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ABSTRACT
The difficulties of processing facial emotions in Autism Spectrum Disorder (ASD) were reported. The
traditional educations have provided evidence that traditional educations improve social skills.
Nonetheless, the processing of facial emotions was limited.
A serious game, called JeStiMulE, used as a computer-based game, has been developed in order
to teach emotions to individuals with ASD. The long-term use of this novel game would be of interest
in teaching social skills. Interestingly, the input stimuli combine both the entertainment and
education. The aim of the present study was to assess the ability of children to play the game and
whether they could improve and develop social skills via recognition facial emotions. A
heterogeneous group of forty (n=40) children and adolescents with ASD received two one-hour
JeStiMulEsessions per week over four weeks and forty (n=40) of normally developing children took
part in this experiments. All participants were presented before and after training with emotion
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recognition tasks, two including pictures of game avatars (faces).Descriptive data showed an overall
enhancing at the recognition of facial emotions after the training. The comparisons results have
provided wide differences between controls.
.Jestimule exhibited encouraging results in terms of recognition of emotions and thus would help
children to extend this acquisition to the real-life world. Ultimately, this striking tool should be
integrated into educational therapies.

Keywords: Serious game; social skills training; emotion recognition; computer-based intervention.
understood by individuals with ASD. The same
assumption is valid for the integration of these
rules in social training [13]. For this reason, the
development of social training in ASD has been
limited [14]. Yet, emotion processing skills in
ASD progress over time [15] suggesting that
individuals with ASD have a certain learning
potential, [16] possibly based on the
development
of
compensatory
strategies
[17].Previous studies suggest that using stimuli
with relatively reduced complexity, like cartoons,
to teach emotions to children and adolescents
with ASD is a beneficial therapeutic option.
Indeed, there is evidence that emotion
processing of real faces may be affected, while
emotion processing of cartoon/avatar faces is
relatively spared [18].

1. INTRODUCTION
Autism
Spectrum
Disorder
(ASD)
are
characterized by deficits in communication and
social interaction as well as by repetitive
stereotyped behaviours [1]. Social impairment is
associated with atypical emotion processing.
Individuals with ASD have difficulties to
recognize facial emotions [2]. These are complex
and heterogeneous disorders affecting the
quality of reciprocal social interactions,
which is one of the most persistent symptoms in
ASD [3].
These difficulties are associated with social
cognitive difficulties in ASD [4] and, thus, are a
major source of handicap for these individuals. It
is undeniable that emotions conveyed by facial
expressions, gestures, words or situations ,are
crucial signals for comprehending other's mental
state and for modulation social interaction [5]. In
addition, impairment in ASD has been related to
a deficit of empathy [6]. Furthermore, emotion
recognition and empathy skills, compose with
others skills the concept of emotional
competence Emotional competence is a
developmental concept which corresponds to the
ability to understand, express and regulate
emotions appropriately [7]. Individuals with ASD
show atypical emotion processing. A number of
studies have found deficits in this domain, often
related to level of intelligence. However, the
results of these studies are sometimes
controversial [7]. These deficits concern not only
emotional facial expressions but also emotional
gestures [8], emotional scenes [9] and the
recognition of emotions on the basis of
contextual cues [10]. Furthermore, individuals
with ASD have reduced spontaneous social
motivation [11] and shared emotions [12]. The
social world is a highly complex system,
constantly undergoing major, non-predictable,
multi-domain, and random changes. The
individual with ASD is unable to process different
social stimuli in real-life settings. Of importance,
it has been suggested that if rules exist in such a
system, they are too complex to be fully

In this direction, ICT-based intervention seem to
be of a seminal relevance as they show several
advantages for children with ASD: To begin with,
These individuals disclose a desire in devices
and state-of-the-art technologies [19]. Moreover,
these devices operate according to predictable
rules and the information provided is clear,
structured and unambiguous [20]. ICT implicate
straightforward social-emotional expectations
[21]. Additionally, the individual with ASD
experiment the several situation through ICT that
based on virtual and synthetic environment. ICT
may include virtual or synthetic environments,
allowing individuals to experiment with various
social situations, while reducing their social
anxiety, as well as the fear of failing or of
rejection that these individuals with ASD often
experience in real face-to-face interactions [22].
In the last decade, different ICT-based programs
have been developed to teach social skills to
individuals with ASD [23] Subsequent studies
depict that tools allow to enhance the interest of
children with ASD as well as typically-developed
children
[24].
Furthermore,
this
novel
technologies appear of special interest as the
present the advantages giving sequentially the
information; controlled, predictable and safe [25].
The Harace argue that children with ASD
developed intact attentional network functioning
2

Harchaoui et al.; INDJ, 11(1): 1-11, 2018; Article no.INDJ.36820

and also visual processing using virtual reality
(VR) technology. This finding validated the use of
VR technology as an assessment of ASD
functions and contributed to the understanding of
functions in young ASD children [26]. The
patients were able complete the virtual
reality (VR) without problems. Most more
recently, some review have provide more
interest of efficacy of ICT-based approaches of
these [27] training programs have targeted
emotion recognition and have used photographs,
videos, combined visual and audio stimuli or
animated emotional expressions of fully or
partially disclosed faces [28]. Other interventions
have also combined emotions with stimuli likely
to capture the attention and the interest of
children with ASD (for example, trains on the
Transporters DVDs [29]. These ICT-based
programs
reported
are
interesting
and
encouraging results about the possibility to
enhance emotion recognition in individuals with
ASD [30]. However, they present a number of
limitations. These programs include, for the most
part, unimodal or non-integrated isolated stimuli
(for example, visual and/or auditory stimuli), a
limited number of scenarios (for example, static
images or videos) and a considerable verbal
demand (oral/written instructions and response
options). Human-machine interaction is thus
limited and participants with ASD experience
difficulties understanding the task and/or
responding accordingly. In addition, the reduced
flexibility of scenarios does not allow participants
to tailor their interaction with the programs (for
example, to choose the game’s avatar with
which they want to interact, to choose when to
interact with it, and to provide an online
adjustment of stimulations as a function of the
participants’ responses). Finally, the major
limitation is that most of these programs were
designed for individuals with high-functioning
autism (HFA) and thus do not cover the wide
spectrum of ASD, which includes around of
individuals with low functioning autism (LFA) [31].
In the same vein, a novel training program has
been developed, called JeStiMulE [32] deemed
as interactive and multi-sensory. It aims at
teaching emotions not only to children and
adolescents with HFA but also to those with LFA.
It is a Serious game combining the fun of playing
with learning. It includes several exercises to
train emotion recognition on avatars (faces,
gestures and social scenes), with similar features
and goals to those of common video games for
children. It also includes motivating instructional
aspects (for example, short sequences with an
immediate feedback, visual rewards, an

innovative vibrotactile gamepad). Moreover, the
player has the possibility to create his/her own
avatar and to move in a virtual environment. This
type of training environment offers the players
the opportunity to experiment with various social
situations which are similar to real life, to move
freely and to choose when and how to interact
with other avatars. Furthermore, the environment
developed in JeStiMulE is multi-sensory. Visual,
audio and tactile stimulations are provided to
facilitate the player’s immersion in the virtual
world and to increase the attractiveness of the
game. JeStiMulE contains other adaptations
which are appropriate to the heterogeneous
profile of individuals with ASD (LFA and HFA).
Each emotion corresponded to a code. This
allows non-verbal children and adolescents with
ASD as well as non-readrers to interact with
Range processing the elements of the physical
environment than in processing the social and
emotional elements by logical rules. BaronCohen [31] stressed that patients with ASD are
extreme systemizers., Given that implication of
verbal or social competencies is not necessaire.
The aim of JeStiMulE is to compensate
difficulties in intuitively understanding the social
world through learning strategies adapted to the
autistic cognitive profile. In this sense, using
logical skills to teach emotions to individuals with
ASD seems a relevant therapeutic option.
Subsequent studies has provided evidence that
JeStiMulE training improved and diversified the
emotional lexicon of individuals with ASD and
heterogeneous intellectual, verbal, functioning
and academic levels [33]. The present study
aims at verifying the usability (which is its
adaptability, effectiveness and efficiency) [34] of
JeStiMulE, on a heterogeneous group of
individuals with ASD. We hypothesized that after
four-week training with JeStiMulE, a performance
improvement would be found in emotion
recognition tasks, including not only facial
recognition but also emotions and expression
conveyed by the faces.

1.1 Particpants
Fourty children and adolescents were recruited
by the Autism Resources Center association
Morrocco in day-care units. All participants
received a diagnosis of ASd based on the
Diagnostic and Statistical Manual of Mental
Diseases, Fourth Edition (DSM-IV-R) [35] criteria
for ASD, as well as checklist (E2) [36]. Three
participants were excluded for the following
reasons: 1) non- efficient use of the gamepad (N
= 2), and 2) refusal to play (N = 1). The children
3
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doesn’t use efficiently the gamepad, or refuse to
play were excluded. The current subjects
underwent long-time behavioral intervention (i.e.,
ABA).The participants that unable to use
efficiently the gamepad and who refuse to play
were precluded.

static avatars. The expressions of pain were
included in order to promote the development of
empathy [38]. Furthermore, complementary
expressions were included to facilitate the
distinction between emotional and nonemotional expressions. This is particularly
important for children and adolescents with ASD
without functional language, to whom a verbal
explanation of this distinction is often inefficient.
In this way, a face without emotional expression
corresponded to a neutral/non-emotional facial
expression and a ‘funny face’ reflected an
intentional inappropriate facial expression. Each
expression was associated to one facial
expression and three gestures. Each facial
expression was different from another by mouth,
eyes and eyebrows shape, opening or tilt. Only
one emotional valence was presented for each
emotion JeStiMulE is a virtual reality game with a
multi-sensory environment. Visual, tactile, and
auditory stimulations are provided to facilitate
game immersion. In JeStiMulE, each expression
was linked to a visual non-verbal code a
corresponding verbal written code (which
comprises emotional words and idiomatic
expressions), and a tactile pattern (see further
details below). Visual non-verbal codes
corresponded to colors and a symbol. Each basic
emotion was associated to a specific color from
Plutchick’s emotional wheel (happiness = yellow,
anger = red, disgust = purple, fear = green,
sadness = light blue, surprise = dark blue) [39]
Pain was associated with black. Neutral was
associated with the color white . Emotional words
corresponded to the literal description of each
emotion.

The group included 40 participants. The
participants’ characteristics are presented in
Table 1. IQ the severity of troubles was assessed
using Chiklest Autism Ratin Scale (CARS)
[37] Information regarding schooling and special
care (educative and/or therapeutic) was also
collected for each participant. The information
pertaining to the historical development of the
patients was recorded by E2 (eg, schooling,
special care).
Only participants who were able to discriminate
primary and secondary colors and had already
used a computer were included in the training.
The participants that have shown the ability to
use computer and could encode the colors
were
included.
Informed
consent
was
obtained from all participants and their parents
prior to participation. All procedures were
approved for all day-care unit partners by the
Local Ethical Committee. Des différences
significatives de réponse entre ce qui est
observés entre contrôles et groupe (T=12.027,
P=0.00).
Des
capacités
de
perception
globale faciales est hautement distinctes entre
groupe contrôles et groupe avec autisme :
autisme post-hoc (M=29.97, P= 0.062) vs
(M=3.93, P=2,44).

2. MATERIALS

Short sentences that have a figurative meaning
conventionally understood by native speakers.
This meaning is different from the literal meaning
of the idiomatic expression’s individual elements.
Idiomatic expressions are very common in
everyday language and constitute one essential
part of the human’s emotional communication
[40]. Each emotion was associated to a specific
tactile pattern to promote the association
between emotions and a physical imprint. Each
tactile pattern could be considered as a word in
an emotional language corresponding to an icon
in visual communication [41]. Tactile patterns
reinforce emotional meaning. The patterns were
developed in a number of iterative user tests.
The tactile stimulations were produced by eight
actuators distributed over the gamepad body
(The actuators position was defined by
measuring the contact zones between the hand
and the gamepad.

2.1 Game Description
JeStiMulE is the prototype of an individual
interactive and multi-sensory computer game
played with a gamepad is advice with numerous
features It was specifically designed for children
and adolescents with ASD (HFA and LFA).it was
mainly performed for autistic children including
(HFA and LFA).
This tool allowed to learn how recognizes facial
expression, emotional gesture and social
situations. In this context, six expression are
showcased in the device: six basic emotions
(e.g,. happiness, anger, disgust, fear, sadness,
surprise), one complex emotion (that is pain) and
two complementary expressions (which are
neutral and ‘funny face’). These emotions are
displayed on both static and animated avatars.
However, we are limited our studies only on
4
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Fig. A. Basic emotion
em
associated to each colour
Auditory stimulations were repetitive musical
sequences, emotional onomatopoeias and
environmental noises presented along and
according to the social scenes. JeStiMulE was
designed based on specific user requirements. In
order to offer adapted response options to all
participants,
Complexity increased with the
gradual introduction of static then animated
avatars, of additional emotional cues (which were
faces + gestures), as well as by diversifying the
avatars’ identities, ages and clothes. In game 2,
the
participants’
emotional
expression
recognition was tested. On the first level, a static
avatar with a facial expression appeared on the
screen. The participants had to click on a moving
target featuring the avatar’s eyes and mouth.
This was done in order to
o guide the participants’
gaze towards the avatar’s face. Then, the visual
non-verbal code appeared on the bottom of the
screen. The participants could then choose the
correct color corresponding to a given emotion.
They switched to the next game after having
hav
succeeded three out of ten emotional
recognitions for each emotion presented. On the
level 2, an animated avatar appeared on the
screen with a facial expression combined with an
inappropriate gesture (game 2a) and a masked
face with an appropriate gesture (game 2b).
Following this, the visual non--verbal code
appeared and the participants had to choose the
correct responses. As described above, the
participants switched to the next game after
having succeeded in three out of ten emotional

recognitions for each emotion presented. The
participants learned to establish priority rules in
order to successfully extract the relevant
emotional information (for example, focus on
eyes and mouth; focus on face if gestures were
inappropriate; and focus on gesture
gestures if the face
was masked).In game 3, the participants’
learning and acquisition were tested. They
switched to the next game after having
succeeded in three out of ten emotional
recognitions for each emotion presented. It is
important to note that, in contrast
ast with the other
levels, level 3 of game 3 was exclusively
dedicated to children and adolescents with HFA
and AS. The recognition of emotion was
performed on all avatars (facial and gestural
expressions) of the game. It involved three
consecutive responses
es modalities (visual non
nonverbal code, verbal written code with emotional
words and idiomatic expressions).
Finally, game (called ‘odd one out’ game)
introduced multiple avatars with different
emotions in order to promote emotion
categorization. Participants scrolled down
avatars (on an invisible carousel) with the
gamepad joystick. They clicked on one, two or
three avatars which did not express the same
emotion as the others. In this game, there were
three levels: one odd one out of three avatars
(game 4a), two odd ones out of six avatars
(game 4b) and three odd ones out of nine
avatars (game 4c). During each game of the

5
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learning phase, the participant could monitor
his/her performance on a vertical colored gauge
showing their progression. Feedback is provided.
To summarize, this learning phase offered a
structured, progressive and adapted learning
procedure, involving implicit learning, visual
discrimination, attention to detail, categorization
and memory skills.

recognition of facial expression of emotion. Of
important, the children assessed have previously
benefited from behavioral therapy mainly (ABA).
Table 1. Characteristics of participants

Number
Age (years)
Sex
Diagnostic
Cars
Schooling
Spécial care

2.2 Procedure
The first, the autistic subject were tested on
emotion recognition and they were coped with
using JeStiMulE.

Autism
40
6 to 18
22 M and 18 F
Autistic
45
5
6

Controls
40
idem
22 M and 18 F
40

The sessions were realized in the structured and
organized
environment.
The
test
was
accompanied by a caregiver in order to help
efficiently the participants. The training lasted
somewhat one hour according to the
performance of participants and during
approximately four weeks. The second
evaluation was performed after training. Likely,
the controls subjects were assessed. The results
obtained from controls were compared to postintervention’s result of autistic patients. The
game levels were performed to the playing-ability
of each child.

2.3 Statistical Analyses

Fig. 1. The percentage of holistic correct
response (CR) before and after training. The
results have provided evidence of significant
improvement to the recognition of basic
facial emotion (p<0.001).

To evaluate the enhancement of emotion
recognition, the descriptive analysis was
conducted. Descriptive analyses of recognition of
emotion were conducted to Data on JeStiMulE’s
avatars were analyzed using a re-peated
measures analysis of variance (ANOVA),
including session (Before versus after). Analyses
were completed by a post-hoc Benforni test.
Data obtained from controls were analyzed by a
repeated measures ANOVA including Session
(Before versus after). The data obtained from
controls were compared to post results of
patients by using T independent test (Post data
vs. controls data). The mean comparison were
assessed by post hoc analysis mainly Benforni
test.

Fig. 2. The correct response (CR) post data of
training collected and compared as did
controls. The comparison revealed the fact
that the autistic results are somewhat
significantly close to controls (p<0.005)

The normality and sphericity of assumption have
been confirmed respectively by Kolmogorov
Smirnov test and Mauchly test with multivariate
statistics.

The choice of participants was difficult owing to
the inability of the most of them to use and
understand the game. As such, some of them
were excluded. The training phase and learned
was difficult not only to the patients but also to

3. RESULTS AND DISCUSSION
We hypothesized Jestimule would improve the
recognition of facial emotion, Indeed, The
children assessed showed an improvement in
6
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the caregiver and to us. The current participants
were able to play en recognize displayed figure
of Avatar on computer. The overall recognition
after training was approximately 45% higher
before training (Fig. 1). A significant improvement
was observed.

JeStiMulE (which is its adaptability, effectiveness
and efficiency) on a heterogeneous group of
individuals with ASD. Secondly, it aimed at
investigating whether four-week JeStiMulE
training would improve emotion recognition on
game avatars (facial emotions). The data
highlighted that the autistic children could play
efficiently and completed the game in time.
Results indicate that JeStiMulE presents a
suitable usability. Most participants were able to
play and to complete the training within the
expected time , the children befitted from training
as they could extends their performance on
emotion recognition tasks as well as they can
improve their ability to utter some words suitable
to the context of expression emotions. which
supports the idea that JeStiMulE specificities,
including sensory, cognitive and motivational
dimensions, were adapted to the ASD profile.
Moreover, participants were not only able to play
but they also benefited from the training, as
indicated by their improved performance on
emotional recognition tasks. The results of this
study thus provide evidence of the potential of
JeStiMulE for individuals with ASD with
heterogeneous intellectual, verbal and academic
levels.

The current findings are consistent with former
research reporting enhancing in the recognition
of facial emotions after training using Jestimule
[32]. However, the controls keep wide rate
approximately 98% and those results do not
impede that children have made a progress.
Some skills have been observed such as: the
ability of using gamepad, the desire of
discovering this virtual world; coping with using
association. They have provided evidence that
likely children could able to complete the game
but not in expected time.
Results of statistical analysis revealed a
significant effect of game of learning between
pre-intervention and post intervention (F (1)
=39.29, p<0.001). The results suggested that the
participants
were
more
accurate
in
comprehensive recognizing of emotions after
Jestimule (M=29.97, SD=3.93 versus M=25.41,
SD=5.54). The significant differences between
control and autistic children is wide (M=4.4,
SD=1.4).and (T=12.027, P=0.00).

As every participant was tested before and after
training, he/she would serve as his/her own
control. This experimental decision helped us
evaluate the effectiveness of the training on each
individual. In this study, emotion recognition skills

The present study had two major objectives.
Firstly, it aimed at verifying the usability of

Table 2. The results obtained pre and post training of autistic patients.

Happiness
Sadness
Anger
Disgust
Surprise
Pain
Fear

Mean
3,6
3,2
3,7
2,6
3,1
1,3
3,9

Pre-intervention
SD
1,5
1,8
1,7
1,7
1,4
1,2
1,7

Mean
4,5
3,7
4,4
3,9
4,3
3,5
4,7

Post-intervention
SD
1,6
1,5
1,4
1,4
1,1
2,1
1,1

p
p<0.001
p<0.001
p<0.001
p<0.001
p<0.001
p<0.001
p<0.001
p<0.001

Table 3.

Hapiness
Sadness
Anger
Disgust
surprise
Pain
Fear

Mean
7,8
8,7
7,2
10,2
8,7
8,8
8,3

Control
SD
1,1
0,8
2,3
14,6
0,7
0,9
1,0

Mean
4,5
3,7
4,4
3,9
4,3
3,5
4,7
7

Post-intervention
SD
1,6
1,5
1,4
1,4
1,1
2,1
1,1

p
p<0.05
p<0.05
p<0.00
p<0.05
p<0.05
p<0.05
p<0.05
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were assessed before and after four- week
JeStiMulE training. A significant improvement
was found in most of the tasks despite The
heterogeneity of the group of participants.
Though the heterogeneity of patients included,
they have shown an improvement. To date, most
of the studies conducted in this field have
focused on homogeneous groups with ASD the
previous
studies
have
contracted
on
homogenous group.Hopkins et al. [28] assessed
the efficacy of ‘FaceSay’, a computer-based
social skills training program for children with
LFA and HFA Their findings delineated that
children improved on the condition to work with
controlled,
structured
and
interactive
environment.in line with Green 1993 that
computer systems tend to offer a controlled
environment with minimal distractions, and the
use of computers are more attractive for children
with ASD. Jestimule” elicits positive feeling
current subject. This observation supported by
Hettinger research reporting that interaction with
human is difficult. Unlike jestimule, a large
portion of the traditional educational tools
employs real world environment, making the task
of educating children with ASD more difficult [42].
Indeed, this improvement was most significant
for children with HFA. The enhancing concern
mainly children with high faulting and those who
had benefited lastly from behavioral therapy (eg ,
ABA).The paucity of studies regarding the stateof-the art interventions in this fields compelled
researches to develop this serious game and to
depicts their effectiveness and efficacy (serrets,
2011). Indeed, the outcome of this work involving
40 children with heterogeneous profiles stresses
that the children benefited from the training by
enhancing their ability to recognize facial
expression displayed in input devices. According
to the authors, ‘it is possible that the children with
LFA did not completely understand the concepts
or directions in the games, and therefore, did not
fully benefit from the intervention’ [40]. The
present study provides an advance in this
research field, by showing that children and
adolescents with heterogeneous ASD were able
to understand, play and complete JeStiMulE as
well as benefit from the intervention. A
performance increase was found not only for the
pictures of avatars conditions. While individuals
with LFA and HFA do differ in many features (for
example, IQ profile), they all share a fundamental
one, that is their interest and preference for rulebased systems and their ease when interacting
with them. JeStiMulE was developed specifically
to provide a rule- based computer game relying
on ‘autistic intelligence’ to develop other, more

social, skills. The underlying working hypothesis
was thus that rule-based learning could be a
relevant pathway to reach gradually more
complex, social learning in ASD. The idea that
rule-based environments could compensate for
difficulties in the domain of emotion recognition in
ASD [43] is not novel. When designing
JeStiMulE, we assumed that individuals with
ASD could use their logical skills to learn
emotions and could evolve in a systemizing
environment [32]. JeStiMulE uses a virtual
environment to simulate different social
situations, offering thus more ecological learning
opportunities than those of devices using static
stimuli [44]
Participants included in this study only played
once each game level and none of them
repeated a successfully completed level or
module. These training criteria clearly differ from
that of more traditional approaches using
repetitive learning to develop skills. For instance,
behavioral methods encourage a ratio of known
[45]. Although these methods have received
support from therapists and family associations,
their efficiency has not yet been clearly
demonstrated empirically and remains a matter
of debate [46]. In JeStiMulE, participants had the
opportunity to learn progressively a great number
of associations, in line with the idea of
Kourkoulou et al. [47] that ‘restricting learning to
a smaller number of stimuli may impede the
flexibility with which individuals with ASD can
learn new associations’. The results found in the
present study suggest that children and
adolescents with ASD can learn new
associations rapidly and without needing
repetition when they are given the opportunity to
use their cognitive strengths to compensate their
difficulties in specific areas such as emotion
processing. Interestingly, the skills trained with
JeStiMulE appear to extend to other stimuli than
those included in the training (pictures of real-life
characters), suggesting flexible learning and a
certain potential of generalization of acquisitions.
The results have provided evidence those
children with autism they become able to learn
and use rapidly the game than before.

4. STUDY
LIMITATIONS
PERSPECTIVES

AND

The first limitation concerns the characteristics
and the number of participants. JeStiMulE has
been designed to teach emotions to individuals
with heterogeneous profiles of ASD. Jestimule
aims for teaching emotions through the variability
8
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of ASD. Although all participants were able to
understand the set of tasks, the heterogeneity of
the group requests cautiousness in interpreting
the results. Therefore, a study on a larger sample
would be interesting to conduct. Hence,
it is relevant to be careful in interpreting the
results.
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