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Abstract—The present investigation shows that gender of stimuli,
age, and emotional categories affects the ability of adults and
adolescent with Autistic Spectrum Conditions (ASC) to decode facial
and vocal emotional expressions. A total of 60 subjects participated
to the research: 15 ASC and 15 control adolescents aged between 10-
14 years; and 15 ASC and 15 control young adults aged between 20-
24 years. Their tasks consisted in decoding: a) 24 adults and 24
children contemporary facial emotional expressions of happiness,
sadness, anger, fear, surprise, and disgust; and b) 20 adult’s vocal
emotional expressions of the same abovementioned emotions (except
disgust). Significant differences were observed between ASC and
typically developed peers. The data suggest that gender, type (voices
or faces) of stimuli, and participants’ age affect the emotion
recognition process making difficult the definition of a common and
shared pattern of emotional expression’s recognition compliance
among autistic and control groups. These results suggest that
efficient and effective e-health technologies need to be able to learn
and adapt to user individual traits and subjective needs to offer
personalized assistance and support.

I. INTRODUCTION

The implementation of socially and emotionally believable
ICT (Information Communication Technologies) interfaces
brought the promise to enhance quality of life in society,
particularly for vulnerable people, i.e., people suffering of
physical and social disorders. However, to achieve this promise
it is necessary to inform the implementation on the analytics of
these disorders, in order to develop effective algorithms, models
and computational paradigms. Autism is among these disorders
and the current investigation aims to provide such analytics.
Autism spectrum conditions (ASC) manifest themselves mainly
with disorders of social interaction, communication and
understanding of ideas and feelings (DSM V, 2013). The
symptoms are associated, in an extremely variable way, to
disorders in language, motor skills, cognition (generally mental
retardation) and emotions’ labeling and coding. According to the
current version of the Diagnostic and Statistical Manual of
Mental Disorders (DSM V, 2013), ASCs are neurodevelopmental
disorders, whose seriousness can be severe, medium, or mild
(high functioning ASCs) . Each of these levels manifests different
behavioral, social, and emotional impairments.

Research on the ASC’s ability to recognize emotions has been
very extensive. It was powered by the desire to understand the
basic mechanisms causing these individuals’

failure to appropriately label and encode their and others facial,
gestural and vocal emotional expressions, in order to successfully
regulate interactional exchanges. The lack of a mutual sharing of
emotional meanings, associated with compromised and atypical
responses to other people’s emotions, are perhaps the main
factors preventing mild/high functioning ASC individuals from
being involved in everyday shared livings.

Il. RELATED WORK

Research investigating whether ASC individuals (mainly

high functioning ASCs) show deficits in decoding facial and
vocal emotional expressions of surprise, disgust, fear, sadness,
anger, and happiness, produced controversial results.
As for faces, studies had shown that ASC were less accurate than
typically developed (TD) individuals in correctly decoding
negative emotions of anger, disgust, fear, sadness (Xavier et al.
2015, Oerlemans et al. 2014, Humphreys et al. 2007) , and even
surprise (Baron-Cohen et al. 1993) as well as some positive
happy derived emotions (Humphreys et al. 2007). However,
these findings were not replicated by other authors which
reported for ASCs similar performances of their TD peers (Jones
et al. 2011). These inconsistencies were found regardless of the
following factors:

a) age — either no differences or substantial improvements in
emotion decoding performance were observed between high
functioning adults, adolescents, and school age children with
ASC (Taylor et al. 2015);

b) verbal and nonverbal 1Q status — either large or no
differences were found in emotion decoding accuracy between
ASC individuals matched controls (Taylor et al. 2015);

c) low and high functioning ASC status — either broad
deficits or no differences in emotion decoding accuracy were
reported between ASC individuals and matched controls
(Sucksmith et al. 2013, Taylor et al. 2015).

d) type of stimuli — no matter the stimuli were static
photographs, dynamic videos, morphed or blended facial
expressions, some authors reported ASC related deficits, while
others reported performances equal to controls matched for
developmental level and/or verbal mental age (Kirchner et al.
2011, Lerner et al. 2013, Griffiths et al. 2017, Lot et al. 2018)

e) task demand —no matter the task was labeling or matching
ASC individuals showed either deficits or no deficits



in correctly decoding facial emotional expressions (Taylor et al.
2015, Lot et al. 2018).

In a comprehensive review, accounting of results from 44
papers published between 1986 and 2010 (Harms et al. 2010) and
a late meta -analysis by Uljarevic and Hamilton (2012) it was
concluded that neither age, nor task demand, type of stimuli, and
1Q scores, play a role in ASCs emotion recognition accuracy. It
was concluded that “we should rule out theories that claim a
global emotion recognition difficulty is primary and universal in
autism. Rather, difficulties with emotion processing must be
specific to particular emotions or stimuli” (Uljarevic &
Hamilton, 2012, p.7). Recently, Lot and colleagues (2018)
debated these considerations reporting significant differences in
ASC’s recognition of static pictures of primary vs complex
emotions: primary emotions were more accurately decoded than
complex ones. However, these results were observed only for
individuals with severe ASC deficits leaving unclear to establish
whether “emotion recognition difficulty is primary and universal
in autism” (Uljarevic & Hamilton, 2012, p.7).

The ability of ASC individuals to decode emotional states
from voices has been less investigated than faces. Nevertheless,
also for this task, inconsistent findings have been observed. Some
studies showed that, compared to typically individuals, ASC
patients did show impairments in the recognition of emotional
vocal expressions (Charbonneau et al., 2013, Oerlemans et al.
2014). However, other authors did not find such evidences
(Lerner et al. 2013, Javier et al 2015), independently from types
of stimuli, age, and participant’s 1Q.

Considering the difficulties to identify patterns of evidence to
relate ASC conditions to their performances in emotion labeling
tasks, the present research proposes an investigation restricted to
a narrowed age group (only adolescents and young adults) of
high functioning ASC patients in order to eliminate possible
confounders’ effects (gender, 1Q, task demand, and age) . To
remove emotional category complexity effects (Lot et al. 2018),
only happiness, fear, anger, surprise, and sadness were
considered for voices, while for faces also disgust was added.
Disgust was not considered due to the difficulty to associate a
unique meaning to this emotion through speech (Rozin et al.
2000). In addition to test the emotion labeling ability of ASC
patients, this investigation also aims to:

a) Shed light on the inconsistencies reported in literature. All
the others being equal, would the restricted aged group
substantiate ASCs’ differences in decoding emotional
expressions with respect their TD peers?

b) Identify developmental patterns measuring maturity
(adolescents vs young adults) in ASCs and TD’s’ emotion
labeling.

c)ldentify effects of the gender of stimuli, neglected in
literature. Does gender play a role on the ability of ASC and TD
individuals to decode emotional expressions?

I1l. MATERIALS AND PROCEDURES

A. Participants
The recruitment took place at the association “La Forza del
Silenzio (“The strength of Silence”) at Casal di Principe,
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Caserta, Italy. The institutional ethical committee provided the
permission to conduct the experiments, considering them at no
risk for patients. Consent forms were collected, attesting the
voluntary acceptation of adolescent’s relatives and adults.
Participants were debriefed on the aims and planned procedures
of the proposed experiments. Measures to protect privacy were
taken according to the European General Data Protection
Regulation (GDPR, https://www.eugdpr.org/) and Italian laws on
privacy safeguard (D.Lgs. 196/2003).

A total of 60 subjects were recruited, 15 ASC (2 females,
mean age=11.8 years, SD=+0.7 years) and 15 control (2 females,
mean age=11.8 years, SD=+1 year) adolescents, and 15 ASC (2
females, mean age= 21.7 years, SD=%1.6 years) and 15 control
(2 females, mean age= 22.4 years, SD=+1.3 years) young adults.
The ASC subjects received a diagnosis of mild autistic spectrum
disorder by a psychiatric doctor, and their 1Q was measured
through the Vineland Adaptive Behavior Scales (VABS,
Sparrow et al. 2016).

B. Materials

The stimuli consisted of 24 adult (12 females) and 24 children
(12 females) faces portraying happiness, sadness, anger, fear,
surprise, and disgust. The children stimuli were selected from a
database (Esposito et al. 2018) of 84 contemporary children
faces, where each emotion was portrayed by 14 different children
(7 females) . The adult stimuli were selected from a database
(Esposito et al. 2018) of 96 contemporary adult faces, where each
emotion was portrayed by 16 different adults (8 females). Both
databases were assessed by two different groups of 20 adults (10
females) aged between 20-30 years (mean age=26.22,
SD=+2.87). The assessor’s agreement percentage ranged
between 90%-100% for children and 80%-100% for adult’s
stimuli - The agreement was obtained through a semi-forced
choice task where assessors were presented emotional faces on a
computer screen, and asked to select among the emotional labels
(happiness, anger, surprise, fear, disgust, sadness, another
emotion, and no emotion) that best described the proposed
stimulus.,, 12 more stimuli were selected from the
abovementioned databases (3 male and female children, and 3
male and female adults), for testing the subject’s task
comprehension. Fig. 1 shows examples of the exploited stimuli
for surprise.

male surprise (adult)

male surprise (children)
Fig. I: Examples of adult and children emotional faces of surprise

A Z
female surprise (children)

The audio stimuli were selected from the COST 2102
multimodal database (Esposito & Riviello, 2010, Esposito 2009).
The vocal emotional expressions in this database were



produced by actors and actresses in the context of movie scenes
and therefore, judged emotionally appropriate by the movie
director. We consider these stimuli more naturalistic than those
obtained by asking an actress/actor to reproduce the same
sentence with different emotional intonations. The audio
consisted of 20 stimuli, 4 for each emotion of happiness, disgust,
surprise, sadness, and anger, each lasting from 3 to 5 sec and
portrayed by four different protagonists (two females). The
selected stimuli received The assessors’ agreement ranged from
80% to 100% on a semi-forced choice task. Stimuli were
presented through headphones. Care was taken in choosing vocal
expressions whose semantic meaning did not refer to the
portrayed emotional state. Three more stimuli were selected for
the training phase.

C. Procedures

Two emotional facial labeling (one for children and one for
adult faces) and one audio tests were administered to each group
of 15 participants (ASC and TD adolescents, ASC and TD adults)
through the Superlab software in a quiet room. Each participant
listened to the emotional vocal expressions and saw the children
and adult facial expressions. The stimuli were randomly
presented on a computer screen. Participants were requested to
select among the eight (or seven for audio) labels of happiness,
anger, surprise, fear, disgust, sadness, another emotion, and no
emotion the one that best described the seen or listened stimulus.
No time limits or feedbacks were given. A series of repeated
measure ANOVAs were performed on the labeling accuracy
aimed to assess: a) the ability of (ASC and TD) adults and
adolescents to decode the primary facial emotional expressions
portrayed by children and adults;

b) The ability of (ASC and TD) adults and adolescents to
correctly decode male and female emotional vocal expressions.
The between factors were the group (ASC and TD individuals).
The within factors the emotional categories (happiness, surprise,
anger, sadness, disgust, and fear) and the gender of the stimuli.
Bonferroni post hoc tests were performed in order to explain
interaction effects. The confidence interval was set to alpha=.05.

IV. RESULTS

The statistical results for adults and adolescents on faces and
voices are discussed below.

A. ASC and TD adults’ performance on children and adults’

faces

Significant differences (F(1,28)=11.608, p=.002) were found
between ASC (mean=1.256) and TD (mean=1.650) adults on
their ability to correctly decode adults faces (see Fig. 2a). A
significant interaction was found between emotional categories
and the group of ASC and TD adults (F(5, 140)=9.672, p<.000).
Bonferroni post hoc tests revealed that ASC’s ability to recognize
adults’ anger (ASC mean=1.167, TD mean=1.733, p=.008)
surprise (ASC mean=0.600, TD mean=1.787, p<.001) and
disgust (ASC mean=1.000, TD mean=1.800, p<.001) was
significantly poorer than TD subjects. Significant differences
were found among emotional categories (F(5,140)=11.227,
p<.001). Bonferroni post hoc tests revealed that ASC subjects
were significantly more accurate in decoding adults’ faces of
happiness (ASC mean=1.967) with respect to fear (ASC
mean=1.200, p=.002),
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anger (ASC mean=1.167, p<.001), surprise (ASC mean=.600,
p<.001), and disgust (ASC mean=1.000, p<.001). ASCs were
significantly less accurate in decoding adult’ faces of surprise
with respect to happiness (p<.001), fear (p=.01), anger (p=.013),
sadness (ASC mean=1.600, p<.001). TD subjects, were
significantly less accurate in decoding adults’ faces of fear (TD
mean=1.100) with respect to happiness (TD mean =1.867,
p=.002), anger (TD mean=1.733, p=.018), surprise (TD
mean=1.767, p=.004) and disgust (TD mean=1.800, p=.001).

Disgust child I Disgust chily I
Disgust Adults /NS Disgust Adults [
] s s [
Surprise Child NS Surprise Child I
Surprise Adules I Surprise Adults [EEEEENE
WD aduits WD adolescents
Anger child [ IESEG_—I_—-—_ DASC Adults Anger child - [IEG_—_—_— DASC adolescents
Ange s Angr s
Fear child [N Fear Child [EEE
Fear Adults [N | Fear Aduits [EENEE
Hapay chig E— Hapay chig [ —
o 50 100 0 50 100
a) b)

Fig. 2: 2a) Decoding accuracy for adults (ASC and TD) and 2b) adolescents on
facial emotional expressions of children and adults

A significant interaction was found between emotional
categories and gender of stimuli (F(5,140)=3.539, p=.005).
Bonferroni post hoc tests revealed that ASC were significantly
less accurate than TD adults in decoding adults’ female faces of
anger (ASC mean female =.800, TD mean female=1.733,
p=-001), adults’ male (ASC mean male =667, TD mean
male=1.733, p=.001) and female faces of surprise (ASC mean
female =.533, TD mean female=1.800, p<.001) and adults’ male
(ASC mean male =.800, TD mean male =1.667, p=.002) and
female faces of disgust (ASC mean female =1.200, TD mean
female=1.933, p=.004).

As for children’s stimuli, no significant differences (F(1,
28)=3.259, p=.082) were found between ASC (mean=1.450) and
TD (mean=1.606) adults on their ability to correctly decode
emotional children’s faces, except for surprise (see Fig. 2a)), that
explained the interaction found between emotional categories and
the group of ASC and TD adults (F(5,140)=4.939, p<.000).
Bonferroni post hoc tests revealed that ASC’s ability to recognize
children’s surprise (ASC mean=1.067, TD mean=1.700, p=.001)
was significantly poorer than TD subjects. Emotional categories
significantly interacted with the gender of stimuli
(F(5,140)=3.248, p=.008). Bonferroni post hoc tests revealed that
ASC were significantly less accurate than TD adults in decoding
children’s male (ASC mean male =933, TD mean male=1.600,
p=.011) and female faces of surprise (ASC mean female =1.200,
TD mean female=1.800, p=.013), and more accurate than TD
adults in decoding children’s female faces of sadness (ASC mean
female=2.000, TD mean female=1.733, p=.032)



B. ASC’s and TD adolescents’ performance on children and

adults’ faces

Slightly significant differences (see Fig. 2b)) were found
between ASC (mean=1.367) and TD (mean=1.528) adolescents
on their ability to correctly decode adults’ faces (F(1,28)=4.592,
p=.041). Significant differences were found among emotional
categories, (F(5,140)=15.489, p<.000). Bonferroni post hoc tests
revealed that ASC adolescents were significantly less accurate in
decoding adults’ faces of fear (mean=1.033) with respect to
happiness (mean=1.633, p=.008), anger (mean=1.533, p=.029),
and sadness (mean=1.833, p=.005), and adults’ faces of surprise
(mean=1.000) with respect to happiness (p=.027), anger (p=.014)
and sadness (p=.001). In addition, ASC adolescents were
significantly less accurate in decoding adults’ faces of disgust
(mean=1.167) with respect to sadness (p<.001). TD adolescents
were less accurate in decoding adults’ faces of surprise (mean=
1.100) with respect to happiness (mean =1.867, p=.004), anger
(mean= 1.833, p<.001), and sadness (mean=1.700, p=-029), and
adults’ faces of fear (mean=1.333) with respect to happiness
(p=.025) and anger (p=.029), as well as in decoding adults’ faces
of disgust (mean=1.333) with respect to happiness (p=.016) and
anger (p=.026).

A significant effect was found for the gender of stimuli
(F(1,28)=16.282, p<.001) . Bonferroni post hoc tests revealed
that TD adolescents were significantly (p=.032) more accurate on
adult female (mean = 1.633) than adult male (mean= 1.422) faces.
A significant interaction was found between emotions and
gender of stimuli (F(5,140)=8.252, p<.001). Bonferroni post
hoc tests revealed that ASC adolescents were significantly less
accurate that their TD peers in decoding adults’ male faces of
happiness (ASC mean=1.667, TD mean = 2.000, p=.013),
adults’ female faces of fear (ASC mean=1.267, TD mean=
1.800, p=.017), and adults’ female faces of anger (ASC mean=
1.333, TD mean=1.800, p=.039)

As for children’s stimuli, significant differences (F(1,28)=

30.399, p<.001) were found between ASC (mean=1.161) and TD
(mean=1.672) adolescents (see Fig. 2b)). A significant
interaction was found between emotional categories and ASC and
TD adolescents (F(5,140)= 6.207, p<.001). Bonferroni post hoc
tests revealed that ASC adolescents’ ability to recognize
children’s faces of fear (ASC mean=.833, TD mean=1.267,
p=.005), anger (ASC mean=1.100, TD mean= 1.633, p=.003),
surprise (ASC mean=.867, TD mean=1.733, p=.001) and disgust
(ASC mean=.700, TD mean=1.733, p<.001) was significantly
poorer than that of their TD peers.
Significant differences were found among emotional categories
(F(5,140)=15.821, p<.001). Bonferroni post hoc tests revealed
that ASC adolescents were significantly more accurate in
decoding children’s faces of happiness (ASC mean=1.900) with
respect to fear (ASC mean=.833, p<.001), anger (ASC
mean=1.100, p<.001), surprise (ASC mean=.867, p<.001), and
disgust (ASC mean=.700, p<.001). ASC adolescents were
significantly more accurate in decoding children’s faces of
sadness (mean=1.567) with respect to fear (p=.002), and disgust
(p<.001). TD adolescents were significantly less accurate in
decoding children’s faces of fear (TD mean=1.267) with respect
to children’s faces of happiness (TD mean =1.900, p<.001), and
disgust (TD mean=1.733, p=.041).
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A significant interaction was found between emotional categories
and gender of stimuli (F(5,140)=11.228, p<.001). Bonferroni
post hoc tests revealed that ASC adolescents were significantly
less accurate than TD adolescents in decoding children’s male
faces of fear (ASC male mean=.933, TD male mean=1.600,
p=.006), children’s female faces of anger (ASC female
mean=.667, TD female mean=1.400, p=.003), children’s male
(ASC male mean=.733, TD male mean=1.600, p=.005) and
female (ASC female mea =1.00, TD female mean =1.867,
p=.002) faces of surprise, and children’s male (ASC male
mean=.600, TD male mean=1.667, p<.001) and female faces
(ASC female mean=.800, TD female mean =1.800, p=.001) of
disgust.
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Fig. 3: 3a) Decoding accuracy of ASC (adults and adolescents) and 3b) TD (adults
and adolescents) on facial emotional expressions of children and adults

C. ASC adults’ and adolescents’ performance on faces of
children and adults

No significant differences (F(1,28)=.758, p=.391) were found
between ASC adults (mean=1.256) and ASC adolescents
(mean=1.367) on their ability to correctly decode adults’ faces
(see Fig. 3a). A significant interaction was found between
emotional categories and ASC adults and adolescents
(F(5,140)=3.309, p=.012). Bonferroni post hoc tests revealed that
ASC adolescents were significantly poorer than ASC adults in
decoding adults’ faces of happiness (ASC adult mean =1.967,
ASC adolescent mean= 1.633, p=.005). Significant differences
were found among emotional categories, (F(5,140)=20.811,
p<.001). Bonferroni post hoc tests revealed that ASC adults were
significantly more accurate in decoding adults’ faces of happiness
(ASC adult mean=1.967) with respect to fear (ASC adult
mean=1.200, p=.005), anger (ASC adult mean=1.167, p=.001),
surprise (ASC adult mean=.600, p<.001), and disgust (ASC adult
mean=1.000, p<.001). ASC adults were also significantly less
accurate in decoding adults’ faces of surprise with respect to
happiness (p<.001), fear (p=.016), anger (p=.031), and sadness
(ASC adult mean=1.600, p<.001). ASC adolescents were
significantly more accurate in decoding adults’ faces of sadness
(ASC adolescent mean=1.833) with respect to fear (ASC
adolescent mean =1.033, p=.005), surprise (ASC adolescent
mean=1.000, p=.002), and disgust (ASC adolescent mean
=1.167, p=.025).

A significant interaction was found between emotional
categories and gender of stimuli (F(5,140)=7.071, p<.001).
Bonferroni post hoc tests revealed that ASC adolescents were
significantly less accurate than ASC adults in decoding adults’
female faces of happiness (ASC adult female mean=2.000,



ASC adolescent female mean =1.600, p=.005), and significantly
more accurate in decoding adults’ female faces of surprise (ASC
adult female mean=.533, ASC adolescent female mean =1.133,
p=.035).

As for children stimuli, significant differences (F(1,28)=
7.544, p=.010) were found between ASC adults (mean=
1.450) and ASC adolescents (mean=1.161) on their ability to
correctly decode children’s faces (see Fig. 3a)). Bonferroni post
hoc tests revealed that ASC adults were significantly more
accurate than ASC adolescents in decoding children’s faces of
fear (ASC adult mean=1.300, ASC adolescent mean =.833,
p=.004), anger (ASC adult mean=1.667, ASC adolescent
mean=.1.100, p=.001), and sadness (ASC adult mean=1.900,
ASC adolescent mean=1.567, p=.023).

Significant differences were found among emotional
categories (F(5,140)=31.284, p<.001). Bonferroni post hoc tests
revealed that ASC adults were significantly more accurate in
decoding children’s faces of happiness (ASC adult mean=1.967)
with respect to fear (ASC adult mean=1.300, p<.001), surprise
(ASC adult mean=1.062, p=.002), and disgust (ASC adult
mean=.800, p<.001). ASC adults were also significantly more
accurate in decoding children’s faces of sadness (ASC adult mean
=1.900) with respect to fear (p=.007), surprise (p=.014), and
disgust (p<.001), as well as, children’s faces of anger (ASC adult
mean=1.667) with respect to surprise (p=.014), and disgust
(p<.001). ASC adolescents were significantly more accurate in
decoding children’s faces of happiness (ASC adolescent
mean=1.900) with respect to fear (ASC adolescent mean=.833,
p<.001), anger (ASC adolescent mean=1.100, p<.001), surprise
(ASC adolescent mean=.867, p<.001), sadness (ASC adolescent
mean =1.567, p=.039), and disgust (ASC adolescent mean=.700,
p<-001), as well as, in decoding children’s faces of sadness with
respect to fear (p=.001), anger (p=.045), and disgust (p=.001).

Assignificant interaction was found between emotional categories
and gender of stimuli (F(5,140)=7.859, p<.001). Bonferroni post
hoc tests revealed that ASC adolescents were significantly less
accurate than ASC adults in decoding children’s male faces of
fear (ASC adult male mean=1.533, ASC adolescent male
mean=.933, p=.021), children’s female faces of anger (ASC adult
female mean=1.533, ASC adolescent female mean=.667,
p<.001), and children’s male faces of sadness (ASC adult male
mean=1.800, ASC adolescent male mean=1.267, p=.02).

D. TD adults’ and adolescents’ performance on faces of

children and adults

Significant differences (F(1,28)=.5.395, p=.028) were found
between TD adults (mean=1.650) and adolescents (mean=1.528)
on their ability to correctly decode adults’ faces (see Fig. 3b)). A
significant interaction was found between emotional categories
and TD adults and adolescents (F(5,140)=4.798, p<.001).
Bonferroni post hoc tests revealed that TD adolescents’ ability to
correctly decode adults’ faces of surprise (TD adult mean=1.767,
TD adolescent mean=1.100, p<.001) and disgust (TD adult
mean=1.800, TD adolescent mean= 1.333, p=.006) was
significantly poorer than that of TD adults.
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Significant differences were found among emotional
categories, (F(5,140)=8.504, p<.001). Bonferroni post hoc tests
revealed that TD adults were significantly less accurate in
decoding adults’ faces of fear (TD adult mean=1.100) with
respect to happiness (TD adult mean=1.867, p<.001), anger (TD
adult mean=1.733, p=.009), surprise (TD adult mean=1.767,
p<.015), and disgust (TD adult mean=1.800, p<.028). TD
adolescents were significantly more accurate in decoding adults
faces of happiness (TD adolescent mean=1.867) with respect to
fear (TD adolescent mean =1.333, p=.010), surprise (TD
adolescent mean=1.100, p<.001), and disgust (TD adolescent
mean=1.333, p=.005), as well as, more accurate in decoding
adults’ faces of anger (TD adolescent mean=1.833) with respect
to adults’ faces of surprise (p<.001).

A significant effect was found for the gender of stimuli
(F(1,28)=8.928, p=.006), with adults’ female faces (mean
=1.661) more accurately decoded than adults’ male faces
(mean=1.517). A significant interaction was found between
emotional categories and gender of stimuli (F(5,140)=2.626,
p=.027). Bonferroni post hoc tests revealed that TD adolescents
were significantly more accurate than TD adults in decoding
adults’ male faces of happiness (TD adult male mean=1.733, TD
adolescent male mean =2.000, p=.032), and adults’ female faces
of fear (TD adult female mean =1.067, TD adolescent female
mean=1.800, p=.002). TD adults were significantly more
accurate than TD adolescents in decoding adults’ male (TD adult
male mean=1.733, TD adolescent male mean =.867, p=.001) and
female (TD adult female mean =1.800, TD adolescent female
mean =1.333, p=.022) faces of surprise, and adults’ male (TD
adult male mean=1.667, TD adolescent male mean =1.200,
p=.039) and female (TD adult female mean=1.933, TD
adolescent female mean =1.467, p=.002) faces of disgust.

As for children’s stimuli, no significant differences
(F(1,28)=.897, p=.352) were found between TD adults
(mean=1.606) and adolescents (mean=1.672) on correctly
decoding children’s faces (see Fig. 3b)). A significant interaction
was found between emotions and TD adults and adolescents
(F(5,140)=5.479, p<.001). Bonferroni post hoc tests revealed that
TD adults were significantly less accurate than adolescents in
decoding children’s faces of disgust (TD adult mean=1.133, TD
adolescent mean=1.733, p=.003).

Significant differences were found among emotional
categories, (F(5,140)=12.410, p<.001). Bonferroni post hoc tests
revealed that TD adults were significantly more accurate in
decoding children’s faces of happiness (TD adult mean =2.000)
with respect to fear (TD adult mean=1.500, p<.001), anger (TD
adult mean=1.467, p=.001), surprise (TD adult mean=1.700,
p=.013), and disgust (TD adult mean=1.133, p<.001). TD adults
were also significantly less accurate in decoding children’s faces
of disgust with respect to surprise (p=.003), and sadness (TD
adult mean=1.833, p=.001). TD adolescents were significantly
less accurate in decoding children’s faces of fear (TD adolescent
mean=1.267) with respect to happiness (TD adolescent
mean=1.900, p<.001), surprise (TD adolescent mean=1.733,
p<.001), and sadness (TD adolescent mean =1.767, p=.011).

A significant effect was found for the gender of stimuli
(F(1,28)=6.731, p=.015), with children’s female (mean =1.583)
less accurately decoded than children’s male faces (mean=
1.694). A significant interaction was found between



emotional categories and gender of stimuli (F(5,140)=5.049,
p<.001). Bonferroni post hoc tests revealed that TD adolescents
were significantly more accurate than TD adults in decoding
children’s male faces of anger (TD adult male mean =1.467, TD
adolescent male mean=1.867, p=.043), and children’s male (TD
adult male mean=1.333, TD adolescent male mean =1.667,
p=.016), and female faces of disgust (ASC adult female
mean=1.333, TD adolescent female mean =1.800, p=.016).

E. ASC and TD adults’ and adolescents’ performance on
voices.

When analyzing voices, significant differences were found
between ASC and TD both adults and adolescents (F(1,56)
=11.031, p<.001). Bonferroni post hoc tests revealed that these
significant differences were between ASC adults (ASC adult
mean=1.020), TD adults (TD adult mean=1.567, p<.001), and
TD adolescents (TD adolescent mean=1.453, p=.003).
Significant differences were also between ASC adolescents
(ASC adolescent mean=1.060), TD adults (p<.001), and TD
adolescents (p=.009). No significant differences were found
between ASC adults and ASC adolescents (p=1), and between
TD adults and TD adolescents (p=1)

Significant differences were found among emotional
categories, (F(4,224)=40.912, p<.001). Bonferroni post hoc tests
revealed that ASC adults were significantly more accurate in
decoding angry voices (ASC adult mean=1.633) with respect to
happiness (ASC adult mean=.967, p<.001), fear (ASC adult
mean=1.300, p=.038), surprise (ASC adult mean=.300, p<.001),
and sadness (ASC adult mean=.900, p<.001). ASC adults were
also significantly less accurate in decoding surprised voices with
respect to happiness (p<.001), fear (p<.001), anger (p<.001) and
sadness (p=.010). ASC adolescents were significantly more
accurate in decoding angry voices (ASC adolescent mean=1.633)
with respect to fear (ASC adolescent mean =1.067, p<.001),
surprise (ASC adolescent mean=.333, p<.001), and sadness
(ASC adolescent mean =.967, p<.001), and less accurate in
decoding surprised voice with respect to happiness (ASC
adolescent mean =1.300, p<.001), fear (p=.001), anger (p<.001),
and sadness (p=.005)

TD adults were decoding equally well emotional voices of
happiness (TD adult mean=1.567), fear (TD adult mean=1.600),
anger (TD adult mean=1.733), surprise (TD adult mean=1.533),
and sadness (TD adult mean=1.400). TD adolescents were
significantly more accurate in decoding angry voices (TD
adolescent mean=1.967) with respect to fear (TD adolescent
mean=1.500, p=.001) surprise (TD adolescent mean=.967,
p<.001), and sadness (TD adolescent mean=1.233, p<.001), and
less accurate in decoding surprised voices with respect to fear
(p=.034), and happiness (TD adolescent mean =1.600, p<.001).

A significant interaction was found between emotional
categories and ASC and TD both adults and adolescents (F(12,
224)=3.790, p<.001). Bonferroni post hoc tests revealed that
ASC adults’ decoding of happy voices (ASC adult mean =.967)
significantly differs from TD adults (TD adult mean =1.567,
p=.018) and TD adolescents (TD adolescent mean=1.600,
p=.011). ASC adults’ decoding of surprised voices (ASC adult
mean=.300) significantly differs from TD adults (TD adult
mean=1.533, p<.001) and TD adolescents
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(TD adolescent mean= ,967, p=.008). ASC adults’ decoding of
sad voices (ASC mean=.900) significantly differs for TD adults
(TD adult mean=1.400, p=.042). ASC adolescents’ decoding of
surprised voices (ASC adolescent mean=.333) significantly
differs from TD adults (TD adult mean=1.533, p<.001) and TD
adolescents (TD adolescent mean=.967, p=.013). ASC
adolescents’ decoding of fearful voices (ASC adolescent mean
=1.067) significantly differs from TD adults (TD adult
mean=1.600, p=.044).TD adolescents’ decoding of surprised
voices (TD adolescent mean=.967,) significantly differs from TD
adults (TD adult mean=1.533, p=.033).

A significant interaction was found between emotional
categories and gender of stimuli (F(4,224)=4.260, p=.002).
Bonferroni post hoc tests revealed that ASC adults’ decoding of
male voices of happiness (ASC adult male mean=.800)
significantly differs from TD adults (TD adult male mean =1.533,
p=.046) and TD adolescents (TD adolescent male mean =.1.533,
p=.046). TD adults’ decoding of male voices of surprise (TD
adult male mean=1.533) significantly differs from ASC adults
(ASC adult male mean=.133, p<.001) and ASC adolescents (ASC
adolescent male mean =.400, p<.001). TD adolescents’ decoding
of male voices of surprise (TD adolescent male mean =1.133)
significantly differs from ASC adults’ (p=-001) and ASC
adolescents’ (p=.032) decoding of male voices of surprise. TD
adults’ decoding of female voices of surprise (TD adult female
mean =1.533) significantly differs from TD adolescents (TD
adolescent female mean=.800, p=.016), ASC adults (ASC adult
female mean=.467, p<.001), and ASC adolescents (ASC
adolescent female mean =267, p<.001). TD adults’ decoding of
female voices of fear (TD adult female mean =1.733)
significantly differs from ASC adolescents (ASC adolescent
female mean=1.067, p=.036). ASC adults’ decoding of female
voices of sadness (ASC adult female mean=.533) significantly
differs from TD adults (TD adult female mean =1.267, p=.018)
and TD adolescents (TD adolescent female mean =1.333,
p=-008). TD adolescents’ decoding of female voices of sadness
significantly differ from ASC adolescents decoding (ASC
adolescent female mean =.667, p=.039).

V. DISCUSSION

The first aim of the present investigation was to compare very
close aged ASC and TD adults and ASC and TD adolescents on
their ability to decode correctly the six primary emotions of
happiness, fear, anger, surprise, sadness, and disgust, portrayed
by contemporary adults’ and children’ faces. The data showed
that the ability of ASC adults to correctly decode contemporary
adults’ facial expressions of anger, surprise, and disgust, as well
as, contemporary children’s facial expressions of surprise was
significantly poorer than that of TD adults. This was not the case
for ASC and TD adolescents who show equal performances in
this task. Conversely, the ability of ASC adolescents to decode
correctly children’s emotional facial expressions of fear, anger,
surprise, and disgust, was significantly poorer than that of TD
adolescents. There seems to be a common pattern among
emotional categories, since ASC adolescents, as ASC adults,
showed impairments for the same emotional categories of anger,
surprise and disgust (fear is impaired only in ASC adolescents).
However, they differed in the age of the stimuli since in ASC
adults these failures are observed for adults’ faces, whereas, in
ASC adolescents they are observed for



children’s faces. Since no differences were observed between
ASC and TD adolescents in their ability to decode adults’
emotional faces, a different emotional learning process can be
hypothesized for ASC with respect to TD individuals while
aging.

These results suggest that the ability of ASCs to decode
correctly emotional facial expressions is affected by participants’
age, age of stimuli (adults’ and children’s faces), and emotional
categories and may explain the controversial data reported in
literature for faces.

For emotional voices, significant differences were observed
between ASC adults and adolescents and TD adults and
adolescents. In particular, ASC adults differed significantly from
TD adults and adolescents in their ability to decode vocal
expressions of happiness and surprise, and from TD adults in
their ability to decode vocal expressions of sadness. ASC
adolescents differed significantly from TD adults and adolescents
in their ability to decode vocal expressions of surprise and, from
TD adults, in their ability to decode vocal expressions of fear.

Therefore, when voices are considered, both ASC adults and
adolescents showed difficulties in decoding surprise, while the
ability to decode fear, happiness, and sadness is differently
affected by ASC participants’ age. These results, considering the
very close aged groups of ASC and TD participants adopted in
the present experiments support the idea that ASC’s emotion
processing impairments are specific and dependent on particular
emotions and/or stimuli given the participants’ age (Uljarevic
&Hamilton, 2012).

The second goal of this investigation was to identify
accuracy’s patterns measuring developmental maturity in
emotion labeling of ASC and TD individuals. To this aim, our
data show that ASC adolescents’ ability to decode correctly
adults’ happiness was significantly poorer than that of ASC
adults. In addition, ASC adults were significantly more accurate
than ASC adolescents in decoding children’s faces of fear, anger,
and sadness. Conversely, TD adolescents were significantly less
accurate than TD adults in decoding adults’ faces of surprise, and
disgust, while TD adults were significantly less accurate than TD
adolescents in decoding children’s faces of disgust. These data
suggest that ASC and TD subjects exploit a different
developmental approach in learning emotional facial expressions,
which is differently affected by contextual variables such as
emotional categories, and is contingent on the age of the stimuli.

When emotional vocal expressions are considered, our data
show that ASC adults’ ability to decode sad voices was
significantly poorer than that of TD adults, and their ability to
decode happy and surprised voices was significantly poorer than
that of TD adults and adolescents. On the other hand, ASC
adolescents were significantly less accurate than TD adults and
adolescents in decoding fearful ad surprised voices, whereas, TD
adolescents differed significantly from TD adults only in their
ability to decode surprised voices. Therefore, for voices, the
emotional categories less accurately recognized are not the same
observed for faces, suggesting that the communication modes
(vocal or visual) convey a different amount of emotional
information. In this context, surprise is the vocal emotional
expression that still needs to be learned from adolescence to
adulthood, but then happy, sad and fearful
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voices show for ASC and TD individuals a different
developmental learning pattern.

Finally, this investigation aimed to identify effects of the
gender of stimuli. In this respect, our data show that ASCs adults
were significantly less accurate than TD adults in decoding
adults’ female faces of anger, adults’ male and female faces of
surprise and disgust, and children’s male and female faces of
surprise, and more accurate than TD adults in decoding
children’s female faces of sadness.

ASC adolescents were less accurate than TD adolescents in
their ability to decode adults’ male faces of happiness, adults’
female faces of fear, and anger, children male faces of fear,
children female faces of anger, and children male and female
faces of surprise, and disgust. ASC adolescents were
significantly less accurate than ASC adults in decoding adults’
female faces of happiness, children’s male faces of fear, and
sadness, and children’s female faces of anger, and significantly
more accurate in decoding adults’ female faces of surprise. A
different pattern of significance for the gender of stimuli was
observed between TD adolescents and adults. TD adolescents
were significantly more accurate than TD adults in decoding
adults’ male faces of happiness, adults’ female faces of fear,
children’s male faces of anger, and children’s male and female
faces of disgust. By contrast, TD adults were significantly more
accurate than TD adolescents in decoding adults’ male and
female faces of surprise, and disgust.

As for voices, ASC adults were significantly less accurate
than TD adults and adolescents in decoding happy male voices
and female sad voices. TD adults and adolescents were
significantly more accurate than ASC adults and adolescents in
decoding male voices of surprise. TD adults were significantly
more accurate than TD and ASC adolescents, and ASC adults, in
decoding female voices of surprise. TD adults were significantly
more accurate than ASC adolescents in decoding female voices
of fear. TD adolescents were significantly more accurate than
ASC adolescents in decoding of female voices of sadness.

These data suggest that the gender and type (voices or faces)
of stimuli, participants’ age, and communication modes, all
together play a role in the global emotion recognition process of
both ASC and TD individuals making difficult the definition of
a common and shared pattern of emotion recognition
compliance. Since individual personal traits, emotion regulation
processes, personality, personal experience, and attachment style
are also known to affect the human ability to decode emotional
faces and voices (Esposito et al. 2014, Gross, 2002), the present
data recommend care in generalizing and suggest personalized
rehabilitation tools for these communication disorders.

V1. CONCLUSION

Although commonalities exist among vulnerable people in
their requests of help and needs of support, ICT (Information
Communication Technologies) assistive technologies for health
care must take into account personal demands among the
vulnerable persons to be cared for. Therefore, the design of user
centered assistive technologies should not only take into account
the symptoms of the illness but also individual differences. In
other words, there is a need of technologies able to provide
personalized care and support for rehabilitation and assistance.
This research provides some knowledge on the different ability
of ASC adults and adolescents to decode



facial and vocal expressions of emotions. Incorporating this
knowledge in health care technologies requires to develop
algorithms able to learn user needs and adapt their services to
individual requirements and expectations. Artificial intelligent
algorithms are the route to provide an efficient and effective
assistance.
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