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Abstract

Math Education in Brazil has undergone important changes in the last two
decades. Among these, we can highlight those that refer to methods and ways
of developing the pedagogical work of Mathematics with children aged 6 to 9
years. Until the end of the 20th century, Brazilian Mathematics Education
was directed towards a more technicist teaching, focusing on the develop-
ment of operational contents and without much meaning for students. With
some political changes and the growing need for internal investments, Brazil
starts to operate within the international standards established by the World
Bank and International Monetary Fund, which establish as a priority for the
granting of loans, the increase of educational levels, and the eradication of il-
literacy. In view of this scenario, and allied to the evolution of curricular dis-
cussions, Brazilian basic education, mainly in the primary (6 to 10 years),
started to incorporate more and important elements related to the teaching
methodologies of Mathematics in its discussions, which knowledge teacher
occupies the central point. In this sense, the present paper seeks to under-
stand how polyvalent teachers, pedagogues who work in the teaching of Ma-
thematics in the early years, teach the content of fractions and what the es-
sential aspects regarding the methods chosen for this purpose are. Therefore,
the research information sources were obtained in a continuing education
course with teachers working in public education systems. Such sources were
characterized by records of responses to a problem-situation. Data were ob-
tained from the ipsis litteris transcription of these responses, followed by the
Content Analysis (CA), assuming the registration units as the initial parame-
ter. As a result, the research evidenced three categories in which the contents
discussed by the professors are classified: technicist, undifferentiated method
and non-technicist. In addition, the study evidenced the difficulties of teach-
ers in the focus group in differentiating methods from concepts, thus assum-
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ing different meanings for the fractions.
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1. Introduction

According to Fiorentini (2009) the ways in which Mathematics was conceived in
Brazil, especially in the last decade of the 20" century, were characterized by the
remnants of the constructivist movement. In this way, issues such as method
and ways of teaching, often interpreted in the literature under the relativized
mode of pedagogical practice, are set aside in favor of a purely subjectivist inter-
pretation perspective, that is, that practice is built in practice and the context is
what regulates the pedagogical modus operand;.

Furthermore, studying pedagogical practice is necessary, since we understand
it as a set of techniques and procedures used by the teacher intentionally and
with the purpose of achieving a pedagogical learning objective (Franco, 2015;
Mometti, 2021b). About this conception, we emphasize the importance of the
term “intention”.

Therefore, every teacher, regardless of the level, must employ an intention in
their teaching process. If we want our students to learn specific content we must
in an organized and systematic way have intentionality. Added to this, we have
the issue of praxis as a substantial element in this intentional process, as Vazquez
(1977) helps us. In this way, we consider praxis as the set of actions, understood
here in the sense of action and modification of context and reality, that the
teacher develops for a period of time. Therefore, intentionality mobilizes praxis,
which in turn builds a temporality and thus defines pedagogical historicity.

It is precisely in this historicity that the field of studies of the pedagogical
practice field because if we consider the theoretical contributions brought by
Tardif (2002) on teaching knowledge and its performance in pedagogical work,
we will find the element “experiential knowledge” as one of the categories. This
means that, for this author, the teacher incorporates, to a large extent, the know-
ledge necessary for the development of his work based on what he learns as a
student and what he conceives as an element of success throughout his teaching
history.

In this regard, we have shown in another study that knowledge incorporated
through experience, as highlighted by Tardif (2002), contributes to the develop-
ment of forms of awareness that significantly influence classroom practice and
teacher performance (Giddens, 2013; Mometti, 2021a).

Moreover, in the last two decades, Math Education has presented countless
discussions that have contributed to teacher practice. Among these, we highlight

the curricular aspects of the formation of those who teach Mathematics, the me-
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thodologies for their teaching and new theoretical contributions that currently
support the development of new research. Thus, it is necessary to investigate not
only the pedagogical practices of teachers who work in the Primary Education (6
- 10 years), called polyvalent but also the modus operandi of how such practices
can be thought of from experience combined with theory, the result of research.

In this sense, this article aims to present a cross-sectional study developed
with Brazilian polyvalents teachers from the Primary Education (6 - 10 years),
about the methodological choices for teaching fractions. For that, we used the
analysis of methodological proposals prepared by an amount of 15 polyvalent
teachers in a continuing education course developed at the second semester of
the year 2020.

Thus, we initially present a theoretical framework about the teaching of frac-
tions, followed by the chosen methodological design and the presentation of re-
sults. In a second moment, we discuss their interpretation. Finally, we hope that
this work can contribute to advancing the discussion of the methodological ap-
proaches used in teaching fractions in the Primary Education (6 - 10 years), as

well as for Math Education as an area of knowledge.

2. Theoretical Frame

2.1. About the Fractions

The teaching of fractions has been studied by researchers in the field of Math
Education for some decades. Its importance lies in the fact that this is one of the
most relevant contents for the understanding of other areas of Mathematics it-
self, as well as other areas of knowledge.

Thus, assuming the content of fractions as the object of study of the present
research, we can highlight three essential characteristics: 1) construction of the
meaning of fractions by those who teach them, 2) meaning of fractions by those
who learn them and 3) methods and techniques used to teach them. The first
and third refer, basically, to the range of studies carried out on teaching, that is,
they assume the teacher who teaches mathematics as a privileged subject of re-
search. The second, in turn, deals with learning, highlighting the student as the
subject of the study.

However, it is worth noting that any research of an educational nature must,
essentially, consider the teaching and learning process, focusing on the object of
interest privileged by the initial objectives (Esteban, 2010; Weller & Pfaff, 2013).
The work in question falls under the third point mentioned above and, there-
fore, assumes as research subjects the teachers who teach Mathematics in the
Primary Education (6 - 10 years).

Furthermore, when it comes to the construction of the meaning of fractions,
both by the teachers who teach them and by the students who learn them, we
can find, in the literature, authors such as Campos et al. (2006), Friz et al. (2008),
Ubah and Bansilal (2018) and Mocrosky et al. (2019), whose studies point to

some specific categories of meanings that appear the most, about fractions.
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Therefore, Campos et al. (2006) highlight the following understandings that
can be found for fractions: 1) fraction as a part-whole relationship, 2) fraction as
quotient, 3) fraction as a multiplier factor, 4) fraction as a number and 5) frac-
tion as a measure. It is worth noting that this research’s understanding of mean-
ing is the same attributed by Abbagnano (2018: p. 1055), who emphasizes that
meaning deals with the possibility of a sign referring to its object, highlighting
two fundamental aspects: a name and the object itself:

Thus, according to the cited authors, the meaning of fraction given by catego-
ry (1) refers to a piece of a considered total, that is, to a subset of a given set. This
meaning is attributed through problems and exercises that consider, for exam-
ple, the following: Bia ate a quarter of the chocolate bar. Paint the corresponding
amount Bia ate.

Category (2), in turn, refers to the interpretation of fractions as a division op-
eration, that is, when finding the mathematical symbolic representation of the
form 4/2, the student understands that it is a division of 4 by the quantity 2.
Such meaning can be found in problems like as: one pizza divided for six people,
a few balloons divided for two children, among others. According to Ubah and
Bansilal (2018), this meaning is the one that most appears in the most advanced
levels of basic education, since it requires the operationalization between two
quantities represented mathematically.

Regarding category (3) of the meaning of fractions, we can find it in problems
as follows: how much corresponds to 1/3 of a package with 60 bullets? The at-
tribution of meaning in this category, according to Friz et al. (2008), is more
present at the High School level of basic education, which would correspond to
Brazilian Secondary Education. To compare this assertion, it is emphasized that
the interpretation of fractions as a multiplicative factor basically comprises the
attribution of two sub-meanings, which are: 1) fraction as quantity and 2) frac-
tion as operation.

Furthermore, such sub-meanings are found in the second level of thought,
that of operationalization, since, first, the student assigns meaning and interprets
the quantities and/or variables involved in the situation that is required to, later,
operationalize with them. In the first, we can highlight the pioneering studies of
Duval (2011) about semiotics and its contributions to the teaching of mathematics.

The category (4), on the other hand, concerns the quantities that are not de-
fined within the problem, which cannot yet be characterized as variables. This
category of fraction meaning can be found in problems like: what is the value
corresponding to 1/5 in decimal number? In addition to this, we can also find its
use in the representation of numerical sets, such as rational and irrational ones.
Finally, in category (5), according to Campos et al. (2006), the attribution of
meaning through existing variables stands out, such as in statistical problems
involving the calculation of probabilities.

Thus, by the categories of meanings attributed to the fractions mentioned, it is

inferred that such diversity can be a source of confusion in the teaching process.

DOI: 10.4236/ce.2021.1211203

2755 Creative Education


https://doi.org/10.4236/ce.2021.1211203

C. Mometti

So, as one of the hypotheses of this research, the reference to such meanings of
fractions, by the teacher, during his methodological choice for teaching, stands
out. In other words, we want to say that the failure to understand what meaning
is transposed to the student can be evidenced by their methodological choice to

work with such content.

2.2. Brazilian Polyvalents Teachers

It is known that teachers who develop their study in the first years of elementary
school, in Brazil, have a degree in Pedagogy and, therefore, are not specialists in
the field of Mathematics. It is worth noting, regarding the mandatory training in
Pedagogy for these professionals, that this came with the enactment of Law 9394
of December 20, 1996, also known as the Law of Guidelines and Bases of Educa-
tion, which provides for the organization of Brazilian education, public educa-
tion, mandatory basic education, and related measures.

In this way, we understand a multipurpose teacher as a professional in educa-
tion trained in Pedagogy and who works in the early years of elementary school.
The reference through the polyvalent name refers to the fact that this profes-
sional acquires multidisciplinary training, without going deeper into any of
them, highlighting only the basic and essential aspects for the development of
their pedagogical work in the Primary Education.

Studies developed by Gatti and Nunes (2009), Proenca (2015), Julio and Silva
(2018), Ortega and Santos (2018), Ubah and Bansilal (2018), and Mometti
(2020a; 2020b) show us the difficulties, on the part of the polyvalent teachers,
about the mathematical content, the main factors contributing to this being: 1)
absence or few specific subjects for Mathematics Education, in their curriculum,
during initial training, 2) the difficulties in the mathematical content brought of
their basic training, 3) the absence of pedagogical methods for specific contents
of Mathematics, 4) the “dislike” of Mathematics, as an incorporated cultural
element, and 5) the lack of structure, didactic resources and technological devic-
es that assist the pedagogical work. Without a shadow of a doubt, these aspects
are just some of the countless others that we believe exist, as aggravating ele-
ments of the difficulties faced by polyvalents teachers during the teaching of
Mathematics.

In this sense, we are guided by the following factors regarding the training of
the polyvalent teacher: a) the importance of offering and investing in continuing
education courses, to fill and, at the same time, update certain methodological
gaps and b) promote space and place to talk for teachers to exchange their expe-
riences and learn from cultural elements experienced in other spaces and cultures.

As the last theoretical contribution that guides us in this research, we high-
light the socio-cultural aspects brought by Giddens (2013) and Sewell Jr. (2005).
Such contributions refer to the characterization of the teacher’s pedagogical
work as an action carried out within a substructure called the classroom. There-

fore, this action is defined as an agency of the teacher (an individual who con-
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stitutes the social group) and substructure as a set of medium-scale schemes and
resources (human and non-human) inserted in a larger structure, characterized,
in this case, by the network of education to which it belongs. This perspective is
brought from the social structuralism developed by Giddens (2013), with so-
cio-historical theoretical support from Sewell Jr. (2005). Regarding the action of
the individual, in our case the multipurpose teacher who teaches mathematics,

this can be understood as the schemes from which he develops his work.

3. Methodological Design

This work is characterized by a cross-sectional study, as it is in a specific period
and with a universe of specific individuals. Thus, our universe comprised 15 po-
lyvalent teachers from the first years of elementary school, working in municipal
public schools in four cities in the State of Sdo Paulo and one city in the State of
Espirito Santo, Brazil.

We assumed as the context of the research a continuing education course
promoted during the second half of 2020, in the remote mode, for 150 teachers
from public schools. However, the course was distributed in kindergarten (2 - 5
years) and Primary Education modalities. For this research, we focus on the
Primary Education (6 - 10 years).

Furthermore, it should be noted that this course is an integral activity in the
schedule of a broad research project entitled Math Education in the Primary
Education: Methodological Aspects of Teaching, developed at the University of
Sdo Paulo, Sdo Paulo, Brazil. This project comprises an in-depth study of the
teaching methodologies of Mathematics in the primary education focusing, es-
sentially, on the training of teachers who teach Mathematics.

As sources of information for this study, we used one of the activities sent by
the Virtual Learning Environment (VLE), by a sample of 15 polyvalent teachers
participating in the continuing education course. This activity consisted of the
elaboration of a proposal to solve a problem, faced by a hypothetical teacher,
about the teaching of fractions. All activities were sent via electronic form, which
was transcribed ipsis litteris, thus constituting our body of data for analysis.

The second source of information used consisted of observations recorded in
the researcher’s diary, which were collated during the analysis to assist in the in-
terpretation of the results obtained. In addition, the audiovisual recording of the
synchronous remote class, developed on the theme of fractions, with the multi-
purpose teachers, is also characterized in this work as a source of information. It
should be noted that both the recording and the other data obtained to comply
with the provisions of Brazilian resolutions No. 466 of December 12, 2012, and
No. 510 of April 7, 2016 (Resolu¢do n® 510/2016 de 7 de abril do Ministério da
Saude/Conselho Nacional de Satde, 2016; Resolu¢do n° 466/2012 de 12 de de-
zembro do Ministério da Satide/Conselho Nacional de Saude, 2012) regarding
the performance of scientific research with human beings.

Regarding the method of analyzing data transformed from information
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sources, we used the content analysis proposed by Bardin (1977). Such a method
consists in the interpretation of the explicit content by the enunciator of a given
speech, through the elaboration of representative categories that describe what
was thought. Thus, the discourse used is of the written type and the registration
units used are documentary, that is, we use the data obtained through the ipsis
litteris transcription of the responses sent to the formulated problem-situation,
on the methodology of teaching fractions.

The categories obtained a posteriori, that is, resulting from the analysis
process of the registration units, were confronted with the provisions of the
theoretical contributions on which we base ourselves, thus obtaining the inter-
pretation of what polyvalent teachers understand by methodology, as far as it is

concerned respect to teaching fractions.

4. Results and Discussion

As highlighted, this work aims to present a cross-sectional study developed with
multipurpose teachers from the early years, about the methodological choices for
teaching fractions. Initially, we obtained data from the ipsis litteris transcripts of
fifteen responses sent to an activity in the VLE, which was a problem-situation
with a hypothetical teacher named Clarissa.

Thus, the teachers participating in the course, in this case, our sample of fifteen
teachers, should answer the following question: Clarissa is a 4"-grade teacher at a
municipal school. During her bimonthly planning, she noticed that one of the cur-
riculum components that should be worked on was fractions. In addition, she ve-
rified that such a component should return in the successive two months. Given
this situation, how could Clarissa “work™ this content in the 4" year?

With the data obtained from the answers to the previous situation, expe-
rienced by teacher Clarissa, the first movement of formation of registration units
for an initial categorization was started, according to Bardin (1977). The catego-
ries arising from this first process, in this work named by initial categories, were
obtained considering the following criteria: 1) principle of mutual exclusion, 2)
principle of intracategory homogeneity, 3) relevance to the objective of the
study, 4) relevance to the content spoken by the speaker, and 5) objectivity. Such
categories are represented in the first column of Table 1.

In a second moment, from the crossing with the information described in the
researcher’s diary, the categories that contained some degree of comparability
were regrouped. Such categories, in this study, are classified as intermediate level
and are represented in the second column of Table 1.

After obtaining the intermediate categories, in a movement to resume the
analyzed data, comparing them with the audiovisual recording and, also, the ob-
servations recorded in the researcher diary, three categories were obtained that
translate the set of contents, about the methodology, cited by the fifteen teachers
in the documented speech. Such categories, in this study, are named by repre-

sentative categories and are in the third column of Table 1.
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Table 1. Primary, intermediate, and representative categorization of the analyzed data. Font: elaborated

by the author.
X . . Representative
Primary categories Intermediate category
category
1. Sequence methodology
2. Recognition precedes method choice
Sequential procedures

3. Sequence of knowledge
4. Method as a sequence of steps
5. Methodology through problem situations
6. Troubleshooting Operationalization of
7. List of exercises the fraction concept Technicist
8. Practical activity
9. Previous knowledge as a determining factor of the method
10. Intervention and continuous mediation

Pedagogical
11. Student behavior i

bureaucracy
12. Content exposure
13. Pedagogical concept
14. Methodology with concrete materials Didactic resource
15. Everyday materials understood as a method
16. Understanding the concept of fraction
17. Understandine throush ¢ registrati Undifferentiated

. Understanding through concept registration Understanding the method

18. Fraction meaning rational number method as the concept
19. Fraction with measurement meaning to be taught
20. Fraction with meaning of quotient
21. Play as a method
22. Everyday situations Non-technical aspect ~ Non-technicist
23. Method as storytelling

The three representative categories can be seen in Table 1: technicist, undif-
ferentiated method, and non-technicist. The first refers to the set of contents
that brings the teaching methodologies of fractions in the form of technical con-
tents, such as the use of didactic sequences, mathematical operations involving
fractions, the operationalization of the concept involved through problems, and
the bureaucratization of the teaching process.

In a way, this category does not translate into a novelty, regarding the teach-
ing of Mathematics since its focus is often directed to an operational transfer of
content. Methodologies for teaching Mathematics, such as Problem Solving,
Mathematical Modeling, Teaching by History of Mathematics, among others,

were not mentioned in the speeches.
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Another important element, which adds to the analysis in question, deals with
the education of the fifteen teachers that make up our sample. All work in three
municipal education networks in the State of Sdo Paulo and underwent initial
training through the distance modality. In this focus group, there was no teacher
belonging to the cities of the State of Espirito Santo. In addition, all of them al-
ready had experience in working with children and, upon completing a Pedago-
gy course, they took on public positions to act as polyvalent teachers.

During the discussion on the teaching of fractions, in audiovisual recording,
we found that a teacher who makes up our focus group pointed out that in the
curriculum of the higher education institution in which she graduated there was
only one subject focused on Math Education, whose menu included only didac-
tic and little conceptual aspects, specific to Mathematics.

The second category gives us an important point to investigate in the research
project: the non-differentiation, on the part of the polyvalent teacher, of the
teaching method. By this, we mean that the contents categorized at this level di-
rect the teacher’s speech towards a non-identification of what is a method and
what is a concept, that is, the teacher was not able to differentiate method from
the concept. Thus, we were left with the following question: what are the influ-
ences that contribute to this non-differentiation of the method, on the part of
the polyvalent teacher? The data analyzed by this research were not enough to
answer the previous question, a fact that led us to expand our research schedule,
inserting other aspects to be investigated.

Finally, the third category deals with a methodological form mentioned by a
few teachers, exactly three, who suggested teaching the content of fractions
through playfulness, storytelling, and everyday situations. On the aspect of play-
fulness, it was not specified in the content whether it would be through games,
entertainment activities, or with the aid of toys. Regarding everyday situations,
the speech brought as an example the use of school lunches and fruit cutting.
Table 2 highlights the relationships between two levels of categorization, which
were obtained through content analysis of the fifteen responses sent, about the
problem situation involving teacher Clarissa.

We can see that the failure to detail the methodologies that would be used in
Clarissa’s situation materializes a situation that, possibly and hypothetically,
would not only be that of the studied teachers: the non-recognition of the me-
thod as an essential stage of student learning. This does not mean, in a way, that
the teacher does not have the technique, but that he does not reflect on it from a
methodological point of view. Clearly, the knowledge obtained through expe-
rience is more representative for this group of teachers than we assume as a fo-

cus group.

5. Conclusion

The present work sought to present a cross-sectional study developed with a group

of fifteen multipurpose teachers from the early years, about the methodological
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Table 2. Relation between intermediate and representative categories. Font: elaborated by
the author.

. L. Representative
Intermediate category Principal content
category
Shows the method as a succession of
Sequential procedures procedures applied to achieve the
expected objective of the class
. . Highlights the mathematical operations
Operationalization of the ) . ) o
. using the fraction as a technical method Technicist
fraction concept
for the development of the process
Highlights the pedagogical steps
Pedagogical bureaucracy necessary for the development of the
process
Highlights the non-differentiation, on the
Didactic resource part of the teacher, of what is a method
understood as a method and what is a didactic resource for the
teaching of the concept Undifferentiated
method

Highlights th -differentiability,
Understanding the method (BITIEHTS the non-ailerenta ity on

the part of the teacher, of what is a
as the concept to be taught

method and what is a concept

Highlight d playful
Non-technical aspect ighlights games and playfulness asa Non-technicist

teaching method

choices for teaching fractions. Thus, we were able to evidence, through the con-
tent analysis proposed by Bardin (1977), three representative categorizations of
discursive contents by the group of analyzed teachers. These categories were:
technicist, non-differentiation of the method and non-technicist.

Regarding the first category, we could see that the teachers analyzed in the
study developed a vision focused on the execution of patterns and limited to a
set of operationalizations, as shown in Table 2. The second category, in turn,
showed us in this same group of teachers analyzed that there is no specific un-
derstanding of what teaching method is, in this research interpreted as a tech-
nique, a procedure according to Franco (2015) and Mometti (2021b), of the
purely conceptual content. This means that when teaching the content of frac-
tions, the analyzed teachers treat it as something that must be learned based on
the assumption that it is knowledge “absorbed by the student”, which does not
require specific teaching technique and/or movement depending on the group of
children who are working. This gives us a very trivial consideration of contem-
porary education about the teacher’s role in teaching and its importance as an
agent that modifies the pedagogical space, so well discussed by Meirieu (2002).
Furthermore, working with fractions, or any other content in Mathematics, re-
quires intentionality as highlighted by Franco (2015), so one must be concerned
with the set of procedures necessary for a given pedagogical objective to be

achieved.
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Finally, regarding the third and last category found by this study, we highlight
the teachers who do not bring to light their pedagogical practice analyzed for
this case an evident concern with the procedures used to teach a mathematical
content, which does not mean that they are not concerned with teaching him.
This reflects the constructivist pedagogical approach still very present in Brazil
and widespread from the 1980s’, which considers as fundamental and central to
the student’s learning process, in general, its time, its historicity, and its partici-
pation in the then “construction of knowledge”, as highlighted by Mortatti
(2014) contextualizing with literacy for Brazilian children, as well as Krasilchik
(1987) dealing with Science Education.

Thus, in a second moment, the categories mentioned gave us the understand-
ing that the methodological choices for teaching fractions from the problem sit-
uation of teacher Clarissa were of a technical, conceptual, and technical nature,
and totally non-technical. This means diversity in terms of teachers’ under-
standing of how to teach certain contents, as well as the problem of not differen-
tiating method from content, as interpreted previously. This fact raised a re-
search question that was incorporated into our studies, which is: Aow does the
teacher of the early years differentiate between method and concept in relation
to Mathematics? This question will be part of a later stage to be developed in our
studies on the methodology of teaching Mathematics in primary education.

In a third moment, we could perceive and understand that the debate about
what would be the best method to teach Mathematics to children aged 6 to 10
still occupies a prominent point among the surveyed teachers. In this sense, it is
noteworthy that, in the initial training of the studied polyvalent teachers, the
treatment is given to teaching methodologies generally places them associated
with the pedagogical-bureaucratic, that is, they were centered on the teacher and
on his behavior when in his classroom. But when it comes to teaching, we also
have the content needed for student learning.

Thus, it is still necessary and urgent to understand what the multipurpose
teacher understands about teaching methodology and what are their conceptions
about this process, so that, later, we can think about specific courses that bring
good results to their pedagogical work. Such continuing education courses are
essential for the teacher’s own development, since, as pointed out by Gatti and
Nunes (2009), there are few teachers’ education courses in Brazil that present a
significant number of disciplines that properly develop the necessary bases for
good teaching performance.

Finally, we hope that this research will bring contributions to the area of
teacher education who teach mathematics as well as to the teachers participating
in the research, who are still in contact with the project’s research team for col-

laboration and exchange of experiences.
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