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Abstract. The development of applications for children, and particu-
larly for those diagnosed with autism spectrum disorders (ASD), is a
challenging task. In this context, careful consideration of the character-
istics of these users, along with those of different stakeholders, such as
parents and teachers, is essential. Also, it is important to provide differ-
ent ways of using applications through multimodal interaction, in order
to adapt, as much as possible, to the users’ needs, capabilities and pref-
erences. Providing multimodality does not mean that users will interact
multimodally, but provides freedom of choice to the user. Additionally,
enabling multiple forms of interaction might also help understanding
what actually works better, for an audience that is not always able to
express an opinion regarding what might work. In this article, we take on
previous work regarding the definition of a Persona for a child diagnosed
with ASD and, considering the goals above, propose and evaluate a first
prototype of an application targeting the audience represented by this
Persona. This application, aims to serve as a place for communication
and information exchange among the child, her family, and teachers and
supports multimodal interaction.
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1 Introduction

Children with special needs pose several challenges to our effort of providing
ICT applications that might favor their daily life, particularly in augment-
ing/improving their communication with family, teachers and friends, and mak-
ing new skills and knowledge acquisition simpler and more efficient.

In this regard, the authors consider that two crucial aspects can help tackle
these challenges: (1) a strong understanding of the target children, their char-
acteristics, needs and motivations; and (2) enough versatility, simplicity and
naturalness on how they can interact with the proposed applications – a vital
aspect, particularly for young children, for whom learning complex interactions
can be harder than for adults – or even contributing to evolve their skills in
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specific aspects, e.g., eye contact in social contexts. Enabling natural interaction
requires the exploration of multimodality and modalities characterized by a high
degree of naturalness such as using voice commands or selecting something by
looking at it. In this context, and despite its potential for many applications, the
use of gaze interaction is yet far from everyday use and we need to learn how
people actually take advantage of it – as an isolated modality or mixed, e.g.,
with speech [24] – and in what circumstances.

In our efforts to explore novel interaction modalities, we argue in favor of
considering real scenarios (e.g., developing a speech modality alongside a med-
ication assistant [23]), instead of “toy applications”. This has the advantage of
providing a realistic context for eliciting requirements and evaluation. For the
current work, our setting is provided by the ongoing project “IRIS – Towards
Natural Interaction and Communication” [8], addressing a domestic scenario
including a child diagnosed with an autism spectrum disorder (ASD). One of
our goals, in this context, is to propose an Assistant to help the child in her
communication with others and leverage it to bring her everyday events, e.g.,
at school, to the knowledge of family and teachers, enabling them to participate
and provide feedback.

After a first work regarding the definition of a Persona for a child with
ASD [11], the work presented in this article is our first step on the design and
development of an application that aims to accomplish the goals described above:
to propose an application targeting autistic children, helping them to improve
their communication with others and adopting multimodality as a base feature.

The remainder of this article is organized as follows. Section 2 presents back-
ground information on autism spectrum disorders and some of the efforts to
develop tools to aid communication in this context. It also provides some back-
ground on the development of multimodal interaction applications. Section 3
describes the main aspects concerning the definition of the application require-
ments, based in a context scenario built around Personas. Section 4 shows the
proposed application, highlighting its main features. After, Sect. 5, deals with
the outcomes of the evaluation carried out to assess user performance, detect
problems and collect suggestions. Finally, Sect. 6 presents some conclusions and
routes for future developments.

2 Context and Related Work

The work presented in this article concerns a novel interactive application tar-
geting children diagnosed with ASD. In this context, it is important to have
some background on ASD, current efforts to develop technologies to address this
audience, and how to design and develop multimodal interaction.

2.1 Autism Spectrum Disorders

Autism spectrum disorders are a set of neurological disorders characterized
by difficulties with social interactions, verbal and nonverbal communication
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problems, and repetitive behaviors that are detected during the early years of
childhood. The significant communication and interaction differences distinguish
ASDs from other types of disorders. These disorders can be split in three dif-
ferent groups [25]: Autism, Asperger’s Syndrome and Pervasive Developmental
Disorder-Not Otherwise Specified, usually abbreviated PDD-NOS. Autism is the
most serious case and a large number of affected patients do not have any kind
of verbal expression, have severe motor disabilities and show some indiscipline.
Asperger’s syndrome patients, referred to as “a mild form of autism” have normal
or above average cognitive skills, and may also express certain atypical interests.
PDD-NOS is the diagnosis that covers cases that do not fit in the other two
types of disorder [4].

There is a large number of applications on the market supporting augmen-
tative and alternative communication (AAC) features, important in the context
of ASD [15]. This type of applications is essential for children unable to commu-
nicate and the Picture Exchange Communication System (PECS) is the most
widely used AAC system [19], enabling communication with the help of cards
with different images, each one with its own meaning. However, the most com-
mon problems of this type of system are its lack of portability and organization
when the child owns a high number of cards [19]. These aspects may be addressed
by applications for mobile devices, enabling ways of implementing new alterna-
tives for assisted communication, entailing a much lower cost than some types of
devices and AAC systems [16]. “[...] Such devices are readily available, relatively
inexpensive, and appear to be intuitive to operate. These devices also seem to be
socially accepted and thus perhaps less stigmatizing when used as assistive tech-
nological aids (e.g., as SGDs) by individuals with developmental disabilities.” –
Kagohara et al. [10].

Among the different applications proposed, some recent representative exam-
ples addressing communication and the development of social competences for
children with ASD can be highlighted. Proloquo2goTM [2,20] is an AAC system
developed by AssistiveWare, for iOS devices, meant for people with difficulties
in verbal communication. Awarded with several prizes in the categories of appli-
cations for people with special needs, this is one of the most complete programs
to aid in their communication. The application uses a package of symbols called
SymbolStixs1, but it is also possible to create new symbols by using the device’s
camera. As defined by PECS, each symbol is represented by one picture which
can be displayed in a list or a grid. The Acapela2 synthesized voice system is
used to reproduce letters and the sentences built by the user.

ABCD SW 3 was proposed by Buzzi et al. [3] in order to “facilitate the execu-
tion of applied behavioral analysis with low-functioning autistic children”. The
tutor can select the test to be carried out and its difficulty, and access the data
of automatically recorded sessions. Drupal4, a content management system, was

1 https://www.n2y.com/products/symbolstix.
2 http://www.acapela-group.com/.
3 http://abcd.iit.cnr.it/wordpress/.
4 https://www.drupal.org/.

https://www.n2y.com/products/symbolstix
http://www.acapela-group.com/
http://abcd.iit.cnr.it/wordpress/
https://www.drupal.org/
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used as the basis for this application, enabling internationalization and scala-
bility. The system can work on different devices simultaneously, providing the
tutor with a real time summary of the actions taken by the child and interactive
access to the interface. The communication between the two devices is done by
placing the relevant data in a database, accessible by both devices. Since it runs
on the web-browser it can be used in various platforms.

iCAN, a PECS application for Android tablets, created by Chien et al. [5],
aims at increasing children’s motivation to learn while stimulating their senses
and communication skills. The application was designed to go beyond the tra-
ditional method of using images on physical cards, enabling the creation and
editing of new digital cards to communicate. To create or edit cards, the user
can draw or select an image, and record the pronunciation of the respective
word. The application will read aloud the composed sentence and allows reusing
it later, thus enabling the child to reuse familiar sentences. The application was
tested by children aged between 5 and 16 years, with the help of tutors who
had previously used PECS. Educators have provided a positive opinion on how
it improved the children’s learning ability and their will to learn. Even though
different from child to child, they report that the child’s evolution and cognitive
growth was always visible.

CaptureMyEmotion [9] uses data received from sensors to allow the autistic
child to learn and know the emotion (happy, sad, angry, ...) they are currently
having. The application allows autistic children to take pictures, record video
and/or sound and describe how they feel. When taking a picture, an additional
image is also captured using the device’s front camera to register the child’s face,
at that moment. In the end, the child can choose from a list of emotions.

Proyect@Emociones5, by Muñoz et al. [13], aims at increasing the child’s
social skills and confidence. The authors state that children with special needs
increasingly use tablets and smartphones, but these devices lack solutions for
the training of empathy, an issue they aim to address. Supported by a tutor,
children are exposed to different problems and situations. When the answer
selected by the child is correct, she is presented with an audiovisual signal used
to stimulate her confidence. During evaluation, by teachers and therapists, at
a school for autistic children, they concluded that children with lower levels of
autism benefited more from using the application as they appear to have less
issues understanding emotions and feelings than children with more difficulties.

Overall, we can say that, although there are several applications and meth-
ods for teaching and supporting autistic children, few extend beyond a basic
interaction design. Moreover, although children often require observation and
monitoring during the use of devices, in some cases they demonstrate willing-
ness to use them alone. The level of autism varies from child to child, and not
all cases require constant monitoring, and the use of certain learning methods
that could be explored more independently might be beneficial to the child’s
education.

5 https://play.google.com/store/apps/details?id=air.Proyectoemociones.

https://play.google.com/store/apps/details?id=air.Proyectoemociones
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From the applications analyzed (for which the ones mentioned above are
notable examples), we observed a short supply of applications that provide mul-
tiple methods of interaction. It is reasonable to expect that, in certain cases, the
existence of a multimodal solution, capable of integrating multiple devices for dif-
ferent types of users, as well as the possibility to use different types of modalities
for interaction, and supporting multiple languages, might be beneficial to train
and stimulate the capacities of children diagnosed with ASD. However, much is
yet to understand about how these features would be received and which ones
might be more beneficial. Additionally, and to the best of our knowledge, no
such effort is reported in the literature. The work presented here aims at being
the first stage of a research path addressing these aspects.

2.2 Multimodal Interaction

The interaction with a multimodal system can typically be performed resorting
to speech, writing, touch, body movements, gaze and lip movements. These sys-
tems are potentially more robust than unimodal systems, since they are able to
interpret multiple methods of interaction and, therefore, may resort to redun-
dancy or complementarity to obtain the most correct interaction input possi-
ble, in different contexts. For example, uttering a voice command in a noisy
environment, when supplemented with other input methods such as lip move-
ment analysis, can dramatically increase the confidence for the recognized speech
command [7,14].

Developing Multimodal Interaction Applications

The development of multimodal interaction applications is not without its chal-
lenges. The inclusion of different interaction modalities and managing the inter-
action requires a proper infrastructure. Additionally, approaches that are very
application specific fail to encompass the needed versatility for evolution and
testing of novel interaction features.

The authors have been contributing to tackle these issues by proposing a
decoupled architecture for multimodal applications, aligned with the W3C stan-
dard, along with a framework that implements it [21,22].

For the current context of developing an application for children diagnosed
with ASD, adopting this multimodal framework has, at least, two main advan-
tages: (1) its versatility, and the off-the-shelf availability of generic modalities
(such as speech interaction), for any application that adopts it; (2) its decoupled
nature, providing easy addition of new components, such as novel interaction
modalities, in the future. This versatility is essential to adapt the application
to the outcomes of each prototype evaluation and to novel technologies deemed
relevant for the application context, thus supporting a long term research effort.

3 Methods

Based on our overall goals, we adopted a Persona [6] for a child diagnosed with ASD
and another for a special education teacher. Based in these, we settled on a usage
scenario and, from there, defined a set of initial requirements for the application.
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3.1 Personas

For this work, we adopted the Persona of a child with autism, Nuno, previously
proposed by us in [11]. Table 1 presents a simplified description of Nuno’s Per-
sona, mostly omitting some details, of the original Persona, not directly relevant
for the current context.

Table 1. Persona for Nuno Rocha, a kid diagnosed with ASD.

Nuno Rocha, born in 2005, in Aveiro district, Portugal, lives with his father,
mother and a 13 year old sister

At the age of 3, he was diagnosed with Autism Spectrum Disturbance (level 2 in
the scale of severity), with associated cognitive deficits

He currently attends the 4th grade in a Basic School, were he benefits from a
specific individual curriculum, including Special Education support, using a
structured learning model (TEACCH), and Speech Therapy sessions

At home, he prefers to watch TV and play computer games. He only uses his
ability to play computer games. He is not able to research information on any
search engine, nor does he use the social networks for communication

The elected mean of communication is speech. He is mostly capable of using short
and simple sentences (subject + verb + object)

He appears to understand simple oral material, having difficulties on the
comprehension of longer sentences that lack visual support or that are out of the
context

As far as it concerns reading, he recognizes all the letters from the alphabet, but
he seems to struggle on the reading process, mostly syllabic, associated to a loss of
purpose and hesitations]. He writes with orthographic correction but he needs
support on the structuring of small texts and in answering questions

He makes requests in his areas of interest, and when questioned he has difficulties
in answering, sharing daily experiences, and beginning and keeping a conversation.
He shows difficulties in keeping eye contact, respecting interaction shifts and
adjusting to the context and to the interlocutor. In some situations, he verbalizes
incoherent phrases and out of context (delayed echolalia)

Motivation: Nuno would like to be more autonomous using social networks to
communicate. Plus, he would like to be able to share with his parents the activities
he performs at school, during the day

Following on our purpose of including additional Personas that can help
develop for children with ASD, by considering the motivations and roles of addi-
tional stakeholders (among family and educators), we also used the Persona of
a Special Education teacher, named Isabel, that will use the application with
Nuno. A description of this Persona is presented in Table 2.
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Table 2. Persona for Isabel Oliveira, a special education teacher.

Isabel Oliveira was born in France, in April, 1972, and currently lives in Aveiro.
She is married and has two daughters and a son

She has a BSc in Language, Literature and Cultures, with a major in Portuguese
and French, and post graduation in Special Education

She has 19 years of teaching experience, 7 of those in Special Education, having a
very good level of knowledge regarding her field of work. She constantly works to
be up to date with recent knowledge and practices

From her point of view, information and communication technologies can be an
asset during the learning process of kids with special educational needs and, during
her work with them, she often uses computers and tablets with educational
software

Her main interests are literature, cinema, cooking, and writing, but, during her
free time, her family is the main priority

Motivation: Isabel would like to promote the autonomy and improve the learning
process of Nuno, improving his motivation and participation in the school tasks

Other stakeholders are also being considered, in our work (mother, father,
sister, speech therapist, etc.), but, at this stage, and for the sake of simplicity,
we deem it enough to report just the two Personas previously mentioned.

3.2 Scenario

Our long term work aims to explore the possibilities of a child using a tablet
device as a tool for school learning and to develop his communications skills. In
this application scenario, used as a basis for the work presented here, we explore
how the child can use the application and how a teacher can take a part in its
use. The usage scenario adopted follows:

– Scene 1: Take a picture
Nuno just finished his activity in the speech therapy session and wants to take
a picture of his work to save and share the moment. When he uses the tablet,
the main menu is composed of four options: “Take a picture”, “Gallery”,
“Quiz” and “View my Diary”.

Touching the “Take a picture” option, the tablet displays the current view
obtained from the tablet’s camera, and after pointing it to the top of the table
to capture his work, he presses the button to capture the photo, which is stored
on the device.

– Scene 2: Comment picture taken
Next, the application displays the edit menu so that Nuno can choose an
option: attach an emotion to the photo; add a comment to the photo; or share
it in his diary so that Nuno’s family and friends can be aware of what he is
doing at school. Choosing the first option, six different emotions are presented
and Nuno picks the one associated with laughing. Going back, he wants to add
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a small text explaining what he was doing and, after that, he chooses to share
it in his diary.

– Scene 3: Quiz
Nuno then goes to the Structured Teaching classroom for a new activity. He
has great difficulty establishing eye contact with others, and the tablet is used
as a teaching method and to train his dialogue capabilities and communication.
In this situation, both Nuno and Isabel, the teacher, use different tablets. He
accesses the “Quiz” item, available from the main menu, while, at the same
time, Isabel setups her tablet and a group of questions to send to Nuno’s
tablet. The questions are then presented to Nuno and read aloud by a cartoon
character shown in his tablet. Nuno is then encouraged to select one of the
answers with the help of the teacher. While Nuno is thinking, Isabel may also
control the character to make it talk, helping Nuno with the question or even
to stimulate his communication.

– Scene 4: Mother’s comment
After finishing the lesson, he decides to check on his diary. The photo he
previously shared already has a comment from his mother congratulating him
on his work, and he quickly replies to it expressing thanks.

3.3 Requirements

To make the envisaged scenario possible, an application for children with some
level of autism needs to be developed for some mobile platform(s), allowing
the use by one or more users simultaneously, in two independent devices, and
adapted to different contexts, such as school and home.

Considering the Personas, context and scenario, the following requirements
were derived, for the application:

– Taking photos;
– Saving the photos taken;
– Deleting the photos;
– Viewing and editing photos, including associating each of them with an emo-

tion or a comment;
– Connecting to another device, for simultaneous use of some features;
– Receiving information (questions and emotions) from other device;
– Easy and limited access to Nuno’s social network;
– Sharing photos in Nuno’s social network;
– Logging information by others, such as teachers or parents, to allow informa-

tion interchange between them.

Additionally, we also want to enable multimodal interaction to explore how it
might work in favor of increased adaptation and acceptability.

3.4 Design and Development Team

The multidisciplinary team involved in all aspects regarding the design and devel-
opment of the application included, from the start: a speech therapist, with expe-
rience working with children with ASD and resorted to feedback from several
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regular and special education teachers with relevant experience for the subject;
software developers; multimodal interaction specialists; and a speech scientist.

The process of Personas creation and the proposal of the first application
mock ups was lead by the speech therapist, with inputs from the remaining team
members. In this context, working with the Personas and scenario provided a
common language for discussion among the team members.

4 “Tell Your Day” Application

Considering the objectives and requirements, the application was built with four
main functions: (1) a camera to take photos; (2) a gallery to view and edit
photos or images; (3) a quiz game to be played with a tutor; and (4) a “diary”,
a minimalist way to access to a social network. All the functions were designed
aiming to have some impact in the teaching and the development of capabilities
for children such as Nuno.

Although the adopted multimodal framework [1] supports different languages
for speech recognition and text synthesis, out-of-the-box, we focused only on
the Portuguese language as the first evaluation would be made by Portuguese
participants.

When running the application for the first time, a configuration panel is
shown and the child’s tutor should configure the application, writing the child’s
name, selecting whether he may access a social network or not, and what is
the login type the child must successfully execute to access the application. A
password may also be set to prevent unauthorized access to this panel, in the
future.

Before describing each section of the application, we call the reader’s atten-
tion to the character that is displayed on the left side of the interface, present
throughout the application (e.g., see Fig. 1). Instead of using simple output dia-
logue messages, this cartoon represents a small kid that is more visually appeal-
ing. It is used in an attempt to train the child communication skills by expressing
emotions and using the voice synthesis modality to generate the sound of the
messages also displayed in a speech balloon. As shown later, in this section,
there is also the possibility of the tutor to take control of this character using a
remote device (using the multi-device framework capabilities) in order to create
a conversation between the character and the child.

4.1 Login

The login feature is not actually used as a method of authentication, but as a
method to train the child’s interactions by using touch, speech, gaze, or even
using a keyboard to write.

Two different login modes, displayed in Fig. 1, allow the interaction using two
modalities each. In the first mode, the character asks what is the child’s name.
Then, the name can be typed using a keyboard or spoken. If spoken, speech
signal will be processed by a speech recognizer.



534 D. Vieira et al.

Fig. 1. Two login alternatives for the child. On the left, the child replies to a question,
by writing or saying the answer. On the right, the correct fruit needs to be chosen,
whether through touch or gaze.

In the second, a set of four fruits is randomly displayed and the child must
correctly select the fruit that is mentioned by the character. In this mode, select-
ing the correct answer can be achieved in two ways: using touch in a tablet (or
a mouse), or by looking at the correct fruit (making use of eye tracking).

4.2 Main Menu

Figure 2 displays the application main menu interface, providing access to the
different application functionalities.

Fig. 2. The application’s main screen shows the different features available: take a
photo, browse the photo gallery, quiz game, and diary.

Along with a text describing the action, each button also includes a pictogram
image, helping users who may have difficulty reading. Pictograms are one of the
most used methods for communication, by persons diagnosed with ASD, and are
vastly used by other applications that target this same user group.

This section of the application also presents the companion character, on the
left side, which can be controlled by the tutor, if desired, to interact with the
child.
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4.3 Camera and Gallery

While using the application, either at school or at home, the camera is a very
appealing feature that provides children with the possibility of taking photos
of something they saw or of their school work. All the captured photos can be
viewed later, in a gallery.

Figure 3a shows the application’s interface while displaying the scene cap-
tured by the device’s back camera. Pressing the shoot button, on the bottom of
the screen, the current preview is captured and stored in the device.

Fig. 3. Different screen shots depicting photo related features: (a) the camera allows
the child to take photos; (b) the edit menu, presented after taking a photo, or selecting
one in the gallery; (c) the child can select a character representing an emotion; and (d)
the child can freely write about the photo.

The application then displays the photo taken and an edit menu, as shown
in Fig. 3b. This menu can be also accessed by selecting an image, while browsing
the gallery, and each button contains a pictogram that describes its own action:
(1) pick an emotion; (2) edit the photo comment; (3) share the photo in the
diary; or (4) delete the photo.

4.4 Emotion Picker

The emotion picker (Fig. 3c) allows the child to attach a sentiment to the current
selected photo. As studies have shown, many children with ASD have difficulties
in expressing their feelings during social interaction. The same character is used
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here to represent six different states of mind that can be selected and the one
selected is shown next to the photo in the gallery, reminding the user how he felt
when he took the photo. With this first approach, we are not stating that this is
the best or a complete approach to help dealing with emotions, but the inclusion
of this feature may be useful for developing this topic and will be further explored
in future versions of the application.

4.5 Photo Commentary

All the images or photos shown in the gallery can be associated with a comment
(Fig. 3d), a simple method that can be used to motivate the child to develop her
writing skills. The text written may also be used in order to describe the photo,
so that later the child remembers what she did, at that moment. Furthermore,
photos can be shared, along with any comment, directly in the diary, and the
child’s family and friends can follow what the child is doing.

4.6 Quiz

Based on the fact that Nuno likes playing games, the goal of this feature is
not only providing an additional support for teaching, but also to foster the
development of the child’s communication skills. Studies have shown that many
children have difficulties in making eye contact with other persons, and the
immersion with computer and tablet devices may be used as a tool for dealing
with that issue.

The quiz takes advantage of the multi-device capabilities and requires the use
of two devices simultaneously, one for the child, where the quiz is presented, and
the other for the teacher, controlling the quiz. The teacher’s device can control
the quiz by sending questions, or speaking with the child using the animated
character. The left part of Fig. 4 displays the application’s screen while a question
is being presented. The character asks the question and then the four answers are
displayed. An answer can be selected either by touching a button or using speech
and uttering the selected answer. The teacher can use the animated character
to speak to speak with the child, to provide tips.

4.7 Diary

Allowing Nuno to publish something on a shared space lets parents and family
keep track of his actions while he is at school. To enable the interaction with a
well known system, possibly used by the child’s friends, Facebook was considered
as the shared space. However, considering the child’s safety and the risks of chil-
dren while using an online social network, a minimalist interface was considered,
working as a proxy, which only allows a small set of actions related to the child
profile, such as posting or replying with a comment. Nevertheless, the parents
must keep control over how the social network is used by accessing the website
and only allowing a restricted group of known friends and family to see or reply
to the child’s comments.
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Fig. 4. Two screen shots of the application, showing the quiz game, on the left, and
the child’s diary, on the right.

The diary, as shown in Fig. 4, on the right, follows the a similar paradigm as
the one used in Facebook, showing a list of posts.

5 Evaluation

At this stage, having deployed the first prototype of the application, we were
interested in getting a first evaluation of our application, mostly to detect major
issues, assess if we are progressing in the good direction, and obtain feedback
regarding additions considered relevant.

Since this is just the first prototype, we considered that children with ASD
should not be involved in the evaluation. Preparing an evaluation with those chil-
dren, as participants, requires, in our opinion, that the application has already
passed through a first evaluation, to detect major issues. This should allow that
any difficulties detected during an evaluation with autistic children are not due to
basic usability faults, but related with their particular characteristics. This kind
of procedure, we argue, is particularly relevant for target users that, for example,
lack some technical skills or are less communicative to provide feedback.

In order to get a broad set of evaluation data, from different types of users, but
also to inquire if the application is or might be relevant for a real use scenario, the
participants chosen for this evaluation were 1 child, 2 special education teachers,
and 2 regular adult users.

Participants’ performance was assessed based on their ability to execute the
set of tasks presented in Table 3. For each task, several data was recorded, namely
if the task was accomplished, the time needed, the total number of errors and
unforeseen events, if any occurred.

All the tests were conducted on a calm environment, and all participants
used the same Microsoft Surface Pro device. A desktop device, managed by an
evaluator, was also used in the multi-device tasks. This evaluator impersonated
the teacher Persona, while the participants took the role of the ASD child. Par-
ticipants received a small explanation on how the application worked, as this
was the first time they were using it.

After finishing the evaluation, all participants answered: (1) a Post-Study
System Usability Questionnaire (PSSUQ), an instrument used to evaluate the
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Table 3. List of tasks considered for evaluating the proposed application.

1. Log in the application

2. Take multiple photos

3. Assign an emotion to a photo

4. Add a description to a photo

5. Publish a photograph in the diary

6. Access the quiz game and answer to a question using speech interaction

7. See the latest publications, in the diary, and place a comment

Table 4. Items considered for the PSSUQ evaluation, each evaluated by participants
using a seven level Likert-type scale from (1) strongly agree to (7) strongly disagree.

1. Overall, I am satisfied with how easy it is to use this system

2. It was simple to use this system

3. I could effectively complete the tasks and scenarios using this system

4. I was able to complete the tasks and scenarios quickly using this system

5. I was able to efficiently complete the tasks and scenarios using this system

6. I felt comfortable using this system

7. It was easy to learn to use this system

8. I believe I could become productive quickly using this system

9. The system gave error messages that clearly told me how to fix problems

10. Whenever I made a mistake using the system, I could recover easily and quickly

11. The information (such as on-line help) provided with this system was clear

12. It was easy to find the information I needed

13. The information provided for the system was easy to understand

14. The information was effective in helping me complete the tasks and scenarios

15. The organization of information on the system screens was clear

16. The interface of this system was pleasant

17. I liked using the interface of this system

18. This system has all the functions and capabilities I expect it to have

19. Overall, I am satisfied with this system

user’s satisfaction with the system usability, composed by 19 questions; and (2)
an ICF-US test [12] used to obtain an overall usability evaluation.

The PSSUQ items are rated using a 7-level Likert-type scale, from 1 (strongly
agree) to 7 (strongly disagree). Therefore, the lower the score the better the par-
ticipant’s overall satisfaction when using the application. For reference, the full
PSSUQ questionnaire is presented in Table 4. The 19 items can be subdivided
into subgroups to rate specific values such as system usefulness (1 to 8), quality
of information (9 to 15) and interface quality (16 to 18). Scale items number 9,
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Table 5. Statements considered for the ICF-US evaluation, each of them classified
from −3 (total barrier) to 3 (total facilitator).

1. Ease of use

2. Degree of satisfaction with the use

3. Ease of learning

4. Obtaining the expected results (e.g., I wanted to write a text and I did)

5. Similarity of the way it works on different tasks (e.g., confirmation)

6. The ability to interact in various ways (e.g., keyboard, touch or speech)

7. Understandability of the messages displayed (e.g., written or audio)

8. The application responses to your actions

9. The knowledge of what was happening in the application during its use

10. Overall, I consider that the application was...

10 and 14 were classified as not applicable and were omitted, since the proto-
type version used in the evaluation did not have any implementation for error
message’s feedback, or because the item never occurred during any of the eval-
uations. According to the participants’ main language, a validated Portuguese
version of PSSUQ [18] was used. Nevertheless, for the sake of legibility, we report
to the English version while summarizing the results.

For each of the 10 statements of the ICF-US I test [17], presented in Table 5,
the user must rate whether it is considered a barrier or a facilitator while using
the application. The rate can take values from −3, when the item is considered
a complete barrier, to 3, a complete facilitator. A final score can be computed
by summing the scores from all the items. A value above 10 points means that
the system has a good usability.

Also, the special education teachers answered an additional questionnaire in
order to assess their views regarding: (1) the usefulness of using an improved
version of the application in the educational process of children with ASD; and
(2) which points or functionalities could be added, changed or removed for a
future prototype version.

5.1 Performance Results

Regarding the participant’s ability to successfully complete the tasks, the results
are presented in Table 6. Only one of the participants had some difficulties per-
forming tasks 3, 4 and 5 and required help, but during the evaluation he stated
he had low experience in using tablet devices. The child was the quickest par-
ticipant, demonstrated joy when using the quiz game and, after finishing the
evaluation, promptly asked to answer more questions.

While performing the tasks, some unforeseen events occurred that caused
difficulties to the participants, but few of them required help to solve the prob-
lem. All participants had difficulties using speech to answer to the quiz, when
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Table 6. Performance results for the seven tasks proposed to the participants.

Task Success Failure Average time (s) Average errors

1 - Log in 5 0 6.6 0.4

2 - Take photos 5 0 23.4 0.2

3 - Assign emotion 4 1 33.8 0.6

4 - Add description 4 1 47.4 0.4

5 - Publish photo 3 2 49.6 0.6

6 - Quiz 5 0 63.2 0.4

7 - See publications 5 0 51.4 0.0

they answered quickly, since the answer was not properly recognized. Therefore,
as seen in the Table 6, task number 6 took longer than the others to finish since
participants had to wait a moment before answering, giving time for the speech
recognition engine to reload its configuration (grammar) for the new question.

Apart from the technical problems, some users found difficulties when nav-
igating back and forward between the application sections and recognizing the
meaning of the pictograms in the buttons which, in some cases, had no caption
associated.

PSSUQ Results

Figure 5 presents the average score values, per item, obtained using the PSSUQ.

Fig. 5. Average score values from the PSSUQ test items.

Analyzing the results and considering the scale used in the PSSUQ, the
questions with the best ratings (smaller is better) were “8. I believe I could
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become productive quickly using this system” and “17. I liked using the interface
of this system” with average ratings of 1.2 points.

The worst items, given their higher average score, were “2. It was simple to
use this system” and “11. The information provided with this system was clear”,
both rated with 3 points, in average. These results suggest that participants
were more satisfied with the prototype quality than the easiness and quality of
information.

Evaluating the PSSUQ subgroups scores, the interface quality was the best
result with an average of 1.73 points. With higher ratings, the system useful-
ness scored an average of 2.23 points whereas the information quality scored
2.4 points. In overall, the total average score from all the test items was 2.15,
indicating a high prototype usability and that participants felt satisfaction while
using the prototype.

ICF-US Results

The average rates obtained for each of the ICF-US I items are presented in Fig. 6.

Fig. 6. Average score values for the ICF-US test items

From an overall perspective, the prototype had a good reception from par-
ticipants, and all found the application as a facilitator (all positive scores). Also,
the average total score was 17.6, meaning that, in general terms, the prototype
is a facilitator.

Examining each item individually, “1. The ease of learning” and “5. The
similarity of the way it works on different tasks” were the items with higher
score (2.4), confirming that the use of a simple interface with a similar layout
for each page was a good decision. However, “6. the ability to interact in vari-
ous ways” had the lowest score (0.4), and being a multimodal application this
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value is somehow intriguing since it differs greatly from the others. Although the
prototype accepts interactions by using the speech modality, beyond the regular
use of touch or a mouse, the only evaluation task that demanded participants
to use speech was the quiz game section. But, and as stated before, almost all
participants were not able to use speech to promptly answer the quiz question
and finished the task by using touch. Therefore, the difficulty in using speech
may be the explanation to the low usability score obtained for the item 6.

5.2 Participant Feedback

During the evaluation, from notes taken by the observers, and by talking to the
participants, all the recommendations and personal opinions were registered so
that, in future works, these points could be considered to improve the applica-
tion. Suggestions included:

– The system should allow the use of a frontal camera, if available;
– The icons should be more appealing and intuitive;
– To facilitate recognition, the icons in the edit panel should have captions;
– The system should give feedback when an emotion is selected, placing the

image corresponding to the selected emotion in the current photo;
– When viewing the pictures stored on the device, in addition to the arrow

keys, the system should allow swipe to scroll between photos;
– The time required to use the speech modality, to answer a question in the

quiz game, should be shorter;
– In the diary, the section for entering comments should be called the “com-

ment” instead of “answer”;
– Accessing the notes panel should be more intuitive;
– The main menu should contain a button to enable shutting down the

application.

6 Conclusions

Even though, at this stage, we did not include children with ASD, in the eval-
uation, its outcomes were positive and provide important feedback, by a het-
erogeneous set of participants, to continue evolving the application. It is our
expectation that the second iteration of the application will already be more
suited for such an evaluation. Having detected the issues regarding speech inter-
action, at this stage, was an important aspect that, in an evaluation with autistic
children would be a major drawback.

One of the important results, so far, is that the proposed application can
now be explored as a base for assessing how children with ASD can profit from
a multimodal interaction setting. For example, how well do these children take
advantage of multimodality and how novel interaction modalities—such as gaze,
which we just barely explored here—might bring increasing acceptance of the
application or work as a tool to develop their competences.
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