation activity the-
ory (1987, 2001), which is interdisciplinary. This approach connects different reali-
ties. It analyses situations ranging from mathematical situations produced in the 
classroom to everyday situations, being therefore a methodology that can relate the 
micro and the macro context.

Research developed according to this approach has revealed important educa-
tional aspects. These aspects need to be problematised and discussed with the teach-
ers when pondering the role they attribute to language, and to the cultural aspects 
present in the teaching and learning processes. Among such aspects, the following 
can be highlighted: (1) the need to develop pedagogical practices in which the ten-
sions brought about by the different ways of interpreting mathematical records are 
confronted, rather than ignored; (2) the need for teachers and authors of textbooks 
and curricula to use an approach based on research on cognitive and linguistic pro-
cesses, and not only on mathematical logic; (3) the need for students to have a good 
command of the mathematics class discourse, in particular nominalisations, and of 
the use of symbols, because not mastering these can result in exclusion, or at least 
limited classroom participation.

The studies that consider the role of language and of the cultural aspects in the 
teaching and learning processes, although presenting different theoretical-
methodological approaches, share a common ground. For example, all such studies 
consider the student as a participant in a community, and analyse the learning pro-
cess in a contextualised way, looking not only at the nearest environment, the class-
room, but also at the wider social context. This contributes to the construction of a 
learning that is consistent and, to a certain extent, coherent. In addition, this diver-
sity of research has contributed to the area of mathematics education, bringing dif-
ferent references from other areas and adapting them to the interpretation of several 
questions in this field, such as learning and communication in the school context.

10.4  �Final Remarks

A retrospective look at the investigations about the cognitive and linguistic pro-
cesses in mathematics education in Brazil shows that they reflect an ongoing search 
for possible answers about the role of language, of cognition, and of the cultural 
aspects present in the teaching and learning of mathematics. WG meetings represent 
an opportunity to open dialogues between different theoretical frameworks from 
different areas of knowledge and the use of a variety of methodological approaches. 
The diversity of the studies also contributes to establishing a dialogue between these 
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theoretical frameworks and methodologies and the cultural reality of Brazil, and, 
when necessary, adapt them to this reality.

Such diversity has also been recognised on the international scene (e.g. English 
& Sriraman, 2005; Hoffmann, 2006; Moschkovich, 2010; Sfard, 2012), among 
researchers interested in the role of language in teaching and learning in the area of 
mathematics education. For Hoffmann (2006), this diversity can be related to the 
fact that there is no unifying theory that can encompass the different ways in which 
semiotic questions have been addressed in research. This indicates the need for 
more investigations that can avoid an undue separation between the internal and 
external processes of learning mathematics of the individual, from its historical and 
semiotic aspects.

The theoretical choices made with regard to the linguistic, cognitive, and cultural 
aspects explored make it possible to organise different explanatory models about the 
cognitive functioning of individuals and its relation to the mathematical knowledge. 
The research presented by WG09, and which constitutes its identity, portrays the 
interests within this field in the Brazilian scenario.

It should be stressed that the research developed in Brazil provides data that sup-
port theoretical questions posed by different scholars (e.g. Bakhtin, Engeström, 
Lakoff, Leontiev, Nemirovsky, Vergnaud, Piaget, and Vygotsky). These investiga-
tions have also contributed to the discussion of various topics. Among the several 
contributions of the studies area presented in the group, we highlight the 
following:

	1.	 The role of gestures in language with reference to the coordination of semiotic 
tools to create and communicate mathematical meanings, and to the coordination 
of material tools and semiotics in the construction of learning environments that 
can contribute to the acquisition of mathematical knowledge by students with 
special needs. Such discussions highlight the cognitive importance of the body 
in mathematical thinking, a topic explored by several researchers in the interna-
tional arena. The studies with blind students developed in Brazil (Fernandes & 
Healy, 2010; Healy & Fernandes, 2008, 2011) have revealed the role that ges-
tures can play in the construction of mathematical knowledge. For Healy and 
Fernandes (2008, p. 2), “[...] If we can identify the differences and similarities in 
the mathematical practices of those whose knowledge of the world is mediated 
through different channels, perhaps we gain more robust understanding of the 
relationships between experience and cognition more generally”.

	2.	 The resolution of mathematical problems as a way to access both students’ and 
teachers’ conceptions, and as a way to relate problem solving to specific mathe-
matical concepts (e.g. Lautert, Spinillo, & Correa, 2012; Spinillo & Lautert, 
2006; Spinillo & Silva, 2010; Spinillo, Silva, & Lautert, 2016).

	3.	 The analysis of classroom practices, in particular the multiple perspectives of the 
different participants in this complex social context, has led Brazilian researchers 
to make use of different methodological perspectives. Some researchers have 
adopted the theory of activity, taking Leontiev and Engeström as reference. Tomaz 
and David (2011) bring to the analysis of the micro level of the mathematics 
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classroom Engeström’s interdisciplinary perspective, in an attempt to understand 
the complexity of the structure of the activities in the classroom, identifying the 
tensions and potential learning.

	4.	 The language currently used in mathematics classes and in mathematics school-
books is the result of several research works that seek to understand their role in 
the communication and learning processes. Research by Frant (2012) and 
Carrião (2012) brings this discussion to the daily activities of the classroom, 
analysing how elements such as metonymy and nominalisation, which character-
ise this language, affect communication, the participation in the activities, and 
student’s learning. In these works, we can see this language being used in the 
social interactions of the classroom.

To conclude, we bring the statement made by Rabello et al. (2000, p. 346) at 
SIPEM I. With reference to two approaches relevant to the theory and practice that 
have accompanied all the reflections produced over the last 16 years, they said “[...] 
At the same time that theory makes practice meaningful, practice makes theory 
significant: practice reveals to what extent the theoretical assumptions that support 
it can provide answers to the questions that emerge in the classroom”.
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