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Abstract: This research aimed to understand the learning process of fractions for two students
with intellectual disabilities, collectively with students without any disability. The type of procedure
used was interventionist research. There were eighteen subjects in this research, which comprised
of Elementary School 6"-grade students, two of whom had intellectual disability/focus subjects.
The following data collection instruments were used: 10 observations, totaling 8h20m, and 10
documentary analysis documents. The results showed that the students with intellectual disabilities
learned scientific concepts, which involved the concept of fractions, mainly in relation to the idea
of part-whole. The study concluded that the understanding of mathematical content, especially
scientific concepts about fractions in the educational process of students with intellectual
disabilities, can be effective when applied in processes involving intentional pedagogical actions
—based on concepts of Vygotsky’s defectology.
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Resumo: Esta pesquisa teve como objetivo compreender o processo de aprendizagem de
fracdes por dois alunos com deficiéncia intelectual, coletivamente a alunos sem deficiéncia.
O tipo de procedimento utilizado foi a pesquisa intervencionista. Foram dezoito os sujeitos
de pesquisa, compostos por alunos do 62 ano do Ensino Fundamental, dois dos quais com
deficiéncia intelectual/sujeitos-foco. Utilizaram-se os seguintes instrumentos de coleta de
dados: 10 observacdes, totalizando 8h20m, e 10 escritos de analise documental. Os resultados
mostraram que os alunos com deficiéncia intelectual aprenderam conceitos cientificos que
envolviam o conceito de fracdes, principalmente em relacdo a ideia de parte-todo. O estudo
concluiu que a compreensao do conteldo matematico, especialmente conceitos cientificos sobre
fragcBes no processo educacional de alunos com deficiéncia intelectual, pode ser eficaz quando
ocorre em processos que envolvem ac¢des pedagdgicas intencionais — com base nos conceitos
da defectologia de Vygotsky.

Palavras-chave: psicologia educacional; psicologia histérico-cultural; defectologia.

Resumen: E| objetivo de esta investigacion es comprender el proceso del aprendizaje de fracciones
por parte de dos alumnos con deficiencia intelectual, con relacion a los estudiantes sin deficiencia
del resto del grupo. El procedimiento utilizado fue la investigacion intervencionista. La investigacién
se realizé tomando en cuenta los dieciocho alumnos de sexto afio de la Ensefianza Fundamental,
de los cuales dos tienen deficiencia intelectual. Los instrumentos de recoleccion de datos fueron:
diez observaciones, que totalizan 8h20m, y diez escritos de analisis documental. Los resultados
revelan que los alumnos con deficiencia intelectual aprendieron conceptos cientificos, que tenian
que ver con el concepto de fracciones, principalmente en relacion con la idea de parte-todo. El
estudio concluyd que la comprensién del contenido matematico, especialmente de los conceptos
cientificos sobre fracciones en el proceso educacional de alumnos con deficiencia intelectual, puede
ser eficaz cuando es aplicado en procesos que envuelvan acciones pedagdgicas intencionales en
base a los conceptos de la defectologia de Vygotsky.

Palabras clave: psicologia educacional; psicologia histérico-cultural; defectologia.

1INTRODUCTION

The informal dialogues that are established with some teachers of varying
types of schools in Brazil about the educational process of students with intellectual
disability (ID) (AMERICAN ASSOCIATION OF INTELLECTUAL AND DEVELOPMENTAL
DISABILITIES, 2011; HATTON, 2012) often result in the affirmation that these
students cannot keep up with the others [without disabilities] in solving the
proposed activities in class, which means, they do not have the same learning
pace (BEZERRA; ARAUJO, 2011; MUSIS; CARVALHO, 2010; CROCHiK et al., 2009;
RODRIGUES, 2017). As a consequence of this opinion, these teachers hardly ever
invest in pedagogical actions for these students. Thus, in a classroom with the
other students, ID students, who among the disabled are the majority in Brazil
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(MELETTI; BUENO, 2013), seem already to have succeeded or benefited greatly if
they can socialize (which represents a limited comprehension of the possibilities
of learning for ID students).

Statements like these can be heard on a daily basis in Brazilian educational
institutions and are consistent with a hegemonic view of intellectual disability,
“based on the medical model, whose focus is clinical and focused on the difficulties
and limitations imposed by organic conditions” (CARNEIRO, 2015, p. 3). These
pessimistic conceptions were already raised as issues by Vygotsky (1983b), in the
early twentieth century. For this author, [negative] manifestations that qualify the
student with ID as someone who only has to live with the other students at school
is not only incorrect, but also hinders the potential learning possibilities of the
disabled student as they can influence the teaching practices:

Moa, BANSIHUEM NECCUMMUCTMYECKOTO B3Ms4a Ha r1yBOKO OTCTanbIX AeTel
npomcxoamT 0bbIYHO CHUMKeHMe TpeboBaHWI, 3aBEA0OMOE CyXHKeHue,
COKpalleHue rpaHuL, U Npeaenos, KOTopble CTaBUT cebe BocnuTaHue
3TUX petei. Moa BAMAHMEM TAaKOro B3riAZa, eCTeCTBEHHO, BO3HMKALOT
MWUHUMaNAUCTCKNE TEHAEHUMU, CTPEMAEHWE CBECTM BOCMMUTATENbHbIE
33/layM MO OTHOLWEHMUIO K 3TUM AeTAM [0 BO3MOXHOI0 MUHUMYMa,
OrpaHMYNTLCA CaMbiM HeobxoammbIM. [...] [when a person with intellectual
disability is deprived of school education, properly organized] TepsieT B
CBOWX BO3MOHOCTAX M CTPaAaeT U3-3a 3TOTO He MeHblle, HO 6oAblie, Yem
HopManbHbIM pebeHoK. [Under the influence of a pessimistic view about
severely retarded children, a lowering of demands usually takes place, a
knowing narrowing of the boundaries and limits which the educators of
these children set for themselves. Under the influence of such a view,
minimalist tendencies arise, an attempt to reduce the educational tasks
placed before these children to a minimum, to limit them to what is most
necessary. [...] [when a person with intellectual disability is deprived of
school education, properly organized] loses his/her potential to advance
and suffers not less, but more, than a normal child. (VYGOTSKY, 1983b,
p. 224).

Vygotsky studied the psychological constitution of people with disabilities
and their relation to the world and to the school through their defectology, “moving
from practice to theory and vice versa” (DAFERMOS, 2018, p. 27). Stetsenko

and Selau (2018) cite that “defectology” is an expression that today seems to be
outdated. It was not created by Vygotsky; however, he used it in a theoretical-
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practical original reframing, which was included in all his work (GIEST, 2018;
TOOMELA, 2018; COSTAS; SELAU, 2018; PASSERINO; COMA; BALDASSARRI, 2018;
BARROCO, 2018; VEGGETTI, 2018; DAFERMOS, 2015; EVANS, 2003; STETSENKO,
2016, 2017; STETSENKO; SELAU, 2018). Taking into account the term defectology,
Gindis (2003, p. 200) points out that
[d]efectology is the term that reflects the area of Vygotsky’s research and
practice that is relevant to contemporary special education and school
psychology. [...] Ironically, the negative undertone of the term itself is in
no way present in the inspiring and positive attitude of Vygotsky writings.

The word defectologia (or defectology in the English transliteration) literally
means the study of [the] defect. (emphasis in original).

Although, regrettably, Vygotsky’s defectology is not part of the official
documents originating from the Brazilian Ministry of Education (COSTAS; SELAU,
2018; BRASIL, 2008), Sannino (2018) and Stetsenko and Selau (2018) emphasize
that the in-depth understanding of Vygotsky’s defectology is not only useful
for researchers who attempt to study the inclusion of the disabled in school;
defectology also provides a fundamental basis “to confront and debunk all forms
of biological reductionism” (STETSENKO; SELAU, 2018, p. 318).

The present research was carried out considering a selection of some of
the vygotskyan premises. Looking at the teacher’s responsibility in elaborating
teaching strategies that achieve the objective of ID students learning the curricular
contents, or more specifically, fractions, this research has been defined, and it
was developed with 6"-grade Elementary School students, among whom were
two female students with ID. The basis of the study was to find an answer to the
question: do students with ID learn fractions collectively with students without
any disability? [Or, objectively: to understand the learning process of fractions
by two students with intellectual disabilities, collectively to students without any
disability].

In order to relay the results of this research, there will be presented in the
following sections: the research methodological procedures; the findings of the
category “Fractions in Scratch: learning obtained via the intervention research”
and the data discussion; the final considerations; and references.
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2 METHODOLOGICAL PROCEDURES

The type of procedure used was interventionist research (LAITINEN;
SANNINO; ENGESTROM, 2016; DANIELS, 2016; STETSENKO, 2016; GONZALEZ REY;
GOULART; BEZERRA, 2016), pedagogical intervention research-type (DAMIANI et
al., 2013). Interventional research has been used in a variety of fields: Business
Administration (BONNEFOND et al., 2016; QUEROL; JACKSON FILHO; CASSANDRE,
2011), Psychology (SANNINO; SUTTER, 2011), Education (CASTRO, 2014; PINHEIRO,
2014; ROCHEFORT, 2012; CENCI, 2016), among others. Taking a stand on this
methodological procedure, Stetsenko (2016, p. s37) states:

[iln my interpretation, this position implies that methodological tools,
strategies and techniques have to be tailored to, and to result, not in the
uncovering of facts “as they are” at the present moment and within the
given status quo. Rather, it implies intervening with and co-constructing
phenomena and processes which we investigated in non-neutral, historically
determinate ways in line with the ontological, epistemological and ideological

commitments and goals that the researchers deem worthy and take on as
guides for action.

The participants of this interventionist study were eighteen students at an
Elementary Municipal School in the town of Pelotas, Brazil, with eight boys and
ten girls. Their ages ranged from eleven to thirteen years old. The focus group
participants were two female students with ID from the same class and were
selected according to the following criteria: to be a student with ID, to be enrolled
in the 6M-grade of Elementary School and to be sent by the teacher for tutoring
at the Mathematics and Computer Science Laboratory. All due care was taken
regarding research ethics, in all the phases of research and with all the subjects.
To protect the ID students’ identities, the definitions “S + number” were used.

The axis of the teaching process to carry out this intervention research was
the use of a digital educational game, mediated by the teacher-researcher, with
content related to the concept of fractions, called Fractions in Scratch. Scratch is
a free software program developed in the Massachusetts Institute of Technology®

> Scratch is a project of the Lifelong Kindergarten Group of the MIT Media Lab. It is available free of
charge. The Scratch project received financial support from the following organizations: National
Science Foundation, Scratch Foundation, Siegel Family Endowment, Google, LEGO Foundation,
Intel, Cartoon Network, Lemann Foundation, MacArthur Foundation. For more information, visit:
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(LIFELONG KINDERGARTEN DO MIT MEDIA LAB. SCRATCH SOFTWARE, s.d.) which
is a visual programming language and allows the users to engage with their own
stories, animations, games, simulators, visual learning environments, music, and
arts. The game Fractions in Scratch was created by the researchers and it was
carried out for a period of four months. As the software is free, no patent was
required.

The intervention research consisted of 10 meetings, each one with a limited
time of fifty minutes, which took place once a week from September to December
2016, in the Computer Laboratory of the school, locus of this research, and involved
all eighteen students in the class. Each of the 10 meetings adhered in sequence
to the following script:

a) Resumption of activities developed during the previous meeting: The

objective of this part was to provide thinking on the conceptual approaches

developed; it was when students would orally report their experiences in
the previous meeting. It was the stage of the process in which the students
realized their learning with the help of their teacher (VYGOTSKY, 1982a;

BREITENBACH, 2018);

b) Game activity: With the mediation of the researchers (WERTSCH, 2007), the

students played games composed of fraction activities. The game consisted of

20 (twenty) screens. On the home screen, there was a greeting and invitation for

students to participate in the activity. Subsequently, a menu for the participant

choice was presented. Each screen had an activity/exercise to be solved. The
feedback occurred through discussions during task execution and synthesis.

This feedback consisted of a collective discussion about each exercise, which

was coordinated by the teacher. Next, there are some of the screens that make

up the game Fractions in Scratch. Picture 1 corresponds to the home screen
of the game:

https://scratch.mit.edu/about. Recently, this platform was used in the research of Teixeira, Furini
and Caimi (2018).
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Figure 1 — Home screen of the game
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Source: Authors.

After accessing the home screen and interacting with the character, the
students were directed to a menu, in which they should choose the game,
according to the proposal of the meeting. Picture 2 presents this menu:

Figure 2 —Menu to choose the game

Source: Authors.
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Teaching mediation involved helping students to play, to talk to their
classmates and to understand fraction characteristics. With this proposal,
an endeavor was made to take into account Vygotsky’s theory (VYGOTSKY,
1982a) that the educator should take part in the developmental zone
closest to the student, attempting to make advances that do not happen
spontaneously. The mediation followed the idea that “development and
learning are not in the games themselves, but in what is triggered by the
interventions” (DRUZIAN, 2007, p. 69).

c) Report on the activities developed.: At this moment, the students gave an
oral report about the activities developed on that day to their classmates
(VYGOTSKY, 1982a, 1983c; LURIA, 1966, 1971). In this part, mediation between
the students and the conceptual approach/fractions was also promoted.

In order to infer the results obtained with this research, two instruments were

used for data collection: observation and documentary analysis. The observation
(LUDKE; ANDRE, 1986) was performed while playing the game. Video recording
was included along with the observation (KOHATSU, 2007) because the meetings
were recorded for later transcription. Ten observations were made, which totaled
8h 20m of recordings. The documentary analysis (LUDKE; ANDRE, 1986) was
performed with diagnostic assessment (two drawings, two qualitative diagnostic
evaluations, two school assessments) and post-intervention assessments (two
final exams and two descriptive reports). Table 1 summarizes the data collected:

Table 1 — Data collection summary

Instrument Number Time Appllc_atlon Processing
length point agent

Observation 10 8h20m . During t.he Researchers
interventions

Documentary analysis

Drawing 2 Diagnostic Researchers

Qualitative diagnostic evaluation 2 Diagnostic ~ Researchers

School assessment 2 Diagnostic School

Documentary analysis

Final exams 2 . After. Researchers
intervention

Descriptive reports 2 . After. School
intervention

Source: Authors.
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The procedure of discursive textual analysis was used for the research data
analysis, proposed by Moraes (2003), resulting in the construction of the emerging
category “Fractions in Scratch: learning obtained via the intervention research”.
The methodological process (pedagogical intervention research-type) is outlined
below (figure 3):

Figure 3 — Methodological process

16 Students

+ Computer Laboratory of the school

2 Students ID

Elementary School 6™-grade
students

a) Resumption of activities developed during the
previous meeting
b) Game activity

¢) Report on the activities developed

Two instruments were used for data collection: observation and documentary analysis. The observation was
performed while playing the game. Video recording was a complement to the observation. Ten observations were
made, which totaled 8h20m of recordings.

The documentary analysis was performed with diagnostic assessment (2 drawings, 2 qualitative diagnostic
evaluations, 2 school assessments) and post-intervention assessments (2 final exams and 2 descriptive reports).

The procedure of discursive textual analysis was
used for the research data analysis, proposed by

Moraes (2003).

Source: Authors.

3 FINDINGS AND DATA DISCUSSION

3.1 What did the students know before?

In order to plan this intervention research and to implement it and later to
understand the effects of the intervention process, it became necessary to have
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prior knowledge about the everyday concepts of fractions that all the students
had, especially the focus participants. Anache and Resende (2016) understand
that diagnostic assessment is an important element in working with all students,
including ID students, in order to elaborate pedagogical action to deal with different
situations that arise in the educational context. They state that “the results of
the assessment are only valid if they guide the teachers in educational planning”
(ANACHE; RESENDE, 2016, p. 573).

Following these formulations, a diagnostic assessment was implemented
which aimed to verify the performance of the focus participants in relation to
the content of fractions. Fragments from these diagnostic assessments follow
(Documentary Analysis):

Scene 1:

Researcher: Let’s learn a little more about fractions?

S2: 1 do not even know what fractions are.

Researcher: Don’t know anything? Are you sure?

S2: | know nothing.

S1: Fractions ... hmm ... fractions, fractions, fractions ... Number 1 is a
fraction.

Researcher:- Why do you think that number 1 is a fraction?

S1: Because | think so.

S2: I think so too. (Qualitative Diagnostic Assessment)

Scene 2:

Researcher: What are these activities? The numbers here are different, right?
S2: They are numbers with a bar.

Researcher: A bar? What are numbers with a bar?

S2: Anumber with a baris when there is one on top and one on the bottom.
Researcher:- One on top and one on the bottom?

S1: Yes. Write a line and then you write one number on top and then the
other on the bottom and that’s it.

Researcher: Girls, what does the bar mean?

S1: What did you say? The bar is a bar.

S2: Baris the line. One number has to stay on top and one on the bottom.
Researcher:- But why does one number have to stay on top and another
on the bottom?

S1: 1 do not know. The teacher did it so.

S2: That’s the way it is on the board. The teacher did it so. (Qualitative
Diagnostic Assessment)
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Realizing that her answer was incomplete, S2, for example, added: “Afraction
is a different form of writing/representing calculation” (Qualitative Diagnostic
Assessment). According to the fragments, in this same class, S1 and S2 did not
even understand the meaning of the word “fraction”.

The difficulties of understanding the concept of fractions were also found in
the number of correct answers in the students’ school assessment (Documental
Analysis): out of 15 questions proposed, S1 scored four and S2 6 six. Based on
the students’ answers, it was observed that the understanding of the concept of
fractions was not consolidated (according to Nunes et al. [2005], it is necessary that
the students understand that the parts taken from a rectangle, for example, are
equal, establishing a relationship between the concept of fractions and the division).

3.2 Learning fractions based on teacher actions

After three meetings, there were signs that demonstrated a small
understanding about the concept of fractions as a result of the teaching process
collectivity implemented, through the collateral method with the digital Fractions
game in Scratch. The following transcription is a dialogue that illustrates a situation
proposed in the game, in which an attempt was made to work on the ideas of
whole and half, through an event commonly experienced in daily life:

Researcher: Let’s say S2 ate a bar of chocolate. What number can | represent
this bar of chocolate with? [The student did not understand the activity
proposed in the game, so the researcher decided to exemplify the situation
using her name].

S2: One, is to eat it all?

Researcher: Yes. And what number will you use to represent it?

S2: One.

Researcher: Very well. And what if instead of eating the whole chocolate,
you ate only half?

S2: Only half ... half ... half.

Researcher: Yes. You have the chocolate and you will eat only half. How are
you going to show it?

S2: Half, that’s not a whole. It’s a piece!

Researcher: Right. So, how can you show that?

S2: One-half. [1/2]

Researcher:- Okay! Explain how you solved it?

S2: 1 got the chocolate and divided it in two. (Observation 3)
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According to Ciscar and Garcia (1988, p. 33), using everyday situations in
teaching allows students to recognize mathematics in the world around them,
and the teacher’s task is to assist them in building the concept involved. In this
report, we also observe the attempts to challenge S2 to realize the difference
between one whole and one half (NUNES; BRYANT, 1997). Thus, “one” was the
answer of S2 to associate it with the whole and “piece” to the other answer,
referring to the half.

The understanding of part of a quantity was also evident during the
intervention research in the fact that it was understood as fundamentally important
in this context. To do so, the following activity was proposed: from an unlimited
number of balls of three different colors (orange, blue and green), the students
were to place them in baskets, according to the teacher’s command. During the
activity, the students were asked if they could initially identify the total elements
of the set. Once this was achieved, they were asked to identify how many were
orange and how many were blue among the components of the set. This moment
is described in the fragment below:

Researcher: S2, read the question, please.

S2: “Place the balls in the basket. One quarter of the balls should be blue,
three quarters should be orange”.

Researcher: Thank you. S1, how many balls do we want in total in the basket?
S1: 4.

Researcher: Okay! S2, how many will be blue?

S2: 1.

Researcher: Why?

S2: You asked S1, how many balls she should have in the basket, and she
answered 4.

Researcher: Right! And?

S2: There are 4 balls: 3 are orange. There will be 1 left.
S1: What’s left is a fraction. (Observation 4)

It was understood that the situation involving discrete® quantities facilitated
the students understanding, leading them to perceive the total amount of elements
of the set of balls that should be placed in the basket.

® Toledo and Toledo (2010) propose that discrete quantities are those in which the measure obtained
is always an integer (caps, beans, ...). Continuous quantities are those in which the measure
obtained is a number that may not be whole (quantity of water, piece of cloth, tabletop, ...).
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During the intervention research, the students were encouraged to talk
about their findings. In the following example, the students verbally reported
what was done during the meeting:

Researcher: Our time is almost over. Now, | need you to tell me everything
we did today. You talk and | write on the board, right? You can start!
S2: Today, we made a toy to guess the future.

S1: The origami oracle and then we played.

S2: We played a game in Scratch of answering questions.

S1: The questions were about a bar of chocolate.

S2: We talked about fractions ... a fraction is a part of a whole.
Researcher: And what else?

S2: There’s more, but | can’t tell.

Researcher:- What about you S1, what else can you say?

S1: That fractions divide.

Researcher:- Do you want to add anything else?

S2: No.

S1: No. (Observation 5)

Itis possible to see that the students struggled in doing what was asked and
that they did not present in their description elements that indicated awareness
about the process experienced or that learning had taken place. During the
intervening process, this situation changed: this moment contemplated the
expectation, which consisted in observing, through the narrative carried out
by the students, if a restructuring of the relationships was taking place in the
intrapsychological framework as those which occur in the interpsychological
framework. The following fragment illustrates this situation:

Researcher: Let’s report our work today?

S1: All right.

Researcher: Who starts?

S2: Me.

Researcher: You can start.

S2: We played the race of fractions game.

Researcher: Right. And what else?

S1: We saw that in the fraction there are two numbers separated by a line.
S2: The numerator and the ...

S1: Denominator.

S2: The denominator is the number below the line. The number above the
line is called the numerator.
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S1: The numerator indicates how many parts have been taken.
Researcher: From where?

S1: From the whole.

S2: The denominator indicates in how many equal parts it was divided
Researcher: Then the terms of the fraction are: the numerator and the
denominator.

S2: Yeah.

S1: Teacher, let’s name them correctly now.

Researcher: Correctly? Now there won’t be a top number and bottom
number anymore.

S1: No. Now it’s going to be numerator and denominator. (Observation 7)

We can observe the students’ evolution because the synthesis they made
lead to the understanding of the terms that compose a fraction as well as their
meanings.

The content of the seventh meeting was addition with fractions, involving,
besides the explanation, routine activities. During the explanation, it was pointed
out that there are different ways of proposing and performing an addition. It was
requested that a way be worked out of accomplishing the task in groups in which
everyone understood the process and no longer added up all the terms. The
fragment below shows the synthesis formulated:

S2: When | have to add fractions, | look at the terms. If the denominator is
equal, | only count the numerator.

S1: If the terms are different, | have to remember.

Researcher:- | do not understand! Say it again.

S2:If the denominators are the same, | only count, sum up, the numerators.
S1: Yeah! It only applies if the denominators are the same. (Observation 7)

The ID students said that there is a rule in the process of adding fractions.
This rule is an exception to spontaneous knowledge, therefore, it can only be
learned in school. This intervention procedure, which was the only subject that
was working with the concepts of fractions, is a scientific concept.

The aspects that could have contributed to the learning of the ID students
within the collectivity were also observed. Vygotsky (1983d) has drawn attention
to the fact that the higher psychological functions, which both disabled children
and children considered normal, have a social origin, both in phylogenesis and
also in ontogenesis. Vygotsky points out that
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Karkaan sbiclwan ncmMxmyeckan GyHKUMA NOABASETCA B NPOLLECCe Pa3BUTUA
noBeAeHMA ABaXKAbl: CHaYaNa Kak GYHKLUMA KONNEKTUBHOMO NOBEAEHMA, KaK
bopma coTpyaHMYeCTBa UK B3aMMOAENCTBISA, Kak CPeACcTBO COLMaNbHOrO
npucnocobneHns, T. e. Kak KaTeropma MHTEPNCUXONOrMYecKan, a 3aTem
BTOPMYHO KaK cnocob MHAMBMAYaAbHOTO NoBeAeHWA pebeHKa, Kak cpeacTBO
NIMYHOTO NpucnocobaeHms, Kak BHYTPEHHWI NPoLEeCcC NOBEeAEHUS, T. €. KaK
KaTeropms nHTpancuxonormyeckad. [Each higher mental function appears
twice in the process of the development of behavior: first, as a function of
collective behavior, as a form of collaboration or interaction, as a way of
social adaptation, i.e., as inter-psychological category; and, secondly, as a
way of individual child behavior, as a means of personal adaptation, as an
inner process of behavior, i.e., as intra-psychological category]. (VYGOTSKY,
1983d, p. 197).

The understanding expressed by Vygotsky has an influence on the way the
teacher plans and implements the practice of the teaching process in the classroom
(SANNINO; SUTTER, 2011). The collective form of teaching cannot be represented
only by the grouping of students without planning: collective forms of teaching
take place to the extent that there is collaborative work among students and
between them and the teacher. In the situation transcribed below, it is possible to
observe that the activity performed in pairs consisted of associating the graphic
representation of a fraction with its numerical representation; S1 partner and a
classmate [who has a level of development superior to S1] realized her difficulty
in accomplishing the task and offered to help her:

S1: 1 don’t know.

Classmate: I'll help you.

S1: It’s okay.

Classmate: First, you're going to count how many pieces are in the whole
figure.

S1: Right. One, two, three, four, five, six.

Classmate: Did you count?

S1: Yes.

Classmate: Now you have to see how many pieces are painted, colored.
S1: One, two, three.

Classmate: Then you have to put them together.

S1: Together?

Classmate: The drawing with the number. Look here!

S1: 'l try ... I did it! (Note 6)
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The following excerpt is an example of a situation that portrays the value of
interactions in the learning process, now starting from the ID student:
S1:1don’t get it. | can’t fit them in.
S2: Come on, S1. Look how | do it. You have to drag them to put them
together.
S1: Yes.
S2: Drag. Count how many pieces there are. Then you count how many are
painted.
Researcher: And then?
S1: Do | have to look for the number to put them together?
Researcher:- Number”’ or fraction®?
S1: Find the fraction number. (Observation 4)

In this brief report, it was observed that there are two people assisting
student S1 (teacher and S2, who is the other student with ID). The participation
of these two people in the relationship with S1 was fundamental in motivating her
to accomplish the task. It should be noted that the zone of proximal development
was created in this triadic relationship, triggered by the teacher.

The evaluation of the learning process is completed with the presentation
of the data referring to the new “final assessment” and “descriptive report”
(Documental Analysis). In the end, in the final assessment [Documentary Analysis]
S1 scored 10 and S2 scored 13 correct answers out of 15 [in the assessment
given before the intervention research, S1 student scored 4 and S2 6 out of 15
questions]. The descriptive report (Documental Analysis) of the third quarter also
changed: “Regarding the content of fractions, and rational numbers, [S1] seems
to have understood the basic concepts, which is fundamental for understanding
this numerical set” (Descriptive Report S1); “S2 was able to understand the basic
notions regarding this numerical set, which will help her to learn contents of this
set” (Descriptive Report S2). The results showed an evolution in the students’
learning process, regarding the concept of fractions.

7 Number is a mathematical concept to represent measure, order or quantity. Order numbers
are called ordinals and quantity ones are called cardinal numbers. In mathematics, numbers are
classified as natural, integer, rational and real (BRASIL, 1998).

8 Fraction belongs to the set of rational numbers. This set can be presented as a fractional or
decimal representation (BRASIL, 1998).
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Table 2 — Application of the “final exam” and “descriptive report”

Number of Number
. Agent Point of  right answers Point of .
Instrument  Subject . .. .. of right
Devisor application /number of  application
. answers
questions
Documentary S1 Researchers  Diagnostic 4/15 After the 10/15
analysis intervention
Documentary S2 Researchers  Diagnostic 6/15 After the 13/15
analysis intervention
Descriptive S1 School After the s
report intervention
Descriptive S2 School After the 2
report intervention

1. “Regarding the content of fractions and rational numbers, [S1] seems to have understood the basic
concepts, which is fundamental for understanding this numerical set”

2. “S2 was able to understand the basic notions referring to this numerical set, which will help her to
learn other contents of this set”

Source: Authors.

3.3 Relating planning decisions and some results

The aspects that helped in the theoretical decisions to organize the teaching
process in interventionist research became clear from the data presented: first,
it was understood that people [students] need to think mathematically about
everyday situations. This decision involved planning the classes, as described. It
isimportant to highlight that it is not sufficient to only include everyday situations
for teaching fractions, or in other words, just learning procedures is not enough
for students with ID: “it is necessary to turn these procedures into thinking tools”
(NUNES; BRYANT, 1997, p. 31). The subject needs to access new ways of thinking, in
other words “learn new conventional systems of representation” (NUNES; BRYANT,
1997, p. 32), enabling the connection with the knowledge already acquired with
new situations. Thus, still in the light of the cited authors:

[...] the child’s thinking will be expanded through his/her attempts to struggle
with new types of invariants. In this case, he/she may use their own symbols
and features for some time before being asked to use conventional forms of

representation. The conceptual development in mathematics, therefore, is
not equivalent to the mastery of a list of procedures, as some approaches
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to curriculum development have assumed in the past. Progress can come
from understanding new invariants, from the ability to learn new forms
of mathematical representation, and from connecting old ways to new
situations that will enrich the child with meaning. (NUNES; BRYANT, 1997,
p. 32).

The teaching of rational numbers (fractional representation) is formally
initiated between the 4th and 5th grades of elementary school through basic day-
to-day ideas such as division of pizzas, cakes, and chocolate (whole representation)
and activities involving the joining of the parts (insert idea/concept of half or %).
The purpose of the study of fractional numbers is the expansion of the students’
mathematical language because the numerical set they know up to this moment
(natural numbers) can no longer solve present situations within the school context
and in everyday life. Pereira (2011, p. 12) explains that fractions “were created
to represent a part or parts of a whole that were divided into equal parts”. The
fraction thus refers to an “all-reference”, which can be taken as a collection of
anything.

Pereira (2011) warns that there are different meanings for the concept of
fractions: “for the same meaning, there are different resolution strategies used
by students and the way of teaching the concept of fractions used in schools
gives privilege to some meanings, as part-whole and multiplicative operator, to
the detriment of others” (PEREIRA, 2011, p. 12). For this reason, in teaching of
fractions, it is important to investigate before the teaching process the students’
spontaneous concepts (what is the significance of the students’ previous
experiences in their lives — in which places they use them and in what forms
they are represented — see ESTADO DO RIO GRANDE DO SUL, 2009). According
to Pereira (2011, p. 14),

[...] the teacher must create learning situations that provide the development
of mathematical thinking, logical reasoning, the appropriation of
mathematical language and the understanding of the world around them,

through the application of new teaching methods and the use of new
pedagogical practices.

The second aspect considered in this research was the following: we
supported the idea that the ID students, who were participants of this research,
presented all the requirements for the development of abstract thinking, and of

278 Série-Estudos, Campo Grande, MS, v. 25, n. 54, p. 261-291, maio/ago. 2020



Students with intellectual disabilities learning fractions: intentional pedagogical actions based on

concepts of Vlygotsky’s defectology

the higher psychological functions through the learning of a mathematical concept,
particularly fractions. This is a fundamental comprehension, which must lead the
teaching work since knowing the students diagnosis might not be a reason for
labeling them. Vygotsky (1983f, p. 231) says “[H]1 o4Ha U3 UHTENNEKTYya /IbHbIX
CNOCOBOHOCTEN HE MOXET CYUMTATLCA BNOIHE OTCYTCTBYIOLWLEN Yy 3TuX aeTeln” [“not
a single intellectual aptitude can be considered as altogether absent in these
children”]. Vygotsky observed some students who had profound ID who turned
out to be capable of rational action (VYGOTSKY, 1983c); in some cases, it has also
been shown that “npoueccax NCUXMYECKOTO HACILLEHWNS Y YMCTBEHHO OTCTa/IbIX
netei B Bo3pacte 8—11 net He HabNOAAETCA HUKAKMX CYLLECTBEHHbIX OTIMYUI
OT HOPMasbHbIX AeTel B CKOPOCTM HacklweHns” [“no essential differences in
the speed of saturation can be observed during the process of psychological
saturation between mentally retarded children at the age of eight to twelve years
and for normal children”] (VYGOTSKY, 1983f, p. 235). Therefore, pessimistic and
stigmatizing understandings about the abilities of the students with ID interfere
in the class planning and the way they are challenged and as a result, in the goals
set for their schooling processes.

The third fundamental aspect is that the teaching proposal [so the game
denominated Fractions in Scratch was used] followed the notion of collateral
pathways, proposed by Vygotsky (1983a). It is important for the teacher to
consider that some contents will be learned by students with disabilities through
other ways different from those used for the so-called typically developing
children. Vygotsky (1983a) draws attention to the fact that collateral pathways,
understood as paths or cultural resources that allow the accomplishment of
a task and have a significant pedagogical and creative character for the child,
should be considered. Vygotsky (1983a) states that the cultural development
in a child’s conduct is not necessarily related to an organic function. In such a
comprehension, Vygotsky states that human-cultural development occurs by
collateral pathways, as explicitly stated:

[...] B mpoLecce KynbTypHOro pasBntua y pebeHka NponcxoamT 3aMelleHme
OAHUX QYHKUUI APYrMMU, NPOKNaAbiBaHNWE 0OXOAHbIX NMyTen, 1 3TO
OTKpbIBaeT nepen Hamm CoBeplleHHO HOBble BO3MOXHOCTM B Pa3BUTUN

HeHopManbHoro pebeHKka. Eciv Takoi pebeHoK He MOXKeT I0CTUMHYTb Yero-
HMOYOb NPAMbBIM NMyTEM, TO Pa3BUTUE OBXOAHBIX NyTel CTaHOBWUTCA OCHOBOIA
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ero KomneHcaumu. Pe6eHoK HauMHaEeT Ha OKO/IbHbBIX MYTAX A06MBATLCA TOTO,
Y€ero OH He MOT IOCTUTHYTb NPAMO. 3amelleHne GyHKLMIN — AeNCTBUTENbHO
OCHOBA BCEr0 Ky/bTyPHOTO PasBUTUA HeHopmasbHoro pebenka [...]. [[...]
in the process of cultural development, there is a replacement of some
functions in the child by others, a construction of detours, and this opens
before us completely new possibilities in the development of the abnormal
child. If such a child cannot attain something directly, then the development
of detours becomes the basis for compensation. The child begins to attain in
roundabout ways what he could not attain directly. Replacement of functions
is actually the basis of all cultural development of the abnormal child [...]].
(VYGOTSKY, 1983a, p. 147-8.)

The importance is clear, therefore, for teachers to develop distinguished
pedagogical strategies that enable the development of scientific concepts among
students with ID.

The fourth aspect can be found in Vygotsky (1982a) and Luria (1966,
1971), who draws attention to the fact that the spoken word is the mediator of
consciousness. All the students, therefore, were made to speak as much as possible
in the course of the lessons. Castro, Damiani and Selau (2016, s68-s9) explain this
notion, from the following:

From a historical-cultural point of view, it is through words, through the
enunciations of others, that we act voluntarily and consciously. We become
responsible for our own conduct. But how does it happen? The word, as a
sign and epistemologically based on historical and dialectical materialism,
duplicates the world in our minds. It encodes experiences and meanings and

allows us to become aware of them. Through the word, in human sociability,
we develop our consciousness, the matrix of our thinking.

For Vygotsky (1983c), the ‘possible” inability of the ID student in terms of
abstraction is much more due to the lack of cultural interference as a consequence
of primitivism in his/her life than to the primary derivation of the disability itself:
“Ero HecnocobHOCTb K BbiCWIMM GopmMam, abCTPaKTHOrO MbilAEHUA He ecTb
npAmoe CNeAcTBUE ero MHTeNNeKTyanbHoro [...] OH AnWb He oBNageN COBOM
Kak opyanem abCTpaKTHOrO MbILWAEHWUSA: 3Ta HECNOCOOHOCTb ecTb cleacTBue
N CUMNTOM €ro NPMMMUTUBHOCTM, HO He ero cnaboymus” [“His inadequacy for
higher forms of abstract thought is not a direct result of an intellectual defect
[...] He simply has not mastered the use of words as tools for abstract thinking:
this incapacity is a result and a symptom of his primitivism, but not of his mental
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retardation”] (VYGOTSKY, 1983c, p. 28). Based on the Vygotskyan studies,

Breitenbach (2018) points out that
[flor the process of cultural development, it is necessary for the child
[with ID] to be able to use the language, the psychological-cultural tools,
and the natural forms of the psychological functions to develop the
higher psychological functions. In this way, it is not only the development
of functions that will differentiate a more developed child from a less

developed one but also his/her cultural equipment and the way he/she
uses it.

Itis worth noting that all the students, including those with ID, were always
encouraged to speak. Although the student’s speech about the content studied
is a hint that the processes of mental development are going well, the dialogue
between teacher and students is also a fundamental element. Wertsch (2007)
draws attention to the fact that mediation of Vygotsky can be understood,
fundamentally, as explicit and implicit mediation. Explicit mediation can be
exemplified as one that shows the intervention as a whole (didactic decisions,
social organization of teaching, definition by virtual play, classroom location), and
one which is of the fundamental elements as a process of double stimulation; but
implicit mediation, more difficult to comprehend, involves semiotic relations in
that context (which defines the importance of the teacher as being the person
best prepared for the job).

The fifth consideration can be foundin the text K Bonpocy O KomneHcamopHsix
lMpoueccax B Pazsumuu YmcmeeHHo Omcmanoeo PebeHka [Compensatory
Processes in the Development of the Retarded Child], Vygotsky (1983e) presents
some principles of the compensatory development of ID that were fundamental
for the planning of this research: the principle of the substitution of functions,
common to all children, had priority importance: in other words, none of the
psychological functions is performed in only one way, but each of them is done
in different ways (see TOOMELA, 2016); the principle of collectivity as a factor of
development of the higher psychological functions of the normal child and ID,
to which Vygotsky draws attention, indicate that mental functions first appear
as a form of collaboration or interaction and, secondly, as an internal process of
conduct; the relationship between the higher psychological functions are formed
differently from those which manifest in the normal child:
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3Ta chepa NCUXONOrMUYECKOTO Pa3BUTUA, USMEHEHME MEKPYHKLMOHAIbHbIX
CBA3E M OTHOLLEHWA, U3MEHEHME BHYTPEHHEN CTPYKTYPbI MCUXON0rMYECKOM
CUCTEeMbI eCTb [1aBHewWan chepa NPUNOKEHNS BbICLIMX KOMMNEHCATOPHbIX
NpoueccoB cKaaAablBatoWenca AMYHOCTM. MOTOPHbIE CBA3U W
MeXOYHKLUMOHANbHbIE OTHOWEHMWSA XapaKTepU3yoT He CTObKO CamMm
bYHKUMM, CKONBKO TO, KaKMM 06pa3oM 3T1 GYHKLMKM NPUBEAEHDI K 8AMHCTBY.
[This sphere of psychological development, the change in interfunctional
connections and relationships, the change in the internal structure of
the psychological system, is the most important area for the operation of
compensatory processes in forming personality. The functions themselves
do not determine the motor connections and interfunctional relationships
as much as does the way in which these functions are brought into unity].
(VYGOTSKY, 1983e, p. 126-7).

Finally, the author highlights affection, which encourages the child to
overcome obstacles. The affection that the teacher gives to the student “oHu
npneoaAT K obxoaHoMy NyTh pa3sutma” [“that will lead to a roundabout path of
development”] (VYGOTSKY, 1983e, p. 127).

4 FINAL CONSIDERATIONS

Finally, what can we say about the question do students with ID learn
fractions collectively with students without any disability? The analysis of the data
collected led to the conclusion that one of the fundamental elements observed
for the learning of fractions by ID students refers to the work of the teacher. The
teacher’s mediation work, as an intentional, conscious pedagogical action based
on the theory underlying his/her actions — Vygotsky’s defectology —, is the aspect
that creates the best conditions for the students’ learning in a group. Based on
the presented analyzes, the grouping that involved students with and without
difficulty in the regular school classroom, without the correct intervention of the
teacher, was insufficient for children to learn fractions.

This result is very important because the proposal of inclusive education
in Brazil suffers from propositions, such as those advocated by Mantoan (2017,
p. 45), who apparently believe that the teacher only has to bear the presence of
the disabled ones in class, as she cites:

In this educational perspective, there is no place for teacher mediation as
this is an affirmation of the intelligence hierarchy that sustains the control,
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the conduction, and the superiority of the mediator, having nothing to do
with the process of creative construction of knowledge and of disability as
an attribute fixed in the person, which wholly defines him/her. (MANTOAN,
2017, p. 45, emphasis added).

Brazilian teachers or psychologists who take ideas such as this to support
inclusive education can only reduce this proposal (due to its empty theoretical
foundation) and make it widely questioned or denied by parents (who believe
in a special school exclusion as the only way of schooling for the child with ID)
and to weaken the action of Pedagogy in collaboration with Special Education.
This ends up being inpractical (a fundamental basis for the path of a Marxist
Psychology and Pedagogy, defended by Vygotsky (1982b) in “VcTopuueckuit
Cmbicn Mcuxonormyeckoro Kpusmca [“The Historical Meaning of the Crisis in
Psychology”]. By questioning Mantoan (2017), Breitenbach (2018, p. 143) argues
that “[t]Jo deny the need for teacher mediation, we limit the possibility of student
learning, especially those with some intellectual disability, forgetting one of the
Vygotskyan principles [...], which foresee the need for special means of education
for people with disabilities”.

Nonsensical statements such as Mantoan (2017) not only demonstrate
incredible ingenuity but also do not understand the fundamental task of the
teacher, as a link to reach the zone of proximal development of the student:

Yynutenn, paboTan C y4eHUKOM Haj, TEMOM, 06bACHAN, coobLan 3HaHWs,
cnpawmBan, UCNpasaaa, 3aCTaB/A CaMOro yY4eHMKa 0bbACHATb. Bea aTa
paboTa Ha NOHATMAMM, BeCb NpoLecc Mx o6pasoBaHms npopabaTbiBacs
pebeHKOM B COTPYAHMYECTBE CO B3POC/bIM, B NpoLecce obyyeHus.
M korga pebeHOK ceivac peliaeT 3aaadvy, Yero oHa TpebyeT oT Hero?
YMEHWA MO NOAPANKAHMIO, C MOMOLLbIO YyYUTENA PELInTb 3Ty 3aaa4y,
HeCMOTPA Ha TO YTO B MOMEHT pelweHna Mbl He MMeem aKTyaanon
CUTYaLUM U COTPYAHMYECTBA. NEXWT B NPOLWAOM. PeBEHOK A0/MKEH Ha
3TOT Pa3 CaMOCTOATE/IbHO BOCMO/1Ib30BATbCA Pe3y/ibTaTaMWn MPEXHETO
coTpyaHudecTsa. [The teacher, working with the school child on a given
guestion, explained, informed, inquired, corrected, and forced the child
himself to explain. All this work on concepts, the entire process of their
formation, was worked out by the child in collaboration with the adult in
instruction. Now, when the child solves a problem, what does it requires
of him/her? It requires the ability to imitate and solve the problem with

the help of teacher even though we do not have an actual situation of
collaboration at this moment. The situation lies in the past. Here, the child
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must make independent use of the results of that earlier collaboration].
(VYGOTSKY, 1982a, p. 257).

The research has highlighted the relevance of the teachers” work, wich
is understood as essential for strengthening the working conditions so that
the teachers can plan their educational activities, basing them on scientific
knowledge. This is therefore included in the political agenda, which, though not
the focus of this work, can be inserted in discussions in the field of Educational
Psychology.

According to the observations and the interventions made, it seems that the
sources of development of the psychological processes are always social. Thus,
it can be inferred that the experiences provided through the activities enabled
student-student/teacher-researcher-student interactions, which demonstrated
significant elements for the learning process. However, it is necessary to further
develop this type of study to be able to verify the acquired extent of knowledge
as well as its effective generalizations in different places and times.
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