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Abstract—Autism is a complex neurobiological disorder that is prevalence
worldwide. Most autistic children have weak communication and social skills.
This research aims to develop and test a mobile application, named My Voice,
which supports local autistic children. The proposed design and features are
discussed, and a prototype is evaluated and tested by two therapists and an au-
tistic child. Experimental results indicate positive feedback in terms of ease of
use, aesthetic, and simplicity. Parents of the autistic child are satisfied with dif-
ferent features such as the alert notification. Results also indicate that autistic
children need about one week to easily interact with My Voice.

Keywords—Assistive technologies, autism, social skills, learning, mobile ap-
plication

1 Introduction

The prevalence of autism had been recognized to be 1 in every 68 children world-
wide [1]. In the UAE, the rate is 1 in every 146 births [2]. It is predicted that these
levels will increase in the coming years.

Autism is defined as a complex neurobiological disorder. Autism forms a part of
autism spectrum disorders (ASD) [3]. Autistic therapists agreed that autism may ap-
pear during the first three years of a child's life where it affects the normal brain func-
tions which consequently affects the development of communication and interaction
skills. The way an autistic child interacts with other individuals is very different in
comparison with that of normal children. In some cases, autistic children are not in-
terested in communication and interaction with other people at all. Further, autistic
children rarely establish eye contact with others. Also, they face difficulty in an un-
derstanding feeling of other people or in communicating their own feelings. In addi-
tion, autistic children don't like to be touched like other children do. Also, they found
loud voices very unpleasant [4]. All these behaviors should be taken into considera-
tion when any interaction is established with an autistic child. In terms of speech and
conversation skills, many autistic children cannot properly develop these skills. Ap-
proximately, 50% of children with ASD do not speak at all [5]. Although there is no
known biological marker for autism, it can be diagnosed by three main criteria that
are behaviorally defined as [6]: Lack of social interaction
e [Lack of social communication
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e A restricted range of interests and behaviors

Therefore, therapists use different methods to improve the interaction skills of au-
tistic children. One of the effective methods that had been highly recommended and
used to overcome speech and communication problems with autistic children is
known as the Augmentative and Alternative Communication [7].

The augmentative and alternative communication (AAC) method uses communica-
tion approaches to replace or supplement language, whether spoken or written, of
impairment persons. The AAC includes various forms of communication that are used
by people with different language problems to express themselves and share their
needs. There are other augmentative solutions, like symbol communication boards,
pictures, and electronic devices, available to help people with different impairments to
communicate with others [8].

In this paper, a mobile application is developed to be used by autistic children to
interact with others and communicate their feelings and needs. Autistic therapists and
parents will evaluate the performance and features of the proposed application.

The rest of this paper is organized as follows. Section II explores the previous re-
search in this field. Section III illustrates the proposed application design and features
while Section IV concludes the paper.

2 Literature Review

In this section, different methods proposed in the literature to address the commu-
nication and social skills of autistic children are explored.

2.1 Augmentative and alternative communication

There are two main types of AAC. The Unaided Communication System does not
provide voice output and does not require any electronic hardware. It is like sign lan-
guage and traditional communication boards. On the other hand, the Aided Commu-
nication System uses electronic hardware but may or may not provide voice output.
Generally speaking, the aided communication system is more popular [8].

The AAC aided communication system can support augmented input, output, or
input and output strategies. In the AAC with input, autistic children can understand
other expressions and increase and support language comprehension. On the other
hand, the AAC with input and output is designed to support both comprehension and
production. The AAC with output is used by autistic children to communicate their
feelings to others [8]. There are different ACC methods such as schedules; visual
symbols for choice making, aided language stimulation, system augmenting language,
visual-spatial symbols, and picture exchange communication system (PECS); to list a
few [9-13].

For instance, the Picture Exchange Communication System teaches children with
autism the use of visual-graphic symbols for communication [11]. This approach had
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been known for its effectiveness in improving autistic children communication skills
[15-16].

Autistic children can communicate in four different abilities according to commu-
nication competence. Based on research related to children with autism, each ability
has the following communication skills:

Generalized ability: When a child learns a new skill and is able to perform in differ-
ent settings.

Spontaneous ability: It's basically teaching an autistic child spontaneous response
that is defined as specific verbal utterances. For example, a child says “bless you”
following a discriminative stimulus that did not involve explicit vocal directives (e.g.,
adult sneeze). In fact, children with autism do not use spontaneous communication
when they are in their early stage of learning [17].

Joint attention ability: Developing certain skills that involve sharing attention with
others; by teaching a child to do one thing in different manners. For example, autistic
children can point at objects and people to share their interests, bring and show ob-
jects to others, and coordinate looking between objects and people [16, 17].
Maintenance ability: Refers to ongoing use of skills over time. It's related to evaluate
the ability of autistic children to use and improve their communication competence
through continuous interaction and use over a period [17].

2.2 The use of technology with autistic children

Technology, in general, is used to improve the quality of a person's life and it's
been used, especially, to help people with difficulties to make their life easier. Nowa-
days, there are different technologies used to help children with autism in different
aspects. The technology can be used to aid autistic children in the overall understand-
ing of their environment, improve their expressive communication skills, social inter-
action skills, attention skill, organization skill, motivation skill, academic skills, self-
help skills, and overall independent daily functioning skills [16, 17]. For instance,
video can help specialists in early detection of autism since this technique made it
easier for parents to film their children from anywhere to observe them and then films
are evaluated by a specialist [18]. Currently, video is used to teach children with au-
tism the basic communication skills by showing them videotaped conversations. Vid-
eo technology has proven that it is useful as a tool for modeling appropriate behavior,
providing feedback, creating discrimination opportunities for an autistic child's own
behavior, and as a way for presenting basic instructions that many children can be
evolved in [19]. In summary, children with autism can understand visual representa-
tions better than auditory ones [19, 20].

Another example of using technology with autistic children is through using differ-
ent types of assistive technologies. Assistive technology can be used to maintain or
improve the functional capabilities of people with disabilities [21]. Assistive technol-
ogy utilizes pictures that children can use to make a request, or it can utilize speech
generating devices [21, 22].

An example of assistive technology includes mind reading devices. These devices
are used to teach autistic children emotions and face expressions. They work as a
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guide to children’s mental state by providing images or videos of people expressing
different emotions [18]. These devices are very helpful in places like homes and
schools to help autistic children in expressing their feelings and emotions.

Another example of assistive technology includes virtual reality (VR). VR can help
an autistic child to acquire and practice new skills based on real situations where
he/she had a chance to transfer the learned skills back to real life. For example, autis-
tic children can learn how to safely cross the street. VR uses repeated practices in
natural settings to teach a new skill and it offers an adjective control over the envi-
ronment [23].

One of the promising areas technology use these days that opens new areas for au-
tistic children is the use of tablet devices as a communication method between chil-
dren and their environments. Tablets are cheaper, faster, more versatile, more user-
friendly, more portable, more engaging, and infinitely suitable for autistic children in
comparison with other technologies [24].

2.3  Related work

With the constant increase in ASD cases and the prevalence of awareness of autism
syndromes, there is a need for an application that can be used to aid treatment and
diagnoses of autism syndrome. A search on Apple and Google play stores indicates
different applications related to autism with different categories ranging from en-
trainment to educational. Most of the applications are built based on PECS method
concepts and used to enhance the communication skills of autistic people. However,
there is a need for an application that can be customized to the UAE environment.
This section explores common applications developed for autistic children.

o Tap to talk: A user can create a personal album according to the teacher and the
mother's need. Its library contains more than 20,000 pictures. A child taps on a pic-
ture to hear audio. This application lacks a voice recording feature directly from
the iPad. Also, the user should connect the iPad to the computer each time to
download or delete a picture or audio. Further, it contains some material inappro-
priate with the UAE culture. Finally, it does not support the Arabic language.

¢ Proloquo2Go: Contains an updated vocabulary, text to speech voices and automat-
ic conjugation. It's customizable where a parent or teacher can add a new picture
from the tablet itself. However, the interface a little bit confusing to the child and it
is not well organized. Also, it is more suitable for adults and high-level children. If
a child keeps tapping on a picture, it will be added several times. Further, it con-
tains some material inappropriate with the UAE culture. Finally, it does not support
the Arabic language.

e Icommunicate: It allows a user to design personal visual schedules, stories, com-
munication board, and speed card. It also allows recording user's voice to be asso-
ciated with a picture or use existing different languages. A user can use personal
pictures that are stored in the tablet's library or take pictures directly from the cam-
era. The interface a little bit confusing to the child and it is not well organized. Fur-
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ther, it contains some material inappropriate with the UAE culture. Finally, it does
not support the Arabic language.

3 Proposed MyVoice Application Design and Features

As discussed in the previous section, technology can be used to improve the social
and communication skills of autistic children. Therefore, this work aims at developing
a mobile application, named MyVoice, to be used in improving the communication
skills of Emirati autistic children. The proposed therapeutic and affordable tool for
autistic children is intended to teach words and how to communicate feelings and
needs in a convenient approach.

3.1 Proposed myoice application features

My Voice is an i0S-based application designed to be installed on iPad tablet for
UAE autistic children to enable them to communicate by using their native Arabic
language. The application contains a collection of albums in a library in which a child
taps on a picture to generate spoken sentences and phrases, such as "I want ice
cream". For example, a child taps on the picture that represents him/her then taps a
picture that describes an action (want) and then taps a picture that describes the ice
cream. In the end, the selected pictures create a sentence that describes what the child
wants to say as shown in Figure 1-A.

Fig. 1. (a) Example of “I want ice cream” (b) Adding picture to a category
spoken sentence generation and
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The proposed application allows parents and therapists to create categories, add
pictures within a category, and record an audio per picture. Also, the application can
alert a caregiver about the feelings of the autistic child based on the sentences struc-
tured by him/her. For example, if a child creates a sentence that describes his/her
emotional state as “sad”, “hungry”, “scared” or “in pain”, a notification message will
be automatically sent to the caregiver about the child’s emotional status. This feature
could be set on if the caregiver was in a far distance from the child. As far as we
know, such a feature is not provided in similar applications related to autistic children.

To use MyVoice, the user must create an account. Figure 1-B shows the interface
of adding a picture to a category. It allows the user to select category name, create a
new category name, add a subcategory to a current category, determine a name for the
picture, record audio per picture, delete a category, delete a picture, and/or delete
audio.

The MyVoice application is designed to support two actors; caregiver and autistic
child. The caregiver can create an account as a caregiver and then can create another
account for the autistic child. The caregiver can create a category, add pictures to a
category, and record audio associated with each picture. Also, the caregiver can hide a
category or picture and can mute audio for a specific child as shown in Figure 2. In
this case, if a child wants to say, "I want an apple", he/she will not be apple to choose
the apple picture because it is hidden and inactive. On the other hand, an autistic child
can build a sentence by tapping twice on a picture, then the picture will be added to
the sentence bar and audio will be played with each tap. However, if the child contin-
ues tapping for five times, a notification message will be automatically sent to the
registered parent mobile phone in order to help the child.

a

A

Fig. 2. Fruit category with apple picture disabled
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3.2  Experimental results and evaluation

The MyVoice application is tested and evaluated by two autistic therapists at local
autism centers and parents. Both therapists were involved in teaching autistic chil-
dren. The therapists evaluated the proposed application with positive feedback on the
application's ease of use, aesthetic, and simplicity. Both therapists highly recommend
MyVoice to be used in local autism centers.

After testing the application by the two therapists, an experiment had been con-
ducted. The adopted methodology was single-subject research design. One child had
been selected to use the application and do the test. The therapists helped in choosing
the child and to make sure that the child does not know the content of the application
but she is familiar with pecs. The child has to do a test for the first time and the score
was considered as a reference value to measure how the application will help in im-
proving the child learning. Then the child had to practice on the application and to do
the test again.

On the other hand, one autistic child used MyVoice application for two months.
The child did not show an acceptable level of interaction with MyVoice application
during the first week. However, an improvement with time in the interaction level had
been noticed by the therapist. The child was able to express his needs after one week
of interaction. This quick adaption from the child is due to the comfortability of the
child with the PECS approach before introducing the application.

Parents of the corresponding autistic child were very satisfied with MyVoice dur-
ing the experimentation period. The parents liked the features listed in Section 3.1.
Also, they liked the alert notification feature since parents may not be in a close dis-
tance with their child. Also, the appropriateness of the application to the UAE culture
and the Arabic language support made MyVoice the preferred parents’ autistic appli-
cation.

4 Conclusion and Future Work

In this work, MyVoice application was developed as a need raised by local autism
centers and parents who were looking for an easier, cheaper, and convenient tool to
improve their autistic children communication and social skills. The application is
considered as an attempt to fill the need for an autism educational application in na-
tive Arabic language and to be suitable for the local culture. Experimental results
indicate that parents and therapists can efficiently and conveniently use MyVoice
application to communicate and educate their autistic children. Results also indicate
that it takes about one week for autistic children to easily interact with MyVoice. It is
preferable that targeted autistic children have experience with PECS approach.

As future work, a two-year experiment will be conducted to evaluate how effective
is the application in the educational process. Also, per the therapist' recommendations,
more games and fun elements will be added to the application to make it more attrac-
tive to children. Finally, multi-factor authentication will be integrated to improve the
application's security.
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