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Augmentative and Alternative Communication (AAC) techniques are employed to mediate communication with people who
have communication disorders, as in cases of intellectual disability. Although there are various digital solutions that promote
alternative communication options for individuals with communication disorders, only a few of them have been specifically
designed or targeted to people with intellectual disability (ID). This work is motivated by the lack of AAC solutions contributing to
the rehabilitation processes of individuals with intellectual disability in Brazil. The study presents a mobile-based AAC solution
conceived as a tool to assist the rehabilitation process of people with ID. The design was based on user-centered design principles
and accessibility standards. The System Usability Scale (SUS) questionnaire was used to evaluate the solution. Four specialists and
twenty-five students participated in this study. The proposed solution shows the potential educational value for professionals who

assist individuals with intellectual disability in Brazil.

1. Introduction

A study released by the World Health Organization
(WHO) revealed that more than 1 billion people worldwide
have some sort of disability and the number of individuals
with disability tends to increase due to population growth
and aging [1]. However, only a few countries have
implemented impactful mechanisms to effectively assist
disabled people. The barriers most commonly faced by
disabled people include discrimination, inadequate health
care and rehabilitation services, and lack of accessibility.
Governments should also work to sensitize society, sup-
porting the research and training of professionals who take
care of people with disabilities. In this context, Brazil made
initial efforts to improve access for people with disabilities
to basic services, adopting strategies for this section of the
community [2].

In Brazil, according to the Brazilian Institute of Ge-
ography and Statistics (IBGE) [3], there are about 45
million people with disabilities, which represent

approximately 24 percent of the whole population. The
national plan for establishing rights of persons with dis-
abilities, known as Living without Barriers, launched by
Dilma Rousseff on 17 November 2011 (Decree No. 7.612),
promotes programs and actions to guarantee the rights of
individuals with disabilities through the articulation and
integration of diverse public policies [4]. The National
Network to Assistive Technology Research and Develop-
ment (CNRTA) comprises 90 research centers and 54
institutions. Universities and institutes of science, tech-
nology, and education integrate this network. However, in
reality, in Brazil, a gap can be observed between techno-
logical solutions in this field, driving a continuing in-
vestment in supplying technological solutions for
professionals and people with special needs.

Recent developments in mobile technology, such as
smartphones and tablets, have provided important and new
communication tools [5]. The wide availability of powerful
portable networking technologies has changed our way of
working, learning, our leisure time, and social interaction
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[6]. Mobile technology has advantages over traditional
technologies as an inclusive tool [5]. From the author’s point
of view, there is too much to be done developing mobile
applications to fully consider the needs of professionals and
students with disabilities. In addition, affordability and costs
remain as barriers in this process, and not enough usability
evaluations have been conducted so far, particularly in cases
of intellectual disability [7].

1.1. What Is Intellectual Disability (ID)? According to the
American Association on Intellectual Development Dis-
ability (AAIDD), an intelligence quotient (IQ) below the
70-75 range characterizes an intellectual disability [8]. This
disability is often associated with adaptive limitations that
occur in childhood. It encompasses changes in brain per-
formance and may be caused by genetic factors, problems
during pregnancy or childbirth or after birth, or even with
no known cause [8]. Individuals with intellectual disability
experience constrained development and have difficulties
learning and performing daily tasks. These restrictions limit
interaction with their peers and with the environment [9].
The Instituto Inclusido Brasil (ITS Brasil) estimates that 87
percent of Brazilian children with intellectual disability have
more difficulties learning and acquiring new skills, com-
pared to those without disabilities [4]. New Zealand pio-
neered the identification and diagnosis of intellectual
disability and developed several intervention methods [10].

According to the Diagnostic and Statistical Manual of
Mental Disorders (DSM) [11], there are three levels of
commitment:

(1) Level 3: “Requiring very substantial support”—
persons have severe deficits in verbal and nonverbal
communication skills; speech is intelligible, but they
have great limitation in initiating social interactions;
exhibit inflexibility of behavior and extreme diffi-
culty dealing with change

(2) Level 2: “Requiring substantial support”—persons
have severe deficits in verbal and nonverbal com-
munication skills; speak simple phrases, character-
ized by the lack of social interactions; exhibit
behavior inflexibility; and manifest some difficulty in
dealing with change

(3) Level 1: “Requiring support”—persons show reduced
interest in social interactions and can speak complete
sentences and be engaged in communication, al-
though they often fail in conversation; attempts to
make friendships are unfamiliar and unsuccessful;
exhibit difficulty in changing activity and problems
dealing with organization and planning tasks

These levels also take living context into account. Family
support, a professional multidisciplinary team, and school
activities are fundamental to accomplishing the necessary
development. The degrees of impairment, as previously
mentioned, will reflect on the different approaches and
interventions performed on any particular individual. Ap-
propriate behaviors can be learned and it is necessary to
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know and to understand the learning processes, identifying
the difficulties and limitations.

Assistive Technology (AT) could contribute to the re-
habilitation of individuals with intellectual disability. AT
encompasses a set of solutions designed to enhance or
complement functional capabilities of persons with dis-
abilities, promoting independence [9]. Assistive Technology
can also be understood as an aid that promotes the ex-
pansion of a functional ability or that enables a desired
function that is constrained by the disability [12]. Examples
of Assistive Technology resources are Alternative and
Augmentative Communication (AAC) and Accessible In-
formation and Communication Technologies (ICT).

AAC covers all forms of communication (other than
speech) and is used to express needs, desires, and ideas based
on facial expressions, gestures, symbols, images, and writing
[13]. AAC is essential to the educational process, providing
social inclusion, meeting basic needs, making friends, and
developing academic skills to better engage individuals in
communicative activities within the family and community
[14].

The development of AAC resources for education is
essential. The Brazilian legislation establishes that basic
education is compulsory from ages 4 to 17 years [15]. Be-
cause of this, increasing enrollment of students with dis-
abilities in the regular education process is observed. In this
regard, there is a need to carry out actions that lead to the
independence and academic success of these students. This
process is closely linked to the use of AAC methodologies
and resources.

An important AAC reference is the Aragonese Portal
[16]. In this portal, there is a large symbols library, as well as
various graphic resources, didactic materials, and guidelines
for specialists and developers of AAC solutions. Nowadays,
availability and the cost of solutions are obstacles to over-
come. Scala WEB, Classroom Suite, Tobii (Dynavox, Pro,
Tech), BoardMaker, Boardmaker with Speaking Dynami-
cally Pro, and Vox4all, are among the most well-known AAC
solutions in Brazil.

Many organizations worldwide provide online infor-
mation resources related to ID. Mind for better mental
health in [17] offers support about the treatment and rights
of people with mental health problems, as well as sharing
everyday stories about how people are living with mental
health problems. Mental health in [18] shows evidence-
based information on mental health problems, treatments,
and other topics written by psychiatrists with help from
patients and professionals. Virtual communities, such as
Mencap’s Family, feature a supportive place to meet others,
ask questions about learning disabilities, share experience,
and offer support [19]. In Brazil, as far as we know, the only
reference to software solutions related to intellectual dis-
ability is the Projeto Participar [20].

1.2. Related Studies. A literature review was performed in
order to search key elements of AAC solutions designed for
ID and usability evaluation. The review was performed
through the ISI Web of Science, Scopus, IEEE, and CAPES
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(Brazil) databases prior to 31 May 2019. Searches were
undertaken using different variations of the following search
strings: (“intellectual disability”) and (“alternative com-
munication”) and (“Usability”). In total, 305 articles were
evaluated considering the title, summary, and keywords.
This section presents works related to this study, drawing
parallels with current research challenges recognized in the
literature.

Matson and Shoemaker in [21] analyze the cognitive
obstacles faced in accessing digital technologies for people
with intellectual disability. They conclude that it is often a
marginalized and socially excluded group, repeatedly ex-
cluded from the development and implementation of new
interventions, even though they are able and willing to use
digital technologies. However, there is a scarcity of empirical
data to support the usability of digital solutions. The authors
also state that universal design principles should guide the
development processes. The ages of the participants ranged
from approximately 3 to 17 years.

Sheehan and Hassiotis in [7] explore the use of digital
technologies in the rehabilitation practices for people with
intellectual disabilities. They present the barriers that people
with mental illness face with fully in-depth digital technology
and concluded that those barriers may be overcome with ap-
propriate support. According to the authors, there is still “small
literature attesting the value of incorporating digital technol-
ogies into the lives of people with intellectual disability, not only
for promoting health but also for enhancing educational, vo-
cational, and leisure opportunities.” Acceptance of newer de-
vices such as tablet computers by people with intellectual
disability has not been studied in any depth.

Williams and Sidharth in [22] introduce a literature
review of various mobile devices for adults with intellectual,
learning, or cognitive disabilities, to determine factors af-
fecting usability and how usability could be enhanced. They
are based on efficient-to-use (less time taken to complete any
particular task), easier-to-learn (operations can be learned
through observation), and user satisfaction factors.

Ebert and Parveen in [23] present research to determine
the existing evidence for the use of iPad and mobile devices
as the primary language intervention method for children
with autism spectrum disorder (ASD). The results of this
review suggest that iPads and mobile devices may be ef-
fective for language intervention among children with ASD.

Wiley et al. in [24] conducted a study to review data
gathered during a pilot project that trialed the use of a tablet
computer. Participants presented with a variety of disabil-
ities, including Down syndrome, autism, developmental
delay, learning disabilities, genetic disorders, cerebral palsy,
hearing loss, behavioral concerns, and traumatic brain injury
from childhood stroke. The study reviewed quantitative and
qualitative data collected during the sessions, which in-
cluded data regarding students’ level of engagement and
“overall ability to learn how to operate mobile devices and its
applications.” Results were positive for “level of engage-
ment” and “ease of use” with cause and effect applications.
For lower-functioning students, or students not previously
exposed to tablet technology, scores were lower. Likert 5-
point scaling was used [24].

Yeni et al. in [25] examined the usability of an interactive
mobile (tablet) application designed to teach daily living
skills to individuals with intellectual disabilities. One male
and four females with a diagnosis of intellectual disability
took part in the study. Effectiveness, efficiency, and satis-
faction aspects were investigated. Five professionals evalu-
ated the satisfaction levels using the tablet application. The
results show that using interactive tablet applications in the
education of individuals with ID could be an effective
method to improve their motor skills and support self-
confidence.

Caliz et al. in [26] reviewed the usability testing of mobile
applications in participants with Down syndrome (DS).
People with DS have impaired cognitive processing, lan-
guage learning, and physical abilities, as well as different
personal and social characteristics. The main finding of this
work is that mobile application usability testing in people
with Down syndrome is an issue that has not been com-
prehensively investigated so far. The authors proposed
guidelines for the usability testing procedure involving
participants with Down syndrome.

Carniel et al. in [27] discuss how Augmentative and
Alternative Communication (AAC) can be used to support
dialog with people with intellectual disabilities. The authors
present a literature survey conducted in the academic da-
tabases Science Direct, ACM, and IEEE. They found research
for autism (18), cerebral palsy (9), aphasic (5), multiple
disabilities (2), dysarthria (1), and intellectual disability (1).
The use of tablets stands out as the most used device,
appearing in 51 percent of the solutions. The instrument
most used for validation purposes was the “user observation”
(i.e., user analysis interacting with the system). The authors
do not identify a standard regarding the metrics used and
only one work was collaborative.

Alzrayer and Nouf in [28] analyze the effects of using
iPads® in teaching multistep social communication skills to
children with autism spectrum disorder (ASD). Tablets (e.g.,
iPads®) have been successfully used as speech-generating
devices (SGDs) with individuals with ASD as well as with
other developmental disabilities. Three participants with
ASD and other developmental disabilities aged between 7
and 10 years participated. According to the author, this field
is relatively new and is receiving plenty of attention in
practice and scholarship in AAC.

These facts show the relevance of AAC solutions in cases
of ID and also emphasize the importance of usability tests.
According to the review, there is still a gap because both
AAC solutions and usability testing have not been deeply
studied in this field yet. This study presents a mobile-based
AAC solution conceived as a tool to assist the rehabilitation
process of people with intellectual disability (ID). Moreover,
the solution was tested for usability, which encompasses user
satisfaction when performing certain tasks. It is important to
note that this proposal is only a part of the whole process and
it should be used together with other tools and theoretical
references, such as those based on the Diagnostic and
Statistical Manual of Mental Disorders [11]. We based our
work on previous experience developing AAC solutions for
desktop computers by adapting them for mobile devices, as



well as considering Web Content Accessibility Guidelines
(WCAG) [29] and Mobile Web Best Practices (MWBP)
accessibility standards [30].

2. Materials and Methods

The study was conducted in Brazil, at the Association of Parents
and Friends of Exceptional People. For ethical reasons, we will
use the name AP in this text, to refer to this association. A
multidisciplinary team at AP works on the rehabilitation of
individuals with intellectual disability, multiple disabilities, and
autism spectrum disorder. In this study, a pedagogue, a psy-
chologist, a speech therapist, and an occupational therapist
conducted the experiments. Twenty-five students participated,
all aged 3 to 9 years and who experience a delay in the neu-
ropsychomotor development. The evaluation was developed in
six months. The developed solution features activities that are
commonly applied by specialists. It is important to note that the
AP professionals were involved throughout the development
and evaluation processes.

We have received ethical permission for this study and
we have consent from AP. It is important to note that we did
not directly interact with the children who participated in
this study. The AP professionals (specialists) recruited the
participants of the experiment and all the interaction with
them was made by the specialists. The students were alone
with the professionals during the experiment, in the same
way as they routinely perform this sort of interaction.
Parents were not present during the experiment. It is also
important to note that, although this experiment provides
important information to the specialists about ID, it should
be combined with other tools and theoretical references to
provide a complete diagnosis of intellectual disability.

3. Resources

It is worth remembering that disability evaluation is mul-
tidisciplinary, which means that there is not a single solu-
tion, but several instruments that will qualify the process as a
whole. Likewise, several aspects should be analyzed, such as
adaptive skills, individual health, social participation, and
context [31].

The mobile application took into account accessibility
recommendations related to thematic coherence, text and
image configurability, visual and sound accessibility, touch
screen facilities, simple navigation, and clarity [29]. The
World Wide Web Consortium (which initially created the
Web Content Accessibility Guidelines or WCAG 2.0),
through its working group MWBP, established a set of best
practices to more specifically address accessibility on devices
outlining how to make contents more accessible to people
with disabilities. It is important to remark that accessibility
of AAC solutions is a prerequisite for students to be able to
perceive the AAC solution (this is a contribution from the
anonymous review made to the manuscript). Accessibility
covers a wide range of disabilities including visual, hearing,
physical, speech, intellectual, language, learning, and neu-
rological disabilities. Although those guidelines cover a wide
range of situations, they are not able to address the needs of
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people with all sorts, degrees, and combinations of dis-
abilities. Those guidelines make interface content more
accessible to older people, whose skills are constantly
changing, and often improve usability for general users.

The device used in the experiments was a 10.1-inch touch
screen tablet. The model was the Samsung Galaxy Tab4 SM-
T530 running the Android operating system. The feature
known as vocalizer was used to provide auditory feedback.
However, to avoid the “robotized” sound, the specialists
were able to record their voice, being something more
pleasant and familiar to the student. In addition, the solution
used real context images instead of pictographic symbols.
Contents and images were displayed using the landscape
orientation because it was a suitable framework for the
participants. Testing devices with smaller sizes or running
other operational platforms, such as Windows Phone and
IOS, for example, were not considered in this work.

4. Modeling

Software requirements were documented as case study
models. Figure 1 shows the use cases related to the educator
(caregiver). The educator is able to enter the user data,
configure the activities, choose the graphical resources and
categories, and edit and save the results, among other tasks.

Figure 2 shows the use cases related to the user. The
students interact with the system and perform the activities.
It should be emphasized that the students should have the
necessary support of the professionals guiding them to
perform the activities. Professionals did participate in use
case and activities design.

Figure 3 illustrates examples of the activities performed by
the students. The main activities are drag and drop and hit the
target. Several updates and future refinements should be nec-
essary to consider the progressive inclusion of new activities.

5. The Solution

The use of WCAG/MWBP recommendations should be
carefully studied because technology cannot be a limitation,
preventing more advanced technologies from being a re-
striction for using it, for example, avoiding some known
risks (i.e., usability of small screens/keyboards); taking into
account the limitations of the device; using optimized code
so that it can be executed on any device; and saving the use of
the network (updates), focusing on clarity and simplicity,
and customizing autonomy of the battery.

The solution took into account WCAG/MWBP guide-
lines, providing textual alternatives to any nontext content
so that it can be transformed into other forms according to
user needs, such as larger font size, auditory feedback,
symbols, and simpler language:

(1) Contents are presented in different ways (ie., a
simplified layout) without losing information

(2) Facilitating the listening and viewing of content,
including separation of foreground and background

(3) Operable, providing sufficient time to read and use
content
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Record the diagnosis of
the care session
(UC22)

Drag-and-drop activity
(ucz1)

User registration
(UC11)

Teach to the user
how to do (UC20)

Take photo of the
user (UC12)

Hit-the-target activity
(UC19)

Record audio related with
the student (UC13)

Choose the activities
(UC18)

Record audio of
categories (UC14)

Record symbols audio
(UC16)

Presenting categories to
the user (UC17)

FiGure 1: Educator case study.

Choose the category
(UC1)

Choose another category and
start over (UC8)

Recognizing category
items (UC2)

Select another
category item (UC7)

Choose category
items (UC3)

Listening to the audio
again (UC6)

To exercise speech
(UC5)

Listen to the symbols
audio (UC4)

FiGure 2: User case study.

Drag-and-drop activity Hit-the-target activity

User

Ficure 3: Student activities.



(4) Comprehensible contents, making text content
readable and understandable

(5) Helping the user to avoid and correct errors

These WCAG/MWBP guidelines were considered to
develop the interface illustrated in Figures 4-9. Textual al-
ternatives were provided next to the symbols, also supported
by auditory feedback. In addition, listening and viewing of
content were facilitated, including the separation between
foreground and background, making contents readable and
understandable All the screens are operable, providing
sufficient time to read and use the content.

Figure 4 illustrates the welcome screen. The professional
should provide a user identification and password to log into
the system. It is important to note that the specialists make
the login instead of students.

Figure 5 shows the student interface. Student registration
(which is performed by the professionals) is necessary to be
able to use the application. It is possible to edit and save data
for each user, such as name, type of diagnosis, date of birth,
date of evaluation, observations, photo, and associated au-
ditory information. It is important to note that this infor-
mation involves personal data and must be treated with all
the necessary integrity and security.

Figure 6 illustrates the specialist interface, which is used
to record any relevant data about the student. A picture and
the associated auditory information can be recorded through
this interface. The specialists can consult this information at
any time. Once again, this information involves personal
data and must be treated with all the necessary integrity and
security.

Figure 7 shows the gallery of images being used, illus-
trated by symbols and categories, such as Actions, Food,
Animals, Toys, Communication, Colors, Fruits, Liquids,
Furniture, Vegetables, Clothing, and Transportation.

Figure 8 shows the symbols inside the food category: rice,
cookies, beans, pasta, bread, pie, and grape. The name of the
student appears in the title bar. When the professional
accesses this screen, the student’s name will be heard
through the vocalizer if the audio option was previously
recorded and enabled, consistent with WCAG/MWBP
guidelines. By clicking in the “About” (Sobre) option, all the
project data (i.e., student, advisor, professionals of AP, and
related institutions) is shown. The professional can use the
auditory feedback (previously recorded), for each image or
symbol.

All images were adapted taking into consideration the
screen layout and the specifications of the tablet used in the
experiments, making contents readable and understandable,
consistent with the WCAG/MWBP guidelines. The pro-
fessional can record audios for each image; however, only
one audio file can be associated with a particular symbol.

The solution also explores one of the conceptual methods
of Luria, who seeks to investigate the thought structures of
people with suspected intellectual disability [31]. The
method consists of classifications and comparison activities.
The drag-and-drop activity recreates this method (Figure 9).
The goal of this activity is to describe elements or objects by
using only one word or a concept (classification) and by
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FiGUre 5: Student data.
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FIGURE 6: Personal data of the user.

explaining which objects could be grouped together and
which could not, in some sort of category (comparison). The
drag-and-drop activity also explores textual, visual, and
auditory information. The professional can configure the
items and categories it wants to work on within each session.
Through this activity, the student could develop some
abilities, such as grouping and connecting the symbols.
There are no right or wrong answers during this activity. This
method contributes to the diagnosis of an individual with ID
and is very helpful in elaborating a rehabilitation program
individualized for each person.

To perform this activity, the student must select a symbol
(which appears at the top of the screen) by placing it inside of
one of the boxes at the bottom part of the screen. This is done
by using the touch screen feature of the mobile device. The
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specialist configures the symbols and categories according to
the student’s needs. The solution lets the professional adjust
symbol size and select the kind and number of categories,
also providing an auditory feedback, consistent with
WCAG/MWBP recommendations. The quantity and sym-
bol sizes are chosen according to the characteristics of the
experiment. It is important to note that there is not a right or
wrong answer, and the application does not score or record
this information. This experiment provides important in-
formation to the specialists and, combined with other tools
and theoretical references, will allow them to design and
formulate rehabilitation activities.

The hit-the-target activity in Figure 10 was created to
analyze the motor skills of the student. The software cal-
culates the time the user takes to select the symbol shown in
the top-left of the screen and release it at the bottom-center
of the screen. This information could be used later in the
drag-and-drop activity to better adapt the tool to users with
motor disorders.

6. Results and Discussion

Usability evaluation helps developers identify issues related
to the user’s perception of system performance (effectiveness
and efliciency), as well as their satisfaction when performing
tasks, given a context of use. Due to the communication
difficulties inherent in the subjects of this research, usability
evaluations had to be intermediated by the professionals
(specialists) who accompanied the students, with the con-
sent of their parents or legal guardians. The results of these
evaluations should, therefore, be analyzed, discussed, and
understood considering this limitation.

Four specialists performed the usability evaluation at AP:
a pedagogue (conducted the study), along with a psychol-
ogist, a speech therapist, and an occupational therapist.
Twenty-five students participated in the experience: nine-
teen students with ASD, four with Down syndrome, and two
with cerebral palsy. They are aged between 3 and 9 years (10
boys and 15 girls).

Figure 11 illustrates how this activity is traditionally
done at AP. The scenario is a simple room, where the
specialists spread symbols out on a table with a one-
meter diameter. The experiment takes around 10 min-
utes. This is the traditional methodology (Figure 11(a)).
The specialist should perform the auditory feedback and
no other accessibility issue is considered (i.e., the test is
practically inaccessible when the student has motor
impairments).

Figure 11(b) illustrates the new approach. To provide a new
experience, symbols are inserted in the tablet application to do
the same activity, but now feature accessibility standards.

The System Usability Scale (SUS) [32] was used to
evaluate the tool. The SUS is widely used to evaluate the
usability of products and systems experienced by users due
to its simplicity and reliability, even when applied to small
samples [33]. The SUS questionnaire consists of ten ques-
tions regarding the usability of a product or system as a
whole, but not referring to its specific parts [32]. The
questionnaire intercalates positive and negative statements
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regarding the usability of the solution being analyzed. Users
express their agreement, or not, with respect to each one of
the ten statements of the questionnaire by using a Likert
scale [34]. The global score can range from 0 to 100.

In this work, the SUS questions had to be adapted, since
the specialists answered the questionnaires, instead of the
users, by interpreting their feelings or opinions. The English
version of the questionnaire is shown below as it was
originally applied in Portuguese:

(1) I think the (Student) would like to use this system
frequently

(2) T found the system unnecessarily complex to be
used by the (Student)

(3) I think the system was very easy to use by the
(Student)

(4) 1 think the (Student) would need technical support
to be able to use this system

(5) I found the various functions of this system well
integrated

(6) I thought there was too much inconsistency in this
system

(7) I would imagine that most people, under the
conditions of the (Student), would learn to use this
system very quickly

(8) (I believe) the (Student) found the system very
cumbersome to use

(9) I felt the (Student) was very confident using the
system

(10) The (Student) needed to learn many things before it
could get going with this system

According to Tullis and Albert [35], a SUS score above 68
indicates acceptable usability of the system or product, and a
SUS score below 50 indicates unacceptable usability, as
depicted in Figure 12.

Table 1 shows the answers to the questionnaire applied to
25 students at AP. The lines located at the bottom part of the
table show the median of the SUS score. The answers were
grouped according to the disability and levels of impairment.
In addition, on the right side of the table, the medians for
each item of the SUS questionnaire are presented. Items
poorly evaluated in each of the questionnaires are high-
lighted in yellow.

Initially, by analyzing all 25 students together, we ob-
serve a central value (here expressed through the median) of
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FiGure 11: Traditional methodology (a) versus the new proposal (b).
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Diagnosis Austism Other Austism
‘3
a
2| B Z|.
AN N N - e
S1E|la|Blel® E]
slElz2]E]2 sl al s 2
. - . . sl2|E=2] 2% g S| 2
Impairment Level (Autistic) Moderately Impaired Less Impaired F|=2|E|+| x| 2 E|E|l=]|=
5|2 & g =
SRR
= £
S
a
Individual A| B C| D] E F G| H 1 ] K|LIM|NJO|P Q| R S T| U] V[ W] X]|] Y
1. I think the Student X would like to use pos| 2| afa|aflals|afalalalalals|s|s|afs|s|s|a|s|als]s]|s||afas]s]s
this system frequently
2. I found the system unnecessarily complex N 2 ) 5 | 5 a N ) 5 5 5 5 N | ) 5 5 5 N N ) 5 5 5 a2l
to be used by the Student X Nes B B B B
3. I think the Student X thought the system -
Pos 2 2 2 4 4 2 4 3 4 4 4 4 4 4 3 4 5 5 5 4 4 4 5 4 4 2 4 4 4
was easy to use
4. I think the Student X would need the
support of a technical person to be able to Neg| 5| 4|55 4|5]422[22]2]2]2]1 1 2 1 1 4 13| 4]4|2]2 512352
use this system
5. 1 found the various functions in this
. Pos 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
system were well integrated
6. I thought there was too much
N - . . Neg 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
inconsistency in this system
7. 1 would imagine that most people, under
the conditions of the Student X, would Pos | 1 2 4|5 2 5 50144 4f4a]4)5]4 5 5144444 4]4]4]5 414414
learn to use this system very quickly.
8. (I believe) Student X found the system Neg | 4 | 4 3 o . (N 2 2 5 2 2 2 2 1 2 5 2 1 5 (N 5| s 5 2 21212
very cumbersome to use
9. 1 felt Student X very confident using the
. Pos 2 2 2 2 2 2 2 2 3 4 4 4 4 4 4 4 4 5 4 3 4 4 4 4 5 2 4 4 4
system
10. Student X needed to learn a lot of things
before he/she could get going with this Neg | 2] a|alafla|2)2aflala]l2]2fa]l2)al2f2|2]2)afa]2]2]2]2 42212
system.
SUS Scores 35.0]45.0(50.0] 50.0]55.0{57.5|57.5] 62.5] 67.5] 70.0] 75.0] 75.0f 75.0| 77.5] 80.0] 80.0} 80.0] 85.0] 85.0§62.5| 65.0|70.0| 75.0| 77.5 | 82.5
SUS Scores Median (Groups) 50.0 76.3 s
SUS Scores Median (Autistic Only) 70.0 i
SUS Scores Median (All Individuals) 70.0

70, which is an “acceptable” usability, according to [26].
Among the 25 students, only two (8 percent) presented a
“not acceptable” usability (SUS score < 50); fourteen stu-
dents (56 percent) presented “acceptable” usability (SUS
score > 68); and finally, the remaining nine (36 percent)
students presented “marginal” usability (SUS score between
50 and 68).

The analysis becomes more interesting when we study
separately the nineteen students with ASD and group them
into “Less Impaired” and “Moderately Impaired” student
categories. We promptly observe the predominance of the
poorly assessed items (yellow marks) for the most com-
promised students with ASD. This is reflected by the sig-
nificant difference in the SUS scores for the two groups: the
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“Moderately Impaired” group had a median of 50 (limit for
nonacceptability), and the “Less Impaired” group showed a
median of 76, which is considered a “good usability,”
according to [35].

Analyzing the “Moderately Impaired” students, we ob-
serve that the worst evaluated items concern to the following
aspects of the usability of a system (according to the spe-
cialist’s perception): (1) need a technical support to use this
system; (2) lack of confidence while using the system; (3)
perception that the system was not easy to use; (4) per-
ception that the system was very cumbersome to use; and (5)
perception that the student needed to learn many things
before they could get going with this system. Five of the “Less
Impaired” students poorly evaluated the last item (42
percent).

Items 5 and 6 of the SUS questionnaire were well
evaluated by the specialists, regardless of the disability. These
items linked the integration between the system functions
and the system inconsistencies, respectively. Finally,
according to the specialists’ perception, 23 of the 25 students
(92 percent) would like to use the tool frequently.

Previous research also has similarities with our work.
Wiley et al. in [24] conducted a study with participants
having a variety of disabilities. They registered positive re-
sults for “level of engagement” and “ease of use.” For lower-
tunctioning students or students not previously exposed to
tablet technology, scores were lower, but the overall scores
remained high based on the 5-point scaling used in the
study. Students scored high in the areas of “level of en-
joyment” (mean value: 4.47) and “participation” (mean
value: 4.19). Scores for “ease of use” (mean value: 3.75) and
“ability to learn steps and information” (mean value: 3.71)
were lower.

Yeni et al. in [25] examined the usability of an interactive
tablet application designed to teach daily living skills to
individuals with intellectual disabilities. Effectiveness, effi-
ciency, and satisfaction aspects were investigated. The results
show that using the interactive tablet application in the
education of individuals with ID could be an effective
method for improving their skills and self-confidence.
Teachers’ points of view about interaction with the tablet
applications were categorized under six themes: effective-
ness, usefulness, enjoyment, ease of use, attitudes about
future use, and improvements. The teachers felt that the
application was “easy” for the students with ID, though they
added that learning exercises should be individualized.

Both studies examined the usability of interactive tablet
applications designed for individuals with intellectual dis-
abilities. The authors had positive results for “level of en-
gagement” and “learning to use.” For lower-functioning
students, the “ease of use” and “ability to learn” scores were
lower. In addition, the professionals concluded that more
studies about usability are necessary in cases of ID.

The source code of the AAC Mobile software is open to
users and the developer’s community and is available at

https://www.dropbox.com/sh/ghtumlpoxxu7aeu/
AAAwriSZ_tC5h070p2nNzL0_a?d1=0.

This study has the ethical approval of the University of
Vale de Itajai, Santa Catarina. The Ethics Committee in
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Research with Human Beings, under the Introduction to
Ethics Assessment Certificate (CAAE), approved the “De-
velopment of alternative and augmentative communication
tools to people with motor and speech disorders,” and we
had the consent of participants and/or their parents.

7. Conclusions

According to UNESCO, inclusive education implies an
ongoing process of school improvement in order to utilize
available resources, especially human resources, to promote
the participation of all students in the community envi-
ronment. In this scenario, information and communication
technologies can play an important role by increasing and
improving services dedicated to disabled people. Effective
digitally delivered interventions are attractive. However, the
number and availability of solutions are still insufficient for
professionals and users. On the other hand, recent devel-
opments in mobile technology, such as smartphones and
tablets, have provided important new ways of communi-
cating. The wide availability of these powerful portable
networking technologies has changed our ways of inter-
acting with our peers.

In Brazil, there is a gap between the availability of so-
lutions and the needs of professionals and users with ID. This
work described an AAC solution conceived for intellectual
disability. It was designed for a tablet device, based on our first
work developed for cerebral palsy students [36], and devel-
opment and modeling issues were discussed. It is important
to note that the development was guided by a participatory
design, being carried out in partnership with a multidisci-
plinary team from AP. A pedagogue, a psychologist, a speech
therapist, and an occupational therapist conducted the ex-
periments. Twenty-five students aged between 3 and 9 years
participated. The SUS was used to evaluate the tool in terms of
usability. The solution showed good usability, with a global
score of 70. Among the SUS questions, “the student’s desire to
use the system” stood out positively. This is probably related
to the attraction that mobile devices generally arouse in
children and young people. The application also stood out
positively for “not needing technical help to be used.” On the
other hand, it was noticed that “training should be provided
before using the application.” For the group of moderately
impaired students with ASD, however, in terms of usability,
the application did not perform so well, with a median of 50
(limit for nonacceptability). For this group of students, the
application showed to be too complex and difficult to learn
and use. However, even with these difficulties, they showed a
strong desire to use the system. It was inferred that, for those
students, the application should be used with the assistance of
a professional or a family member.

It was concluded that the proposed AAC solution has
potential as an educational tool, being useful in institutions
that work with students with intellectual disabilities and
communication disorders. For its best effectiveness, how-
ever, the need for third-party help is clear. Finally, we should
clarify that this study was not intended to evaluate the ef-
ficiency of the computational solution developed in com-
parison with the traditional card-based methodology. It was


https://www.dropbox.com/sh/qhtumlpoxxu7aeu/AAAwriSZ_tC5h07op2nNzL0_a?dl=0
https://www.dropbox.com/sh/qhtumlpoxxu7aeu/AAAwriSZ_tC5h07op2nNzL0_a?dl=0
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also not our intention to analyze the influence of the so-
lution’s use on therapy activities impact on ID participants.

Future works will consider the inclusion of new activ-
ities, enhancing support for the rehabilitation process. In
addition, the age ranges and heterogeneity of participants
should be further explored. As the study relied on the use of
auditory feedback, it would have been useful to explore the
auditory status of the participants. The incidence of hearing
loss in individuals with Down syndrome should also be
considered.

It is important to continue investing in the development
of alternative communication resources for special educa-
tion. Research into digital interventions should include
people with intellectual disability, centering their partici-
pation in the development and evaluation stages. The au-
thors are not aware of any application with similar purpose
being developed and used in special education institutions in
Brazil.
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