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ABSTRACT

The research presents a didactic proposal with the objective of elaborating an inclusive
experimental material, to assist People with Disabilities in regular classes in Physics
classes. Concepts of the atomic theories proposed by scientists Dalton, Thomson,
Rutherford and Bohr were explored and atomic models made with miriti, a Brazilian palm
tree widely used in local handicrafts in the state of Para, were produced, which were
represented by balls of different sizes to simulate each of the atomic structures. The
material was constituted as a didactic alternative, in view of its use as a support resource
by high school teachers to make the teaching and learning process more meaningful. The
suggestion presented provides students with a better understanding of the concepts of
Physics through handling and interacting with the fruits of Miriti.

Keywords: Inclusive education. Teaching of Physics. Experimentation. Miriti. Atomic
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INTRODUCTION

When one thinks of Physics classes, the image of a traditional class based, above
all, on the mechanical memorization of mathematical formulas useful for solving exercises
is recurrent. Since this discipline uses mathematical models and representations for the
interpretation of empirical data, explanation of everyday phenomena and applications in
various sectors in the industry. This context has contributed, over the years, to this
discipline carrying with it a stigma of complexity, generating a certain disinterest in
students. In addition, most public schools do not have science laboratories, making
learning difficult, because in the so-called "monotonous” classes, this distances teachers
and students from the real reason for teaching and learning.

All this negative context has a huge weight for students with disabilities®, so that this
whole situation ends up creating an even greater barrier to their development. According to
Yoshida (2018), the school must welcome all children (with and without disabilities), and
the segregation of children with disabilities ceases to exist from the coexistence with other
students. In addition, it is the responsibility of the school's management team to enforce the
rights of each student. Therefore, there is a gap that must be filled, that is, it is necessary to
develop materials and methods that provide inclusion in the teaching of Physics,
contributing to the progress of all students, always with respect and understanding.

Among the pedagogical proposals that can be suggested to overcome this problem,
we have the one that defends the importance of the didactic laboratory (of practical-
experimental activities) in Physics classes, proposed by Pereira and Moreira (2018). Such
experimental activities can stimulate the active participation of students, fostering their
creativity and interest and involving them in the teaching and learning process. They
provide a motivating, stimulating and pleasant environment, rich in challenging situations
that, when well worked by the teacher, make learning more meaningful. Thus, Sopran
(2013, p. 4) states that "in the elaboration of strategies to solve a question proposed
experimentally, there is an expansion of thought and language is modified according to
what is intended to be explained".

According to Rosa and Rosa (2012), experimental practices should prioritize the
construction of knowledge, and not only the performance of technical procedures, in the
form of "prescriptions". With this, the authors advise the elaboration of methodological

materials and the performance of experimental activities. Thus, adaptable and low-cost

8 Expression used by the Convention on the Rights of Persons with Disabilities (UN, 2006).
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experiments facilitate the teaching and learning process and can be used as inclusive
didactic tools, as they arouse interest and curiosity. Therefore, practice is of paramount
importance for the inclusion process in the classroom, since everyone can participate
effectively.

In view of this, this research arose with the concern arising from the inclusive
teaching of Physics, aiming to provide didactic material to help People with Disabilities —
PwD, namely, visually impaired students in regular teaching classes, in Physics
classes. Atomic models are built that will serve as complementary instruments to the
classes, using as raw material the Miriti (Mauritia flexuosa), which can be easily acquired in
the capital, Belém-Par4, in the northern region of Brazil. The material made can help
teachers in the teaching and learning process of students with and without disabilities. In
addition, this strategy aims to provide the student with a better understanding of physical
concepts, makes it possible to build scientific concepts, stimulate curiosity and develop

creativity and criticality.

THE TEACHING OF PHYSICS TO PEOPLE WITH DISABILITIES

Noronha and Pinto (2013, p. 3) explain that unlike Special Education, Inclusive
Education encompasses the participation of all students in regular education, thus
collaborating to have "a restructuring of the culture, practice and policies experienced in
schools so that they respond to the diversity of students”. In this way, each student is seen
in a unique way, favoring solidarity.

Articles 1 and 2 of Decree No. 6,571/2008 denote that,

Art. 1 For the implementation of Decree No. 6,571/2008, education systems must
enroll students with disabilities, global developmental disorders and high
abilities/giftedness in regular classes and in Specialized Educational Service (AEE),
offered in multifunctional resource rooms or in Specialized Educational Service
centers of the public network or community institutions. confessional or
philanthropic non-profit. Art. 2 The SEA has the function of complementing or
supplementing the education of the student through the provision of services,
accessibility resources and strategies that eliminate the barriers to their full
participation in society and the development of their learning (BRASIL, 2009, p. 26).

The National Policy on Special Education from the perspective of Inclusive
Education places all students together, in the same classroom, but also monitors PwD in
the SEA, paying attention to their specificities. In this inclusive context, as stated by
Oliveira and Lima (2016, p. 61), the Special Education modality aims to "organize favorable
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environments for the development of pedagogical practices that recognize, understand and
value the different learning rhythms of the subjects". SEA, on the other hand, is
complementary to classes in regular education classes, contributing to the teaching and
learning of PWDs. Yoshida (2018) argues that the inclusive school should welcome all
children (with and without disabilities) and that the segregation of children with disabilities
ceases to exist from the coexistence with other students. For inclusion to occur in the best
possible way, the author also points out that it is the responsibility of the school's
management team to enforce the rights of each student.

Regarding teacher training, Silva, Pena, and Vilhena (2021) point out that teachers
who have knowledge of the various conditions of disabilities and the theories of learning
and knowledge will be able to guarantee better teaching-learning for PWDs, favoring the
development and quality of teaching for all. Thus, the author Mantoan (2003) explains that,
for inclusion to happen, it is essential to make an effort for the necessary transformations to
occur. Xavier (2019), when discussing the changes in the current paradigms of education,
states that school change through "transformation in the curriculum and in the training and
working conditions of education professionals, changes also in the context of the
classroom, in the ways of working and understanding learning" is fundamental. Noronha
and Pinto (2013) highlight that new pedagogical and educational practices are part of this
transformation.

In turn, Carvalheiro, Silva and Santos (2019, p. 2), emphasize that "in the school
environment, Physics is considered a curricular component of difficult understanding", and
when it comes to PwD, the teaching of Physics becomes even more complex, which
makes the issue of inclusion a great challenge. Also according to the same authors, the
teaching and learning of PwD need to be carried out in order to repair the difficulties that
interfere with these students having access to scientific knowledge.

Bonadiman and Nonenmacher (2007), when discussing the difficulties in teaching
Physics, point out that

[...] the low valuation of the teaching professional, the precarious working conditions
of the teacher, the quality of the contents developed in the classroom, the excessive
emphasis on classical Physics and the almost total forgetfulness of modern
Physics, the excessive focus on the so-called mathematical Physics to the
detriment of a more conceptual Physics, the distance between school formalism
and the daily life of students, the lack of contextualization of the contents
developed with technological issues, the fragmentation of the contents and the
linear way in which they are developed in the classroom, without the necessary
openness to interdisciplinary, the little appreciation of the experimental activity and
the student's knowledge, the very view of science, and of Physics in particular,
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generally understood and passed on to the student as a finished product
(BONADIMAN; NONENMACHER, 2007, p. 196-197)

With this, it is possible to understand that the difficulties for teaching Physics are the
most varied. Bernardes (2018, p. 2), states that there is a great distance from the discipline
"from those who teach it and from those who learn it", that is, there is also a lack of
contextualization, a problem inferred by the students with disabilities themselves. In this
sense, the author clarifies that for Physics to be apprehended to explore scientific
knowledge. It is necessary to change the way in which the discipline is taught in the
classroom, using appropriate teaching practices where the student is the protagonist of
teaching-learning, instead of monotonous classes where the teacher is the holder of all
knowledge.

In view of this, Santos, Carvalho and Alecrim (2018, p. 5) point out that Physics
should not be limited only to the content and mathematics part, "but that it is effectively part
of the students' daily lives, and represents some kind of meaning for those who have or do
not have a disability". With this, it is essential that the form of teaching corresponds to the
need for inclusion of students, so that everyone has an effective development. Costa and
Barros (2015, p. 2) also point out some common difficulties found in Brazilian public
schools, which have aggravated the lack of interest and difficulty in understanding the
subject. These are: "absence of the science laboratory, due to decontextualized teacher
training, the unavailability of technological resources and the devaluation of the teaching
career".

Regarding the problems in the relationship between the special school and the

regular classroom, Santos, Carvalho and Alecrim (2018) state,

Unfortunately, as in Brazil, there is a lack of knowledge of specific areas for special
education professionals and a lack of knowledge of special education for regular
classroom teachers, who often do not realize the need for attitudinal changes for a
true process of inclusion of students with specific needs. There is also a lack of a
more integrated inclusion process, that is, the students assisted by special
education, in many moments, do not participate in the breaks with the other
students, because they remain in the service room to make snacks, while the other
students are in the schoolyard (SANTOS; OAK; ALECRIM, 2018, p. 9).

Thus, the authors sought to draw attention to the separation that still exists in some
Brazilian schools in relation to PwD. Due to the lack of knowledge of the specific areas,
both of Special Education professionals and of regular school teachers, it is difficult to

welcome and teach students with disabilities in regular schools. For Sathler (2014), it is
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necessary to have in schools the implementation of new teaching methods that meet the
specificities of each enrolled student, through the elaboration of inclusive teaching
materials that stimulate their cognitive development, especially those of students with
disabilities.

Therefore, it is of paramount importance that the way of teaching Physics to
students with disabilities is not restricted only to orality and writing, however, it aims to
meet their singularities and develop their potentialities, through new pedagogical practices,

so that the classes are satisfactory for them.

PLAYFUL STRATEGIES FOR TEACHING AND LEARNING ATOMIC MODELS

When it comes to teaching practices, Bernardes (2018) explains that it is essential
that the student is the protagonist in the classroom. It is the teacher's duty to create an
inclusive environment where students' skills are not limited only to orality and writing, but
that aims at the specificities of each student, so that quality teaching is guaranteed. In view
of this, we present four playful strategies to facilitate the teaching and learning of atomic
models. In the first two, the authors focused on inclusive education. In the others, however,
the focus was not on the inclusion of PwD, but could also be used for this purpose.

Razuck and Guimaraes (2014) proposed in their work the development of alternative
teaching materials to assist the teaching of blind students, which were called prototypes, to
represent the atomic models of Dalton, Thompson, Rutherford and Bohr. For the Dalton

model, a billiard ball was used (Figure 1).

Figure 1 — Representation of the Dalton model (billiard ball)

Source: Razuck and Guimaraes (2014)
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Figure 2 — Representations of Thompson's Model: a) Balloon filled with corn starch; b) Sphere made of
cement putty

Source: Razuck and Guimaraes (2014)

For Thompson's model, two prototypes were made. The materials used in the first
(Figure 2.a) were: an inflatable balloon, cornstarch (to fill the balloon) and beads. Razuck
and Guimaraes (2014, p. 144) state that "when handled, it is possible to feel the internal
beads, which represent the electrons”. In the second prototype (Figure 2.b), a sphere made
of cement and paraffin putty was used. The materials used to make the Rutherford model

(Figure 3) were: wire in circles and Styrofoam balls of different colors.

Figure 3 — Prototype of Rutherford's atomic model

Source: Razuck and Guimaraes (2014)

For Bohr's model, the prototype (Figure 4.a) was made with painted bands of
Styrofoam balls, hollow and overlapping Styrofoam balls, and a cord with crocheted beads
(Figure 4.b).

Figure 4 — Representation: a) Prototype of the Bohr atomic model; b) cord with beads covered with crochet

Source: Razuck and Guimaraes (2014)

Razuck and Guimaraes (2014) expose how the application of the prototypes

occurred. According to the authors, the application was made in the school's coordination
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room. At first, some questions were asked about the understanding of atomic models.
Then, an activity called "Imagining the Invisible" was introduced, in which "a sealed box
containing objects that cannot be seen or handled directly was used". After some questions
about the students' previous knowledge about the subject addressed, the application of the
prototypes began.

Silva et. al. (2017), in their work, aimed to know the difficulties faced by a blind
student regarding the discipline of Chemistry at the Federal Institute of Maranhao (IFMA),
and prepared a didactic material to enable the learning of atomic models. To make the
didactic resource, Styrofoam balls in different sizes and colors were used. The material
was also adapted in braille for the blind student to read. The authors report that the
application of the didactic material took place with an introductory class on the study of

chemistry until they arrived at the term "atomic models" (Figure 5).

Source: Silva et. al. (2017)

Andrade (2015, p. 48), in his work, used models and modeling to build the atomic
models. The work was divided into two parts, the first being a verification of the theme
"atomic models" in the Science textbooks approved by the PNLD/2014 and, the second
part consists of "the implementation of a didactic module elaborated from the main
difficulties encountered in the teaching of atomic models to students of the 9th grade of
Elementary School". With this, the students were instructed to elaborate representations of
the atomic models, using modeling clay, beads and white sheet. Below we can see the

models made by the students.
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Table 1 — Atomic Models made by the students
Representation of the atomic model

From Dalton By Thomson From Rutherford

—

e

Source: Adapted from Andrade (2015)

Camargo, Asquel, Oliveira (2018) discussed the classes planned and taught by
them on atomic models. The classes were divided into three parts, the first being an
introduction to the subject. In this class, students were instructed to draw the models
according to the characteristics taught in class. After this moment, the students had access
to the representations of the atomic models. To make the models, Styrofoam balls of

different sizes and transparent hoses were used, as shown in Figure 6.

Figure 6 — Representations of the atomic models of Dalton (a), Thomson (b), Rutherford (c) and Bohr (d)

Source: Camargo, Asquel, Oliveira (2018)

Then, the atomic models were explained in a contextualized way through
comparisons with the billiard ball (Dalton's atom), the raisin pudding (Thompson's atom),
the solar system (Rutherford's atom), among others. In class 2, the authors introduced a
game entitled "Atomic Quiz", which was prepared by the authors themselves. And finally, in
class 3, the authors gave a test to the students regarding what they had learned about the
three classes taught.

Therefore, given all the above so far, it is possible to note the importance of using
strategies that involve experimental practice so that all students, and especially PwD, can
have access to a more productive class. In this way, generate positive results, where

students better understand the subjects taught in Physics. As a consequence, it is possible
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to minimize the problem of educational inclusion of students with disabilities in regular

classrooms, through the use of inclusive didactic resources.

ATOMIC MODELS MADE WITH MIRITI

According to Alencar and Lopes (2003), the Mauritia flexuosa, popularly known as
miritizeiro, is a Brazilian palm tree that has several functionalities, "and each region has a
specific use". The harvested fruit is called miriti or buriti and is abundant in the floodplain
area, it is found in several states of Brazil such as Amazonas, Amapa, Bahia, Ceara,
Goias, Maranhao, Mato Grosso, Minas Gerais and Para. This palm tree can also be found
in other Amazonian countries, such as Peru, Bolivia, Colombia, Venezuela, Ecuador,
however, in each country, the palm tree receives a specific name. According to Silva
(2017), miritis are used as a form of handicraft. They are very common in the northeast of

Para, especially in the city of Abaetetuba where toys made with this fruit are easily found.

“Source: Silva (2012)

Regarding the teaching of Physics, Alencar and Lopes (2003) state that the miriti toy
can be easily applied, because using the products that are part of the student's life, the
Physical Sciences will be learned more by conviction than by imposition. Also according to
the authors, several toys made of miriti have the ability to move and can emit sounds, and
can therefore be used as resources to study various phenomena and physical laws of
mechanics, acoustics and waves, gravitation, among others. Thus, miriti toys, as they are a
manipulable material, are a good alternative as pedagogical resources.

Nascimento (2020) supports the use of miriti toys in schools, from the early grades,
as a form of pedagogical alternative to help regular school teachers ensure better teaching
and learning for students. Allowing them to understand matters related to Physics via

materials that dam their regional culture. Still from the author's perspective, different ways
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of teaching Physics through a proposal to link the discipline to the student's daily life. The
author aimed to arouse the curiosity and interest of students in Physics. The project was
directed to the teaching modality from 6th to 9th grade, being a facilitator of teaching and
learning in the teaching of Science, based on the idea that through the miriti toy it is
possible to work on sustainable development, in addition to "recognizing and defining a
problem, collecting, organizing and analyzing information, data and opinions that generate
alternative solutions" (NASCIMENTO, 2020, p. 2).

Cavalheiro, Silva and Santos (2019), in their work on the teaching of Physics to PwD
students, used miriti as a pedagogical resource, through the making of a prototype of the
Photoelectric Effect. The application of the work was based on a questionnaire given to a
blind student, in which there were questions related to the subject addressed. Then, the
prototype of the EF (Photoelectric Effect) was presented to the student so that she could
have the tactile experience and could better understand the subject. The authors
emphasize that they had the help of a LIBRAS interpreter teacher so that the second
questionnaire was passed on to the student. The same procedure was performed with a
second blind student. As a result, it was found that the teaching and learning process is
more advantageous when teachers use materials that aim at the inclusion of all students.

Brigida (2009), in her work, addressed the production of miriti toys to use them in
the teaching of science. Miriti toys such as soca-soca and corré-corrd, among others, were
used as a didactic resource to assist in the teaching and learning process of students from
a public school where there was no Multidisciplinary laboratory, contributing to making
Physics, Chemistry and Biology classes more meaningful. As a result, it was possible to
perceive that the students were able to make a relationship between the contents covered
in the classroom and the daily life. This project won the 1st place at the Il State Fair of
Science and Technology, held in Belém by the Executive Secretariat of Education —
SEDUC and an Honorable Mention of Science and Technology, from the United Nations
Educational, Scientific and Cultural Organization — UNESCO at the Brazilian Science and
Engineering Fair - FEBRACE, held in Sdo Paulo.

Alencar and Lopes (2003), in their work, presented some miriti toys that are very
common in the northeast region of Para, explained how they worked, identified the physical
and mathematical concepts present in each one in a simplified way. As a result, the authors
found the Amazonian richness present in miriti toys, and verified that they can be used as a

didactic resource to assist the teaching of Physical Sciences.
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In view of the above, it is noted that miriti can be used as raw material for the
manufacture of manipulable didactic materials, being a facilitator of knowledge, because in
the classroom students do not present the same characteristics in relation to the
acquisition of knowledge. Manipulable materials allow students to build new ideas, where
many observe that their thinking and knowledge are not far away and it is possible to
create interaction, criticality and overcoming challenges, in addition to stimulating attention,

learning, creativity and memorization.

METHODOLOGICAL PROCEDURES

The development of a didactic proposal for the inclusive teaching of Physics
regarding the atomic theories that are part of the content of Modern and Contemporary
Physics is presented. It is the construction of a didactic sequence for the teaching of atomic
models, which can be applied in regular high school classrooms, and can contribute to
overcoming the exclusion of students with disabilities. Thus, the following materials were
used to make the models: 18 miriti balls, of different sizes and colors; wire; glue; and 10
beads.

For Dalton's atomic model, a miriti ball (60 mm) representing a massive sphere was
used. For Thompson's atomic model, a yellow miriti ball (65.9 mm) was used to represent
the nucleus and white beads (7 mm) glued to its exterior to represent the electrons. In the
case of Rutherford's model, wire was used to represent the orbitals around the nucleus
with white dots (19.5 mm) attached to them representing the electrons (similar to the
planetary system), and a red miriti dot (50.9 mm) in the middle to represent the nucleus. In
the Bohr model, wire in circles was also used to represent the electron shells around the
nucleus (stationary orbitals), with the white balls (19.5 mm) fixed to them, representing the
electrons. The Miriti balls in the middle represent the nucleus, the blue balls (41.7 mm) are
the neutrons and the red ones (44.4 mm) the protons. The red dots are slightly larger than

the blue dots to make it easier for visually impaired students to identify them.
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Table 2 — Representation of Atomic Models made with miriti
Atomic Model

From Dalton By Thomson From Rutherford De Bohr

R

i 7

A . h&\‘ i
Source: The authors (2022)

The proposal presented here consists of a sequence containing the description of
how classes could be taught by teachers in order to include visually impaired students in
regular teaching rooms.

For the approach of atomic models in inclusive education, it is proposed to explore
the physical concepts present in each model, using touch to differentiate each one of them,
because according to Belarmino (2008 apud Menegazzo, 2011, p. 11.806) "it is possible to
perceive shapes, weights, textures beyond temperature in this sense, due to the large

number of receptors existing in the skin".

STAGE |I: PRESENTATION OF THE PHYSICAL CONCEPTS AND THE EXPERIMENT

The teacher can start the class by talking to the students about what will be done.
Then, ask the students questions: What is the atom? What do you mean by atomic
models? After the students answer, the teacher contextualizes the subject, explaining that
everything we know comes from matter, which is made up of atoms. Then, it presents the
materials used to make the models, so that they can be identified by the students. Students
with visual impairment will be able to do tactile recognition of the materials. Continuing, a
brief history of the atom until the evolution of atomic models can be presented. When
explaining Dalton's theory, the professor makes an analogy of the model with the billiard
ball. At this moment, it shows Miriti's atomic model. He repeats the process with the
Thompson, Rutherford and Bohr models. Explaining the experiments that led to each of the
theories, he shows what each miriti ball represents, manipulating the materials and making
analogies with everyday life. Thus, students are presented with the main characteristics of
the structure of their atomic models.

During the manipulation of materials, the differences and similarities between the

models are highlighted. At the end of the class, some questions can be asked orally to the
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students. How: Which scientist discovered the electron? A: J. J. Thomson. Which model is
similar to the planetary system? A: Rutherford atomic model. Which model is known as

raisin pudding? A: Thompson's atomic model.

STEP II: PRACTICAL - EXPERIMENTAL ACTIVITY

The second class is practical. The class can be divided into groups in order to
provide integration among classmates and facilitate the inclusion of visually impaired
students. Each group manipulates the materials for the construction of the atomic models
of Miriti. The visually impaired students were helped by the other members of the group
and by the teacher. During the manipulation, students can be asked about the similarities
and differences they perceived between the models.

For Dalton's atomic model, a Miriti ball representing a massive, indivisible sphere
can be used. Thompson's atomic model, on the other hand, can be used a medium-sized
miriti ball with beads glued to its exterior to represent electrons. In the case of Rutherford's
model, a prototype was made using wire in circles to represent the orbitals around the
nucleus, with dots attached to them representing the electrons (similar to the planetary
system), and a miriti dot in the middle to represent the nucleus. In the Bohr model, a
prototype was made also using wire in circles to represent the orbitals around the nucleus,
with balls fixed to them representing the electrons, and Miriti balls in the middle to
represent the nucleus. The blue balls represent neutrons and the red balls represent
protons. The red dots should be slightly larger than the blue dots to make it easier for

visually impaired students to identify them.

STEP lll: TROUBLESHOOTING
At the end of the class, each student receives a series of questions regarding the

classes taught, the teacher asks questions orally to the PWDs (Chart 1).

Chart 1 — Questions asked orally to PwD
No. Issues
Describe the composition of the atom.
What are the similarities and differences between Dalton's atomic model and Thomson's
atomic model?
3 What are the similarities and differences between Rutherford's atomic model and Bohr's
atomic model?
Did the experiment facilitate the understanding of the proposed concepts?
Would it be possible to understand these same concepts and with the same clarity, without
the experiment?

N|—

o~
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6 In your opinion, what is the importance of this method for teaching students with visual
impairment?

Source: The authors (2022)

DISCUSSIONS

It is important that, before starting the theoretical explanation of the subject to be
addressed, the materials are presented to the students, so that students with visual
impairment use touch to identify each part of the experiment, facilitating their production of
knowledge. Working with tactile didactic resources in the teaching of the visually impaired
is not only important, but necessary (Medeiros, 2020). In view of this, it is essential that
teachers plan their classes to explore the specificities of students, especially those with
disabilities, always keeping in mind providing a more attractive class that involves students.

The first class can be ended with some questions, as it is of paramount importance
that teachers awaken critical thinking in students, instigating them to participate in the
class, thus contributing to teaching and learning (Albuquerque, 2019). Cruz (2019, p. 4)
corroborates this thought by stating that "the role of the teacher is very important, he is the
one who will guide the reflections, problematizing situations, instigating the student to
actively build his knowledge".

The second class, practical-experimental, not only helps the cognitive development
of the students, but also facilitates the understanding of the contents, contributing to
scientific knowledge (Cruz, 2008). The author also emphasizes that experimentation can
be carried out not necessarily in laboratories, but in the classroom itself, using low-cost
materials.

Initially, when students are separated into groups, because, according to Moreira
(2014 apud Nery and Sa, 2019), the activities developed in pairs or groups that cover PwD,
will make it easier for them to learn and teach the contents to be studied together. During
the assembly of the experiment, the teacher should ask questions to the students to check
if they are understanding the subject.

At the end, they should give a list of questions referring to what they learned about
the subject in order to verify and analyze the students' answers and verify how many
understood the concepts presented. The questions elaborated by teachers can be
beneficial to students, as they can lead them to reflect and inquire, allowing them to
explore their point of view on certain subjects (Van Zee & Minstrel, 1997 apud Silva &
Lopes, 2015). Silva and Lopes (2015, p. 6) agree with this statement when they argue that
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"effective questioning requires asking open questions, which focus on understanding and

interpretation, and enable alternative answers".

FINAL CONSIDERATIONS

It is known that education is everyone's right, students with and without disabilities
must learn together, in the same classroom. Given this, it is of paramount importance to
ensure access to quality education for them. However, Razuck and Guimaraes (2014) state
that the inclusion process is not easy to happen, as it is necessary for the teacher to be
prepared to receive and teach all students, since it is not the student who has to adapt to
the classes, but the teacher must make the necessary adaptations according to the
specificities of his students.

In this regard, Fernandes et al. (2017) state that it is necessary to give all students
the opportunity to have a quality education, through planned classes that use didactic
materials that help the teaching and learning of students. When thinking about Physics
classes, the use of experimentation is a good alternative, through didactic resources that
make the student understand the theoretical concepts in a practical way. However, it is
perceived that the scarcity of experimental classes hinders student learning, which
corroborates the thinking of Gomes (2019), who states that the lack of laboratories and the
lack of preparation of teachers make it impossible for experimental activities to be used as
a learning resource.

This fact ends up generating exclusion in the classroom, as most PWDs are not able
to follow classes with the teacher only using the board, even more so because some public
schools do not have a LIBRAS teacher. Another aggravating factor is that there is still
resistance, unpreparedness and lack of planning by some teachers, making it difficult for
the inclusion process to happen. Teachers, most of the time, consider themselves
unprepared to work with inclusive education.

With this, it is expected that the didactic proposal presented here will enable
students to understand more clearly the proposed concepts through handling and contact
with the materials used. It is important for teachers to use appropriate didactic resources as
strategies for inclusion to be implemented in classrooms. Since, in addition to being a
facilitator for the teaching and learning of students in general, it is used as a necessary tool

that facilitates the learning of students with disabilities.
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