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Abstract: This study aims to develop a math test exercises application based on Android for the visually
impaired. This research is development research carried out with research steps, namely: (1) preliminary
research, (2) prototyping stage, and (3) assessment phase. The research was conducted between April 2020 and
December 2020. The material chosen in the application developed was a plan that was taught in 8 grade. The
research process involved six experts in assessing the product, namely three mathematics education experts to
assess the validity of the aspects of mathematical content, two visually impaired education experts to assess
visually impaired content suitability and accessibility, and 1 IT expert to assess product performance. The
product was tested on nine visually impaired. The quality of teaching materials is based on three basic aspects,
namely feasibility, practicality, and effectiveness. The conclusions of this study are: (1) the product has good
quality because it has been declared feasible by experts, practical, which can be seen from the enthusiastic
response and student testimonials, and is effective because it can be used to learn and measure abilities, (2) the
application is divided into three sections, preamble (contains the opening tune and instructions for use), practice
questions, and results. Application development is based on two elements, namely accessibility and
compatibility of the content with the cognition of the visually impaired, (3) the question page consists of
questions (will be read when entering the page and can be repeated when the user taps the question section),
under the question, there is a question number. There is a question; answer choices are arranged twice in two (the
answer choices will be read out when pressed by the user). There is an answer lock button at the very bottom,
and (4) the visually impaired wants an application with a simple operating system, provides challenges to the
user, and has two functions, namely measuring their abilities and facilitating their learning.
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INTRODUCTION

Visually Impairment is a type of diffable with limited vision (Arlinwibowo & Retnawati, 2015).
Moderate visual Impairment is indicated by acuity around 20/70 to 20/160 and severe disturbances,
namely visual acuity less than 20/160 (Westwood, 2009). The first category is known as low vision,
and the second category is known as total blindness. Low vision is visually impaired with limited
vision, and total blindness is visually impaired and cannot access visual information (Roe & Webster,
2002). Two things that are affected by visual Impairment are mobility and (Stanimirov et al., 2020;
Westwood, 2009). In general, 80% of the information captured by humans comes from the sense of
sight (DoE, 2011). Based on this information, there is a significant difference in a visually impaired
person's mobility and environmental orientation with others.

The problem is that the visually impaired are a minority. According to the 2012 WHO data, the
number of school-age visually impaired people is only around 1.02% (World Health Organization,
2012). Thus, various developments are oriented towards the majority of the population, namely the
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non-visually impaired. It is not uncommon for the needs and problems of the majority to be given
more attention. Problems involving minority communities are often not realized so that they are not
handled immediately. This situation can also be seen in the world of education. Many educational
facilities cannot be accessed properly by visually impaired people (Arlinwibowo, Retnawati,
Kartowagiran, & Mustagim, 2020), for example, such as various physics practicum tools
(Arlinwibowo et al., 2018; Ratnaningtyas et al., 2011; Retnawati et al., 2018), mathematics learning
media (Arlinwibowo & Retnawati, 2015), and various other subjects that rely on the sense of sight to
capture information. The majority of reading books in school libraries and public libraries as a
learning resource for students are printed in alphabet letters so that the visual Impairment cannot
access them.

Visually impaired learning facilities must maximize the senses that can function properly.
Visual information that has been generally used as a source of information in learning should be
transferred to others (Roe & Webster, 2002). Visually impaired learning must maximize other senses
that are still functioning properly, especially haptic and auditory (Hersh & Johnson, 2008). Based on
this information, all efforts can be made to provide learning resources so that visually impaired people
can learn more comfortably. A lot of visual information can be converted into non-visual information
so that it can be accessed by visually impaired people (Mani et al., 2005). Examples of such
conversions are tactual audio media for learning mathematics (Arlinwibowo & Retnawati, 2015),
measuring instruments for physical quantities for the visually impaired (Ratnaningtyas et al., 2011),
braille cards (lgirisa et al., 2019), interactive games (Sari et al., 2019), learning applications (Azmi et
al., 2017), and many other innovations.

In the past, tactual media was the choice of many people to provide learning resources for the
visually impaired. Illustrations were embossed, and the writing was converted to Braille. However, the
Braille printing process is quite expensive when compared to printing the alphabet (Chowdhury et al.,
2018; Sarkar & Das, 2012), which hinders the process of procuring teaching materials in schools
(Arlinwibowo, Retnawati, Kartowagiran, & Mustagim, 2020). The procurement of expensive learning
facilities always collides with funding problems (Retnawati, Kartowagiran, et al., 2017). Technology
is developing very fast (Arlinwibowo, Retnawati, & Kartowagiran, 2020) and making things easier
(Arlinwibowo, Retnawati, Kartowagiran, & Kassymova, 2020; Hapsari et al., 2018). With technology,
text information can be converted into voice so that it can be accessed by visually impaired people
(Edward et al., 2018; Shetake et al., 2014; Venkateswarlu et al., 2016). However, changing text to
audio cannot be implemented immediately because visually impaired people have different
orientations (Pring, 2008; Salisbury, 2008) and experiences (Pandey, 2018). Thus, teaching materials
must be made specifically with attention to the media and information content (Arlinwibowo &
Retnawati, 2015).

One of the subjects that have relied on visual information is mathematics (Retnawati,
Arlinwibowo, et al., 2017; Trance et al., 2012). This is because mathematics is an abstract science
(Putra et al., 2018), like geometry (Arlinwibowo & Retnawati, 2015) which needs to be conveyed
using various symbols and illustrations. Students must convert mathematical information into visual
representations as well as concrete cases. Visual representations can make it easier for teachers to
explain and students understand the material (Andriyani et al., 2018; Clements, 1999; Garderen et al.,
2018). In addition, there are also mathematical symbols that simplify various situations mathema-
tically (Cruz & Smedt, 2013; Otte, 2018). In general, in understanding the symbol, the sense of sight
has a dominant role compared to other senses. Visual information as the majority basis in learning
makes it difficult for students to learn mathematics. The limitations of the learning process are very
ironic because mathematics is a very important subject and equips students (Akhter & Akhter, 2018).
Various mathematics materials can equip students to face various problems in the real world (Dahiya,
2014; Mumcu, 2018). Without sufficient knowledge of mathematics, visually impaired people will
have difficulty in various daily problems.

Improving learning facilities according to student needs is the keyword in improving the quality
of education (Muhaidat et al., 2020; Retnawati, Hadi et al., 2017; Retnawati, Munadi, et al., 2017;
Zurgoni et al., 2018). Providing accessible learning facilities for people with disabilities is an effort so
that students with disabilities can learn easily and are able to maximize their potential (Arlinwibowo &
Retnawati, 2015). Test exercise is a medium to facilitate student learning. However, so far, the
scattered mathematics test exercises have not been done by considering the various needs of the
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visually impaired. Mathematics test exercises can be used to train students' ability to solve problems,
measure their existing competencies, as well as prepare for the real test. Thus, providing accessible
practice questions for the visually impaired can help visually impaired students deepen their under-
standing of mathematics.

Accessibility should be used as a guide in product development for the visually impaired. Thus,
the practice of math problems must be easily accessible and contain a suitable context for the visually
impaired students' experience. Technological support allows the test to be packaged in a program that
has effectiveness in use (Arlinwibowo, Retnawati, Hadi, et al., 2021), and data can be analyzed in
more detail (Arlinwibowo, Achyani, & Kurniadi, 2021). In 2015 (Arlinwibowo & Retnawati, 2015)
developed audio teaching materials, they are still saved on a flash disk. In the current era of
technology, it is possible to implement a practice question application that can facilitate the visually
impaired. The smartphone is a potential thing to be used as a learning medium. According to BPS data
for 2019, mobile phone users in Indonesia reached 63.53% of the total population (BPS, 2020). Nowa-
days, visually impaired mobile phones can be operated as well (Griffin-Shirley et al., 2017; Rodrigues
et al., 2015). Android is the platform chosen to create a question practice application because it is very
popular and the choice of many people (Saefi et al., 2017; Said et al., 2018; Tamhane et al., 2015).
Thus this study aims to develop an Android-based math problem practice application for the visually
impaired. It is hoped that this application can facilitate the visually impaired to learn mathematics
through practice questions.

METHOD

This research is development research carried out with research steps that adopt the developed
model (Plomp, 2013), namely: (1) preliminary research: needs and context analysis, literature review,
developing conceptual and theoretical frameworks for research, (2) prototyping stage: the design
process cyclically and sequentially in the form of a more micro research process and using formative
evaluation to improve and improve the product, and (3) assessment phase: semi summative evaluation
to conclude whether the solution or intervention is what you want and make recommendations product
development.

The research was conducted between April 2020 and December 2020. The research was carried
out in various places, namely the research house, Utak Home Recording, Muhammadiyah University
of Kudus, and the virtual room (google meet). The mathematics material chosen as the question
content is plane which is taught in grade 8. The research process involved six experts in assessing the
product, namely three mathematics education experts (EM1, EM2, and EM3) to assess the validity of
the aspects of mathematics content, two experts visually impaired education (EB1 and EB2) to assess
the suitability of the visually impaired content and accessibility, and 1 IT expert (ET1) to assess
product performance. The researcher provides a validation sheet that is filled in by the validator. The
results of the validation from several validators concluded that various suggestions were used as the
basis for making revisions.

Research involving visually impaired people has limited respondents and sources, so that in
order to produce an in-depth discussion, the research focuses on collecting qualitative data. Data
collection techniques are observation and interviews to explore product performance information in
depth from teachers and visually impaired students. The product was tested on nine visually impaired
students (T1, T2, T3, T4, T5, T6, T7, T8, T9), all of which were totally visually impaired students.
Visually impaired students access the application via each student's android smartphone. Qualitative
data from data collection were analyzed using a model developed by Miles and Huberman. The
research data analysis step starts from data collection, data reduction, data presentation, and
concluding (Miles & Huberman, 1994).

RESULTS AND DISCUSSION

The product was developed based on preliminary analysis with data sources such as interviews,
observations, and literature studies. Several crucial things become obstacles to learning for visually
impaired people, namely independent learning, the specificity of students' cognitive experiences,
various learning materials using illustrations that are far from visually impaired (Arlinwibowo &
Retnawati, 2015), and limited learning facilities (Arlinwibowo et al., 2018). Smartphones have great
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potential to facilitate the visually impaired in learning. Android smartphones offer a wide variety of
assistive applications using the built-in sensors of the mobile device (Csap6 et al., 2015). The results
of this study are a development product in the form of an Android-based math problem practice
application. Thus, the existence of an Android math problem practice application can minimize the
limitations of learning resources and increase student learning independence. The math problem
practice application is a math problem practice application specifically designed for the visually
impaired. Things to consider in developing questions are the accessibility of information modes, the
content of the material, and the structure of the application. Thus, the basic mode of information used
is audio and material content adjusted to visually impaired students' cognitive experience. The built-in
hardware of mobile devices has a lot of potentials that can be developed (Csapé et al., 2015).
Technology makes learning easier (Larkin & Calder, 2016), and (Daroni et al., 2018) find the fact that
technology can help visually impaired people learn mathematics. Regarding the application structure,
this research tries to create a system that is easy to operate and can attract visually impaired students to
use the application.

The development process begins with conducting a curriculum study and selecting a sample of
basic competencies (KD). In this development, the researcher chose KD 3.6, which is to identify the
properties of a plane and use it to determine the perimeter and area, and 3.7, which is to estimate and
calculate the surface area of an irregular shape by applying geometric principles. The two basic
competencies are described in 12 indicators which serve as the basis for making 24 questions. All
guestions were made by considering the cognitive experience of visually impaired students so that KD
achievement can be measured accurately. Accurate is meant if students are not able to work on the
guestions; it is because they do not master KD, not because they are not familiar with the context of
the questions. For example, visually impaired people do not understand the shape of the bridge, so if
they are given a question in the context of the bridge, they will find it difficult to construct the shape
of the bridge in their minds. Lack of cognitive experience related to bridges makes the process of
solving questions more complicated so that students are prone to making mistakes in solving problems,
not because they do not understand mathematical solutions but because they do not master the context.

The questions are arranged in alphabetical writing as well as a script. The question script was
developed as a starting material in developing Android-based practice questions. The question script
was developed by paying attention to (1) the suitability of the questions to the indicators, (2) the
context of the questions according to the cognition experience of the visually impaired, and (3) the
language used according to the level of the student as the product target. The question script was then
reviewed by two mathematical education experts and obtained input for additional information on
various mathematical symbols, for example, "... a square with a side length of 10 cm2 (read: ten square
centimetres)”. The revision was made to anticipate if the selected narrator was not someone with a
mathematics education background. The rest of the two experts stated that related to the instrument's
content, it represented indicators, the questions were clearly formulated, there was one single answer,
all questions had compatibility with the keys, and the illustrations in the questions were in accordance
with the students' conditions. Meanwhile, with regard to language, the two experts agree that the
language used is communicative, according to the correct spelling of Indonesian, and in accordance
with the condition of the students.

The final script is in the recording process. The recording process involves the narrator, who has
a background in mathematics education and has various experiences in public events. Thus, it is hoped
that the question content can be conveyed well, the sound output is good, and there is minimal
repetition when voting. The production process is carried out at Utak Home Recording in Karangwaru
Lor TRII no. 2309 Yogyakarta. In the audio file production process, the researcher is assisted by a
sound engineer who is a professional in the audio recording field. The recording process is done over
and over again to get a clear sound. The recording process can be completed within 2 hours. After the
recording process is complete, the clear and less clear parts are sorted. Sound parts that contain noise
are edited with logic pro software so that they become clear and comfortable for students to listen to.

The audio file is then re-entered in the validation process by the mathematics education expert.
From the validation results, the audio component has been declared valid. However, there is one
revision, namely the addition of opening and closing tones. Then the researcher involved a jingle
composer to fill the tone in audio teaching materials. The opening and closing music are used as

Copyright © 2021, Psychology, Evaluation, and Technology in Educational Research, ISSN 2622-5506



Psychology, Evaluation, and Technology in Educational Research, 3 (2), 2021, 81
Janu Arlinwibowo et al.

markers as well as variations in the process of solving the questions. Thus, the audio material is ready
to enter the Android platform into a question practice application.

The next step is to create an Android-based mathematics test exercise application with audio
files that have been declared valid by the validator. The audio file has been submitted to the
programmer, whose task is to package the file on the Android platform to operate on any Android
smartphone. The process of preparing the application construction has been completed, but there are
still several parts that need to be improved, namely the audio output and the correction system for each
question. Researchers communicate intensively with programmers to produce applications that have
readability and easy access for visually impaired students.

Operating
Instructions

Hello smart friends,
This application contains math problems
that can be used for learning.

Petunjuk
Pengoperasian

Hallo sahabat cerdas

Aplikasi ini memuat soal-soal
matematika yang dapat digunakan
untuk belajar

Petunjuk Penggunaan

Instructions for use:
Friends can enter the application until the
help page appears.

Then friends can press the "continue"
button at the bottom.

Sahabat bisa masuk ke aplikasi sampai
muncul halaman petunjuk

Kemudian sahabat bisa menekan
tombol lanjutkan di paling bawah
Halaman selanjutnya, sahabat akan
diminta untuk mengisi nama yang
posisinya di tengah layar

On the next page, friends will be asked to
fill in a name whose position is in the
middle of the screen.

Kemudian sahabat akan masuk dalam

halaman soal

Pada halaman soal

Then friends will enter the question page.
On the question page,

1. Sahabat akan menemukan soal di

setengah bagian atas. Saat ditekan

maka soal akan dibacakan 1. Friends will find the question in the top
2. Di bagian bawah layar sahabat akan half. When pressed, the question will be
menemukan 4 pilihan jawaban yang

readout

tersus dua kali dua, saat ditekan L
TSR S SR SRy St SRS 2. At the bottom of the screen you will find

4 answer options arranged twice in two,
when the answer options pressed it will

maka pilihan jawaban akan dibacakan
3. Pada bagian paling bawah salah
tombol kirim yaitu tanda sahabat sudah

selesai mengerjakan dan mantab be readout

dengan jawabannya. Saat menekan 3. At the bottom of the wrong "send"
tombol kirim maka sistem akan button, which is a sign that you have
langsung mengoreksi dan memberikan finished working and is solid with the

jawaban yang tepat
4. Kemudian tombol kirim akan

answer. When you press the send
button, the system will immediately
correct and provide the correct answer
4. Then the send button will change to
"next question" and friends can press
the button to enter the next question
5. Friends can work on until the last
question then the final score will appear.

berubah menjadi pertanyaan
selanjutnya dan sahabat bisa tekan
tombol tersebut untuk masuk ke
pertanyaan selanjutnya

5. Sahabat dapat mengerjakan hingga

soal terakhir kemudian akan muncul
skor akhir

Selamat belajar

Salam matematika asik Have a good study
Fun math greetings

Figure 1. Original version (left) and English translation (right)

The application master is made in an apk format that can be installed on an android-based
smartphone. Before installing, the system in the smartphone is first set to recognize unknown sources.
Then the master application can be installed on a smartphone with a shortcut that says J-Quiz. The
shortcut can be clicked, and then the question practice application opens, which is the product of this
research. The product was validated by three experts, namely one math teacher who has experience
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teaching visually impaired students, one visually impaired special education teacher, and one expert in
the field of information technology. The three validators agreed that the application product was
feasible to use. The following is a description of each section in the application.

The opening will begin with an opening tune, and the screen will open the operating instructions,
which will voice the operation instructions if clicked. The opening display is as shown in Figure 1.
The continue button is a button that has a command function to move to the next page, which is a page
to fill in student identities. The identity field is right in the middle of the screen. Identity can be filled
with the application user name. The following is a display of the identity content page of the question
practice application.

Welcome

Write your name

Selamat Datang

Tulis Nama Anda

START

Figure 2. Original version (left) and English translation (right)

The next stage is that students will enter the question page. The question page consists of 3 parts:
guestions (top), four answer choices arranged twice in two, and at the bottom, there is a button to enter
the next question. The system will read out the questions when the user presses the questions, and the
answer choices will be read out when pressed by the user. The answer choices will be read aloud and
change display when pressed. To lock the answer choices, the user can press the "send" button at the
very bottom. When the button is pressed, the answer is locked, and the system will show the answer
key, then the "send" button changes to "next question”. The following is an illustration of the
description above.

1118 4@ 2 0 » 0=l @ 1118 188 0 » 0=l @

MULAI

Soal nomor 2 _ Number 2 )
Terdapat suatu segiempat There is a quadrilateral with
dengan ciri-ciri: Hanya memiliki the following characteristics:
tepat satu sisi sejajar dan It only has exactly one side
memiliki dua sudut berukuran that is parallel and has two queshon
Sembilan puluh derajat. Dari ninety-degree angles.
keterangan di atas, segiempat From the lnformatlpn above,
tersebut merupakan.... the rectangle is ... .
= — number
Lavan(g}'\a)«an l:‘:‘er(‘i]er% Kite Rectangle
Tsr(\]kptjzi:z? Belahketupat Right trapezoid Rhombus
| ow BN =0 B lock button

Figure 3. Structure in the question page (original page and pages that have changed in English)
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04 a0mo. 015 480G - co § |
Number 2 ~ Number 2° Number 2
There is a quadrilateral with There is a quadrilateral with There is a quadrilateral with
the following characteristics: the following characteristics: the following characteristics:
It only has exactly one side It only has exactly one side It only has exactly one side
that is parallel and has two that is parallel and has two that is parallel and has two
ninety-degree angles. ninety-degree angles. ninety-degree angles.
From the information above, From the information above, From the information above,
the rectangle is ... . the rectangle is ... . the rectangle is ... .
Kite Rectangle Kite Rectangle Kite Rectangle
Right trapezoid Rhombus Right trapezoid Rhombus Right trapezoid Rhombus

Figure 4. When the option is pressed (left) when the user answers wrong (centre), and when the user answers
correctly (right)

The user is directed to solve up to the 23rd question. Then at the end, a recap of the results of
the work and the final value of the user will be given.

The application was tested on nine visually impaired people. The trial results showed that all
students responded well to the creation of a math exercise test application. Respondents said that the
math exercise test application could be their medium in learning and measuring understanding of the
plane. Systemically, the application can be used properly, without any problems. Respondents said
that the math exercise test application could be a medium in learning and measuring understanding of
the geometry of flat shapes. All users can easily understand the instructions for use, access all
questions, choose answers, find answer keys, and find out work results. However, based on
discussions with the visually impaired, there are several suggestions for improving the application
whose aim is not only accessibility but also product attractiveness. The following is input provided by
nine visually impaired people.

First, Remove the "next" button and replace it with the sliding mode. Removing the "next"
button and changing it to the sliding mode can make the application even simpler. The simpler the
application, the more comfortable the visually impaired will be in operating (Tepelea et al., 2014). The
simplicity of an application has a good impact when coupled with attractiveness (Sayal et al., 2020;
Supandi et al., 2018).

Second, make the questions read out immediately at the turn of the page. Previously, users
moved pages and had to press the part of the question so that the questions were readout. However,
visually impaired people feel that the application will be easier to use when the questions are
automatically read out when there is a change of question pages. However, users can repeat the
reading of the question by pressing on the question section.

Third, Added a step explanation for finding the right answer when choosing a wrong answer.
Previous applications were limited to showing the correct answer key when the user chose the wrong
answer. Additional discussion will make students understand better by learning the route to finding the
correct answer. Discussions can substitute the role of the teacher as a facilitator when students find it
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difficult (Arlinwibowo, Kistoro, Retnawati, et al., 2020). Thus, students can work on questions to
measure self-efficacy (Erfan et al., 2020) as well as learn related materials that have not been mastered.
A concept that can measure students 'abilities and improve students' abilities is considered effective
(Baas et al., 2015).

Fourth, Increase the number of items in the question bank. Visually impaired students said that
the more questions, the better because it means there are many variations of the questions (Pramono &
Retnawati, 2020). Thus, application users will always feel challenged working on problems in the
application because they always find new challenges (questions).

Fifth, Provide a package of questions arranged in stages. Participants who are students with
disabilities said that the application should continuously provide packages of questions, starting from
the easiest to the most difficult levels. If the application user can complete a certain package with a
certain threshold, then he will be directed to enter the package of more difficult questions. Thus
students become challenged to continue learning and reach higher levels. The math test exercise
application is good if it contains a challenge so that it spurs users to continue learning (Supandi et al.,
2018).

CONCLUSION

The conclusions of this study are: (1) the product has good quality because it has been declared
feasible by experts, fulfils practical aspects that can be seen from the enthusiasm of respondents and
student positive testimonials, and is effective because it can be used to learn and measure abilities and
(2) divided applications into three parts, opening (containing the opening tune and instructions for use),
practice questions, and results. Application development is based on two elements, namely
accessibility and compatibility of the content with the cognition of visually impaired students, (3) the
guestion page consists of questions (will be read when entering the page and can be repeated when the
user taps the question section), under the question there is a question number, then there is a question.
Answer choices are arranged twice in two (the answer choices will be read out when pressed by the
user). There is an answer lock button at the very bottom, and (4) visually impaired people want an
application that has a simple operating system, provides challenges to the user and has two functions,
namely measuring their abilities and facilitating their learning.
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