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Abstract: In this study, an audio, tactile, and electronic material for teaching the concepts of “Moon Phases” and
tactile matching cards for evaluation were developed considering the needs of students with visually impaired (SVI).
These developed materials were based on the STEM method. This study is a "design and development research”.
"Design and Development Research” is the research related to the development of products and tools and consists of
the stages of development, implementation and evaluation of teaching materials, educational software and learning
systems to be used in learning and teaching processes. In this study, a material was developed and applied. The study
group of the research consists of 5th grade students in a middle school for the visually impaired in Istanbul. 8 students
including 3 girls and 5 boys participated in the study. After the application was made with the developed material,
the students’ opinions about the material were taken with the semi-structured interview form prepared by the
researchers. The data obtained from the interviews were analyzed with the content analysis method, and suggestions
were presented in the light of the findings.
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Introduction

Students with visually impaired (SVI) use different methods to acquire new information
according to sighted individuals. SVI can only learn through special teaching methods what
others learn by seeing, without realizing it, in daily life (Kizilaslan et al, 2016). This difference in
methods causes the visually impaired individual to be one step behind in terms of education

1 Corresponding Author: Sevde Nur Yerisenoglu, Bogazici University, yerisenoglusevdenur@gmail.com

To cite this article: Yerigsenoglu, S. N. & Giiven, 1. (2023). Development and application of audio tactile
electronic material for students with visually impaired. Journal of Multimedia Enriched STEM Education, 1(1),
16-29.

16 © STEM CoP-2023, www.stemmultimedia.com


mailto:yerisenoglusevdenur@gmail.com

Journal of Multimedia Enriched STEM Education MULTIMEDIA

STEM

Volume 01, Issue 01

level. In this respect, SVI are in a disadvantaged group compared to their peers in science lesson
as in other lessons. They have difficulties in learning science concepts, especially by doing
experiments (Kizilaslan et al, 2020). Although SVI perceive the world differently with their sense
organs, they have the same cognitive abilities as their peers. It is reported that they can be master
high-level science concepts (Kumar et al 2001; Plazar, 2015). Since science and mathematics
courses are based on visual concepts, they are inaccessible for SVI. Either there is no suitable
format material or the materials are too expensive for a public school (Beck-Winchatz et al, 2008;
Sahin et al; 2009). Therefore, it is observed that visually impaired children fail in skills that require
abstract thinking. Materials that develop abstract thinking should be put forward (Zorluoglu &
Sozbilir, 2017). It is important to actively involve SVI in science teaching. It is necessary to convey
science not with explanation techniques, but with materials that will appeal to other senses
(Plazar, 2015). Kizilaslan et al. highlighted, SVI use tactile and kinaesthetic inputs to obtain
information (Kizilaslan et al, 2020). Therefore, science and laboratory education should be
transformed into Braille and electronic materials. Tactile diagrams, graphs, audible and embossed
materials should be given the students (Sozbilir et al, 2015).

Visually impaired students lag behind both cognitive and instructional in the science
lesson, where visual information is used intensively (Kizilaslan et al, 2020). When the literature
is examined, it is seen that material studies were conducted with SVI for science lessons. Science
teaching of SVI was studied by Mayo (2004) with Braille embossed texts and figures. Mayo
examined the effect of the material he used on students' perception of abstract concepts in
chemistry lessons. In their study, Wild et al. (2013) aimed that SVI learn the sound unit, which
has abstract concepts, better. They studied with 13 SVI, 5 girls and 8 boys, studying at middle
school. In the study, SVI created concrete materials such as simple telephones by using boxes,
ropes and various materials. At the end of the training day, summaries in Braille were written to
reinforce what they learned. Cole and Slavin (2013) developed a device for the science laboratory
of students with low vision. With this device, students were able to set up the experimental setup.
As a result of the experiment, they were able to read and save the data. Kizilaslan and Sozbilir
(2017) worked with a total of four 8™-grade students, two of whom had never seen and two of
whom had low vision, from the state middle school. They identified the needs for learning the
concepts in the "States of Matter and Heat" unit. It has been observed that materials for SVI give
positive results in teaching science concepts. Sozbilir and Zorluoglu (2017) worked with SVI on
the densities of insoluble liquids. They have developed materials that will activate students'
senses of touch and hearing. The study group consisted of eight SVI, five boys and three girls,
from 6th-grade students. It was concluded that the study was successful in teaching the subject of
"density of insoluble liquids" to SVI.

When the astronomy and space education of visually impaired students is examined, the
most comprehensive study we encounter is the NASA-supported study (Beck-Winchatz &
Ricobbono, 2008). Applied space science activities based on Braille and tactile inquiry have been
developed within the scope of the Space Exploration Experience Project (SEEP) for the SVI. This
study was carried out in the summer of 2004-2005 with SVI studying in middle or high school at
Yerkes Observatory. Students worked with computer-controlled telescopes. They used tactile
image printers and capsule paper to transform the images they obtained into a tactile form. Later,
they combined their tactile images in the book "See the Universe" by describing them in the Braille
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alphabet. This study revealed that visually impaired students can do successful studies in science,
technology, engineering, and mathematics (STEM). Beck-Winchatz and Ostro (2004) used scale
models for SVI to learn about asteroids in their NASA-supported studies. Students examined
these models by touching and measured the distance between them with a Braille meter tape. As
a result of the study, it was seen that the SVI could understand the asteroids, the estimated
distances between them and their displacements. When the international studies were examined,
no study on the Phases of the Moon was found with SVI.

STEM education focuses on the hands-on process of designing solutions to complex
problems using new technologies. STEM is a meta-discipline that breaks down traditional
barriers (Kennedy & Odell, 2014). It is known that the science lesson can be associated with other
disciplines with the STEM method, and the STEM learning environment facilitates students'
learning and increases their skills (Giildemir & Cinar, 2017). Considering all these, it comes to
mind as a question whether materials that will eliminate the disadvantages of SVI can be
produced with STEM studies.

This study was carried out to measure whether SVI have learned the subject of "Phases of
the Moon" in the "Sun, Earth and Moon" unit and to measure the usefulness of teaching with a
material that will fill the deficiency in this field. The hypothesis of this study was determined as
"An audio-tactile electronic material can be developed for teaching the subject of the Phases of
the Moon for SVI and tactile matching cards can be prepared for evaluation purposes".
Research Importance

When the researches for SVI are examined, it has been determined that although studies
have been carried out in this field, no audio, tactile electronic material designed for teaching the
phases of the Moon and applied with SVI. In this study, an audio-tactile electronic material was
developed for the teaching of the concepts of the phases of the moon, taking into account the
needs of SVI. This material is an innovative design that can be a candidate to solve the problem
of inadequacies of simple materials. In the study, it was also aimed to get students' opinions about
the material after the material was used with students.

Research Purpose

In this study, it is aimed to develop an audio, tactile and electronic teaching material and
to determine student opinions about this material. For this purpose, the problem statement of the
research is defined as: "Can an audio, tactile, electronic material be developed for teaching concepts about
the phases of the Moon?".

Method

This study is a ‘design and development research’. Design and Development Research
(DDR) is a research method that aims to reflect knowledge directly to solution-oriented
applications, beyond having knowledge. Studies such as the development, implementation and
evaluation of teaching materials, educational software and learning systems to be used in
learning and teaching processes can be given as examples of such research. DDR can also be used
for product (tool, material, etc.), model, or process development research in natural and social
sciences. However, this method is especially recommended for research in the field of
instructional design and technology (Biiytikoztiirk, 2020).

In this study, semi-structured interview form prepared by the researchers were used as
data collection tool. Semi-structured questions were prepared to collect the opinions of the
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visually impaired students about the audio-tactile electronic material. These questions were
applied through face-to-face interviews with the students. Although the researchers prepare
semi-structured interview form questions before the interview, they may ask new questions
depending on the flow of the interview in order to get detailed answers (Karasar, 2009). The
students' opinions about the developed material were collected through semi-structured
interview questions prepared by the researchers (see Appendix 1).

Methodology
Figure 1
The methodology of the entire study text

Application with audible
tactile electronic material

Evaluation with tactile ki ’_-

matching cards

Semi-structured interview form

@. .g (opinions about the material)

Application of the Study

In this study, material was developed considering the disadvantages of SVI. The
developed material was studied together with the students. Finally, the opinions of SVI about the
material were collected.

For this purpose, the study was carried out in two stages. The first stage is the
development of an audio-tactile electronic material for the purpose of teaching the concepts of
"The Phases of the Moon" to the SVI. The steps followed for material design are as follows:

ﬂ
“

1. The four primary and four intermediate phases of the Moon are embossed on a special
aluminium plate, considering the Sun, Earth and Moon’s dimensions, with a special
technique (see Appendix 4 for an anecdote on the history of science and engineering for
the heliocentric system and the first map of the Moon.)
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2. Each embossed figure is numbered in the Braille alphabet.

3. The names of the numbered figures are embossed on the right side of the plate in Braille.

4. A volume button has been added next to each embossed shape. When this button is
pressed, the sound recorded by coding with Arduino gives information about the figure
(see Appendix 2).

5. The phases of the Moon were embossed separately on an aluminium plate of the
appropriate size to contain eight tactile matching cards, and the names of each phase were
embossed in Braille on eight different tactile matching cards.

6. In order to prevent the material from collapsing, the embossed shapes are filled with
silicon and mounted on a material called photo block.

The material development phase is associated with the STEM steps as:
e Determining the dimensions of the aluminium plate “Mathematics”
¢ Placing the phases of the Sun, Earth and Moon on the plate “Science”,
¢ Adding volume buttons to the aluminium plate with Arduino “Technology and

Engineering”

The second stage of the study is the application of the developed material. The first step
for this is to determine the working group. The study group was determined by convenience
sampling, which is one of the non-random sampling methods. The sample is chosen from easily
accessible and applicable units due to the limitations in terms of time and workforce in
convenience sampling (Biiyiikoztiirk et al., 2014). Considering that the researchers reside in
Istanbul, Turkey, the study was carried out in a middle school for the visually impaired students
in Istanbul, in order to eliminate the time and labour limitations for practice. A total of 8 students,
3 girls and 5 boys, participated in the study.

The opinions of the SVI about the innovative material developed for the subject of "Moon
Phases" were collected with a semi-structured interview form prepared by the researchers. After
the audio tactile electronic material and tactile matching cards were developed, a lesson was
conducted with the SVI. After the application with the material tactile matching cards were
distributed to the students in order to observe and evaluate whether the students learned the
subject or not. At the end of the study, a semi-structured interview form was applied to determine
the opinions of the SVI about the audio-tactile electronic material developed. In the analysis of
the data obtained at the end of the interview, descriptive content analysis methods were used in
the study. In order to ensure validity in the analysis of the data, the results of the analysis were
reviewed by two science education experts. In addition, the study was presented as an oral
presentation in "3rd International STEM Education Conference". After the presentation, the
analyses were revised by taking into account the discussions and suggestions.

Findings
The material developed in the study and matching cards are presented below:
Material
Figure 2
Audio Tactile Electronic Teaching Material
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The material developed is given in the image above. Audio Tactile Electronic Teaching
Material includes reliefs of part of the Sun (far left), Earth (middle), and phases of the Moon.
Braille numbering is shown below each figure. The right part of the material is reserved for
numbers. Each number indicates which shape it represents. Number and shape names are
embossed in Braille. Under each figure, there is a voice button that gives information about the
figure. The material can be accessed via Video (https://youtu.be/7koD3Zkurp4). The video and
code image for the material are also available on the journal's website.

Cards
Figure 3
Tactile Matching Evaluation Cards
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The cards developed are shown in the image above. Eight Moon phases are embossed.
The names of the eight Moon phases are embossed.

The data of the semi-structured interview form applied in the study are presented below
in Table 1:

Table 1
Semi-Structured Interview Form Results

Meaning Unit Subcategory f %

Ideas About the Material Good 3 37
Very nice 5 63

Effect of the Material on Teaching the Subject Reminded the phases 5 63
Reminded the shapes 1 13
Taught the subject more 2 24

Difficulties Encountered While Using the Braille script 4 48

Material
New moon and full moon phases 1 13
No difficulty 3 38

Need for a Guide While Using the Material No need 4 48
In Braille 3 38
In Braille and shapes 1 13

Feelings of Students While Using the Material =~ Walking in the sky 1 13
The material is beautiful 1 13
Being in space 2 23
Enjoyable 1 13
Happy 3 38
Excited 1 13

Points Where Changes are Requested in the Magnification of the sun 1 13

Material
Writing Braille on a tablet 1 13
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Reducing Braille 2 24

No change 4 50

Ideas on Using the Material in Science Lessons Beautifying the lesson of the 1 13
and Other Lessons material

The material makes it easier to 6 74
learn the subject

The need for the material for 1 13
teaching

According to the data in Table 1, in the "Ideas About the Material", %37 of the students
stated that the material was "Good" and %63 of them "Very nice". In the "Effect of the Material on
Teaching the Subject”, %63 of the students stated that it reminded the phases, %13 reminded the
shapes, %24 of them stated that the material taught the subject more. In the "Difficulties
Encountered While Using the Material", 48% of the students stated that they had difficulty in
reading Braille, 13% said that they had difficulty in understanding the new moon and full moon
phases, and 38% said that they had no difficulty. In the case of "Need a Guide While Using the
Material”, 48% of the students stated that they did not need a guide, 38% of the students said that
they needed a guide in reading Braille, and 13% of the students stated that they needed a guide
both in reading Braille and in shapes. When we look at the "Feelings of Students While Using the
Material", it is seen that %13 of the students feels the material is beautiful, %23 of them is in space,
%13 is having fun, %38 is happy, %13 is feeling excited. In the "Points for which Changes are
Required in the Material", %13 of the students wanted the Sun to be enlarged, %13 wanted the
Braille script to be written on a tablet, %24 wanted the Braille script to be reduced; It is seen that
%50 of them do not want to be changed. In the “Ideas on Using the Material in Science Lessons
and Other Lessons”, 13% of the students stated that the material should be used in the Science
lesson and other lessons because it makes the lesson beautiful, 74% of the students stated that the
material facilitates learning the subject, and 13% of them stated that the material should be used

in the science lesson and other lessons.

Discussion and Conclusion

In this study, "Audible Tactile Electronic Teaching Material and Tactile Matching
Evaluation Cards" were developed in order to learn the phases of the Moon by considering the
disadvantages of 5t-grade SVI. Thus, the subject of the phases of the Moon, which is
unobservable and abstract, has been turned into concrete for disadvantaged students and their
learning has been facilitated. Sozbilir and Zorluoglu (2017) studied the densities of insoluble
liquids with SVI in their studies where they developed materials that would activate students'
senses of touch and hearing. At the end of this study, it was concluded that the material
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developed was successful in teaching the density of insoluble liquids to SVI. It was thought that
the material to be developed on the phases of the Moon, which is an abstract subject such as the
density of different liquids, would also be successful. In this study, students were able to
concretize the phases of the Moon by examining it with a material. It has been observed that they
have improved their knowledge on this subject.

During the application, it was observed that a student did not know the Braille alphabet,
and some students were weak in this regard. Tactile matching cards could not be studied with
the student who does not know the Braille alphabet. This reveals that materials consisting only
of embossed figures and Braille alphabet are insufficient for students. The study by Yazici et al.
(2021) supports this result. According to Yazici et al. (2021), SVI need embossed materials that
they can examine by touching inside and outside the classroom and written sources printed in
Braille. In the interviews of Yazici et al. (2021) with teachers, they stated that the greatest need of
teachers for the lesson is materials suitable for the disadvantages of students. Teachers demanded
that these deficiencies be met immediately. When we look at the answers to the semi-structured
interview questions in this study, it comes to the fore that the study group students also consider
this kind of material necessary for teaching. They stated that it is necessary to use the material
both in science lessons and in other lessons, as it facilitates learning the subject.

Kumar (2001) and Ozkan (2013) stated in their studies that inadequacies cause fear of the
laboratory in SVI, and that it is necessary to prevent practicing with the help of someone only. It
has been argued that laboratories should be aimed at the disadvantages of SVI and that they
should be intertwined with technology so that students can do the applications alone. Based on
this, in the material developed in this study, embossed shapes, Braille writing and voice buttons
were used to enable students to learn the subject without the need for a guide. Considering the
opinions about the material, it was seen that half of the students in the study group stated that
they did not need a guide. It was observed that some of them stated that they needed a guide in
reading Braille. It was seen that this was related to the use of a larger font than the font that the
students were accustomed to while preparing the material.

After the application was made with the developed material, it was observed that the SVI
followed the subject carefully. In addition, when their opinions about the material were taken,
they stated that they enjoyed the subject with the material, they were excited, and that the
material taught the subject better. Okcu and Sozbilir (2016) stated in their study that many
subjects are not understood by SVI because no materials or tools are used in science lessons.
Therefore, they said that the students were exposed to many stimuli and could not follow the
subject due to distraction. In addition, in the interviews they made with the students, it was seen
that the SVI could not feel themselves actively in the lesson due to the lack of materials and
activities adapted or arranged for the visually impaired. This study is in agreement with the study
of Okcu and Sozbilir (2016). In both studies, it is seen that an efficient application will be made if
appropriate materials are presented for SVIL.

When the students' opinions about the material were taken, it was seen that they wanted
the Braille text in the material to be reduced. The reason for this is the large font size of the Braille
alphabet in the material prepared in the study. Because the font size of the Braille alphabet used
by students is smaller. This made it difficult for the student to read. If Braille alphabet is to be
used in a material to be prepared, it is recommended that the font size of the letters be in a size
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that students can read a letter with their fingertips. As a matter of fact, Baloglu (2013) also stated
that in Braille studies, it is necessary to focus on fingertip movements, not symbols.

As aresult, visually impaired students can be taught "Phases of the Moon" and other space
topics with an audio-tactile electronic material. This study also contributes to the studies in the
field that support this.

Limitation and Implications

This study was carried out with SVI. If you have not worked with SVI before, it is
recommended to visit schools before such a study. During this visit, teachers and students should
be interviewed. Educational materials and activities, if any, should be examined.

If the material in the study is developed, it can be shown in the material that the Moon
rotates around its axis and revolves around the Sun with the Earth. This reveals the conclusion
that the study can be improved and innovative.
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Appendix 1: Semi-Structured Interview Form for the Opinions on the Material
1- What do you think about the material?

2- Did the material you used help you learn the subject? How?

3- Did you have any difficulties while using the material? If your answer is yes, please
explain at what points you have difficulties.

4- Did you need a guide during the use of the material?

5- How did you feel while using the material?

6- If you created the material, what would you like to change? Why?

7- Would you like the material to be used in science class and other lessons? Please explain.

Appendix 2: Codes Generated for The Material
Arduino UNO system established by researchers

Appendix 3: Questions That Can Be Used for Measurement and Evaluation Activities
1. If you compare the sizes of the sun, earth and moon with other sizes you know, what can
you say about this?
2. Is there a relationship between the phases of the Moon and its position? If so, how would
you explain this relationship?
3. Can you count the phases of the moon in order?

=~

What is the difference between a new moon and a full moon? How would you explain?
5. How would you explain the difference between the phases of a gibbous moon and a
crescent moon?
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Appendix 4: People from The History of Science and Engineering

Galileo Galilei 400 years ago, he observed the sunspots he dropped on paper with his own
(1564 -1642) invention, the telescope. In his observations at certain time intervals, he
noticed that the sunspots shifted in the same direction. Thus, he reached the
conclusion that "the Sun makes a rotation around its axis". Research after
Galileo proved that the Sun rotates around its axis counter clockwise. This
is the sign of the heliocentric system (MEB, 2021a).

Ibn Al-Haytham | Ibn Al-Haytham, as Westerners call Alhazen, was an Arab mathematician,
(965, 1040) astronomer, and one of the important physicists of the Golden Age of Islam.
He is also known as the "father of modern optics". Ibn Al-Haytham was the
first to explain that light reflects off an object, then comes into his eyes, and
thus the vision is realized. It was also the first to show, with evidence that
imaging occurs in the brain rather than in the eyes. He designed a setup
with the help of the lenses he used for his experiments. He was the first to
conduct mathematical research on his famous experiment "The Dark
Room". He rejected the view claimed by Aristotle and Ptolemy that the earth
is the center of the universe. He said that the heliocentric system exists

(MEB, 2021b).
Ali Qushji He was an important astronomer and mathematician who lived in the 15th
(1403-1474) century. He got the nickname "Birdman" because his father worked as a bird

chef for Ulugh Beg. He took mathematics and astronomy lessons from
important scientists, including Ulugh Beg, in Samarkand. Ulugh Beg
appointed Ali Qushji as the director of the Samarkand Observatory. While
working here, he made important contributions to the preparation of Ulugh
Beg's famous work " Ulugh Beg's Star Catalog". He came to Istanbul upon
the proposal of Mehmed the Conqueror. Ali Qushji, who saw the great
interest of Mehmet here, gave lectures in the Hagia Sophia Madrasa
(university in today's sense) and rearranged the program of the university.
Ali Qushji; He wrote important works in the fields of arithmetic, astronomy
and mathematical geography and was accepted as an authority in these
fields for many years. In his work named “Er Risalet-i Fethiyye”, he focused
on the positions and arrangement of the planets, the shape of the earth and
climates, and the calculation of the diameter of the Moon and the Sun. He
was the first to map the moon. (MEB, 2021¢).
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