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Abstract. According to the Brazilian National Curricular Standards, Mathematics
is a fundamental component of the education of citizens and it must be available to
everyone [2]. This article strives to describe the organization of Mathematics teach-
ing at the early years of the Brazilian elementary education. It presents the structure
of the curriculum, highlights main methodologies used in mathematics teaching at
this level of school education as well as discusses the creation of textbooks in Bra-
zil. In order to overcome the problem of teaching quality, some proposals were of-
fered by Brazilian researchers in the areas of Education and Mathematics Educa-
tion, in relation to methodologies and didactic resources. Among these methodolog-
ical proposals, Ethnomathematics stands out in Brazilian basic education. Formu-
lated by Brazilian professor and researcher Dr. Ubiratdn D'ambrdsio, Ethnomathe-
matics has as its foundation the study of Mathematics from different ethnic-cultural
groups. For ethnomathematics, the teacher must perform a critical analysis of the
mathematical contents, identifying its importance, necessity and objectives, search-
ing the nature of Mathematics, starting from its history and its relations with socie-
ty, to show the real needs and concerns of the other cultures at different historical
moments. The article analyzes documents that guide an elementary education in
Brazil, dissertations and theses, open access articles and scientific reports in the
journals on Education and Mathematics Education.

Key words: elementary education; mathematical skills; mathematics teaching and
learning; curriculum; didactic book of mathematics.
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Annoranusi. CornacHo bpa3mibCKuM HaIMOHAIBHBIM CTaHAApTaM Y4eOHOU Ipo-
rpaMMBbI, U3yYeHHE MaTeMaTUKH SBIIAEeTCS (PyHAaMEHTaIbHBIM KOMIIOHEHTOM 00pa-
30BaHMS TPAXKJIAH U JOJKHO OBITH TOCTYIHO s BceX [2]. [lanHas ctaths npesia-
raet OlMCaHue OpraHu3aIy 00y4eHHs MaTeMaTUKe B TIEPBBIE TOJIbI OPa3UIBLCKOTO
HayaJgpbHOTO 00pa3oBaHUs. B crarhe mpejcTaBieHa CTPyKTypa y4eOHOTO IUTaHA,
OCBEIIEHbl OCHOBHBIE METOAMKHM IMPENoJaBaHUs MAaTeMaTHUKA Ha 3TOM JTare
IIKOJIFHOTO O00pa30BaHMsI, a TaKKE PACCMOTPEHBI BOMPOCHI CO3/IaHUs YUYCOHUKOB
MaTeMaTHKu B bpaswinn. B nensx pemienus mpoOieMbl kadecTBa oO0ydeHus, Opa-
3WJIBCKUMHU HCCIICIOBATEISIMU B 00JIaCTH 0O0pa30BaHUSI U MAaTEMaTHYECKOTO 00pa-
30BaHUs ObUTH pa3pabOTaHbl HEKOTOPBIC MPEJIOKEHHUS B OTHOIIEHUH METOAUK U
TUIAKTHYECKHX pecypcoB. Cpeau MeTO0JIOTHUECKUX TPEIIOKEHHH B Opas3wiib-
CKOM HadallbHOM 00pa30BaHUM BbIIETSETCS dTHOMaTeMaTHKa. TepMHUH «dTHOMATe-
MaTuKay ObUT BBEJIEH Opa3uiIbCKUM yUeHBIM, Tpodeccopom Youparanom 1 AMOpo-
cno. OCHOBOM 3THOMATEMAaTHUKH SIBJISIETCS M3YyUYEHHE W OINMCAHUE MPAKTUYECKOU
MAaTeMAaTHKH Pa3IMYHBIX 3THUYECKUX TPYMI. YUHTEI0 HEOOXOAMMO BBHITIOJHUTH
KPUTHYECKHUI aHallM3 COJEp)KaHUS MaTeMaTHKH, OIIEHUTh €r0 Ba)KHOCTh, HE0OXO-
JTUMOCTh | 1IEJTTH, OTNPEACIUTh MPUPOY MaTeMaTUKH, HAYWHAS C €€ BOSHUKHOBE-
HUS, U €€ OTHOIICHHWH C OOIIECTBOM, YTOOBI MOKa3aTh peabHbIE MOTPEOHOCTH U
poOJeMbI IPYTUX KYJIbTYp B pa3IuvHbIC UCTOPUUECKHME MOMEHTHI. B crarbe aHa-
TU3UPYIOTCS TOCYAapCTBEHHBIE JOKYMEHTBI O HadalbHOM 0oOpazoBaHuu B bpasu-
JIUW, TUCCepTaIlui, MOHOTpaduu, CTaThl U Hay4YHBIC JOKJIAIbLI B )XypHamax «O0pa-
30BaHMUE U MPENOJaBaHUE MATEMATHKI.

KiroueBble cioBa: HayanbHas IIKOJNA; MaTeMAaTUYECKWE 3HAHUSA; MpENojiaBaHue
MaTeMaTUKH; Y4eOHBIN TIaH; Y4eOHHK MaTEMaTHKH.
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Introduction. The changes that have tak-
en place in contemporary societies, in which
the development of science and technology are
highlighted, have had unprecedented effects on
educational issues, reflected in the development
of school curricula. The need for an education
that provides the development of students' in-
tellectual capacities becomes emerging. And as
of “the relationship between teaching methods
and child development, it is that teaching
should anticipate and thereby stimulate cogni-
tive development” [10, p. 15].

In Brazil, in the last thirty years there has
been an intense movement of curricular re-
forms, which purpose is the adaptation of the
country to the new world scenario, which re-
quires an education focused on the develop-
ment of skills and competences, that attends the
process of production. Such requirements can
be clearly seen in the "World Conference on
Education for All", held in Thailand in 1990,
which defined a basic education as a priority.
Promoted and sponsored by the United Nations
Educational, Scientific and Cultural Organiza-
tion (UNESCO), the World Bank (BIRD), the
United Nations International Children's Emer-
gency Fund (UNICEF) and the United Nations
Development Program (UNDP) that Confer-
ence had a result of World Declaration about
Education for All (1990), which presents guide-
lines and forms of regulation of educational
policies in emerging countries in Latin Ameri-
ca, Asia and Africa.

In this restructuring place of Brazilian
education that is inserted in the National Cur-
riculum Parameters (NCP), published in 1997,
which purpose is to contribute to the construc-
tion of a quality education that is geared to
meet the demands of the current world. Tavares
[21] highlights five major themes that guide the
Brazilian curricular problem: education for citi-
zens; constructivism, multiculturalism, evalua-
tion and the quality of education.

Methodology. The present research is
based on bibliographical data from periodicals,
books, dissertations/theses and articles in the
areas of Education and Mathematics Education,
documents and official discourses that guide
Brazilian elementary education.
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1. The National Curricular Parameters
and the Mathematics Organization in Bra-
zilian elementary education. As in many
countries of Latin America and Europe, the
teaching of Mathematics in Brazil presents as-
pects such as: an appreciation of problem solving;
mathematical literacy; meaningful learning; a
language specific to Mathematics, etc. In this
sense, the NCP points out that one of the objec-
tives for teaching Mathematics in Elementary
School is "to identify mathematical knowledge as
a means to understand and transform the world
around them and to perceive the intellectual game
character, characteristic of Mathematics, as an
aspect that stimulates interest, curiosity, the spirit
of research and the development of problem-
solving ability"” [3, p. 47].

The Brazilian Elementary School, in its
current format, is divided into two cycles. The
first one covers grades 1-5 (students from 6 to
10 years old) and the second grades 6-9 (stu-
dents from 11 to 14 years old). The purposes of
Mathematics, present in the curriculum for this
level of education according to Oliveira [19],
contemplates four dimensions: cultural, social,
educational and political.

Cultural ~ Dimension:  mathematical
knowledge is linked to cultural contexts, these
are based on the ideas of Ethnomathematics.

Educational Dimension: Mathematics ac-
tivity has as objectives the construction and ap-
propriation of mathematical concepts by the
students, who will serve these to understand
and transform their reality.

Social Dimension: the social role refers to
the insertion of the students in the labour mar-
ket, as well as in social relations in general.

Political Dimension: refers to the im-
portance of mathematics in the contemporary
world, in which technological and scientific
knowledge is given a priority.

The guidelines that guide the selection
and organization of Mathematics contents in
Elementary Education, follow the principles
and norms stipulated by the National Council
of Teachers of Mathematics — NCTM [15].
Thus, the contents are distributed in four
blocks: 1) Numbers and Operations, which in-
volves the fields of Arithmetic and Algebra; I1)
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Space and Form, which studies the basic con-
of Geometry;

cepts
Measures, which

fields of Arithmetic, Algebra and Geometry;

ol
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IV) Information Processing: which addresses
basic concepts of Statistics and Probability. The
summary of each block of contents is presented
in Table 1.

1) Greatness and
allows to interconnect the

Table 1

Summary of contents per block according to National Curricular Parameters

Tabmuna 1

Coaep:xanue o0pa3oBaHus cOr1acHO bpa3nibCKUM HAllMOHATBHBIM CTAHAAPTAM

y4eOHOoIi mporpaMmbl

Block
of Contents

Description

Numbers and
Operations

Knowledge of natural and rational numbers (fractional representation and
decimals) as effective tools to solve problem situations, considering their proper-
ties, relationships and how they were historically constituted. The work with the
operations must prioritize the understanding of the different meanings of each of
them, the connections between them and the reflexive study of the calculation, con-
templating the types: exact and approximate, mental and written.

Space and
Form

The geometric concepts favor the development of a special type of thinking,
which allows the student to understand, describe and represent, in a systematized
way, the world in which he/she lives. The work with geometric notions turns to the
observation, perception of similarities, differences and identification of regularities,
involving the analysis of objects of the physical world, art works, sculptures, crafts
and drawings.

Greatness and
Measures

The block is characterized by its strong social relevance, with evident utili-
tarian and practical character. The activities in which notions of magnitudes and
measures are analyzed, provide a better understanding of concepts such as: propor-
tionality and scale, meaning of numbers and operations, as well as the concepts of
shapes and forms.

Information
Processing

Associated with this block are the notions of Statistics, Combinatorial Anal-
ysis and Probability. The work with statistical measures includes procedures for
collecting, organizing, interpreting data, through frequency tables and graphs. In
the field of combinatorics, the goal is to lead the student to deal with situations in-
volving the fundamental principle of counting. Probability studies focus on the un-
derstanding that most everyday phenomena present a random nature, and it is pos-
sible to estimate probable results of these events. The notions of chance and uncer-
tainty, which manifest intuitively, can be explored through random experiments and
observation of events.

Source: [3]

In the mid 90's, the Brazilian government
introduced the pedagogical evaluation of di-
dactic books, through the National Program of
Textbook and Teaching Material — NPTTM,
which began to guide authors about the distri-
bution and organization of content by level of
education. It is important to note that the books
evaluated and approved by the program are in-

tended for public elementary schools. The
structure of the mathematical contents in di-
dactic books follows the same structure indi-
cated in the NCP. The following pattern is de-
fined as satisfactory for the first five years of
Elementary School, based on Mathematics Ed-
ucation studies:
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Fig. 1. Distribution of the mathematical contents suggested by the National Program
of Textbook and Teaching Material 2016 for didactic books of the first years of Elementary School
Puc. 1. PacnpeﬂeneHHe MAaTEMaTHYICCKOTIO COACPKaHHUA IO KiIacCaM, IMPEAJIOKCHHOC
HanmonanpHoii mporpamMMoii y4eOHUKOB U yueOHbIX MaTepraioB B 2016 r. s yueOHUKOB
1 y4eOHBIX TOCOOMH HayaIbHOM LIKOJIBI

Source: National Plan of Textbook [2]

2. Teaching Mathematics at the early
years of Brazilian elementary education. One
of the great challenges faced by Brazilian ele-
mentary education is the overcoming of 'tech-
nicalism', produced by a training aimed at train-
ing students to solve external evaluations. Au-
thors such as Nacarato, Mengali and Passos
[16] defend the idea of a curriculum for math-
ematics that is not limited to calculations and
algorithms, or the memorization of formulas, as
observed in didactic materials developed for
basic education. According to the authors, it is
necessary to rethink the basis of mathematical
literacy, in order to develop in students the
ways of thinking of Mathematics, correlating
mathematical concepts with their various mani-
festations in everyday life.

It is important that “students are led to-
ward explaining specific dependencies and
making conclusions. Educational practice
shows that children are fond of research work.
They like to discover connections and make
conclusions on the basis of their own observa-
tions” [13, p. 779].

Aiming to overcome the problems related
to teaching quality, Brazilian researchers in the
areas of Education and Mathematics Education
have pointed out ways in relation of methodol-
ogies and didactic resources. Among the meth-
odological proposals pointed out by Bieger [1],
for example, are: Mathematical modeling,
which consists of a process that starts from the

real, creating a model that seeks to explain real-
ity, and from the obtained data, returns to the
object of study, validating or reformulating the
created model;

Ethnomathematics, which is based on the
study of Mathematics from the different ethnic-
cultural groups;

Problem Solving that, using everyday sit-
uations, aims to make the student protagonist of
the process of building their own knowledge;

Games and modeling as a possibility for
the development of creativity and autonomy,
among others.

Mandarino [14], analyzing the classes of
more than 100 teachers of mathematics from
public and private schools, from the early years
of Brazilian elementary education, sought to
identify the mathematical contents worked at
this level of education. The results show that
schools in the public school system faithfully
follow the guidelines described in the NCP. In
contrast, the private network adopts an unoffi-
cial curriculum, based on content addressed in
didactic books, traditionally accepted as more
"demanding". Analyzing separately the empha-
sis given to each block of content, the author
found that even when attending to students with
a high socioeconomic level, the private educa-
tion network did not have a big difference in
terms of content distribution, as can be seen in
the table below.
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Table 2

Distribution of content blocks in public and private education networks

Tabnuua 2

HpOIIeHTHOC pacnpeaecicHue MaTeEMaTHIECKOIro MaTepuaJjia
B 06Pa30BaTeHLHBIX CUCTEMAX I'OCYTAPCTBCHHBIX H YaCTHBIX HIKOJI

Block Public Private
Numbers and Operations 72,6% 78,9%
Space and Form 15,8% 14,3%
Greatness and Measures 3,7% 4,1%
Information Processing 7,9% 2,1%

Source: Mandarino [12, p.160]

The teaching methodologies present in
basic education didactic books and, generally
adopted by the great majority of Brazilian
teachers, are summarized in the "problem solv-
ing"”, as guided by NCTM, and in "traditional
teaching”, which is characterized by the trans-
mission of contents mathematicians through the
presentation of concepts, property and proce-
dures, followed by a set of activities, in which
students must solve by following an example
previously solved by the teacher.

Among the didactic resources used in the
initial years games are playing very important
role in the integration of the child into the
school context, besides valuing the playful as-
pect of learning. “Through the game comes the
child's comprehension of the world, of him/her
self, of other people. The game takes a big
place in the life of an elementary school stu-
dent” [11, p. 11].

3. Mathematics didactic books for Bra-
zilian elementary education. The widespread
use of textbooks in Brazilian education was on-
ly possible, according to Silva [20, p. 132],
"because it has become a highly profitable
commaodity". Its origin is linked to an elite, but
its expansion only happened because that same
elite turned it into a business. The conditions
for the expansion of this commaodity, occurred
through the State, in a relation of negotiations
and concessions of both parties.

According to data from the National Fund
for Education Development — NFED, in 2017
more than 152 million textbooks were distrib-
uted to Brazilian students of elementary school
of Public school system of elementary and sec-

ondary education, in all units of the Federation.
Expenses of publishing were 1,296 min Brazil-
ian reals (about US $357 min) [7].

In the 1971, the book of Mathematics ap-
peared in a political context of Military Dicta-
torship and North-American influence repre-
sented by agreements between the Ministry of
Education and the United State Agency for In-
ternational Development (USAID), a partner-
ship that lasted from 1964 to 1976. In the field
of the teaching of mathematical concepts, the
technicalism and theoricism prevailed, marked
by the Modern Mathematics Movement.

In the mid 90's, the Mathematics textbook
was located in a democratic context, where the
teaching of Mathematics, seeking alternatives
to improve the quality of teaching, seeks in
constructivism, in learning, in teacher-student
relations, in Ethnomathematics, in the modeling
and interdisciplinarity, means to favor the ap-
propriation of the mathematical concepts by the
students.

Nowadays, the Mathematics textbook, in-
tended for Brazilian public schools, plays a role
of reference and organizer of teacher work in
the classroom. Created for the first years of
Secondary school, the books approved by
NPTTM 2016 highlight the importance of the
first years of this phase and one of its objec-
tives is to "develop in the young apprentice
progressive autonomy in studies” [2, p.10].
Submitted to a curricular reorganization, the
document establishes two stages for the first
five years of Elementary School. The first one,
constituted by the first three years, emphasizes
that Mathematics has as its focus the "gradual
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organization of it first experiences with math-
ematical ideas and procedures. All this, in con-
junction with the development of their intuitive
knowledge of the natural world and the social
context” [2, p. 10]. In relation to the second
stage, the objective is to lead the student to
consolidate the process initiated in the previous
stage, offering him/her the conditions to devel-
op his/her "capacity to mobilize mathematical
knowledge in everyday practical situations"
[2, p.11]. Thus, in accordance with the two
stages, the Guide offers two types of works:
collections of Mathematical Literacy, destined
to the first three years and collections of Math-
ematics, for the 4th and 5th year.

For the development of mathematical
skills, a set of skills are proposed by the di-
dactic books, such as:

* interpret mathematically everyday sit-
uations or other areas of knowledge;

+ use independently mathematical rea-
soning for understanding the world around us;

» solve problems, create strategies for
their resolution, and develop initiative, imagi-
nation and creativity;

+ evaluate whether or not the results ob-
tained in solving problem situations are reason-
able;

+ reasoning, making abstractions based
on concrete situations, generalizing, organizing
and representing;

+ understand and transmit mathematical
ideas, in writing or orally, developing the ca-
pacity for argumentation;

+ use mathematical argumentation based
on several types of reasoning: deductive, induc-
tive, probabilistic, by analogy, plausible,
among others;
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 to develop sensitivity for the relations
of Mathematics to aesthetic and play activities;

* use new computing and information
technologies, among others.

These skills should be developed in an ar-
ticulated way with the competences associated
to the mathematical contents of the 1st to 5th
year. The most effective methodological path,
capable of developing such skills and abilities,
should be problem solving, as also guided by
NCTM. However, as NPTTM 2016 points out,
"a problem is not an activity of simple applica-
tion of techniques and procedures already ex-
emplified. On the contrary, it is an activity in
which the student is challenged to mobilize
his/her mathematical knowledge" [2, p. 16].
The appropriation of concepts should occur in-
dividually with the help of colleagues or the
teacher. It is important to monitor the develop-
ment of skills and abilities. “L.S. Vygotsky
formulated a number of fundamental principals
of conducting the diagnostic studies, which we
still use today” [12, p. 4].

In a study of Mathematics textbooks,
aimed at the basic education of Brazil, Russia,
Japan and other countries, Tomm [22] points
out that one of the great problems of Mathe-
matics textbooks, for the initial years in Brazil,
correspond to the volume of contents and chap-
ters. The volume of subjects, according to the
author, makes it impossible for the students to
deepen their fundamental content. In this sense,
it is possible to verify this affirmation when
comparing one of the Mathematics textbooks,
approved by the NPTTM 2016, with a book
approved and adopted for the same level of ed-
ucation in Singapore.

Table 3

Comparison as to the number of chapters in Mathematics textbooks for the first years
of Elementary Education in Brazil and Singapore

Tabaua 3

CpaBHUTe/IbHBIH aHATU3 KOJIUYECTBA IJIaB B y4eOHMKAX MATEMATUKHU VISl HAYAJIbHBIX KJIACCOB
B bpasuwiun n Cunranype

" Brazil Singapore
e Yeg;s]égl)ementary (Number of chapters (Number of chapters
per textbook) per textbook)
1st 20 21
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2nd 32 15
3rd 37 15
4th 41 11
5th 44 13

Source: Geovanni Jr. [8]; Fairfield Book Publishers Singapore [6]

It is important to note that according to
the Trends in International Mathematics and
Science Study — TIMSS [15], which monitors
the educational performance in Mathematics
and Sciences of 57 countries, in its last report
of 2015 highlights that the best results in Math-
ematics are from Singapore, the country was in
1st place with 618 points. Brazil does not par-

496 500 494

ticipate in TIMSS. The only international eval-
uation that monitors the performance of Brazil-
lan education is Programme for International
Student Assessment (PISA). The performance
of Brazilian students in PISA 2015 in Mathe-
matics in the last 15 years of evaluation can be
observed in the graph:

495 494 490

OO Oy Qe )

356
334
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370
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Fig. 2 Comparison between the averages of Brazil and the Organisation for Economic
Co-operation and Development countries in Mathematics
Puc. 2 CpaBHUTENBHBIN aHAIW3 CPEAHUX MOKa3aTeIel 1o MateMaTuke B bpasunuun
" CTpaHax OpI‘aHI/I3aI_II/II/I OKOHOMHUYECKOTO COpr,Z[HI/I‘-IeCTBa u Pa3Butug

Source: [20, p.2]

Although not presenting significant re-
sults in Mathematics, compared to the OECD
countries, in relation to the other disciplines
evaluated, Mathematics presented the best evo-
lution. However, according to the OECD, the
average performance of Brazilian students re-
mains at a very low level, which does not guar-
antee full participation in social life [7].

Final considerations. This paper pre-
sents an analysis of the main documents that
regulate the teaching of Mathematics in the ini-
tial years of Brazilian basic education, as well
as the distribution of mathematical contents of
blocks and the textbook policies through the
National Textbook Plan. It was verified that the
organization of the contents and the methodo-
logical principles adopted in the initial years of
the Brazilian Elementary School, follow the

guidelines of the NCTM [17], and that although
the curricular guidelines emphasize the im-
portance of developing, in the students, skills
and abilities mathematics through problem
solving, external evaluations find unsatisfactory
indices. In this sense, the research presents one
of the factors that can favor, among others, the
low performance of the students, which is the
question of the volume of contents and organi-
zation of the student textbook.
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