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Abstract—The ability to understand and regulate emotions in ourselves and
others is essential for the healthy development of all human beings. It helps peo-
ple comprehend themselves and other people, it guides response and decision
making and enhances the capacity to develop social relationships. People with
Autistic Spectrum Disorders have deficiencies in Emotional Intelligence skills
and that leads to difficulties in understanding themselves and the people in their
social environments in relation to emotions, feelings and thoughts. The usability
of mobile applications developed for children and adolescents with ASD is im-
portant because it gives the opportunity to practice in an accessible and creative
way to enhance their emotional intelligence. The current article aims to carry out
a systematic review of mobile applications on improving emotional intelligence
in children and adolescents with Autistic Spectrum Disorders.

Keywords—Mobile Technology, Applications, Autistic Spectrum Disorders,
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1 Introduction

1.1  Autistic Spectrum Disorder

Autistic Spectrum Disorder (ASD) is a neurodevelopmental disorder that begin early
in life [1]. The beginning of ASD has been studied extensively and it has been noticed
that the time when somebody is diagnosed with autistic spectrum disorders may be
much later than the time of onset of the disorder [2,3]. Kanner first talked about autism
in 1943 [4]. According to Kanner’s perspective, autism represented a peculiar pattern
of behavior from birth or before 30 months. He mentioned this as "early infantile autism
[5]." The autistic disorders are recognized as medical categories in both international
systems for the classification of diseases [6,7], based on a set of characteristics that
represent generic descriptive domains and not specific behaviors.

Autistic spectrum disorders are characterized by difficulties in social communication
and interaction in various social contexts, as well as limited and recurring patterns of
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behavior, interests and activities [8]. A series of symptoms in multiple areas, including
cognitive, behavioral, emotional and sensory symptoms are also presented. Sleeping
and eating difficulties, synesthesia, as well as emotional dysfunction, and difficulties
with initiation, planning, and organization are often occurred [9].

1.2 Autistic Spectrum Disorder and Emotional Intelligence

People with Autistic Spectrum Disorder (ASD) is observed to have deficits in emo-
tional intelligence skills. These deficits are related to difficulties in understanding, ex-
pressing and regulating their emotions, in understanding the emotions and the feelings
of other people and in showing signs of empathy. In addition to, and consequently, there
are difficulties in social interaction and communication and a weak integration of so-
cial-emotional behaviors [10-12]. Studies have shown deficits in emotional intelligence
and in facial emotion recognition, which is an important aspect of EI, in both children
[13,20,21] and adults [14,15,20] with autism. People suffering from ASDs also have
impairments in encoding emotional and social information from facial stimuli [16].
Even though most of the studies have focused on face stimuli, there are surveys that
indicate that the abnormalities of emotion processing may also be present in other types
of visual stimuli such as body movement [17,18]. Persons with ASD may also have
atypical cellular shapes in the nervous system [19], some of which can be monitored by
surface skin sensors such as a pair of electrodes and a small circuit that measures the
conduction of the skin.

Emotion is often defined as a complex feeling which results in physical and
psychological changes affecting thought and behavior [22]. It includes feeling, thought,
nervous system activation, physiological changes, and behavioral changes such as
facial expressions [23]. Emotions seem to dominate many aspects of our lives as we
must recognize and respond to important events related to survival and/or the
maintenance of prosperity and, therefore, emotions serve various functions [24].

On the other hand, Emotional Intelligence is the ability to identify, understand, and
use emotions positively to manage anxiety, communicate well, empathize, overcome
issues, solve problems, and manage conflicts [25,26]. According to the Ability EI
model, it is the perception, evaluation, and management of emotions in yourself and
others [27]. Emotional Intelligence (EI), or the ability to perceive, use, understand, and
regulate emotions, is a relatively new concept that attempts to connect both emotion
and cognition [28]. With emotional intelligence you acknowledge, accept, and control
your own emotions and emotional reactions as well as those of other people.

1.3  Autistic Spectrum Disorders, Mobile Applications and Emotional
Intelligence

elmpairments in emotional intelligence seem to be quite permanent in children and
adolescents with ASD. For that purpose, mobile applications have been designed to
help these people improve their emotional intelligence skills such us emotion
recognition and emotion regulation.
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Mobile devices are shaping the lifestyle of users by bringing about changes in the
field of socialization, implementation of actions and adoption of new habits [29]. Fogg
and Eckles (2007) [30] had pointed out that mobile phones will become the most im-
portant platform for changing human life and behavior radically. Oinas-Kukkonen
(2008) [31] argues that technology is evolving, and information systems are trying to
create new ways of disseminating information by creating new opportunities and
opening new horizons for a better way of life.

The spread of mobile phones into our lives is an evidence of their popularity [32].
The constantly growing preference and adoption of mobile phones reflects their
potential to promote health and general wellbeing of users. Portability, rapid and con-
tinuous dissemination of data, advanced computing power and easy dissemination of
applications give them an advantage in relation to other forms of information and
communication technologies [32].

Mobile applications have made major changes in many areas of human life such us
health [32-37]. They provide the opportunity and have promised to help people change
social behavior [38-40], enrich education [41-43] and promote well-being [44-46].
There is also an effort, and apps have already been developed to identify or develop
emotions in people and children [47]. Particularly, great steps have been taken to create
mobile applications for people with autistic spectrum disorders.

Mobile devices serve as an augmentative and alternative communication (AAC) in
the pocket and had since gained popularity because of its flexible multimedia content
and storage, portability, mobility and affordability [48]. Mobile technologies can help
autistic people and their social environment in the field of education, communication
and in issues that have to do with their personal basic needs. In addition, the connection
between mobile devices is very useful for communicating and learning activities in a
team environment, helping the user to integrate into his/her social environment.

Most autistic pupils tend to have more visual capabilities and mobile technology is
attractive to them [49]. They enjoy using smart phones and tablets to learn and play
because of their simplicity and the engaging environments with lively colors and a lot
of apps have been developed with these characteristics. More specifically applications
have been designed for the detection and cultivation of emotions and emotional
intelligence in children and adolescents with autism [50].

Our research has concentrated on collecting mobile applications designed to enhance
emotional intelligence skills to children and adolescents with ASD. We provide a sys-
tematic review of current mobile apps that are intended to improve emotional under-
standing and emotional regulation.

2 Literature Review

Madsen et al. (2008) used Samsung’s ultramobile computers and create the applica-
tion ‘Just-In-Time In-Situ’ to help pupils with autistic spectrum disorders to capture
and analyze their social and emotional interactions with their peers. The ultramobile
computers give the opportunity to interact with people in a live setting and through
visible facial communication pupils can see and learn their own and others’ social-
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emotional states. They can gradually perceive in real time how somebody is feeling
from the things he says or the movements he makes and moreover they can see the
reflection that their responses have on others through facial expressions and that will
help in the conversations in their daily life. Emotion Bubbles interface have been de-
signed to provide information about levels of emotions in a simple way that would be
easily understandable for individuals with spectrum disorders [51].

‘HANDS?’ is a project belonging to the mobile technology which aims to improve
the life of teenagers who have been diagnosed with autistic spectrum disorders.
HANDS is a toolbox which is implemented on their personal smart-phones. It has been
designed by teenager’s teachers in cooperation with the teenagers and other researchers.
Its aim is to reinforce the teenagers by helping them obtain independence in their daily
life and social and self-management skills. The toolbox includes improvements of emo-
tional skills too which is part of social ones. All these help teenagers have better and
constructive social integration and inclusion [52,53].

‘Wrong Planet’ (Jordan, 2010) is a web community designed for individuals with
Autism, Asperger’s Syndrome and other neurological differences. The web community
is also addressed to the parents of these people and the professionals who are occupied
with special needs. In the forum, autistic pupils socialize on their own by taking part in
online conversations and can read articles that inform them about daily issues and how
to deal with them. The most significant feature is that the autistic individual feels free
to communicate with the world, without any social anxiety and with much engrossed
empathy [54].

‘Proyect@ Emociones’ is a multi-touch application which firstly designed for the
ASD affected children of Chile. The software was developed using the User Centered
Design (UCD) Methodology. The application helps pupils with autism learn about emo-
tions, recognize emotions and improve social abilities as well as confidence and inter-
actions with their own environment. The most important aim of this application is to
develop the skill of empathy in the target children. It has several levels of complexity,
funny images and feedback so the kids can enjoy the game and have the willing and the
motive to continue participating. This app is free and available through Google Play.
Currently, more than 7,000 downloads have been exceeded in Spanish-speaking coun-
tries [55-57].

Alves et al. (2013) presented the ‘LIFEisGAME’ prototype-Ipad version, a game
that promotes facial emotion recognition and helps people with ASD to understand
emotions so to develop empathy using real-time automatic facial expression analysis
and virtual character synthesis. The game includes evolutionary stages that are progres-
sively contributing to the recognition and expression of emotions. The avatars are faces
of characters, faces of the people who play the game and faces of people the participant
is familiar with in order to help feel more comfortable and facilitate the learning pro-
cess. The LIFEisGAME prototype was tested on 11 children with ASD, ages ranging
from 5 to 15 years old and was played during a 15-minute game period. The results
showed the usefulness of the game to promote emotional comprehension, offering pos-
itive results in the quality of life of children with autism [58,59].

‘CaptureMyEmotion’ (Gay et al., 2013) is an Android App that uses wireless bio-
sensors to capture physiological data together with facial expression recognition to
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provide a very personalized way to help autistic children discuss and learn about their
emotions. The application gives the opportunity to the child to take photos, videos or
sounds, attach emotion data and a self-portrait photo and to comment on them and the
emotions that are showed with a caregiver at a later stage. CaptureMyEmotion has the
potential to help autistic children understand their emotions and their emotional reac-
tions and consequently their better integration in the society. Other applications that
follow the same mindset for recognizing the user's emotional state from facial expres-
sions using smartphones are ‘FaceFetch’ (Mahesh et Al, 2012) and ‘Beyond Touch’
(Anand, 2012) [60-62].

Tan et al. (2013) presented a touch-based tablet game application designed for an
iPad, ‘Can you CopyMe’, for the recognition, expression and understanding of emo-
tions in a funny and engaging way. Photographs with real human faces are depicted in
the screen and the child has to mimic their emotional expressions which are written
underneath it whilst watching his/her own face in a live video. The game detects if the
emotional expression is valid and if so the game is continued. Otherwise, it provides
feedback and reinforcement to the child to mimic the expression again. It has three
levels of difficulty. However, its founders want to perform a larger scale user study for
higher validity. Similar applications for the promotion of social-emotional development
are ‘Video Modeling Imitation Training’ (Cardon, 2012), ‘Emotion Mirror’ (Deriso
et al. 2012), ‘iPad play story’ (Murdock et al. 2013), and ‘EmoTrain’ (Tsangouri et
al. 2016) [63-67].

‘Autisay’ (Voon et al. 2015) is a mobile application for the communication between
the autistic child, who has difficulties in communication verbally, and his/her caregiv-
ers. It has been designed for the improvement of social communication of the children
with ASD and simultaneously that feature contributes to a better quality of life for the
child and the people around him/her. The Autisay has three big categories for the child
to learn and express his/her needs: (1) Life Skills, (2) Communication and (3) Activi-
ties. As for the Communication feature the child can learn and express his/her feelings
by touching on one of the icons and a voice verbally express that emotion. Moreover,
the child can learn to express new emotions and needs because the caregiver can em-
body new emotions pictorially on the template and record them vocally. Another appli-
cation that it is in the same spirit is ‘EducateMe’ by Institut Teknologi Brunei [68,69].

‘Zirkus Empathico’, a mobile application, is a playful empathic training that helps
children strengthen their socio-emotional abilities. The application is specifically de-
signed to train children to deal with their autism or other behavioral difficulties in a
playful way. In this way, children learn faster and easier. It is an educational application
to teach children how to express feelings and how to interpret other people's expres-
sions. It focuses on enhancing socio-emotional skills in the daily interaction and com-
munication of pre-primary and primary school children. In five games, children learn
how to express, interpret and react to the feelings of others to simplify social interac-
tions. In addition, the application can also be used by healthy children for reinforcement
and preventative purposes [70,71].

The ‘GameBook’ presents the story of Tobias' adventure during a visit to a zoo park.
The player can read the story by text or listen to it by sound. The game's environment
strengthens the interest of the users and the virtual character is designed in such a way
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that it is attractive and accessible for the user to work with him empathically. The game
has five scenarios that involve the child in real life situations related to emotions. It
interacts with the environment of the zoo where events are occurred, social and emo-
tional situations are created, and the child must recognize the 3D avatar's feelings
choosing the right one for each situation to move on to the next level. It can be played
on any mobile device [72,73].

Shen et al. (2016) presented ‘My Drama’, a story-based game application which
was developed for young people with autism to help them with emotion recognition,
understanding and expression of emotions in social context and gain empathy with oth-
ers. The game contains elements of drama therapy and mobile game design but also has
playful elements to be more attractive and interesting to pupils. In the story, Ben’s sis-
ter, Sanneke, was caught by an evil witch who stole emotions form fairies and turned
them into stones. It is Ben’s mission to save Sanneke and the fairies by completing
tasks with emotions. Everything is taking place into a consistent story and the users
take the perspective of the cartoon character and collect, related to the story, emotional
expression photographs in a known environment. The results of a pilot test show that
my Drama is a promising educational tool for understanding emotions while the col-
lection of photographic emotional expressions has increased communication. Similar
applications about emotional development mostly demonstrative are ‘Autism Emo-
tion’, ‘Between the Lines’ [74-76].

‘What's the Expression - All Ages’ is a mobile application in which children with
autistic spectrum disorders can choose their favorite character through some options
and learn how to express different emotions by watching the character’s face and an-
swer questions (WebTeam Corporation). With ‘Touch and Learn — Emotions’ chil-
dren can learn to read emotions and body language by looking at colorful and vividly
pictures with faces and choose the right facial emotional expression after hearing an
emotion word. Parents, teachers and therapists can adapt their own voices and faces in
the application (Innovative Mobile Apps Ltd © Alligator Apps). ‘Emotions and Feel-
ings Social Story’ is an application about emotions and feelings which includes a social
story that helps children understand how a person feels, why and when he or she is
feeling that way, and which can be the causes of the feelings or the emotions that are
expressed by the character. The user can choose either the story where he/she will learn
about different emotions and their causes or can visit the ‘Emotions and Feelings’ page
where there are buttons with different emotions and feelings from the story that say the
word when pushed (Touch Autism). ‘Autimo-Discover Emotions’ helps children un-
derstand emotions with three funny games, many colorful pictures, videos and sounds.
It focuses on learning the six basic emotions (happy, sad, surprised, angry, sick, afraid).
Statistics to track progression are also available (Auticiel). ‘Emotions 2 from I Can
Do Apps’ is an educational tool for emotional, speech and language development for
individuals with Autism Spectrum Disorders and language disabilities. It is an applica-
tion for identifying emotional facial expressions using real faces and social scenarios
with levels of difficulty. It includes more complex emotions and continual feedback (I
CAN DO APPS, LLC) [77-81].

‘Learn with Rufus: Feelings and Emotions’ aims to help children recognize sim-
ple and difficult feelings and emotions, to learn how each emotion is expressed and to
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name them. The game is highly customizable to meet the needs of children with differ-
ent skills, ability levels, and learning styles. Fun reward sets, music, sounds, on-screen
finger painting are some other options of the application (Rufus Robot, Inc.) ‘Let's
Learn Emotions PRO - Emotion Recognition for Speech Pathology & Special Ed-
ucation’ is an interactive application for the identification of emotions with flashcards
and interesting and funny games. Flashcards allow users to exercise in guessing what
facial expressions correspond with each emotion. There are also two matching games
where the user must match facial expressions with the right emotions, a discussion
game where users express themselves and talk about emotions and a memory game. It
is designed to be flexible and ease to handle (Everyday Speech). ‘Discovering Emo-
tions with Zeely’ is an educational application to teach emotions to children with ASD
and other disorders. Obo, a game remote, and Zeely, an astronaut, are the main charac-
ters that come to earth to explore and help children learn about emotions in a fun and
attractive way. It is easy to use with three learning modes having increasing difficulty.
Collection of data and reporting tools are helpful for specialists, teachers, parents to
note the progress of the child in the emotion recognition sector (Virtual Eye See Inc.).
‘LOOK AT Me’ is a training application for the improvement of making eye contact
and recognizing emotional facial expressions in children with autistic spectrum disor-
ders. The child through seven mini games-missions is trained to understand emotions
by looking at faces in pictures and to express its own emotions. It is simple in use and
meets the needs of the child. Awards, music and sounds are also available taking into
consideration the preferences of the children (Samsung) [82-85].

Torrado et al. (2017) developed an assistance system for monitoring and interaction,
based on the acquired physiological and motion signals of a smartwatch, in order to
help people with autistic spectrum disorders and behavioral issues through customized
emotional self-regulation strategies together with a tool for smartphones that is going
to be used by caregivers or family members to create and edit these strategies, in an
adaptive way. The smartwatch system detects the user’s inner state and displays the
emotional self-regulation strategies, when the user’s heart rate exceeds the adjustable
limit [86].

3 Discussion

People with ASD have inadequacies in expressing and recognizing emotions. The
emotion recognition skills of individuals with ASD may to improve with age, even
though they do not seem to achieve the level of typically developing individuals [87].
Consequently, they face up difficulties with themselves, with other peers and generally
with their social relationships. Therefore, a variety of mobile applications have been
designed to enhance emotional skills to children and adolescents with ASD from an
early age of their life so as to help them in the future as well.

There are several advantages of using mobile devices as assistive tools. Firstly, they
are easy and intuitive to use. The user can handle the mobile, use its programs and play
games only with touching the screen and that makes it accessible to populations with
intellectual disabilities and sensory motor difficulties. Secondly, mobile apps are well
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suited to the learning needs of the individuals with ASD because they are visually en-
gaging and provide a consistent, predictable learning environment [88]. Finally, mobile
devices are easy to transfer everywhere because it can fit into any individual’s pocket
and can be used anywhere and at any time. Thus, children and adolescents with ASD
can directly transport these devices and use them in everyday situations, including those
that promote social real-life interactions with other peers and people respectively [89].

Emotion-aware apps will significantly help these people to improve their emotional
intelligence and might allow them to better integrate into social contexts. Mobile appli-
cations related to emotions can help people with ASD to understand the mind of others
and may prevent them from experiencing negative series of vicious circles and possibly
reduce their psychiatric comorbidity. Mobile applications will also help their caregiv-
ers, their educators and their parents to better understand them and make better in-
formed decisions [90].

The philosophy of most applications with or without gamifications aspects as a first
step is about helping children and adolescents understand, recognize and express the
basic emotions. As a step second step there are apps which have progressively more
complex emotions. Furthermore, other apps use photos with real faces sometimes
known to the user which express emotions and the users by mimicking them learn about
feelings and their expression. Moreover, from the research findings a few apps start
supporting visible facial communication in a real setting encouraging peer social inter-
action and some other apps help people with ASD identify emotions in social situations
in social stories.

Autistic people enjoy using technology, so using a mobile application might be at-
tractive and beneficial to them. However, it is important to create more applications
that respond to the peculiarities of autistic people, taking into consideration that inter-
face design and varied categories will be important for them [91]. Apps that link facial
emotions and everyday social situations should be developed. Emotion-aware apps that
focus on body language and hands gesture are also essential to everyday social interac-
tions. Challenges, real-time feedbacks and motives are also needed to help people with
ASD develop and cultivate their emotional intelligence. Thus, it is important to exam-
ine and develop new intervention tools to teach emotion recognition strategies at an
early stage to individuals with ASD. Mobile devices create new options and opportuni-
ties for programmers to create innovative instructional content that is appropriate for a
diverse group of learners and diverse learning styles.
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