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Editorial on the Research Topic

Advances in social cognition assessment and intervention in autism

spectrum disorder

Social cognition (SC) refers to all cognitive processes and skills involved in social

interactions, that needs to be engaged in a perpetual changing environment. SC

encompasses several domains: theory of mind (ToM), facial emotions processing,

empathy, emotional regulation, and attributional style etc. Numerous are altered in

patients suffering from autism spectrum disorders (ASD) resulting, in addition, or in

combination with ASD core symptoms, as it will be discussed in this Research Topic,

significant social impairments. These latter needs better assessment, new theoretical

approaches as well as innovative interventions. Since 30 years, tools of assessment were

created and adapted to cultural characteristics. Progressively, SC has been a crucial

therapeutic target for this population leading to the development of therapies using

technological advances. Interventions are now available with encouraging results that

require confirmation. The goal of this Research Topic was to improve our understanding

of SC deficits in people suffering from ASD and search for new methods of assessment.

Relevant empirical and theoretical articles were selected. Subtopics include assessments

considering assessment, contribution of new technologies in therapeutic interventions,

and etiopathology of SC in ASD.
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Assessment

New SC assessment tools and
correlations with cognitive functioning

Three articles present new tools for assessment of SC. Two

of them deal with the validation of a new facial emotion

recognition tool for children, developed by a Tunisian team

whose originality consists in the use of photos of three levels of

difficulty and videos of the basic emotions of Ekman expressed

by actors of different gender and age. The first reliability

study (Taamallah et al.) showed good internal consistency for

each subtest and normative references for typically developing

(TD) children of 7–12 years. The second one (Jelili et al.)

confirmed the clinical validation of the tool in children with high

functioning autism.

Morel-Kohlmeyer et al. presented a new battery for adults

SC evaluation named “ClaCoS,” which allows testing: emotion

recognition, ToM, attributional style, and social perception and

knowledge; but also subjective complaints in SC. In this study,

the ASD group showed deficits in all domains of SC and

reported greater complaints regarding their social abilities, that

were correlated to neuropsychological performances. Along the

same lines, Peñuelas-Calvo et al. focused on the links between

intelligence quotient using the WISC and Reading The Mind

in the Eyes Test performances’ in children and adolescents

with Asperger’s syndrome. Intelligence quotient and age were

positively correlated to the performance in ToM.

Briot et al., systematically reviewed new technologies for

the assessment of emotional facial expression in people with

ASD through 20 studies. Authors found discrepancy between

the expressed emotions and the expected ones with low

coordination of facial muscles. The hypothesis of a poor

correspondence between mental representations and facial

emotion expressions underlined by an ≪ alteration of sensory-

motor neural circuit involved in the processing of information

≫ was raised.

Eye attention to social stimuli

Four studies looked at the assessment of social attention

through eye-tracking procedures. Bochet et al. explored the

processing of emotional and neutral faces using an eye-tracking

paradigm with pre-school aged children with ASD and age-

matched TD children. Participants with ASD make fewer

fixations to emotional faces than their TD peers, and equivalent

duration of first fixation on emotional faces to that on neutral

faces. Participants also demonstrated neither habituation nor

increased interest in the changing emotional expressions over

the course of the task. These results confirm literature reports

of a lesser interest to emotional faces and a lack of sensitivity to

changes in facial expression in children with ASD.

Mouga et al. compared visual attention to faces vs. objects,

in ecological situations using three tasks from the ADOS.

Participants with ASD’s focused less and shorter on faces

and their performances became similar to TD children when

they were asked to tell a story from a photo. This study has

a therapeutic interest in remedying deficits in spontaneous

social attention.

Wang et al. used a preferential looking paradigm using eye

gaze tracking devices when presenting to children with ASD at

the same time two stimuli: a photo of eyes and a photo of objects

alternating with a high attention attracting object in participants

diagnosed with ASD (vehicle) vs. a low one (vegetable). The

results showed that preference and interest in the eyes decreased

among ASD patients’ when the competitive stimulus was a

high attracting object. This study has interesting therapeutic

implications for improving eye contact in this population by

using objects as stimuli to motivate joint attention.

The last two studies by Ioannou et al. compared social visual

attention in four groups: patients with ASD, ASD and ADHD,

ADHD, and a neurotypical group using a static medium with

real social situations of low and high complexity. Authors found

a significant lower duration of face fixation with a lengthening

of the time of first fixation in the ASD-ADHD vs. the ASD

group. The duration of face fixation was reduced in ASD vs.

TD, especially for scenes with high social complexity. Regarding

nonsocial clues, Iaonnou et al. found that there was no difference

between the groups.

These two studies raise the hypothesis of possible

biomarkers that can distinguish the different conditions

(ASD, ADHD, ASD with ADHD and TD) with an interest for

early diagnosis and specific therapeutic interventions.

Interventions in SC

The first article made a link between assessment and

therapeutic effects on SC in ASD. In their perspective article,

Yamamoto et al. examined the usefulness of visualizing face-

to-face interaction in social skills learning scenes for children

with ASD using a business microscope that can qualify and

visualize face-to-face interactions automatically. This device’s

use may provide an objective measurement that complements

the observer’s evaluation in intervention’s validation programs.

Dandil et al. conducted a synthesis of all studies of

cognitive remediation interventions for adolescents and adults

with ASD using the PRISMA statement. They concluded,

on 13 studies, that cognitive remediation therapies and

interventions could potentially be effective in improving SC and

functioning. However, methodological challenges were a source

of heterogeneity. This calls for double-blind randomized studies

of longer duration, assessing the effect size and generalization of

improvement in SC as well as social functioning and the possible

linked effects between these latter.
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Herbrecht et al. studied the two-years outcomes

of a short-term, highly, intensive early 18-day family

intervention in a case series study without control group.

The therapy consists of up to 6 h of play sessions per day

involving the family. Parents are intensively coached while

playing with their child and while observing their child’s

behavior via video observation of play sessions. Authors

found, for 32 children with a mean age of 44 months,

presenting moderate to severe ASD, that ADOS total scores

decreased significantly from baseline to 2-year follow-up.

The DD-C-GAS, fullfilled by parents, showed significant

improvements on all subdomains in areas of everyday

functioning. There was a significant relationship between

parents’ treatment adherence and ADOS scores. These

results invite to strengthen early intensive approaches within

randomized studies.

In a perspective article, Bochet et al. brought some light

on their clinical experience to adapt the PEERS© model

for adolescents into French after reviewing its limitations

and its positive aspects in generalizing SC competencies,

when involving parents. Indeed, follow-up measures over

up to 5 years have shown improved SC. This maintenance

could be explained by the participation of parents as

“social coaches” and needs randomized double blind studies

for confirmation.

Dubreucq and Dubreucq conducted a systematic research

following PRISMA guidelines, on autistic women’s needs

for care relating to romantic relationships and reproductive

health. They found eight studies on interventions addressing

the first domain and no study on reproductive health or

parenting. Most interventions did not deal with gender-

sensitive content though women with ASD face challenges in

theses domains.

Fu et al. studied the predictors of change in a 12 weeks

play-based communication and behavior intervention for 70

13–30-month-old toddlers at high-risk for ASD. Hierarchical

regression analysis concluded that parenting stress, level of

completion of training at home and mother-child dyadic

synchrony were crucial factors in predicting the intervention’s

efficacy. These factors are working levers to improve the

prognosis of early interventions involving parents.

In their systemic review, including 39 studies (N = 1,774

participants), Mayer-Benarous et al. explored music therapy for

children with ASD and/or other neurodevelopmental disorders.

Positive effects of educational music therapy on patients with

ASD was reported in most controlled studies on speech

production and of improvisational music therapy on social

functioning. Authors concluded that improvisational music

therapy appears relevant for individuals with both ASD and

intellectual disability.

Etiopathology

Networks

Sato et al., using fMRI, showed that modulation from the

amygdala to the neocortex during observation of dynamic facial

expressions is reduced in an ASD group. Based on these findings

and literature review, they hypothesized that weak modulation

from the amygdala to the neocortex—through which emotion

modulates various types of perceptual, cognitive, and motor

processing functions—underlies the social atypicalities in people

with ASD.

Pino et al. aimed to map the network of SC domains

in 76 children with ASD matched for verbal age to TD

children through graph analysis using three measures: Eyes

Task-Simplified, Comic Strip Task and Social Information

Processing Interview (SIPI). TD children exhibited a SC network

characterized by a single domain, with nodes of higher closeness

and strength compared to the ASD network. For instance, the

node related to encoding in the SIPI was not connected in the

ASD network. This suggests that people with ASD can encode

social information, but that this latter would not be utilized by

the entire network.

Looking for SC related biomarkers of ASD

Based on the finding that people with ASD show an

atypical pattern of autonomic nervous system activation (ANS)

induced by psychosocial stimulation, Doi et al. proposed a new

assessment tool to evaluate the risk of ASD by measuring ANS

activation in response to emotional stimulation. Authors video-

recorded faces of 17 and 21 adult males with and without

ASD while watching emotion-inducing video clips. Though the

performance was modest, the gradient succeeded in classifying

people with and without ASD. Taking into consideration the fact

that the study recruited only high-functioning adults who may

use compensatory strategies, ASD screening by measurement of

pulse wave could be promising to evaluate ASD risk.

Bearing in mind that it is generally challenging to assess

ASD individuals using task-based and fMRI paradigms, Yao et

al. reviewed neuroimaging studies examining inter-hemispheric

resting state functional connectivity (rsFC) abnormities. There

are converging findings on reduced inter-hemispheric rsFC in

brain networks particularly in posterior hubs and in the corpus

callosum. Thus, the strength of inter-hemispheric rsFC may be a

promising biomarker for assisting in ASD diagnosis.

All these results remain in the field of research, as biomarkers

in functional imaging and ANS assessment are within the reach

of few clinicians.
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Unified theories

Crespi developed a theory unifying ASD semiology

and etiology through pattern concept. Pattern is defined

as ≪ a repeated configuration, with recurring, ordered, or

predictable characteristics, and discernable interrelationships

of components ≫. This concept is related to information

processing, including ≪ sensory input, entropy, and

predictability≫. ASD involves enhanced≪ pattern perception,

recognition, maintenance, generation, processing, and

seeking ≫. Restricted interests and repetitive behavior result

from increased and imbalanced pattern-related perception

and cognition, and social deficits result in part from the

lack of clear pattern in social interactions, with non-

pattern avoidance of social interaction, combined with the

interference of restricted interests with social development.

This approach has strong implications for research as well as

personalized therapy.

Conclusion

This Research Topic helps highlighting new tools of

SC assessment, with spot on facial emotion recognition,

and deficits of interest to facial stimuli in ASD population.

FMRI, ANS and eye tracking specificities were proposed

as biomarkers calling to confirmatory works studying

correlations with clinical phenotypes. The link between

symptoms of ASD and SC deficits in the light of pattern

conception may be an interesting framework to develop

research approaches.
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and René Spiegel
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Background: Comprehensive behaviorally or developmentally based early intervention
programs have been shown to be effective in improving cognitive, social communicative,
and adaptive skills of children with autism spectrum disorder (ASD). Besides the definition
of relevant outcome predictors, the question of whether early intensive intervention
positively changes core autism symptoms in children, as well as their long-term
outcome, is an important issue for current research. The primary objective of the
current study was to examine whether symptomatic and behavioral changes in children
up to 4.5 years with ASD were sustained one and two years after an initial 18 days of
intensive FIAS (Frühintervention bei autistischen Störungen) intervention.

Methods: We analyzed the data of 32 young children with moderately severe to severe
ASD who had been treated at the FIAS center between January 2011 and July 2017 and
who had completed their 2-year follow-up in summer 2019.

Results: ADOS total scores decreased significantly from baseline to the 1-year follow-up
and from baseline to the 2-year follow-up (p < 0.01), with the most prominent change
being from baseline to 2-year follow-up. The DD-C-GAS, a global scale used to assess
four areas of everyday functioning, showed highly significant improvements on all
subdomains. We found mostly significant correlations between results on both rating
instruments at all time points, yet mostly no meaningful correlation between their changes
over time. There was a close and statistically significant relationship between parents’
treatment adherence and ADOS scores, indicating that the better parents’ treatment
adherence, the lower the children scored on the ADOS at 1- and 2-year follow-up. Overall,
improvement on both scales was virtually independent of age and autism symptom
severity at baseline, suggesting that older (>43 months) and more severely affected
children (ADOS total score >20) may benefit from the FIAS intervention to the same extent
as younger children do.

Conclusions: The results of the study indicate that the FIAS approach of providing an
initial highly intensive 18-day intervention period, followed by 2 years of less intensive
g July 2020 | Volume 11 | Article 68719
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follow-up care had an impact on the core autism symptoms as well as the adaptive
functioning of children with ASD.
Keywords: autism spectrum disorder, early intervention, FIAS, outcome, autism symptom severity
INTRODUCTION

Since 2011, we have applied FIAS (Frühintervention bei
autistischen Störungen), a highly intensive treatment method
derived from the Mifne approach (1), to young children with
moderately severe to severe autism spectrum disorder (ASD).
FIAS is a play-based early intervention used with children aged
up to 5 years. Its aim is to encourage children to get involved in
social interactions by increasing their shared enjoyment and
social motivation. A distinctive feature of FIAS is an initial 18-
day period of very intensive treatment of the child, together with
his/her core family, in a specialized unit, followed by continued,
professionally supervised, play interaction between the parents
and the child in the family home.

Evidence from early intensive intervention research points to
the effectiveness of comprehensive, behaviorally or
developmentally based intervention programs on cognitive,
social communication, and language functioning as well as
adaptive skills (2–4). Outcomes across different studies have
often shown significant treatment effects, albeit with usually
small effect sizes (5); moreover, outcomes have generally been
found to vary across studies, reflecting the heterogeneity of
patient profiles, specific treatment approaches, and the
diversity of outcome measures used (6). Most early
intervention studies published in recent years have found pre-
treatment intellectual ability, as well as language and adaptive
behavior abilities, to be the most reliable predictors of positive
outcomes (7). Conversely, the severity of autism symptoms and
age at the start of intervention have shown rather inconsistent
results in terms of outcome predictability (8). However, there is
some evidence that interventions targeted at improving social
communication may be most effective at around the age of 3-1/2
years (3).

The duration of most early interventions in the studies that
have been published varies from between 1 and 2 years of
intensive intervention. However, there is insufficient evidence
concerning the role of intervention duration (4). Fossum et al. (9)
showed that, standard measures of pre-treatment cognitive and
language abilities aside, positive affect and level of appropriate
toy contact significantly influenced children’s expressive
language outcome after one year of a community “Pivotal
Response Treatment” program. In addition, less social
avoidance and fewer repetitive vocalizations were among the
larger benefits of the intervention. Variability in intervention
outcomes has been repeatedly shown across different
intervention approaches; and yet the sources of this variability
are unclear, and whether and which developmental profiles
benefit most from which kind of early intervention approach
remain crucial questions (3, 9). In addition to identifying
relevant outcome predictors, the question of whether early
g 210
intensive intervention positively changes the long-term
outcomes for children is another important issue in current
research, as most studies have focused on outcomes immediately
following the end of the intervention. Magiati et al. (4), who
summarized a number of reviews and meta-analyses, concluded
that children continue to make progress in terms of standard
measures of cognitive and adaptive behavior after the end of an
intensive intervention period. However, they also suggested that
such gains often decrease during follow-up and argued that there
is currently no evidence to suggest that early interventions
reduce the need for special support with respect to long-
term outcomes.

In a previous study (10) we reported positive short-term
changes both in specific autism-related behaviors and in
everyday functioning domains in 40 children after an 18-day
period of FIAS early intervention. Changes in autism symptoms
were captured by the Autism Behavior Coding System (ABCS), a
video-based instrument to assess core autism symptoms during
therapist-child interaction. We found the most relevant
improvement in social cooperative behavior, expression of
wishes, and eye contact. Additionally, the study reported on
highly significant improvement of everyday functioning domains
on the Developmental Disorders–Child–Global Assessment
Scale (DD-C-GAS).

The present study set out to examine whether an early
intensive FIAS intervention showed effects 1 and 2 years after
the initial intervention period, by considering the following
questions: (a) are the effects of FIAS interventions reflected in
independently rated standard assessments of autism symptoms
[(using the Autism Disorder Observation Scale or ADOS-2) (11);
German version (12)] at 1 and 2 years after intervention? (b) is
there a relationship between age and autism symptom severity at
baseline and ADOS score changes after 1 and 2 years? (c) to what
extent are the effects of FIAS interventions reflected in
assessments made by clinicians using the DD-C-GAS? (d) what
is the relationship between the ADOS and DD-C-GAS results?
(e) is there a relationship between either the ADOS or DD-C-
GAS results and parents’ treatment adherence during the 2 years
of follow-up care?
MATERIALS AND METHODS

The FIAS Approach
FIAS treatment consists of an initial 18-day intervention period
with the core family at the FIAS center involving up to 6 h of play
sessions per day with alternating therapists. Parents are
intensively coached while playing with their child themselves
and while observing their child’s behavior via direct and video
observation of therapist–child interactions during play sessions.
July 2020 | Volume 11 | Article 687

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Herbrecht et al. Two-Year Outcome of FIAS Early Intervention
Sessions with the child are relation-oriented and include
exploration, imitation, functional, and symbolic play as well as
everyday activities as eating, clothing, or hygiene. Main
intervention targets are sensory perception and processing,
emotion and behavioral regulation, and development of
autonomy. Parents are taught how to motivate their child to
engage in social interaction and play without directly prompting
or discouraging specific behaviors, and how to interpret their
child’s emotional expressions in order to facilitate reciprocal
interactions. Therapists also teach the parents how to transfer
these skills to their home situation. Instruction of parents also
includes psychoeducation, training of behavioral observation
focusing on social signals, video analysis of play interactions,
and hands-on coaching regarding play and everyday activities.

The initial intervention period is followed by 2 years of
follow-up care by a FIAS therapist (8 h per month on average),
during which the therapist provides regular coaching, analyzes
the parents’ play interventions at home, and fosters exchange
with other institutions involved, i.e. kindergarten, in order to
follow the child’s development. In contrast with other early
intervention programs that usually last from 1 to 2 years, FIAS
focuses on a very high-intensity treatment period of about 100 h
during the first 18 days, followed by less intensive follow-up care.
During the follow-up period, the parents are encouraged to
provide their child with play sessions of 1 to 2 h of per day in
order to consolidate and amplify the gains made during the
initial period [for details, see Herbrecht et al. (13)].

FIAS demands high motivation and commitment from
parents during both the initial 18-day period at the treatment
center and the continuing regular play sessions at home. In this
respect, families participating in the FIAS treatment program
represent a “positive selection”; not all mothers and fathers of
children with ASD are able and/or willing to stay away from
home and to suspend their professional and other customary
activities for 18 days and nights in order to spend up to 6 h per
day, including weekends, in the confines of the FIAS center. The
particular conditions of FIAS also mean that it is not possible to
include matched control groups receiving some form of sham
treatment. Consequently, properly controlled clinical trials of
FIAS treatment are not feasible.

Participants
Between January 2011 and November 2018, 62 young children
with autism according to DSM-IV/DSM-5 (14, 15) criteria were
treated at the FIAS intervention center in Muttenz, Switzerland.
By the end of June 2019, 32 of these children had full, 2-year
follow-up data and these were the data used in the current
analysis. The 32 children represent a sub-sample of the 40
patients whose 18-day outcomes have been described in a
previous paper (Herbrecht et al., 2019). Three children having
been treated at the FIAS center in 2011 had only 1 year of follow-
up care, but still got their 2-year assessment. Diagnosis of ASD at
baseline was based on direct observation and assessment by
expert clinicians not involved in the subsequent interventions,
using the Autism Diagnostic Observation Schedule (ADOS/
ADOS-2 Module 1) and the Autism Diagnostic Interview-
Revised ((ADI-R) (16); German version (17). None of the
Frontiers in Psychiatry | www.frontiersin.org 311
children had additional relevant neurological or somatic
problems. All the families were currently living in Switzerland
but were of various nationalities. All parents spoke either
German or English. Parents of all children included in the
study gave their written informed consent to the anonymized
use of their data. During the 2-year follow-up period, according
to their age, all children were integrated in regular or special
education settings and followed additional occupational or
speech therapy sessions.

Measures
Autism Symptoms
The ADOS-2 is a semi-structured, standardized interaction and
observation tool that assesses social communication and interaction
as well as restricted and repetitive behaviors during child–adult
interaction (11, 12). Different modules are administered depending
on expressive verbal language ability and age. ADOS Module 1 for
pre-verbal- to single-word-using children was used to assess all
children at baseline. For the 1-year assessments, Module 1 was used
in most cases; however, for one child Module 2, which requires
simple phrase speech, was more appropriate. At the 2-year
assessments, four children switched to ADOS Module 2, while
one child (the one assessed using ADOS Module 2 at the 1-year
assessment) switched to Module 3 which requires fluent speech.

The ADOS-2 provides a total score resulting from coding
behaviors during the ADOS assessment according to a strict
algorithm. For most assessments, the ADOS-2 version was used.
If the prior ADOS-version had been used (i.e. baseline
assessments before 2013), we calculated the updated ADOS-2
algorithms for comparability of all ADOS results. The ADOS-2
severity score is intended to allow comparisons across different
ages, language abilities, and modules. In this study, both the
ADOS total and severity scores are reported. In addition,
assessments of autism spectrum-related symptoms provided a
further categorization in terms of symptom levels: “high,”
“moderate,” “low,” or “minimal-to-no-evidence.”

Level of Functioning
As in our previous studies (10, 18), we used an ASD-adapted
version of the Children’s Global Assessment Scale, the DD-C-GAS
(Developmental Disorders–Child–Global Assessment Scale) (19);
German translation (20), as the reference measure of children’s level
of functioning in daily life. The DD-C-GAS comprises 10 levels of
functioning, using a 0 to 100 scale in four domains: everyday
functioning, intellectual performance, communication, and social
behavior. Scores below 70 indicate that a child has important special
needs in that particular domain. DD-C-GAS assessments were
made by clinicians, based on parents’ observations. In the current
study, we used the DD-C-GAS as an independent instrument to
assess changes in the four domains after the FIAS intervention. We
also explored whether changes on this instrument corresponded to
changes in ADOS scores. The DD-C-GAS ratings were made at
baseline, directly after the 18-day intensive intervention period, at 1-
year follow-up, and at 2-year follow-up. As this instrument was not
used for all children (see below), the total number of DD-C-GAS
data is smaller than the one of the ADOS.
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Treatment Adherence
Adherence to treatment during follow-up intervention is crucial
when non-clinicians are mediators of the intervention (3).
During the 2 years of FIAS follow-up care, parents were
regularly encouraged to provide play sessions of at least 1 to
2 h duration per day. To date, few studies have examined
therapists’ persistence in training parents or other intervention
mediators, or parents’ fidelity to the intervention. As follow-up
care in the FIAS approach is notably long compared with the
shorter, initial high-intensity period, we considered treatment
fidelity during the 2 years of follow-up to be a relevant factor
when interpreting the follow-up results. As part of FIAS
procedures, the follow-up therapists allocated to each family
were requested to provide an annual global judgment of parents’
treatment adherence (using the four categories of minimal, low,
sufficient, and excellent), taking into consideration the parents’
observed and reported adherence to the therapists’ inputs and
their active co-operation in implementing the learned strategies
during follow-up.

Procedures
Assessments were made at baseline and at 1 and 2 years after the
initial intensive period (hereafter referred to as baseline, 1-year,
and 2-year follow-up assessments), the 2-year time point
coinciding with the end of the FIAS follow-up care. Autism
symptom levels and follow-up levels of functioning were assessed
by clinical psychologists at the special Autism Unit of the Child
and Adolescent Psychiatry University Department in Basel.
None of the evaluators was involved in the FIAS intervention.
Baseline functioning levels were assessed by the lead FIAS
therapist working with each child. Treatment adherence was
evaluated by the follow-up reference therapist assigned to each
family (see Table 1 for an overview of the evaluation procedure).

Statistical Analyses
Data analysis was performed using non-parametric methods.
Behavioral changes assessed by the ADOS and DD-C-GAS were
evaluated using Friedman’s rank sum test for repeated
Frontiers in Psychiatry | www.frontiersin.org 412
measurements and Wilcoxon signed rank tests for comparisons
between two time points. If the Friedman test indicated significance,
Wilcoxon signed rank tests with adjustment for multiple testing by
Bonferroni–Holm were performed between each pair of two time
points. The outcome measures were changes in ADOS total and
severity scores, the DD-C-GAS subdomain scores, autism symptom
level, and treatment adherence scores. In order to evaluate the
impact of either age or autism symptom severity at baseline on
outcome parameters, analyses of change were performed by age
category (<=43 months; >43 months) and baseline ADOS total
score category (</=20; >20) respectively. The extent of relationships
between the DD-C-GAS findings and the ADOS scores at the three
time points, as well as between changes from baseline to 1- and 2-
year follow-ups for both instruments and treatment adherence
scores were assessed by Spearman’s rank correlation coefficients.
The analysis was based on values as observed, except for one
missing Year 1 ADOS observation which was replaced by the
average of baseline and Year 2 values. The sensitivity analysis
with imputed missing DD-C-GAS observations showed no
relevant differences.
RESULTS

Background and Demographic Data
We analyzed the data of 32 children (28 males, 4 females) who had
been treated at the FIAS center between January 2011 and July 2017
and who had completed their 2-year follow-up assessment. The
children’s mean age when the FIAS intervention started was 44.0 ±
8.3 months.

The mean ADOS total score at baseline was 20.0 ± 3.46, while
the mean severity score was 7.0 ± 1.43 indicating moderate to
high average levels of autism-related symptoms. Mean DD-C-
GAS subdomain scores at baseline were similar for self-care
(30.6 ± 14.21) and communication (31.0 ± 12.05), slightly lower
for social behavior (27.0 ± 10.44), and higher for intellectual
skills (42.1 ± 16.17). Scores at baseline indicated significant
special needs in all four domains, especially in the areas of
social behavior and communication.

After splitting the group into two according to median age (43
months), no relevant age-related differences were observed for any
of the ADOS or DD-C-GAS variables at baseline (Mann-Whitney-
U-test, data not shown), although ADOS severity scores were
slightly higher in the older age group than in the younger group
(7.4 ± 1.35 vs. 6.7 ± 1.45 respectively). We observed no differences in
baseline scores between males and females. Because of the small
number of females, we did not retain the sex category for analyzing
changes in outcome parameters (see Table 2).

Core Autism Symptom Outcomes
ADOS Findings by Time Point and Changes From
Baseline
Mean ADOS total scores decreased from 20.0 ± 3.46 at baseline
to 18.5 ± 5.91 at 1-year follow-up and statistically significantly to
17.1 ± 6.16 at 2-year follow-up (p = 0.031). Mean severity scores
decreased numerically from 7.0 ± 1.43 at baseline to 6.8 ± 2.01 at
TABLE 1 | Evaluation procedures.

Assessment
domain and
instruments

Time point Evaluator

Base-line 1-year
follow-up

2-year
follow-up

Autism
symptoms

ADOS
TS, SS

X X X FIAS
independent
clinical
psychologists

Level of
functioning

DD-C-
GAS

X FIAS reference
therapist

Level of
functioning

DD-C-
GAS

X X FIAS
independent
clinical
psychologists

Treatment
adherence

X X FIAS reference
follow-up
therapist
ADOS TS, ADOS Total Score; ADOS SS, ADOS Severity Score.
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1-year follow-up and to 6.4 ± 1.83 at 2-year follow-up (see
Table 3). The possible impact of age, total ADOS scores, and
ADOS severity scores at baseline were estimated by comparing
subgroups above and below the respective median values: no
statistically significant or relevant subgroup differences were
noted for any of these baseline variables (data not shown).
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Change in Autism Symptom Level
In addition to ADOS total and severity scores, level of autism
spectrum-related symptoms could be further categorized (Lord
et al., 2012): “high” encompasses severity scores from 8 to 10;
“moderate,” scores from 5 to 7; “low,” scores from 3 to 4; and
“minimal-to-no-evidence,” scores of less than 3. According to
TABLE 2 | Summary statistics of background and demographic data for all participants and by subgroups.

Parameter Age Sex Baseline ADOS Total Score

All
N = 32

≤43 mo.
N = 17

>43 mo.
N = 15

Male
N = 28

Female
N = 4

≤20
N = 17

>20
N = 15

Age
mean (std) 44.0 (8.3) 37.9 (4.98) 50.9 (5.31) 44.1 (8.88) 43.5 (1.29) 42.5 (8.84) 45.8 (7.55)
med 43.0 39.0 48.0 42.5 43.5 42 44
min–max 25–60 25 –43 44–60 25–60 42–45 25–59 32–60
Age category n (%)
≤43 mo. 17 (53.1) – – 15 (53.6) 2 (50.0) 10 (58.8) 7 (46.7)
>43 mo. 15 (46.9) – – 13 (46.4) 2 (50.0) 7 (41.2) 8 (53.3)
ADOS Total score
mean (std) 20 (3.46) 19.4 (3.61) 20.7 (3.26) 20 (3.66) 19.8 (1.89) 17.1 (2.31) 22.9 (1.36)
med 20.5 20.0 22.0 20.5 20.5 17.0 23.0
min–max 11–26 11–24 16–26 11–26 17–21 11–20 21–26
ADOS Severity score
mean (std) 7 (1.43) 6.7 (1.45) 7.4 (1.35) 7.1 (1.5) 6.5 (0.58) 5.8 (0.54) 8.3 (0.86)
med 6.5 6.0 8.0 6.5 6.5 6.0 8.0
min–max 4–10 4–9 6–10 4–10 6–7 4–6 7–10

Age Sex Baseline ADOS Total Score
All

N = 31
≤43 mo.
N = 17

>43 mo.
N = 14

Male
N = 27

Female
N = 4

≤20
N = 17

>20
N = 14

DD-C-GAS Self-care
mean (std) 30.6 (14.21) 30.6 (15.08) 30.6 (13.65) 29.7 (11.34) 36.3 (29.26) 30.9 (12.55) 30.1 (16.49)
med 25.0 25.0 25.5 25.0 35.0 31.0 23.0
min–max 5–70 5–70 17–55 17–55 5–70 5–55 17–70
DD-C-GAS Communication
mean (std) 31.0 (12.05) 32.5 (13.89) 29.1 (9.53) 31.3 (10.88) 29.3 (20.55) 32.1 (13.15) 29.7 (10.92)
med 29.0 32.0 28.5 29.0 31.0 30.0 25.0
min–max 5–55 5–55 17–51 17–55 5–50 5–51 17–55
DD-C-GAS Social behavior
mean (std) 27.0 (10.44) 27.8 (11.74) 26.1 (8.96) 27.0 (9.43) 27.0 (17.87) 27.2 (12.28) 26.8 (8.11)
med 25.0 31.0 25.0 25.0 30.0 23.0 25.0
min–max 5–50 5–50 13–43 13–50 5–43 5–50 13–40
DD-C-GAS Intellectual skills
mean (std) 42.1 (16.17) 39.1 (17.91) 45.7 (13.52) 42.2 (12.69) 41.8 (34.9) 44.7 (18.73) 38.9 (12.33)
med 41.0 35.0 43.0 41.0 40.5 50.0 38.5
min–max 5–81 5–65 21–81 19–65 5–81 5–81 21–60
July 2020 | Volume 1
No relevant group differences were observed for any of the ADOS or DD-C-GAS variables (Mann-Whitney-U test), except for the ADOS scores, as expected.
TABLE 3 | Summary statistics for ADOS total and severity score by time point and change from baseline, and results of Friedman test and pairwise comparisons (N = 32).

Friedman Pairwise comparisons°

Baseline Year 1 Year 2 Test Bsl-Year 1 Bsl-Year 2 Bsl-Year 1 Bsl-Year 2
p-value p-value p-value

ADOS Total score
mean (std) 20 (3.46) 18.5 (5.91) 17.1 (6.16) 0.031* 1.5 (4.89) 2.9 (4.92) 0.171 0.006**
min–max 11–26 6–26 6–26 −6–13 −8–16

ADOS Severity score
mean (std) 7 (1.43) 6.8 (2.01) 6.4 (1.83) 0.236 0.2 (1.95) 0.6 (1.93) n.a. n.a.
min–max 4–10 3–10 2–10 −3–3 −5–5
1

*p-value < 0.05; **p-value < 0.01. The significance level = 0.05.; °p-value from pairwise comparisons following significant Friedman test (Wilcoxon signed rank test adjusted by the Bonferroni–
Holm correction for multiple testing. Bsl, baseline; n.a., not applicable.
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this categorization, in the present study 13 children had “high,”
18 had “moderate” and 1 had “low” levels of autism symptoms at
baseline. In the older age group the percentage was 53 and 47%
for high and moderate autism symptom levels respectively, while
in the younger group the respective figures were 30 and 65%.
From baseline to 2-year follow-up, all but two children showed
no change or a decrease in these levels of autism symptoms: one
of these children changed from low to high levels and the other
from moderate to high levels of autism symptoms at the 2-year
follow-up; 11 children showed a decrease in these levels at the 2-
year follow-up: 5 changed from high to moderate, 1 from high to
low, 5 changed from moderate to low. We did not observe any
other relevant differences by age or ADOS total score category at
baseline (see Table 4).

Developmental Functioning Outcomes
DD-C-GAS Findings by Time Point and Changes
From Baseline
For the analysis of changes from baseline, DD-C-GAS data from
25 children were available for all time points. Seven parents were
unable to evaluate the subdomain intellectual level for their child.
There were highly statistically significant changes (i.e.
improvements) in all four DD-C-GAS domains from baseline
to 1-year follow-up, as well as from baseline to 2-year-follow-up
(see Figures 1–4). DD-C-GAS mean scores increased by an
average of about 30 points, with relatively small changes between
the 1- and 2-year follow-ups.

At baseline we observed slightly higher median scores in the
younger age group compared with the older group for the
domains of communication and social behavior. Changes over
time were also somewhat greater in the younger age group,
except for the domain of communication where changes were
greater in the older group. There was a trend towards greater
improvement on the DD-C-GAS intellectual skills domain in the
lower ADOS total score category at baseline.

DD-C-GAS subdomain scores were highly intercorrelated.
We observed moderately strong negative correlations between
ADOS total scores and DD-C-GAS subdomain scores at
baseline. At 1-year follow-up, there were highly significant
negative correlations for all subdomains except self-care. At 2-
year follow-up, negative correlations were moderately significant
for ADOS total score and all DD-C-GAS subdomain scores (data
not shown). In contrast, there were no relevant correlations
between the two instruments in terms of change from baseline.
Scatterplots of changes in ADOS total as well as ADOS severity
Frontiers in Psychiatry | www.frontiersin.org 614
scores versusDD-C-GAS subdomains illustrate the heterogeneity
of the individual results (see Figures 5 and 6). Nevertheless, the
vast majority of data points were consistently found in the upper
right quadrant of all the scatterplots, indicating positive changes
of varying magnitude in the behavioral and symptomatic areas
investigated (DD-C-GAS and ADOS).

Treatment Adherence
Treatment adherence was rated as excellent in 18 of the 32
families at 1-year follow-up and in 14 of 29 families at 2-year
follow-up (ratings were not done for three families treated in
FIGURE 1 | Box plot: DD-C-GAS Self-care (N = 25). Non-parametric
repeated measures ANOVA (Friedman test): p = 0.000***. Pairwise
comparisons between time points (Wilcoxon signed rank test): p-values
adjusted by Bonferroni-Holm were 0.000***, except for comparison Year 1 to
Year 2 (p = 0.060).
FIGURE 2 | Box plot: DD-C-GAS Communication (N = 25). Non-parametric
repeated measures ANOVA (Friedman test): p = 0.000***. Pairwise
comparisons between time points (Wilcoxon signed rank test): p-values
adjusted by Bonferroni-Holm were 0.000***, except for comparisons Day 18
to Year 1 (p = 0.002**), and Year 1 to Year 2 (p = 0.460).
TABLE 4 | Changes of ADOS symptom levels from baseline to Year 2.

ADOS symptom
level autistic
spectrum at baseline

ADOS symptom level
autistic spectrum at Year 2

High Moderate Low

High 13 0 7 6
Moderate 18 5 6 7
Low 1 0 1 0
Total 32 5 14 13
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2011 whose follow-up care lasted one year only). Treatment
adherence was rated as being minimal in three families at one-
year and in four families at 2-year follow-up. There was a trend
towards lower treatment adherence in the older age group
compared with the younger age group, and overall, treatment
adherence decreased slightly over time in both age groups. When
analyzed by ADOS total scores at baseline, treatment adherence
was significantly higher in the lower-score group at 1-year
Frontiers in Psychiatry | www.frontiersin.org July 2020 | Volume 11 | Article 68715
follow-up and still so, albeit less prominently, at 2-year follow-up
(Table 5).

Correlations between treatment adherence and ADOS total
scores were statistically significant (p < 0.01) at both 1-year and
2-year follow-up (r = −0.45, r = −0.60). Correlations between
treatment adherence and ADOS severity scores were statistically
significant (p < 0.01) at 2-year follow-up (r = −0.50). Significant
positive correlations were found between treatment adherence
and DD-C-GAS subdomain scores at 1-year follow-up (between
0.41 for intellectual skills, p < 0.05; and 0.50 for selfcare, p <
0.001). At 2-year follow-up, correlations were mostly low and not
significant (see Table 6).
FIGURE 6 | Scatterplot ADOS Total score change versus DD-C-GAS Social
behavior change (N = 26). Changes for ADOS scores were calculated as
differences baseline – Year 2 to present improvements as positive values.
FIGURE 4 | Box plot: DD-C-GAS Intellectual skills—Subjects with all time
points (N = 18). Non-parametric repeated measures ANOVA (Friedman test):
p = 0.000***. Pairwise comparisons between time points (Wilcoxon signed
rank test): p-values adjusted by Bonferroni–Holm were 0.000***for
comparison Baseline (Bsl) to Year 2, <0.01** for comparisons Bsl to Day 18
and Year 1, and Day 18 to Year 2, <0.05* for Day 18 to Year 1 and Year 1 to
Year 2.
FIGURE 3 | Box plot: DD-C-GAS Social behavior (N = 25). Non-parametric
repeated measures ANOVA (Friedman test): p = 0.000***. Pairwise
comparisons between time points (Wilcoxon signed rank test): p-values
adjusted by Bonferroni–Holm were 0.000***, except for comparison Day 18 to
Year 1 (p = 0.002**), Year 1 to Year 2 (p = 0.145).
FIGURE 5 | Scatterplot: ADOS Total score change versus DD-C-GAS
Communication change (N = 26). Changes for ADOS scores were calculated
as differences baseline – Year 2 to present improvements as positive values.
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DISCUSSION

The primary objective of the current study was to examine whether
symptomatic and behavioral changes in young children with ASD
were sustained 1 and 2 years after an initial 18 days of intensive
FIAS intervention. The 2-year time point corresponded to the end
of the FIAS follow-up care for 29 of the 32 children. In an earlier
study (10) involving most of the current patient sample, we
demonstrated that short-term changes during the initial
intervention period could be sensitively captured by means of the
Autism Behavior Coding System (ABCS), a video-based instrument
for assessing core autism symptoms during therapist–child
interactions. The current study focused on longer-term outcomes
1 and 2 years after the initial intervention period, as reflected in
different levels of outcome and their potential correspondence.

Baseline ADOS total and severity scores indicated moderate
to high autism symptom levels in 18 and 13 children,
respectively, while DD-C-GAS scores were suggestive of major
deficits in all behavioral subdomains, most clearly in social
behavior, as assessed by parents. No relevant age- or sex-
related differences were observed for any of the ADOS or DD-
C-GAS variables at baseline.

We first analyzed changes over time in core autism symptoms
as assessed by experienced ASD clinicians who had not been
Frontiers in Psychiatry | www.frontiersin.org 816
involved in the intervention. ADOS total and severity scores
decreased from baseline to 1-year and 2-year follow-up, the
change in ADOS total score from baseline to 2-year follow-up
reaching statistical significance, indicating a continuous and
relevant overall decrease in core autism symptoms. This
finding is of importance, as the ADOS was not primarily
designed to be sensitive to intervention-related changes in
autism symptoms. For that reason, many other post-intensive
intervention long-term follow-up studies did not use the ADOS
and did not demonstrate a reduction in core autism symptoms;
instead, many concentrated on outcome measures concerning IQ
and adaptive behavior (4). Some of the studies that did use the
ADOS as an outcome measure also showed symptom reduction
following intensive intervention, as reflected in changes in ADOS
severity scores (see Table 7 for an overview).

The decrease in ADOS severity scores reported in previous
studies varies from 0.2 (22) to 1.4 points (26). Most of the studies
summarized in Table 7 reported on ADOS severity scores, except
for the study by Aldred, Green, and Adams (21) which showed a
decrease for ADOS total scores. Interestingly, an evaluation of a
2-year intervention using the Early Start Denver Model (ESDM)
revealed no relevant effect on core autism symptoms
immediately after treatment (22) but positive findings at a
follow-up assessment 2 years later (2). Unfortunately, statistical
TABLE 5 | Summary statistics of treatment adherence findings, by baseline ADOS total score category.

Baseline ADOS Total
score category

≤20
N = 16

>20
N = 16

Treatment adherence Minimal Low Sufficient Excellent Total Minimal Low Sufficient Excellent Total

Year 1 - n (%) 0 (0.0) 2 (12.5) 2 (12.5) 12 (75.0) 16 3 (18.8) 1 (6.3) 6 (37.5) 6 (37.5) 16
Year 2 - n (%) 1 (7.1) 2 (14.3) 2 (14.3) 9 (64.3) 14 3 (20.0) 4 (26.7) 3 (20.0) 5 (33.3) 15
July 2020 | Vo
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TABLE 6 | Correlations between treatment adherence, ADOS scores, and DD-C-GAS findings at both Year 1 and Year 2.

Spearman-rho ADOS
Total score

ADOS
Severity score

DD-C-GAS
Self-care

DD-C-GAS
Communication

DD-C-GAS
Social behavior

DD-C-GAS Intellectual skills

Year 1 Treatment adherence Corr. Coeff. −0.452** −0.338 0.501** 0.483** 0.489** 0.411*
N 32 32 28 28 28 24

Year 2 Treatment adherence Corr. Coeff. −0.595** −0.504** 0.370 0.129 0.245 0.167
N 29 29 26 26 26 20
*Correlation significant at level 0.05 (two-sided); **Correlation significant at level 0.01 (two-sided).
TABLE 7 | Early intervention studies reporting post-treatment changes in ADOS scores.

Study Person
implementing

Duration
(weeks)

Intervention
hours/week

NIG/CG
Baseline

NIG/CG
Follow-up

Mean
Age (years)

IGADOS-SS
Pre-/post-intervention

CGADOS-SS
Pre-/post intervention

Aldred et al., (21) P 48 12 14/14 14/14 4.2 *16.1/11.8 *15.6/16.1
Dawson et al. (22) C/P 96 30 24/24 24/21 4.3 7.2/6.5 6.9/7.3
Estes et al., (2) C 96 20 24/24 21/18 6 *6.9/5.8 *7.5/7.3
Pickles et al., (23) C/P 48 12 77/75 59/62 3.6 8/7.3 7.9/7.8
Rogers, et al. (24) C/P 96 24 55/63 45/36 2 7.2/6.69 7.83/6.19
Kitzerow et al. (25) C 48 2 20/20 20/18 5.5 7.3/5.95 6.5/6.1
Robain et al. (26) C 52 1–12 (CG)

18–22 (IG)
22/38 22/38 3.0 8.14/6.73 7.13/7.18
C, Clinician; P, Parent; IG, Intervention Group; CG, Control group; SS, Severity Score; *, Total score.
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details on the reduction in autism symptoms are not available
from this study. A recent publication by Rogers et al. (24)
reported no relevant changes nor differences in autism
symptom severity between an ESDM intervention and a
community treatment group over a 2-year intervention period.
Conversely, a study of a 12-month, pre-school, parent-mediated
autism communication intervention (Preschool Autism
Communication Treatment, PACT) found a significant
decrease in autism symptoms (21). The first study to show
longer-term autism symptom reduction was that by Pickles
et al. (23), who re-evaluated patients from an initial PACT
study nearly 6 years after the intervention. At this time point,
children who had received PACT still maintained some
improvement: their ADOS Severity Score values were down to
7.3 ± 2.0 from 8.0 ± 1.4 points at baseline, whereas those who had
been on TAU (treatment as usual) had virtually the same ADOS
Severity scores at baseline (7.9 ± 1.4) and at follow-up (7.8 ± 1.8).
A very recent publication by Robain et al. (26) revealed positive
changes in autism symptom severity as well as of cognitive
abilities in an intensive intervention group (following the Early
Start Denver Model approach) compared to a control group
including different community treatment settings available in the
greater Geneva area.

The results from the DD-C-GAS showed highly significant
improvements on all subdomains, these changes being
numerically more impressive than the results obtained with the
ADOS. Overall, DD-C-GAS scores increased by approximately
30 points (within a total range of 100 points), whereas the mean
decrease in the ADOS total score was about three points (within
a range of 28 points) and around one point in the severity score
(within a range of 10 points).

To interpret these findings, one first needs to consider that the
four DD-C-GAS subdomains are not independent of one another
but are highly intercorrelated. When considering the numerical
disparity between the changes in the two scales one should also bear
in mind two further aspects. First, the ADOS was administered
under narrowly defined conditions, i.e. within approximately 45
min of assessment in a novel environment by a clinician who was
initially unknown to the child and was not involved in the
treatment. In this regard, the ADOS could be viewed as an
objective assessment instrument administered under conditions
that were unlikely to lead to an overestimation of the child’s
capacities. In contrast, the DD-C-GAS ratings were based on
information provided by the child’s parents, who live and interact
daily with the child and who are most likely influenced by their
hopes and expectations of positive intervention effects as well as by a
generally positive attitude towards their own intervention. This
phenomenon of performance bias is ubiquitous although,
conversely, caregiver reports are considered to have superior
external validity (27). Second, ADOS ratings represent a current,
moment-based observation of autism symptoms, whereas the DD-
G-GAS includes observations and reports from a longer period,
converted into a clinician’s rating.

We also investigated whether and how the findings using the
ADOS corresponded to the more global behavioral assessments
based on the DD-C-GAS. There were mostly non-significant (and
Frontiers in Psychiatry | www.frontiersin.org 917
as expected, negative) correlations between the two instruments at
baseline, yet highly significant negative correlations at 1- as well as
2-year follow-up, i.e. cross-sectionally at three separate time
points. In contrast, there were no meaningful correlations
between score changes observed over time, except for the
changes between ADOS total score and the DD-C-GAS
subdomain social behavior (p < 0.01) at 1-year follow-up. At 2-
year follow-up, the changes between these two scores remained
relatively high, but did not reach statistical significance. As pointed
out before, the two instruments imply different metrics of
assessment, different sources of information and assessment
conditions, different observation periods and areas of
observation, as well as a different potential bias in favor of the
intervention. Given these differences, one might assume that the
changes seen on the two scales are both clinically relevant but
relatively independent of one another. Nevertheless, and
importantly, most children’s combined outcome scores were
located in the upper right quadrant of the scatterplots presented
in Figures 5 and 6, indicating improvement in autism symptoms
and level of functioning domains.

Changes on both scales were virtually independent of age and
severity of autism symptoms at baseline, suggesting that older
and more severely affected children may benefit to a similar
extent as younger children do from a FIAS intervention.
Although the small sample size in the current study does not
permit any general conclusion with regard to the optimal age
range for an intensive intervention such as FIAS, our
observations are in line with the results of a recent meta-
analysis that included 29 early intervention studies (3). These
authors found the largest effect sizes for communication
outcomes at the age of 3.8 years i.e. almost identical with the
median value of the children in our sample (43 months). Estes
et al. (2) found long-term effects 2 years after the end of an
ESDM intervention which children of less than 30 months of age
at baseline, suggesting the effectiveness of early intervention
approaches in very young children.

As the parents were instructed by FIAS therapists to continue
to provide regular play sessions under their supervision during
the 2 years of follow-up, we considered treatment adherence to
be of crucial interest in terms of intervention outcome. The
findings of a recent meta-analysis (3) suggest that the benefit of
early intervention is greatest when it is conducted by clinicians
but may also be significant when implemented by parents. The
authors observed that both the fidelity of clinicians in teaching
parents and the fidelity of parents in ultimately providing the
intervention in everyday life were of crucial importance to the
overall outcome. In the current study, treatment adherence in the
2 years following the intensive 18-days of in-house FIAS
treatment was evaluated by the reference therapist for each
family. In support of the conclusions drawn by Fuller & Kaiser
(3) we found a close and mostly statistically significant
relationship between parents’ treatment adherence and the
ADOS total and severity scores, indicating that the better
parents’ treatment adherence was, the lower the children
scored on the ADOS at 1- and 2-year follow-up. Interestingly,
correlations became even higher at 2-year follow-up. Overall,
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treatment adherence was satisfactory in our sample even though
a slight decrease over time was observed. Detailed evaluation of
treatment adherence at the level of each family revealed a
relevant factor of the decrease: as children grew older, the use
of external support facilities, such as kindergarten or special
education services as well as additional therapies, became more
time-consuming. Thus, regular, daily play sessions between
parents and their children in time may have become more
difficult to accomplish. The relationship between treatment
adherence and ADOS scores seems to be more meaningful
than the one between treatment adherence and DD-C-GAS
subdomain scores. This may be due to the fact that both,
treatment adherence and the ADOS, are external measures
assessed by independent clinicians, whereas the DD-C-GAS is
based on the parents’ reports. As stated earlier, the special
conditions of the FIAS approach do not allow a matched control
group to be included in a study. FIAS demands highmotivation and
commitment from parents, as well as intensive, active involvement
in the intervention both for the initial period of 18 days at the
treatment center and for continuing regular play sessions at home.
These factors cannot be emulated in a credible control group.

Table 7 provides core findings of seven published controlled
intensive intervention trials with young ASD children lasting
between 48 and 96 weeks. In three of these studies no relevant
positive changes in either ADOS Severity or Total Scores were
observed in the control groups, and three studies reported slightly
negative changes on TAU; the only paper reporting positive changes
of ADOS Severity Scores on TAU was the one by Rogers et al. (24).
However, this study differs from the others in at least two relevant
respects: The children included were younger (average 2 years) than
the ones in the other studies (average between 3.6 and 6 years), and
the average improvement observed in the control group was
numerically higher than in the group treated according to the
Denver model. A very recent paper by Robain et al. (26) reported
no positive changes in a TAU control group. This study is of
particular interest for a number of reasons: (a) the patient sample
is comparable to ours in terms of size and average age of the children
in the control TAU group; (b) like ours, the study was performed in
Switzerland, and it is reasonable to assume that the families involved
in it lived under similar socio-economic circumstances like the ones
participating in the FIAS study; (c) availability and use of additional
treatments (behavioral, educational) is comparable in Swiss urban
and suburban areas such as Geneva (26) and Basel (FIAS study). In
summary, there is no evidence from controlled studies that TAU
groups showpositive changes on a comprehensive clinical scale such
as the ADOS. Nevertheless, the changes we observed in favor of an
intervention benefit cannot be specifically attributed to the FIAS
treatment, as both maturation and influences such as family- and
other support-related variables may have affected the children’s
development. As Robain et al. (26) stated, children in either early
intervention as well as in community treatment settings usually
receive multiple interventions, yet specifically addressing social
communication development may be crucial to improve core
autism symptoms. This may explain the advantage of early
intensive intervention approaches in improving core autism
Frontiers in Psychiatry | www.frontiersin.org 1018
symptoms compared to nonspecific interventions reflected in
control group settings as TAU.

In conclusion, the results of the current study suggest that the
FIAS approach, which consists of an initial short and highly
intensive 18-day intervention period followed by 2 years of
parent-mediated follow-up care, had a positive impact on the
core autism symptoms as well as the adaptive functioning of the
children analyzed. Changes assessed with the more global clinical
scale DD-C-GAS were numerically more impressive, but were also
more likely to be biased by parents’ expectations, than were the
results from the ADOS scale. The reduction in core autism
symptoms and the higher level of functioning were found to be
independent of age and autism severity at the start of
the intervention.
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Background: Autism spectrum condition (ASC) is a lifelong neurodevelopmental
condition characterized by difficulties in social cognition and heterogeneity of executive
function which are suggested to be underpinned by neurobiological, prenatal and genetic
factors. Cognitive remediation (CR) interventions are frequently used to address cognitive
characteristics and improve cognitive and general functioning. However, the evidence is
limited for ASC. This systematic review is the first to provide a narrative synthesis of all
studies of CR interventions and ASC. The review aimed to delineate the development of
research in this area in both adolescents and adults, with implications for clinical practice
and future research.

Method: The review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta‐analysis (PRISMA) statement. The literature was reviewed
using the PubMed, PsycINFO, Web of Science, Scopus and Embase from inception to 1st
April 2020. Out of 1,503 publications, a total of 13 papers were identified as being relevant
for the review.

Results: The 13 studies meeting the inclusion criteria were: four randomized control trials
(RCTs); two non-randomized control trials, four case series, two feasibility studies and one
case study. A narrative synthesis of the data suggested that CR interventions are
potentially effective in improving social cognition and cognitive functioning in ASC.
RCTs supported the efficacy of CR interventions in improving social cognition and
executive functioning. Non-randomized control trials provided evidence for the
effectiveness of social cognition remediation interventions in ASC. Case series and a
case study have also supported the feasibility of CR interventions, including reflections on
their adaptation for ASC populations and the positive feedback from participants.

Conclusions: CR interventions are potentially effective in improving social cognition and
cognitive functioning in ASC. However, the generalizability of the included empirical
studies was hampered by several methodological limitations. To further strengthen
understandings of the effectiveness of CR interventions for ASC, future RCTs are
needed with larger sample sizes in exploring the long-term effectiveness of CR
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interventions, using age-appropriate valid and reliable outcome measures. They should
also consider the heterogeneity in neuropsychological functioning in ASC and the
mediating and moderating mechanisms of the CR intervention for ASC.
Keywords: autism, cognitive remediation, interventions, therapy, cognitive training, social cognition, adolescents, adults
INTRODUCTION

Autism spectrum disorder (ASD) is a lifelong neurodevelopmental
condition characterized by differences in reciprocal social
interaction, communication, language, and restricted and
repetitive behaviors (1). Although the term ASD is the term used
for medical diagnosis, we instead use the term Autistic Spectrum
Condition (ASC), which is the preferred term by people with the life
experience of this diagnosis (2). In the 1980s, ASC was considered
uncommon with a prevalence estimate of around 22 in 10,000 (3).
Nonetheless, with increasing recognition the ASC prevalence
estimate is now considered to be approximately one in 100 and
relatively common (4).

ASC is associated with a spectrum of manifestations and
behaviors that affect individuals in different ways. However, these
surface differences are theorized to be underpinned by a common
cognitive profile: inflexibility of thinking and heightened attention
to detail (5, 6). Furthermore, ASC is characterized by difficulties in
social cognition and heterogeneity of executive function which are
suggested to be underpinned by neurobiological, prenatal and
genetic factors (7). A recent systematic review and meta-analysis
aimed to systematically map non-social and social cognitive
functioning in autistic adults (8). Overall, the findings from 75
included studies comprising of 3,361 autistic people supported the
notion that autistic adults show difficulties in non-social and social
cognitive domains (theory of mind, verbal learning and memory,
emotional processing and perception, and processing speed). This
review highlights the significance of identifying remediation
interventions that target non-social and social cognition.

The timely identification of ASC can improve quality of life by
identifying needs and providing appropriate interventions (9). It
has been suggested that cognitive remediation (CR) interventions
targeting this underlying cognitive profile may be particularly
beneficial for this population (10). CR interventions are an
umbrella term for psychological interventions that use cognitive
training exercises to remedy difficulties in social cognition and
neuropsychological functioning. CR interventions aim to
encourage patients to reflect on their thinking styles, planning
strategies to enable them to make behavioral changes (11).

The use of cognitive training and later CR remedial
interventions were originally developed for use in brain lesions
(12, 13) and were then broadened for patients with schizophrenia
(14, 15); and adapted further for patients with anorexia nervosa
(AN); (11). CR interventions have demonstrated significant
improvements in neuropsychological tests of set-shifting (16, 17).

To date, four randomized control trials (RCTs) have been
conducted on the use of CR interventions and ASC. The findings
from these trials indicate that CR interventions can be effective
in improving cognitive flexibility, social cognition and
g 221
heterogeneity of executive function (10, 18–20). However, the
translation of the empirical study findings to further clinical
work in this field is hampered by methodological limitations
such as heterogeneity in participants clinical presentations,
variability in outcome measures used and small sample sizes.
Additionally, it is possible that standard CR interventions
developed for other populations may benefit from adaptations
for ASC populations, an area of research relevant to the
successful clinical implementation of these interventions in
this field.

Therefore, this systematic review aims to contribute to the
field of ASC interventions by presenting a narrative synthesise of
all peer-reviewed published studies of CR approaches in this
area. To our knowledge, this is the first paper to review the
literature specifically for CR interventions and ASC. Hence, the
paper aims to add to the field by providing a chronological
outline of the current literature and to discuss the implications of
these findings for future work in this area.
METHOD

Review and Search Strategy
The review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta‐analysis (PRISMA)
statement (21). The literature was reviewed using the PubMed,
PsycINFO, Web of Science, Scopus and Embase from inception to
1st April 2020. The search terms used were autis*—Asperger* and
cognit* with remed*—or train*–neuropsychology—cognitive
remediation therap*. These terms allowed for multiple spellings,
plurals and combinations.

Inclusion Criteria
The pre-determined inclusion criteria were [1] only published,
peer-reviewed English language journals; [2] studies of any design
(quantitative or qualitative) focusing on CR interventions and ASC
[3] empirical studies that include either adolescents or adults [4]
studies using any modality of treatment e.g. individual sessions or
group sessions.

The definition of CR interventions used for this review was not
restricted to cognitive remediation therapy (CRT) but included
other CR approaches such as cognitive enhancement therapy,
social cognition remediation programs, brain training tasks,
flexibility training, or CR interventions that had been adapted for
other populations and used for those with ASC. Additionally, the
review included studies examining CR approaches in relation to
autistic traits, as well as in populations with diagnosed ASC.
Furthermore, no limitations were set regarding age or measure of
neuropsychological characteristics. This allowed for a wider search.
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Exclusion Criteria
Non-English language publications (22) and empirical studies
that were not published in peer-reviewed journals were excluded.
Secondary systematic or narrative reviews on the wider topic of
CR interventions in mental health were also excluded (23–26).
However, the first author (YD) and principal author (KT) did
hand search the reference list of the reviews for studies relevant
to ASC populations to ensure that all empirical studies were
included in the final analysis for the review.
Study Selection and Data Extraction
The database searches and study selection were undertaken by
five authors. Figure 1 provides the PRISMA flow diagram (21) of
the studies retrieved for the review. The PubMed yielded 478
publications, PsycINFO 619 publications, Web of Science 137
publications, Scopus 239 publications and Embase 30
publications. Together the five searches yielded 1,503
publications. Publication titles and abstracts were screened
initially, and eligibility was established by reading the full texts.
Duplicates and those that did not meet the inclusion criteria
outlined below were removed. A manual reference search by
exploring the reference list of the eligible publications was also
conducted by the first author (YD) and principal author (KT) to
identify additional papers of relevance. A total of 13 papers were
then concluded as being relevant.
Frontiers in Psychiatry | www.frontiersin.org 322
Data Analysis
Due to the significant heterogeneity between participant
characteristics and outcome measures used, it was not feasible
to pool the data and undertake a meta-analysis. Therefore, a
narrative method of analysis was undertaken.
RESULTS

Study Selection
Table 1 summarizes information about the studies included in the
systematic review based on the inclusion criteria. Publications are
stratified according to publication type and chronological order,
giving insight into how research in this area has developed from
case series to RCTs. This paper restricts itself to summarizing the
findings narratively. CR interventions and ASC was examined in 13
studies; four RCTs (10, 18–20); two non-randomized control trials
(27, 28); four case series (30–32, 34); two feasibility studies (29, 33)
and one case study (35). Table 1 includes a summary of limitations
associated with each study that may impact interpretation.

Findings
Interventions
All of the interventions used in these studies were originally
developed for use in other populations, rather than specifically
designed for autistic people. The majority of the studies (n = 7)
FIGURE 1 | PRISMA flow diagram of the studies retrieved for the review.
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TABLE 1 | Characteristics of the included studies.

Outcome
easures

Summary of results Limitations

rnational
ective
ture
stem* and
RI-scans.

The results indicated a
statistically significant
improvement in facial affect in
the intervention group post
the computer-based
program.

Small sample size affected
power and limited the
generalizability of findings.
Gender bias by only
including male participants.

rsi-BTT,
IEF, SSRT,
Back task,
nder-
otion
itch-task*

The trend toward
improvement in working
memory and cognitive
flexibility. Not feasible for
autistic children.

High attrition rate. Targeted
isolated aspects of
cognition with limited
functional impact. Does not
specify participants gender

CS-J,
ST, CPT,
oRS-J,
SMI*

Intervention group improved
in working memory, executive
functioning, verbal fluency
and planning.

Small sample size. No
follow-up investigation to
determine the persistence
of the effect.

CB, WCST,
CEIT,
RT, PEDT,
AT, SCS*

CET significantly increased
neurocognitive function &
social cognition in
comparison to the control
group.

Small sample size affected
power. Treatment
conditions were not
matched (hours of
treatment).

tcome
asures

Summary of results Limitations

M, RME,
V & RMF*

Significant improvements on
measures of face and voice
recognition following
intervention.

Sample was not
randomized. The use of
computer-based tasks is
different to real life.

IT, Hinting
sk, SCSQ
SSPA*

Intervention group showed
significant improvement in
theory of mind & social
communication skills.

Small sample size and the
quasi-experimental nature
of the design where the
sample was not
randomized.
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RANDOMIZED CONTROL TRIALS

Study Aim of the study Design Inclusion
Criteria

Sample
characteristics

Intervention

Bölte et al. (18) Preliminary evaluation of the
development of a computer-based
program (using social cognition
remediation) to test and to treat
facial affect in autistic people.

RCT Participants to
have a diagnosis
of autism or
Asperger’s*.

n = 10 autistic
people aged 16–
40.

Computer-based
program to test
using social
cognition
remediation.

Int
Af
Pi
Sy
fM

De Vries et al. (10) To investigate the effect of a
working memory flexibility-training
compared to an active control
condition.

RCT Prior diagnosis of
ASC, IQ ≥80*
and absence of a
seizure disorder.

n = 121 children.
Diagnosed with
ASC.

‘Braingame Brian’:
executive function
training. 25 Group
sessions.

Co
BR
N-
Ge
em
sw

Miyajima et al. (20) To explore the effects of CRT using
the frontal/executive program for
ASC compared to treatment as
usual (normal supportive
psychotherapy).

RCT Outpatients
younger than
aged 60 & ≥9
years of formal
education.

n = 14 adult
outpatients.
Diagnosed with
ASC.

CRT using the
frontal/executive
program—44
individual sessions.
(2 sessions a
week).

BA
W
Sc
LA

Eack et al. (19) To examine the efficacy of CET for
improving core cognitive
(neurocognitive & social-cognitive)
and employment outcomes in
autistic adults.

RCT Diagnosis of
ASC, IQ ≥80*,
adults aged 16-
45 and young
people aged
16–17.

n = 33 adult, 7
adolescent male
outpatients.
Diagnosed with
ASC.

CET—60 h over 18
months. Individual
and group
sessions.

M
M
PE
PE

NON-RANDOMIZED CONTROL TRIAL

Study Aim of the study Design Inclusion
criteria

Sample
characteristics

Intervention O
m

Golan et al. (27) To teach autistic adults to
recognize complex emotions using
interactive multimedia. Using social
cognition remediation (SCR) to
improve the theory of mind.

Non-
randomized
controlled

Diagnosis of ASC
and not taking
part in any other
intervention.

n = 39 autistic
adults (32 males
and 7 females). 13
people in each
condition.

SCR using the
mind reading
intervention.
Individual and
group sessions.

CA
RM

Turner-Brown et al.
(28)

To evaluate the efficacy of social
cognition remediation to improve
social-cognitive functioning in high
functioning autistic adults.

Non-
randomized
controlled

Aged 18–55,
ASC diagnosis,
IQ ≥80.

n = 11 high
functioning autistic
adults

Group based
Social Cognition
and Interaction
Training modified
for autism.
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TABLE 1 | Continued

ry of results Limitations

ments in cognitive
s and social
n.

Small sample size, limiting
generalizability of the
results. Gender bias.

owed significant
effects on
gnition.

Small N. No follow-up
investigation to determine
the long-term persistence of
the effect. Does not specify
participants gender.

ovements following
patients with high
traits.

23% of participants were
only assessed for ASC with
self-report questionnaires.

nt improvement in
al abilities, executive
s and clinical
s following CRT

Small sample size. No
control group. Does not
specify participants gender.

in patient’s central
ce following CRT, but
istically significant.

Small sample size which
results in a lack of power to
detect statistical differences.

tients showed
ment in cognitive
but not central
ce.

Participants were only
assessed using ASC
screening tools and not the
full ASC diagnostic
measures.

ry of results Limitations

icated improvements
tive flexibility and
oherence.

Single case study,
therefore, hard to generalise
to a larger population.

ectrum Quotient (40); Corsi-BTT, The Corsi block tapping
-J, The Brief Assessment of Cognition in Schizophrenia-
lly Ill (49); MCCB, MATRICS Consensus Cognitive Battery
eading the Mind in the Voice task (54); RMF, Reading the
ssessment (59); CSQ-8, Client Satisfaction Questionnaire-
n Emotion Recognition Test-40 (62); PEDT, Penn Emotion
Fluency Tests (66); PFT, phonemic fluency task (67); SF,
Test (74); CFS, Cognitive Flexibility Scale (75); DFlex, The
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CASE SERIES

Study Aim of the study Design Inclusion
criteria

Sample
characteristics

Intervention Outcome
measures

Summa

Eack et al. (29) To examine the feasibility and
potential efficacy of CET in autistic
adults.

Feasibility
study

ASC diagnosis,
cognitive and
social disability,
IQ ≥80.

n = 14 young
autistic adults (12
males 2 females).

CET. 60 hours
over 18 months.
Individual and
group sessions.

CSQ-8, NIMH
MATRICS,
WCST,
CSSCEI,
PERT, SCP*

Improve
difficulti
cognitio

Hajri et al. (30) To investigate whether CRT
improves cognitive function in
autistic children.

Cross-
sectional

ASC diagnosis,
cognitive
difficulties*, on
stable dose/type
of medication.

n = 16 autistic
children, aged 6-
21 with regular
school curriculum.

Individual CRT 22
sessions (one
session per week).

CPM, VSFT,
PFT, SF, DST,
CARS*

CRT sh
positive
neuroco

Tchanturia et al. (31) To examine the treatment
response of group CRT in anorexia
nervosa patients with high or low
autistic traits.

Cross-
sectional

Adults with a
diagnosis of
anorexia nervosa.

n = 35 adult
inpatients with AN
diagnosis.

Group CRT 6
once-weekly
sessions.

Motivational
ruler, DFlex,
patient
feedback
questionnaire*

No imp
CRT for
autistic

Hajri et al. (32) To evaluate CRT’s effectiveness for
autistic children on executive
functions, clinical symptoms &
education.

Cross-
sectional

ASC diagnosis,
cognitive
difficulties*, on
stable dose/type
of medication.

n = 16 autistic
children and
adolescents, aged
6–21 with regular
school curriculum.

Individual CRT
adapted for young
autistic people,
once weekly.

CPM, HSCT,
ROCF, CARS

Significa
intellect
function
sympto

Okuda et al. (33) To investigate the effectiveness and
feasibility of CRT for ASC
individuals.

Single-
group pilot
study

ASC diagnosis,
aged 18–50, IQ
≥80.

n =16 female
outpatients (4
adolescents and
12 adults).

Individual CRT, 10
sessions (weekly or
biweekly).

Brixton, TMT,
ST, WCST,
ROCF, CFS*

Increas
coheren
not stat

Dandil et al. (34) To examine the difference in the
effects of individual CRT for
patients with AN and high autistic
features (HAF).

Cross-
sectional

Adult females
with a diagnosis
of AN and
completed the
AQ-10*.

n = 99 adult
female inpatients
diagnosed AN. (59
with HAF).

Individual CRT, 10
sessions (weekly or
biweekly).

ROCF, Brixton
SAT, DFlex*

HAF pa
improve
flexibility
coheren

SINGLE CASE STUDY

Study Aim of the study Design Inclusion
criteria

Sample
characteristics

Intervention Outcome
measures

Summa

Dandil et al. (35) To investigate the feasibility of
individual CRT for a complex single
case study of anorexia nervosa
(AN) and ASC.

Case study Diagnosis of ASC
and anorexia
nervosa.

n = 1 inpatient
autistic female
aged 21
diagnosed with
AN.

Individual CRT 13
sessions (twice a
week).

DFlex, ROCF,
Motivational
ruler, Brixton
SAT *

CRT ind
in cogn
central

*Diagnosis of ASC = (1, 36, 37), IQ, Intelligence Quotient (38); Cognitive difficulties, The Cognitive Styles and Social Cognition Eligibility Interview (39); AQ-10, The 10-Item Autism Sp
task (41); BRIEF, Behavioral Rating Inventory of Executive Functioning (42); SSRT, The stop-signal reaction time (43); N-back task (44, 45), Gender-emotion switch-task (46). BAC
Japanese version (47); CPT, Continuous Performance Test (48); SCoRS-J, Schizophrenia Cognition Rating Scale-Japanese version (48); LASMI, Life Assessment Scale for the Menta
(50); MSCEIT, The Mayer–Salovey–Caruso Emotional Intelligence Test (51); CAM, Cambridge Mindreading Face-Voice Battery (52); RME, Reading the Mind in the Eyes (53); RMV, R
mind in the films (55); FEIT, The Face Emotion Identification Test (56); The Hinting Task (57); SCSQ, Social Communication Skills Questionnaire (58); SSPA, Social Skills Performance A
8 (60); NIMHMATRICS, Consensus Cognitive Battery (50); WCST, Wisconsin Card Sorting Test (61); CSSCEI, Cognitive Style and Social Cognition Eligibility Interview (39); PERT, Pen
Discrimination Task (63); PEAT, Penn Emotional Acuity Test (64); SCS, the Social Cognition Profile (39); CPM, Raven Progressive Matrices (CPM); (65); VSFT, Verbal and Semantic
Semantic Fluency (68); DST, Digit-span task (69); CARS, Childhood autism rating scale (70, 71); HSCT, Hayling Sentence Completion Task (72); TMT, Trail making test (73); ST, Stroo
Detail and Flexibility Questionnaire (76); ROCF, The Rey–Osterrieth Complex Figure (77); Brixton SAT, The Brixton Spatial Anticipation Test (72).
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identified in the systematic review evaluated Cognitive Remediation
Therapy (CRT) interventions, originally designed for use in people
with schizophrenia (78). Three studies utilized this original
program, which included modules targeting cognitive flexibility,
memory, and planning (20, 30, 32). More recently CRT has been
adapted for use in people with AN, a manualized approach focusing
on cognitive flexibility and additions were made to address central
coherence—meaning that the adapted manual for eating disorders
added cognitive exercises supporting participants in “bigger
picture” thinking (11). This intervention was used in four studies
(31, 33–35).

Two studies investigated Cognitive Enhancement Therapy (19,
29). CET is a manualized CR approach originally developed for
people with schizophrenia that integrates computer-based
neurocognitive training with group-based training in social
cognition (39). Other interventions focusing on social cognition
remediation include the Social Cognition and Interaction Training
(SCIT); (79), which is a group intervention that was initially
developed for adults with psychotic disorders. One study used
SCITmodified for autism (28). SCIT targets various components of
social cognition, including theory of mind, emotion recognition,
and attributions as well as social interaction skills.

The use of social cognition remediation interventions using
computer-based protocols to improve the theory of mind in
autistic people was also used in a further two studies (18, 27).
This included the Mind Reading intervention (80) which is a
computer-based program on emotions and mental states. It is
aimed for children and adults to improve their ability to recognize
emotions in others. The three main sections in the program
include the Emotions Library (allows people to browse through
different emotions and emotion groups), the Learning Centre
(utilizes lessons and quizzes to teach emotions in a structured and
directive way) and the Games Zone (comprises of educational
games while studying about emotions). Finally, one study (10)
utilized the cognitive flexibility and working memorymodules of a
computerized executive functioning training program designed
for children with Attention Deficit Hyperactivity Disorder
(ADHD) known as ‘Braingame Brian’ (81).

Randomized Control Trials
The first RCT study on the social cognition remediation effects
on ASC provided a preliminary evaluation of the use of social
cognition remediation, using a computer-based program they
designed to test and to teach the recognition of facial affect and
improve theory of mind in autistic adults (18). Five of the
participants were randomly assigned to receive the computer
treatment and five were in the control group (n = 10). The results
indicated a statistically significant improvement in facial affect
(p <0.05, d = 3.59) in the intervention group post the computer-
based program.

Cognitive remediation effects on ASC were then explored
through working memory and cognitive flexibility-training for
autistic children using computerized cognitive training (10). The
final sample included 121 children who were randomly assigned
to an adaptive cognitive flexibility training, an adaptive working
memory training or non-adaptive training. ‘Braingame Brian’
(81) a computerized executive function training with game
Frontiers in Psychiatry | www.frontiersin.org 625
elements was used. They reported no significant change in
neurocognitive and psychosocial outcomes and disorder-
related symptoms (p >.05) with a small effect size (hp

2 =
0.01–\0.06). A marginal effect of improvement in working
memory, cognitive flexibility, and in disorder-related
symptoms was also highlighted.

The following RCT investigated the effects of CRT using the
frontal/executive program (FEP) for ASC compared to treatment
as usual (normal supportive psychotherapy), (20). The final
sample of 14 autistic adults were randomly assigned to one of
the groups. Of the initial 15 adults, seven (three males and four
females) were assigned to the intervention group, seven (five
males and two females) were assigned to the control group and
one person dropped out. After completion in the FEP program
they reported the intervention group significantly improved in
cognitive functioning (p = 0.018) working memory (p = 0.018),
verbal fluency (p = 0.008) and planning (p = 0.012) with a large
effect size (d = 2.73).

To date, the final RCT then examined the efficacy of
Cognitive enhancement therapy (CET); (39) in an 18-month
CR intervention for improving the core cognitive and
employment outcomes in 54 autistic adults (19). Participants
were randomly allocated to either the CET intervention which
incorporates computerized neurocognitive and social-cognitive
remediation or an active Enriched Supportive Therapy (EST);
(82) comparison focused on psychoeducation and condition
management. Participants included 32 adults and seven
adolescents. The results indicated that CET significantly
(p <.05) increased neurocognitive function in comparison to
EST (p = 0.13) and there was a medium effect size (d = 0.46).
Although EST was linked to social cognitive improvements,
CET demonstrated a larger improvement in social cognition
(p = .020) with a medium effect size (d = 0.58).

Non-Randomized Control Trials
The first non-randomized control trial utilized social cognition
remediation interventions, which concentrated on improving the
theory of mind in autistic adults (27). This systematic review will
focus on experiment two they reported in their study where the
outcome focused on social cognition. The authors used the Mind
Reading intervention (80) for autistic adults with weekly support
of a tutor for the intervention group. This group was then
matched to a control group of autistic adults attending social
skills training then another general population control group. 13
adults were included in each group (n = 39). Improvement of
emotion recognition skills was the target outcome measure.
Participants were included through two support organizations
and two colleges for autistic people. Autistic participants had all
been diagnosed using the established criteria (83). Self-reported
autistic traits were then assessed using the Autism Quotient
(AQ); (84) and the parent version of the AQ (85). The authors
found significant improvements on measures of face and voice
recognition in the intervention group (p <0.001, d = 0.14).

A subsequent non-randomized control trial then aimed to
evaluate the efficacy of social cognition remediation to improve
social-cognitive functioning in high functioning autistic adults
(28). The authors investigated the impact of group-based Social
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Cognition and Interaction Training (SCIT); (79) modified for
autism to treatment as usual in a pilot study using a non-
randomized control trial. The sample included 11 participants.
Six adults received SCIT for autism and five received treatment as
usual. They reported that participants who received the
intervention showed significant improvement in theory of mind
skills and trend level improvement in social communication skills
(p <0.05). The within-group effect size also indicated a large
treatment effect (d = 0.94).

Case Series and Case Study
Two different types of case series were identified: studies focusing
on pre and post CR assessments in single or multiple case series
and feasibility studies. The first case series in this area was a
feasibility study (29), in which authors examined the feasibility of
Cognitive enhancement therapy (CET); (82) for autistic adults.
Participants included (n = 14) young adults (12 males and two
females). They were recruited to participate in an uncontrolled,
18-month trial of CET adapted for autistic adults. The authors
reported that CET made a statistically significant (p <0.001)
improvement in cognitive performance, social behavior and
social cognition and social functioning proved to be the largest
domains of improvement within this study with a large effect size
(d = 1.40–2.29).

A cross-sectional study then investigated whether a CRT
intervention developed for adults with schizophrenia (78)
improved cognitive function in autistic children (30). 16 children
referred to the children and adolescent Psychiatric Department in
Tunisia completed the modified version of CRT adapted for
children. The main outcome measures; clinical symptoms,
executive function and school performance was calculated at
baseline and one week after completing the CRT intervention.
CRT showed significant positive effects on clinical symptoms (p =
0.001) and working memory (p = 0.006) for autistic children.

The treatment response of group CRT for people with AN
(11) was then examined in patients with AN and high or low
autistic traits (31). Participants included 35 adults with a
diagnosis of AN by a consultant psychiatrist based on the
Diagnostic and statistical manual of mental disorders, fifth
edition (DSM-IV); (1) with high or low autistic traits (40) on
an inpatient eating disorder unit. All participants completed self-
report questionnaires on motivation and thinking styles before
CRT and then after CRT. The results indicated that patients with
high autistic traits showed no statistically significant (p >.05)
improvements and negligible effect sizes in the self-reported
outcome measures for CRT (d = 0.10).

In another cross-sectional study, CRT (78) adapted for
autistic children and adolescents was used to evaluate the
effectiveness on executive functions, clinical symptoms and
school performance (32). The final sample included 16 young
people. Participants were evaluated pre-CRT intervention and
post-CRT intervention. The results supported that after CRT, the
young autistic people showed significant improvements in
intellectual abilities, phonemic flexibility, working memory,
school results and clinical symptoms (p <0.05) with a small
effect size (r2 = 0.95).
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Two more recent case series have examined the use of a CRT
intervention for people with AN in both autistic people, and
people with high autistic traits (11). A small prospective pilot
study in Japan (33) then aimed to investigate the effectiveness
and feasibility of CRT for anorexia nervosa (11) for ASC
individuals. 19 patients diagnosed with ASC were included in
the study. Outcome measures were given to participants pre-
CRT, post-CRT and at 3-month follow-up. Results demonstrated
an increase in the patient’s central coherence following CRT.
However, these results were not statistically significant (p >.05)
although the magnitude of the effect was large (d = 0.80).

Furthermore, a preliminary study aimed to examine the
difference in the effects of individual CRT treatment for adult
female’s diagnosed with anorexia nervosa with either high or low
ASC characteristics (34). In total 99 inpatients on an eating
disorder unit were initially included in the intervention. Out of
the 99 inpatients, 59 patients met the threshold for high autistic
traits using the 10-Item Autism Spectrum Quotient (AQ‐10);
(40). However, there was only complete data for 25 (41%) of the
patients that scored with high autistic features. The results
indicate that participants with high autistic features showed
significant improvements in cognitive flexibility (p <0.001)
after CRT with a large effect size (d = 0.77). However, scores
did not show a statistically significant improvement in central
coherence (p >.05), although there was a larger mean difference
of −0.15 (0.38).

The clinical implementation of CRT for AN in ASC
populations was investigated in more detail in a single case
study (35). To the authors’ knowledge, this is the only case
study in this area. They investigated the feasibility of individual
CRT adapted for AN (11) for a complex single case study of a
21-year-old inpatient female diagnosed with anorexia nervosa
and ASC. The paper reflects on possible adaptations to enhance
the efficacy of CRT for this population. The results suggested
improvements in central coherence and cognitive flexibility
following CRT. The authors argue that this study provides
preliminary support of the efficacy of individual CRT, before
proceeding to more complex psychological work, such as
cognitive behavioral therapy.
DISCUSSION

Summary of Main Findings
This systematic review aimed to contribute to the field of ASC by
presenting a narrative synthesis of all studies of CR interventions
and ASC. Thirteen studies met the pre-determined inclusion
criteria. However, several methodological challenges made it
difficult to appraise the empirical studies comprehensively.
Overall, the results suggest CR interventions are potentially
effective in improving social cognition and cognitive functioning
in ASC. The review findings are broadly consistent with an earlier
review that focused on the current status of CR for psychiatric
disorders (26). However, the review only included two RCTs on
CR interventions and ASC (10, 20).
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The four RCTs presented in this paper, although varying in
terms of study design, aims and sample characteristic, depict how
CR interventions are currently being implemented in diverse
settings for ASC. The first RCT study on the social cognition
remediation effects on ASC (18) found an improvement in social
functioning and theory of mind in autistic people. Though,
limitations of this study included its small sample size, which
affected power and limited the generalizability of the findings
and its gender bias by only including male participants. Two
further studies (10, 20) then supported the efficacy of CR
interventions in improving working memory. One of these
studies reported that a CRT intervention using the frontal/
executive program is effective in improving executive functioning
in ASC patients, and in particular to those with impaired frontal
lobe function (20). However, the limitations of this RCT included
its small sample size. There was also no follow-up investigation to
determine the persistence of effect. A following RCT then found
that CET increased neurocognition function and improved non-
social and social cognition for ASC individuals in comparison to
the control group (19). However, the small sample size affected
power and the treatment conditions were also not matched in
terms of the hours of treatment received.

Despite the limitations of the RCTs, three of the studies (18–
20) support the feasibility and potentially effective treatment of
CR interventions for core cognitive and social cognition domains
in autistic adults. However, one of the RCTs found that the
computerized executive training with game elements ‘Braingame
Brian’ (81) at present will not be feasible for autistic children due
to the absence of a clear effect and high attrition rate (10).

The two non-randomized control studies included in this
review utilized computer-based social cognition remediation to
improve the theory of mind in autistic people (27, 28). Both their
results showed an improvement in social cognition for autistic
people following the interventions. However, it is important to
note that while there is an increasing trend in the use of
computer-based interventions and approaches, at present there
is no research evidence supporting that they are more effective
than non-computer-based interventions. Although computer-
based interventions can provide controlled and structured
assessments, they can be different to real-life. For instance, in
one of the studies, participants reported that they found it easier
to recognize emotions and mental states on the computer instead
of in real-life social situations (27). Hence, the interpretation of
findings from computer-based programs to real-life functioning
should be interpreted with caution.

Studies identified were predominantly case series and have
supported the feasibility and acceptability of individual CR
interventions with positive feedback from participants (29, 30,
32–34). However, the case series identified had small sample sizes
which resulted in a lack of power to detect statistical differences
and limits the generalizability of the findings. The design of these
studies also cannot draw causal conclusions about the effect of CR
interventions. Additionally, one cross-sectional study examined
group CRT for those with high autistic traits and found no
improvements following the intervention (31). The intervention
used was CRT for anorexia nervosa (11) that may have needed to
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be adapted further for ASC participants. In particular, the group
environment may have presented additional difficulties for
participants on the spectrum.

Notwithstanding the findings from the studies included in the
review, caution is apt in concluding the current evidence for
several other reasons. Some participants in the studies on AN
populations did not have a full ASC diagnosis and were only
assessed using ASC screening tools and self-report questionnaires
(31, 34). However, people with AN on the spectrum are often
undiagnosed, and these screening tools are used clinically to
inform diagnostic referrals (86).

Furthermore, the studies in this review used various CR
programs for a diverse range of age groups, with a variety in
intensity, duration, measurement tools and target of the
cognitive domain. Thus, this diversity may contribute to
inconsistent findings and effect sizes as evident in Table 1. In
addition, the potential role of other variables is unclear from the
present research. For example, the training each facilitator may
have had for delivering CR interventions may have also differed,
and the results may have been affected by participants learning
effect. Finally, ASC research typically focuses on males which are
also evident in some of the studies included in this review.
Compared to males, females are at elevated risk of their ASC
going undiagnosed as their difficulties are frequently mislabeled
or missed entirely (87). This may be a result of the “female
phenotype” of ASC characteristics, with females showing fewer
repetitive and restricted behaviors than males and prone to
“camouflage” their social difficulties (6, 88). This review suggests
that the field of eating disorders is leading on the inclusion of
females with autistic traits in this field of research, with the highest
population of female participants self-reporting autistic traits in this
review included from this population (31, 34).

It is notable that all of the interventions identified in this
systematic review were originally developed for use in other
clinical populations (brain injury, schizophrenia, AN, ADHD).
Previous research on psychological interventions suggests that
they may need to be adapted for ASC populations (89). While
larger studies are needed, the single case study presented in this
review explored adapting CRT on an individual level,
highlighting potential adaptations that can be useful for the
ASC population (35). There is a no ‘one-size-fits-all’ approach
as each autistic person is unique, however, possible modifications
to CR interventions can include clarifying sensory sensitives,
accommodating certain routines and rituals, providing clear
examples using a didactic style, reducing the number of skills
taught and checking understanding. Other adaptations included
the individuals wider social network and using colorful visual
materials. One of the case series included in this review also
made adaptations to CRT for young autistic people by making
the tasks simpler and “funnier” (32). Furthermore, the CET
intervention was also adapted, by including psychoeducation
about ASC, providing greater support with the interventions, and
adapting the computer program to eliminate sounds that might
be uncomfortable for participants with sensory difficulties (29).

Although some of the studies were limited, they are informative
and have useful implications when considering future
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developments in clinical practice and service provision. Early
intervention program for ASC are increasingly being held to the
matching standards as traditional medical trials. Thus, the practical
and collaborative nature of CR interventions can be appealing for
the ASC population as an early intervention. The findings also
indicate that clinicians delivering CRT interventions for
conditions, particularly eating disorders, should be mindful of
the possibility of patients presenting with ASC, or high autistic
traits, as this may impact outcomes. Collecting information
on ASC characteristics such as social and communication
difficulties, restricted and repetitive behaviors, and differences in
neuropsychological functioning can assist clinicians in making
suitable modifications to meet individual needs.

Implications for research include further rigorous studies with
large sample sizes such as RCTs that help to better understand the
mediating and moderating factors for CR interventions in ASC, as
well as the effectiveness and acceptability of CR interventions.
Moreover, it is important to increase research into establishing
reliable and valid outcome measures through developing
measures tailored to the specific needs of individuals with ASC
and determining normative thresholds for this population.

Limitations
This systematic review has several limitations that should be noted.
First, although we undertook the search using several databases, we
excluded non-English language publications. Second, while we
searched the published literature systematically, the potential
publication bias could not be eliminated, for instance,
retrospectively searching trial registers for any potentially
unpublished studies. Finally, the various interventions and
outcome measures used in the identified studies prevented a
meta-analysis, limiting our ability to draw conclusions around
efficacy or to assess the risk of bias.

Conclusions
To our knowledge, this is the first paper that presents a narrative
synthesis of all studies of CR interventions in ASC, and the first
paper delineating its research development from single case
studies to RCTs. The review findings indicate that CR
interventions are potentially effective in improving social
cognition and cognitive functioning in ASC. However, the
generalizability of the included empirical studies was hampered
by several methodological limitations. To further strengthen our
understanding of the effectiveness of CR interventions for ASC,
future studies should focus on [1] developing the evidence base
about the mediating and moderating mechanisms of CR
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interventions in ASC, [2] exploring the long-term effects of the
treatment, [3] integrating treatment approaches that target both
non-social and social cognition difficulties, [4] devising further
large scale RCTs exploring the effectiveness of CR interventions
in both adolescent and adult populations using age-appropriate
valid and reliable outcome measures, and taking into account the
heterogeneity in neuropsychological functioning in ASC.
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Cognitives et Intégratives d’Aquitaine

(INCIA), France

*Correspondence:
Wataru Sato

wataru.sato.ya@riken.jp

Specialty section:
This article was submitted to

Child and Adolescent Psychiatry,
a section of the journal
Frontiers in Psychiatry

Received: 17 April 2020
Accepted: 07 August 2020

Published: 04 September 2020

Citation:
Sato W, Uono S and Kochiyama T
(2020) Neurocognitive Mechanisms

Underlying Social Atypicalities in
Autism: Weak Amygdala’s Emotional

Modulation Hypothesis.
Front. Psychiatry 11:864.

doi: 10.3389/fpsyt.2020.00864

HYPOTHESIS AND THEORY
published: 04 September 2020
doi: 10.3389/fpsyt.2020.00864
Neurocognitive Mechanisms
Underlying Social Atypicalities in
Autism: Weak Amygdala’s Emotional
Modulation Hypothesis
Wataru Sato1*, Shota Uono2,3 and Takanori Kochiyama4

1 Psychological Process Team, BZP, RIKEN, Kyoto, Japan, 2 Organization for Promoting Neurodevelopmental Disorder
Research, Kyoto, Japan, 3 Department of Developmental Disorders, National Institute of Mental Health, National Center of
Neurology and Psychiatry, Tokyo, Japan, 4 Brain Activity Imaging Center, ATR-Promotions, Kyoto, Japan

Autism spectrum disorder (ASD) is a neurodevelopmental condition associated with
atypicalities in social interaction. Although psychological and neuroimaging studies have
revealed divergent impairments in psychological processes (e.g., emotion and perception)
and neural activity (e.g., amygdala, superior temporal sulcus, and inferior frontal gyrus)
related to the processing of social stimuli, it remains difficult to integrate these findings. In
an effort to resolve this issue, we review our psychological and functional magnetic
resonance imaging (fMRI) findings and present a hypothetical neurocognitive model. Our
psychological study showed that emotional modulation of reflexive joint attention is
impaired in individuals with ASD. Our fMRI study showed that modulation from the
amygdala to the neocortex during observation of dynamic facial expressions is reduced in
the ASD group. Based on these findings and other evidence, we hypothesize that weak
modulation from the amygdala to the neocortex—through which emotion rapidly
modulates various types of perceptual, cognitive, and motor processing functions—
underlies the social atypicalities in individuals with ASD.

Keywords: amygdala, autism spectrum disorder (ASD), emotion, emotional facial expression, functional magnetic
resonance imaging (fMRI)
INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental condition associated with atypicalities in
reciprocal social interaction (1). Characteristic symptoms of social atypicalities in individuals with
ASD include difficulty in perception and recognition of faces and facial expressions (2–4), eye gaze
(5–7), action (8–10), and the inner states (11–13) of other individuals.

The neurocognitive mechanisms underlying the social atypicalities of ASD remain elusive.
Psychological studies have shown that various types of social cognitive processes are atypical in
individuals with ASD compared with those of typically developing (TD) individuals; these atypicalities
include emotional, perceptual, cognitive, and motor processing (14). In ASD groups, functional
neuroimaging studies also revealed atypical brain activity associated with processing of social stimuli
in multiple brain regions, including the amygdala, fusiform gyrus, superior temporal sulcus, and
g September 2020 | Volume 11 | Article 864132
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inferior frontal gyrus (15–17). However, it remains difficult to
integrate these divergent psychological and neuroscientific
findings to explain the social atypicalities of ASD.

In this article, we briefly review our psychological and
neuroscientific findings and present a neurocognitive model
seeking to further the understanding of this issue. Our
psychological experiment revealed that individuals with ASD
exhibit impaired rapid emotional modulation of attentional shift
triggered by gaze. Our functional magnetic resonance imaging
(fMRI) study demonstrated that individuals with ASD exhibit weak
modulatory effects from the amygdala to the neocortical network
during the observation of facial expressions. Based on these
findings and other evidence, we speculate that weak modulation
from the amygdala to the neocortex, via which emotion rapidly
modulates various types of perceptual, cognitive, and motor
processing functions, underlies the social atypicalities of
individuals with ASD.

Psychological Study of Emotional
Modulation of Reflexive Joint Attention
In the first psychological experiment, we investigated the
modulatory effect of emotion on reflexive joint attention (18).

Clinical observations have suggested that one of the most
obvious social atypicalities in individuals with ASD is a deficit of
joint attention with others (19). However, a number of
experimental psychological studies found that individuals with
ASD can exhibit intact reflexive joint attention using the cueing
paradigm (20, 21). In an effort to resolve this discrepancy, some
studies in TD individuals showed that reflexive joint attention
can be positively modulated by emotional facial expressions,
especially when presented dynamically (22–29), although the
effects with static expressions are still debated (30). A
developmental study showed that this emotional enhancement
of joint attention starts by at least 7 years of age (28). Some
studies found that higher autistic traits are associated with
weaker emotional enhancement of reflexive joint attention (27,
31). Numerous studies reported that individuals with ASD are
impaired in terms of processing emotions in facial expressions
(2–4, 32), even at the rapid, unconscious processing stage (33);
thus, we hypothesized that individuals with ASD would show
impaired joint attention when gaze cues were combined with
Frontiers in Psychiatry | www.frontiersin.org 233
emotional facial expressions. However, direct evidence of this
was lacking. Other studies testing the integration between gaze
and emotional expressions in individuals with ASD using
different paradigms have reported mixed findings (34–38).

We tested this hypothesis in adolescent/adult individuals with
ASD and TD controls using a dynamic fearful gaze as the cue of
the cueing paradigm.

Methods
We tested 11 high-functioning individuals with ASD (three
women; mean ± SD age, 17.5 ± 6.5 years) and 11 age- and sex-
matched TD individuals (three women; mean ± SD age, 19.5 ±
2.2 years). All participants in the ASD group had intelligence
quotients (IQs) in the normal range and were diagnosed with
Asperger’s disorder or pervasive developmental disorder not
otherwise specified (PDD-NOS) with milder symptoms of
Asperger’s disorder.

As cue stimuli, dynamic fearful and neutral facial expressions
with changing gaze directions were presented (Figure 1);
dynamic expressions were created from the photographs of
neutral and fearful faces (39) using computer morphing.
Stimuli were sequentially presented from neutral to 100%
fearful under fearful gaze conditions. Under the neutral gaze
condition, only the gaze direction was dynamically changed.

In each trial (Figure 1), after point fixation, a dynamic fearful
or neutral facial cue with the eyes directed toward either the left
or right was presented at the center of the monitor. Subsequently,
a target letter “T” appeared in either the left or right visual
field Participants were instructed to specify as quickly as
possible whether the target appeared by pressing a button; the
reaction times (RTs) of button pressing were measured. The
participants were instructed that the cues were non-predictive of
target appearance.

Results
The RT differences between valid and invalid conditions were
used as indices of the gaze cueing effect. One-sample t-tests for
RT differences (Figure 1) showed that the gaze cueing effects
were significantly greater than zero in response to both fearful
and neutral cues in both the ASD and TD groups. Emotion (fear,
neutral) × group (ASD, TD) analysis of variance revealed a
FIGURE 1 | Study by Uono et al. (18). (Left) Illustration of dynamic fearful gaze. (Right) Mean (± standard error) reaction time differences between invalid and valid
gaze conditions for autism spectrum disorder (ASD) and typically developing (TD) groups.
September 2020 | Volume 11 | Article 864

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Sato et al. Neurocognitive Mechanisms of Autism
significant main effect of emotion and a significant interaction.
Follow-up analyses of the interaction demonstrated that the
gaze cueing effect was significantly greater in response to
fearful cues than to neutral cues in the TD group, but not in
the ASD group.

Discussion
Our data under the neutral condition confirmed that gaze cues
triggered reflective joint attention in individuals with ASD as
observed in previous studies.

More importantly, the gaze cueing effect was greater in
response to fearful cues than to neutral cues only in the TD
group. The results demonstrate that a dynamic emotional
gaze does not facilitate reflexive joint attention in individuals
with ASD. Our results may, at least in part, account for the
discrepancy between clinical observations and experimental
findings in terms of joint attention in individuals with ASD. In
naturalistic communication, emotional gaze by other individuals
provides important information regarding their evaluation of
attended objects (40) and their inner mental state (41).
Therefore, although TD individuals evidently show reflective
joint attention with the facilitative effect of emotion, individuals
with ASD may fail to show such emotional joint attention; this
lack of attention may result in difficulty in social learning and
social interaction.

Our results indicate that emotional modulation of attentional
processing is impaired in individuals with ASD, although their
reliability should be further confirmed due to the relatively small
sample size and several possible confounding factors (e.g., age).
Similar findings have been reported in other studies that
used different experimental paradigms. For instance, one
previous study using the visual search paradigm showed that
the facilitated perception of happy facial expressions in TD
individuals was lacking in individuals with ASD (42). When
dynamic facial expressions with subtle emotions were presented
and participants were instructed to match the image in the
response panel to the final image of the stimulus, individuals
with ASD were less likely to perceive exaggerated facial
expressions than were TD individuals (43). Another study
showed that automatic congruent facial responses to emotional
facial expressions were reduced in individuals with ASD
compared with TD individuals; however, basic facial motor
functions were not impaired in individuals with ASD (44).
These data suggest that emotional modulation of various types
of perceptual, cognitive, and motor processing functions may be
atypical in individuals with ASD.

fMRI Study of the Amygdala-Neocortex
Network During Facial Expression
Processing
In the second fMRI experiment, we explored the functional
neural networking patterns underlying atypical processing of
dynamic facial expressions (45).

Multiple previous fMRI studies have evaluated the brain
activities associated with atypical facial expression processing
in individuals with ASD [e.g., (46)]. Although the results varied
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somewhat, most studies reported that observation of emotional
facial expressions induced less activation in the ASD group than
the TD group, in both subcortical regions (e.g., the amygdala)
and neocortical regions (e.g., the fusiform gyrus, superior
temporal sulcus, and inferior frontal gyrus). A considerable
body of neuropsychological and neuroimaging evidence from
TD individuals implies that these brain regions are related to
specific social information processing, such as emotional
evaluation in the amygdala (47), visual decoding of faces in the
fusiform gyrus and superior temporal sulcus (48), and action-
observation matching in the inferior frontal gyrus (49). These
data suggest that reduced activity in these subcortical and
neocortical regions may underlie atypical facial expression
processing in individuals with ASD. Among these regions, the
amygdala has long received much attention in ASD research
based on divergent lines of evidence; for example, the amygdala
works as a hub for brain regions associated with social perception
and social affiliation (50), which are affected in individuals with
ASD; amygdala-damaged monkeys show abnormal behavioral
symptoms similar to ASD (51, 52); and the amygdala in
individuals with ASD show structural regional abnormalities,
both microscopic (53, 54) and macroscopic (55, 56), and
connectivity abnormalities (57).

However, the coupling patterns between the subcortical and
neocortical regions during observation of emotional facial
expressions in individuals with ASD remain unclear. A
previous study (58) investigated this issue in TD individuals by
analyzing fMRI data while the participants observed dynamic
facial expressions using dynamic causal modeling (DCM); this
allows inferences to be drawn about the causal and directional
effects among brain regions (59). The models compared included
those considering a modulatory effect of dynamic expressions
from the amygdala to the neocortical network, from the
neocortical network to the amygdala, and a joint effect. The
optimal model was that featuring a modulatory effect from the
amygdala to the neocortical network. This result is compatible
with anatomical findings in monkeys; specifically, the amygdala
receives inputs via subcortical visual pathways that bypass the
neocortical visual pathways (60), and it sends projections to
many neocortical regions, including the visual and motor
cortices (61). Based on these data and the above-described
psychological findings on reduced emotional modulation of
facial expression processing in individuals with ASD, we
hypothesized that modulation of the neocortical network by
the amygdala during observation of dynamic facial expressions
may be reduced in individuals with ASD.

We tested this hypothesis in an fMRI experiment with ASD and
TD groups. The participants passively observed dynamic facial
expressions of anger and happiness and dynamic randomized
mosaic images (control stimuli). Following analysis of group
differences in regional brain activity, we performed DCM
and compared models featuring modulation of dynamic
expressions from the amygdala to the neocortical network, from
the neocortical network to the amygdala, and a joint effect. We
predicted that the first model would optimally explain the between-
group differences.
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Methods
We tested 31 high-functioning individuals with ASD (nine
women; mean ± SD age, 27.2 ± 8.5 years) and 31 age- and sex-
matched TD individuals (nine women; mean ± SD age, 24.2 ± 1.0
years). All participants in the ASD group had IQs in the normal
range and were diagnosed with Asperger’s disorder or PDD-
NOS with milder symptoms of Asperger’s disorder.

The dynamic expression stimuli used were video clips of
Japanese models that progressed from neutral to angry or from
neutral to happy in terms of facial expression (Figure 2).
Dynamic randomized mosaic images were created using the
same materials. All dynamic expression frames were divided
into very small squares and randomly re-ordered to yield
dynamic information lacking facial features. Corresponding to
the original dynamic expressions, the mosaic image stimuli were
serially presented as a moving clip.

During each stimulus trial, after point fixation, the dynamic
face or dynamic mosaic stimulus was presented. During each
dummy-target trial, a red cross was presented instead of the
stimulus and participants were instructed to press a button when
the cross appeared.

Image scanning was performed with the aid of a 3-T
scanning system at ATR Brain Activity Imaging Center.
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Image analyses (Supplementary Figure 1) featured standard
preprocessing procedures and statistical tests at the group level
(62). For data analyses, first region of interest (ROI) analyses
were conducted using multivariate analyses of covariance and
follow-up univariate t-tests. Then, DCM was performed in a
standard manner (63–65). To investigate the direction of
functional interaction between the amygdala and neocortex,
seven brain regions (the pulvinar, amygdala, primary visual
cortex, fifth visual area, fusiform gyrus, superior temporal
sulcus, and inferior frontal gyrus) of the right hemisphere
were selected (Figure 2). The coordinates of each ROI were
derived from the results of a previous study (58). We assumed
that the neocortical, social signal processing, network was in
play based on previous evidence (66, 67). We also assumed that
the subcortical visual pathway to the amygdala processed
emotional facial expressions based on previous evidence (68,
69). Three models were constructed in terms of the direction of
the modulatory effects (i.e., change in the connectivity between
regions caused by experimental manipulation) of dynamic
facial expressions: from the amygdala to the neocortex,
from the neocortex to the amygdala, and bidirectional
(Figure 2). We compared these models and selected that
which optimally explained the data (70). Between-group
FIGURE 2 | Study by Sato et al. (45). (Upper) Regions of interest in terms of regional brain activity and dynamic causal modeling analysis rendered on the spatially
normalized brain of a representative participant. The degree of activation (a stronger response to dynamic facial expressions vs. dynamic mosaics in typically
developing (TD) vs. autism spectrum disorder (ASD) groups) is overlaid using a red-yellow color scale. (Middle) Models for differences between ASD and TD groups
in terms of the modulatory effect of dynamic expression in dynamic causal modeling. Arrows indicate intrinsic connections between brain regions. Red circles
indicate modulation of dynamic expression. (Lower left) Illustration of dynamic facial expression. (Lower right) Results of model comparison for group differences.
Amy, amygdala; FG, fusiform gyrus; IFG, inferior frontal gyrus; STS, superior temporal sulcus; V5, fifth visual area/middle temporal area.
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differences in the modulatory effects of dynamic expressions
were also evaluated (71).

Results
ROI analyses revealed that activities in the predefined brain
regions during observing dynamic facial expressions (compared
with dynamic mosaics) were significantly lower in the ASD than
the TD group.

We used DCM to compare three models of the modulatory
influences of dynamic facial expressions between the amygdala
and neocortical network (Figure 2). This revealed that modulation
of dynamic facial expressions from the amygdala to the neocortical
network best explained the differences between the ASD and TD
groups (Figure 2). The profile of modulatory effects demonstrated
that modulation of dynamic expressions was reduced in all
connections from the amygdala to the neocortical regions in the
ASD group.

Discussion
The overall activities of the subcortical and neocortical regions
involved in specific aspects of facial expression processing (e.g.,
the amygdala) were reduced in the ASD group during
observation of dynamic facial expressions. These results are
largely consistent with previous findings (46, 72).

Furthermore, DCM demonstrated that the model featuring
modulation of dynamic facial expression from the amygdala to
the neocortical network optimally explained the differences
between the ASD and TD groups. The ASD group exhibited
reduced modulation. The atypical functional networking
patterns in individuals with ASD are in line with the previous
description of weak modulation of dynamic expression within
neocortical regions (72) and weak resting-state connectivity
between the amygdala and neocortical regions (73) in ASD
groups. However, this is the first evidence that modulation
from the amygdala to the neocortex is weak in individuals with
ASD during dynamic facial expression processing.

Neurocognitive Model of Weak
Amygdala’s Modulation in Autism
In summary, our psychological data demonstrate that
individuals with ASD exhibit impaired rapid emotional
modulation of attentional shift triggered by gaze. Our fMRI
study demonstrated that individuals with ASD exhibit weak
modulation from the amygdala to the neocortex during facial
expression processing.

Although there is minimal direct evidence in individuals with
ASD related to these topics, findings and theories in TD
individuals have provided suggestions to further understand
these psychological and neural phenomena. From a
psychological perspective, considerable evidence and influential
theories suggest that emotional processing can be rapidly
implemented, even before subjective stimulus perception (74).
Abundant evidence and theories suggest that emotional
processing can modulate various types of other cognitive and
motor processes (75, 76). Furthermore, psychological theories of
emotion suggest that emotional processing is conducted for each
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external stimulus regardless of clear subjective experience (77).
These data suggest that rapid emotional modulation of other
processes is important in social interaction.

From a neural perspective, previous functional neuroimaging
studies in TD participants have revealed that the amygdala
implements emotional processing of external stimuli, even
before conscious perception of the stimuli, via subcortical
visual pathways (68, 78). Electrophysiological studies directly
recording electric amygdala activity demonstrated that emotion-
related activity occurs in the amygdala within 100 ms (79).
Earlier DCM of electrophysiological data from TD participants
suggested that modulation of dynamic facial expressions from
the amygdala to the neocortical network commences before 200
ms (58). Other electrophysiological studies with TD individuals
also showed that the emotional modulation of the neocortex
during facial expression processing begins at approximately
200 ms (80, 81). Collectively, these data suggest that the
amygdala rapidly modulates activity in the neocortex via the
subcortical visual pathway, in accordance with the emotional
significance of stimuli.

Based on our results, together with these data, we formulate a
hypothesis regarding the neurocognitive mechanisms underlying
social atypicalities of ASD (Figure 3). From a psychological
perspective, individuals with ASD have weak implementation of
[1] rapid emotional processing and [2] emotional modulation of
diverse processing of social stimuli. From a neural perspective,
individuals with ASD have reductions in [1] rapid emotion-related
amygdala activity via the subcortical visual pathway at
approximately 100 ms and [2] emotion-related modulation from
the amygdala to the widespread neocortical network at
approximately 200 ms, which are associated with modulated
perceptual, cognitive, and motor processing of social stimuli.
This hypothesis can integrate previous psychological and
neuroscientific findings of atypicalities in divergent psychological
and neural processing in individuals with ASD, as described in
the Introduction.

We also hypothesize that the neurocognitive mechanisms of
weak amygdala modulation may be important during early
development in individuals with ASD. Researchers have
proposed that subcortical regions functioning from early
infancy, such as the amygdala, show a bias to face- and eye-
like stimuli; these regions develop cortical specialization for face
and gaze processing through modulation of cortical activity (82).
An anatomical study with large samples identified the smaller
volume of subcortical regions (e.g., the amygdala) throughout
development in individuals with ASD compared with TD
individuals (56). However, it is unclear whether infants later
diagnosed with autism initially exhibit a lack of bias to face and
direct gaze (83). Investigation of the response to emotional facial
expressions might be a promising approach to more effectively
differentiate typical infants from infants with high risk of autism,
because emotional facial expression triggers a robust activation
of the amygdala (84); moreover, emotional sharing during joint
attention facilitates the development of social functions (85).
There have been few studies regarding this perspective in early
infancy, although a recent study demonstrated a comparable
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attentional bias to fearful facial expressions in infants at low and
high risks of ASD (86). To confirm the hypothesis of weak
amygdala modulation in response to social stimuli, future studies
should explore the processing of emotional facial expressions
and the underlying neural correlates in individuals with ASD
from infancy to adulthood.

Our hypothesis positing weak amygdala’s modulation of the
widespread neocortical regions may have practical implications,
suggesting that improved amygdala activity might exert several
positive effects on perceptual, cognitive, or motor processing of
social stimuli. Consistent with this notion, a previous study has
shown that electrical stimulation of the amygdala in individuals
with ASD modified their autistic symptoms and face-to-face
interaction behaviors (87). The influence of oxytocin may also be
relevant. Some previous psychological studies have shown that
intranasal administration of oxytocin to individuals with ASD
facilitated their perceptual and cognitive processing of emotional
facial expressions (88, 89). An fMRI study demonstrated that
improved emotion recognition based on facial expressions due to
intranasal administration of oxytocin was associated with increased
amygdala reactivity in response to facial stimuli in ASD and TD
participants (90). Modulation from the amygdala to the neocortical
regions may thus explain the behavioral influences of oxytocin in
individuals with ASD, although the effect of oxytocin on social
atypicalities in ASD remains controversial (91). In sum, electrical or
pharmacological intervention to modulate the activity of the
amygdala may usefully improve social functioning in individuals
with ASD.

However, it must be noted that several issues remain, and future
extension of this work is needed. First, because the hypothetical
model was proposed based on relatively few findings, more
evidence is needed, especially neuroscientific evidence. Because
psychological studies have demonstrated atypical emotional
modulation of social stimuli in individuals with ASD using
various types of psychological tasks (e.g., the cueing paradigm),
neuroimaging investigation using such tasks could provide direct
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tests of the neurocognitive model we proposed. Testing different
stimuli (e.g., movies and live interactions) would be valuable, as
previous fMRI studies have reported different activation patterns
with different stimuli; for example, static social stimuli evoked
different patterns of neural activity compared to dynamic stimuli in
individuals with ASD (46, 72).

Second, because findings regarding ASD could be subject to
multiple confounding factors, such as trait anxiety (92) and
alexithymia (93), which could be associated atypical amygdala
function (94, 95), further investigations would be needed to
separate the effects of core ASD symptoms from the effects of these
factors on psychological and neural activity in the proposed model.

Third, the neurocognitive model we propose in this article may
not be specific to ASD but common across several
neurodevelopmental and neuropsychiatric disorders. Some
studies have reported behavioral problems having to do with
emotional modulation and neurological abnormalities in
amygdala activity and connectivity in other clinical groups. For
example, previous studies have reported that individuals with
attention-deficit hyperactivity disorder were impaired in emotion
recognition from facial expressions (96) and showed atypical
amygdala activity (97). Both the sensitivity and specificity of the
model in describing the social atypicalities of ASD should be tested.
CONCLUSIONS

Based on our psychological and neuroimaging data and other
related evidence, we presented our hypothetical neurocognitive
model that weak modulation from the amygdala to neocortical
regions—through which emotion rapidly modulates various types
of perceptual, cognitive, and motor processing functions—
underlies social atypicalities in individuals with ASD. Our model
may enable integration of divergent psychological and
neuroscientific findings showing atypical psychological and
neural processes in individuals with ASD. However, the model
FIGURE 3 | Hypothetical neurocognitive mechanisms underlying social atypicalities of autism spectrum disorder (ASD). In this model, individuals with ASD exhibit
weak emotion-related activation in the amygdala via the subcortical visual pathway at approximately 100 ms (left). They also exhibit weak modulation from the
amygdala to the widespread neocortical network, which is associated with modulated perceptual, cognitive, and motor processing functions of social stimuli, at
approximately 200 ms (right).
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lacks sufficient evidence. We hope that our hypothesis will
stimulate empirical research regarding social atypicalities in
individuals with ASD.
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Social interaction in individuals with Autism Spectrum Disorder (ASD) is characterized by
qualitative impairments that highly impact quality of life. Bayesian theories in ASD frame an
understanding of underlying mechanisms suggesting atypicalities in the evaluation of
probabilistic links within the perceptual environment of the affected individual. To address
these theories, the present study explores the applicability of an innovative Bayesian
framework on social visual perception in ASD and demonstrates the use of gaze
transitions between different parts of social scenes. We applied advanced analyses with
Bayesian Hidden Markov Modeling (BHMM) to track gaze movements while presenting
real-life scenes to typically developing (TD) children and adolescents (N = 25) and
participants with ASD and Attention-Deficit/Hyperactivity Disorder (ASD+ADHD, N = 15)
and ASD without comorbidity (ASD, N = 12). Regions of interest (ROIs) were generated by
BHMM based both on spatial and temporal gaze behavior. Social visual perception was
compared between groups using transition and fixation variables for social (faces, bodies)
and non-social ROIs. Transition variables between faces, namely gaze transitions
between faces and likelihood of linking faces, were reduced in the ASD+ADHD
compared to TD participants. Fixation count to faces was also reduced in this group.
The ASD group showed similar performance to TD in the studied variables. There was no
difference between groups for non-social ROIs. Our study provides an innovative,
interpretable example of applying Bayesian theories of social visual perception in ASD.
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BHMM analyses and gaze transitions have the potential to reveal fundamental social
perception components in ASD, contributing thus to amelioration of social-
skill interventions.
Keywords: Bayesian theories, social perception, eye movements (EM), hidden Markov models (HMM), advanced
analysis, autism spectrum disorder (ASD)
INTRODUCTION

Autism Spectrum Disorder is a heterogeneous disorder, with
qualitative impairments in social interaction being one of the
cardinal symptoms (1). Considering the challenges these
symptoms evoke in everyday life of affected people and the
need for effective interventions, many theories in autism
spectrum disorder have laid their focus upon social cognition
(2–4). Some of the most recent and promising theories are the
Bayesian theories of autism spectrum disorder, which also unify
a wide range of its clinical characteristics. In this Bayesian
framework, it is suggested that perception in autism spectrum
disorder is atypically resistant to prior acquired information,
thus the affected individual engages with an “almost always new”
input in probabilistic terms when experiencing an event (5). This
implicit divergence in predictive coding is also referred to as
«Hypothesis of Predictive Impairment in Autism» (6). Regarding
social perception, these theories can explain manifestations of
autism spectrum disorder such as atypicalities in apprehending
social stimuli, inferring social causalities, predicting social
intention or developing a regulating system for social
processes (7).

Social interactions can be more demanding, complicated and
unpredictable than one tends to believe (8). A basic source of
social perception is visual and thus the orientation of gaze is
crucial for the observer in order to comprehend social signals
(9). Therefore, recording of gaze movements with the eye-
tracking technique represents an objective measure in
studying social perception (10). Common practices include
measurements of fixation direction and duration at different
parts of social scenes. Usually, stimuli are differentiated in social
(e.g. faces, bodies) and non-social elements (e.g. objects) (11).
Such paradigms have been widely investigated and particularly
eye tracking provides insights about the underlying
mechanisms of the social understanding in autism spectrum
disorder (12, 13). On the one hand some studies report that
participants with autism spectrum disorder prefer looking to
non-social in comparison to social stimuli (14) and less to faces
compared to non-face parts of a social scene (15). Moreover,
regarding atypicalities in following the gazes of others, deficits
in joint attention have been shown in participants with autism
spectrum disorder (16). On the other hand, there are studies
reporting no difference regarding social attention between
participants with autism spectrum disorder and their typically
developed peers (17). Also, it has been reported that deficits of
joint attention are specifically found in its initiation part and
not in the response to joint attention (18). Albeit such
inconsistencies, studies suggest that participants with autism
g 242
spectrum disorder focus less on social elements than typically
developing controls (19).

However, with the established methods of gaze analysis, the
actual process of social perception is limited to a quantification of
attention isolated to specific areas. Particularly, they mostly refer
to fixation variables, in terms of time spent in predefined,
manually drawn, regions of the scene (20). This quantification
of social focus neglects the importance of actively combining
different aspects of the stimuli, for example the gaze connection
between two interacting people in a social scene. Nevertheless,
the linking between informational areas has been reported to
reflect the actual gaze patterns of individuals (21). In gaze
movement terms, the linking of visual inputs is defined as
transitions and refers to the saccadic paths between Regions of
interest (ROIs), namely a cluster of fixations gathered in an
informative area, e.g. a face or a body. Moreover, in order to
perceive social information, there is a tendency to orient the gaze
to the face, particularly the eyes of the presented person (22).
Therefore, when looking at a scene of people interacting, it is
likely to orient the gaze from one face to another, as part of social
content exploration (23). Consequently, linkage of socially
relevant areas is neither completely random nor completely
deterministic and is thus related to a certain degree of
probability (24).

Leaning on Bayesian theories of autism, social understanding
in autism spectrum disorder can also be atypical at the level of
engaging with the aforementioned probabilistic associations,
namely gaze transitions. Prior inputs and the inference of
further outputs are regulated by the strength of these
associations (25) which in visual perception can be manifested
in the interdependence of successive fixations. In other words,
the current point of gaze is influenced by the previous one and
further the current step affects the next gaze shift (26). Moreover,
the actual attentional processing of the individual looking at a
scene remains “hidden” in the sense that it cannot be observed
directly but can be inferred through the gaze movements. Under
this perspective, the underlying mechanisms of the atypical social
perception in individuals with autism spectrum disorder are still
unclear and require analyses that treat social visual perception as
a process that unfolds in space and time and accounts for its
probabilistic components.

Our study applies Bayesian Hidden Markov Modeling
(BHMM) (21, 27, 28) to capture both dynamics and structure
of visual exploration of social scenes in autism spectrum disorder
and typical developed (TD) children and adolescents. A BHMM
represents the moment-to-moment evolution of a random
variable whose values are observable (the observable stochastic
process) and generated conditionally on the temporal evolution
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of a hidden random variable (the hidden or latent process). The
hidden variable can take values over a finite number of states and
the state at the current timepoint only depends on the state at the
previous timepoint, representing a Markovian process. In the
example of eye tracking, gaze data can be addressed as time-
series of a stochastic Markovian process (29). Both the model
selection (number of ROIs) and the learning of the BHMM
parameters are completely data driven. Further, the specific kind
of BHMM we are exploiting here (30) also allows for the
hierarchical representation and inference of group gaze
behavior and attention dynamics (see also Methods section
2.4.1). We surmise that prior distributions on individual and
group parameters of gaze behavior inferred at the data analysis
stage can be usefully integrated with Bayesian models of sensory
input in order to provide a broader sensorimotor account of
atypical behavior in ASD.

Finally, the recent DSM-V diagnostical guidelines (1) recognize
the comorbidity of autism spectrum disorder with other
conditions and enable for the first time their simultaneous
diagnoses. Particularly it is reported that around 70% of
individuals with autism spectrum disorder might also fulfill the
criteria for another co-morbid mental disorder and approximately
40% can have two or more co-morbid mental disorders (1).
Common comorbid conditions include anxiety disorders,
epilepsy, depression, gastrointestinal symptoms, challenging
behavior, sleep problems, toileting, and feeding issues (31–36),
as well as Attention-Deficit/Hyperactivity Disorder (ADHD) (37).
Interestingly, even before DSM-V, studies have reported ADHD
traits in populations with autism spectrum disorder in the areas of
attention and social cognition (38). Moreover, symptoms of
ADHD in autism spectrum disorders have been also associated
with impairments in executive function (39). In our study,
considering the feasibility of a dual diagnosis of ASD and
ADHD, we included autism spectrum disorder participants both
with comorbid ADHD (from now on referred to as ASD+ADHD)
and without (from now on referred to as ASD). Thus, we consider
current diagnostic recommendations and the emerging research in
the comorbid group, highlighting its clinical significance and
manifestation (40, 41).

Thus, our study aims to demonstrate a novel approach in
psychiatric research applying BHMM to gaze data of ASD, ASD
+ADHD participants and TD controls with stimuli depicting
real-life social scenes. Apart from considering the comorbid
group as a separate entity, other novelties of our approach
from a methodological standpoint include: i) the feasibility of
applying advanced analytical methods to clinical populations, ii)
the investigation of both fixation and interpretable transition
variables and, more subtle, iii) the integration of both i) and ii) in
the principled framework of Bayesian inference. Beyond the
technical novelties that to the best of our knowledge have not
been exploited in this research field, this latter aspect paves the
way to bridge advanced methods for data analysis with Bayesian
theories of autism spectrum disorder. In particular, approaches
focusing on active inference (42) suggest that the core aspects of
autism relate fundamentally to how individuals sample the
world. Indeed, the very idea of sampling is at the heart of the
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BHMM: giving the current state, sampling the next ROI and, in
turn, sampling the new gaze position. We hypothesize that
compared to the control group, the autism spectrum disorder
groups will show less dynamical links, in terms of gaze
transitions, between the socially relevant ROIs and also fixate
less the presented social elements.
METHODS

Participants
Inclusion criteria were normal or corrected-to-normal vision,
native-speaker level in the local language, age between 10 and 14
years and intelligence quotient (IQ) within two standard
deviations at the lower end (≥70) (43). Exclusion criteria were
strabismus, diagnoses of Tourette syndrome, specific reading
disorder, epilepsy or other neurologic disorders, severe
psychiatric disorders like schizophrenia, acute depressive
episode, suicidal ideation and any known ASD- or ADHD-
related specific genetic syndrome. Initially, 59 participants were
examined (26 TD, 18 ASD+ADHD and 15 ASD). Recordings of
seven participants not fulfilling eye-tracking quality criteria (see
below in Apparatus) were excluded (1 TD, 3 ASD+ADHD and 3
ASD). Finally, data of N = 52 participants were available for
analysis, namely N = 25 TD (average age: ± one standard
deviation 12.1 ± 1.5 years; 52% male; IQ: 110 ± 17), N = 15
participants with ASD and co-morbid ADHD (ASD+ADHD;
age: 12.0 ± 1.0 years; 93% male; IQ: 96 ± 15) and N= 12
participants without comorbidity (ASD; age: 12.3 ± 1.1 years;
83% male; IQ: 103 ± 21). Diagnoses were made by a group of
clinical psychologists and child and adolescent psychiatrists
based on International Classification of Diseases (ICD-10)
criteria. Details on diagnostic tests and screenings applied are
described in the Supplementary Data. Other comorbidities
included for the ASD group: diurnal/nocturnal enuresis (N =
2), specific insect phobia (N = 1), developmental dyspraxia (N =
1), mixed receptive-expressive language disorder (N = 1), chronic
tic disorder (N = 1), obsessive compulsive disorder (N = 1); and
for the ASD+ADHD group: diurnal/nocturnal enuresis (N = 1),
adjustment disorder (N = 1), vocal tic disorder (N = 1),
expressive language disorder (N = 1). The study was approved
by the institutional ethics committee. All participants and their
parents gave their written informed consent before participation.

Apparatus
Participants were seated in a sound attenuated cabin, with a
distance of 70 cm from a 24”-screen (1920 × 1080 pixels, 60 Hz).
Stimuli were presented with Presentation® software (version
17.2, Neurobehavioral Systems, Inc., Berkley, CA). Binocularly
gaze recordings were accomplished with the iView RED250
system (Senso-Motoric Instruments GmbH, SMI, Teltow,
Germany; sampling rate: 120 Hz). Based on 5-point calibration
an accuracy of <0.05° was achieved for every participant. Data
were preprocessed and exported with SMI-BeGaze version 3.7,
using its default fixation classification, where fixations are
defined as events of minimum 60 milliseconds and with a
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maximum dispersion of 2 degrees. Blinks and off-screen fixations
were excluded. To ensure adequate gaze data quality only data
sets with a tracking ratio >75% and a total fixation time above
50% of the stimulus duration had been included.

Stimuli and Procedure
The participants completed a battery of eye-tracking tasks, totaling
90 minutes with breaks, while for the free-viewing stimuli, two pairs
of stimuli with real-world pictures were presented – two depicting
one actor and two depicting four actors. Total task duration,
including instruction and calibration, was less than 10 minutes
and eye movements were recorded for 120 seconds per stimulus.
Beforehand, questioning about the pictures was announced to
ascertain the attention of the participant. An experimenter sat
with the participant in the cabin and care was taken to adapt task
progression to each participant’s demands.

Data Analysis
Markov Modeling
In the present study, we use a Bayesian Hidden Markov Model
(BHMM) as previously described (27, 28). The BHMM relies on
a finite number of hidden states (in this study, Regions of
Interest, ROIs) and contains a vector of prior values, which
indicates the probability of a time-series beginning with each
state; a transition matrix, which parameterizes the transition
probabilities between any two hidden states; and a Gaussian
emission for each state, which represents the probabilistic
association between recorded eye fixation locations and a
hidden state. Different from a classic, frequentistic Hidden
Markov Model (HMM), a Bayesian HMM treats the HMM
parameters (e.g., the transition matrix) as random variables
and assigns Gaussian emissions on such parameters. At the
learning stage, a Bayesian variant of the parameter estimation
algorithm automatically penalizes model complexity via the
distributions on the model parameters. A variational Bayesian
expectation maximization (VBEM) algorithm is being used
starting from the priors and learning the model parameters in
a data-driven way. Further, it provides the option for learning
shared fixation patterns and producing representative ROIs, by
clustering individual BHMMs using a variational hierarchical
expectation maximization (VHEM) algorithm (30).

The scanpath modeling and classification with hidden Markov
models toolbox (27, 28) was applied in MATLAB (R2018b, The
MathWorks, Natick, MA, United States) for the analysis following,
separately for the picture with four depicted actors (stimulus A) and
one depicted actor (stimulus B). Default hyperparameters were used.

In this study each participant was summarized by an individual
HMM, the observable process being the gaze positions that the
participant generates while sequentially deploying attention to a
finite number of ROIs. The process analysis was composed of the
following steps:

Step 1) Scan-paths of all participants from every group are
clustered by BHMMs with the goal of generating representative
ROIs (see Figure 1).

Step 2) Scan-paths of each participant are modeled by
individual BHMMs, which are initiated from the representative
ROIs found in step 1.
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Two features describe the data-driven generation of attentional
states for both steps. Firstly, the ROIs are assumed to be the hidden
attentional states. While the participant is dwelling on a specific
ROI, a number of actual gaze positions is generated by sampling
from an emission probability distribution, with a decreasing
probability from center to periphery. Thus, a single fixation
receives a posterior probability of belonging to a ROI and is
assigned to the ROI where it exhibits the highest probability.
Secondly, during the process of ROI generation the above
modeling additionally considers a temporal third dimension,
namely the duration of every single fixation. Thus, the term
“regions” of interest in this study, although potentially misleading
at the first glance, does not refer to a spatial entity alone, but also
incorporates the temporal component of each fixation duration as
well as its displacement in the x and y axis. Importantly, this
temporal component considers the processing speed in terms of
fixation duration of every single fixation (44). Moreover, the
temporal dimension incorporated in the BHMM accounts for the
processing of visual attention as it unfolds in time (27).

Definition of Gaze Variables
The ROIs were categorized in social and non-social, former
consisting of depicted faces and bodies and latter included
ROIs containing objects and background. For the purpose of
this study we define transition and fixation variables as follows.

Transition variables investigate the dynamical links between
any combination of ROI pairs and can be expressed as transition
count and transition probabilities. Transition count is the actual
amount of unidirectional transitions between two given ROIs.
The Bayesian transition probability is an essential part of the
BHMM and expresses for each individual the probability of a
unidirectional transition taking place between two given ROIs
during the experiment. For our analysis, we considered social-to-
social and non-social to non-social ROI pairs (hereinafter
referred as social and non-social transitions). The social
transitions were composed of the following transition pairs:
face to face, body to body, face to body and body to face.

Additionally, established fixation variables were calculated
based on the three BHMM ROI types (faces, bodies and non-
social ROIs). Fixation and visit count were defined as the number
of fixations or visits in a specific ROI category, respectively. A
visit describes the event, beginning from the entrance of the gaze
into a ROI and ending at its exit. Thus, a visit can contain one or
more fixations (45).

Finally, total fixation duration, defined as the total amount of
time spent on a stimulus, regardless of ROI, and total transition
count representing the total number of transitions performed in
one stimulus were calculated.

Statistical Analysis
Linear mixed effects models were applied separately for each gaze
variable and each ROI category similar to (46) using the
statistical software R (R Core Team, v 3.6.1) and the lme4
library (v 1.1-19). In general, the patient group was the main
effect term of interest. The number of depicted actors and the
interaction term of the two main effects served as additional fixed
effects, although not of primary interest. Before introducing total
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fixation duration or total transition count as covariates in the
model, the effect of patient group on these variables was
examined (47). P-value <0.05 was used for statistical significance.

For the transition variables the model was structured as follows:

transition variable ∼ 1 +  group  +  actors  + group :  actors 

+  total transitions  +  (1 j participant)
where participant group (TD, ASD+ADHD, ASD) and number of
depicted actors (one or four) were the fixed effects with an
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interaction term. The covariate total transitions per stimulus was
centered at its mean. The analysis was performed for the five
available ROI combinations and analogous model structures were
used for the variable of transition probabilities. Due to the nature of
the later variable no covariate term was applied in this case.

For the basic fixation variables (fixation and visit count) the
model was structured with the same fixed effect terms as above
and with individual mean-centered total fixation duration (in
seconds) per stimulus as a covariate, separately for the three
ROI types:
FIGURE 1 | Illustration of the composition of Regions of Interest (ROI) and the process of their generation. The ROIs depicted here were formed from gaze data of
all participants, including the fixation durations. i) lower layer: the input stimulus A. ii) middle layer: the stimulus with separate modeled ROIs, depicted as flattened
two-dimensional Gaussian distributions, where the concentric ellipses depict the probability of a fixation belonging to that ROI, decreasing from center to periphery.
iii) upper level: an alternate illustration of the same Gaussian distributions, here in three-dimensional representation. In the background the Gaussian distributions of
the fixation duration are depicted, which for each ROI were also based on the data of all participants.
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fixation variable  ∼  1 +  group + actors +  group :  actors 

+  total fixation duration  +  (1 j participant)
RESULTS

Generated ROIs
The process of ROI generation by the BHMM is visualized in
Figure 1, exemplary for stimulus A. The ROIs represent
Gaussian distributions of probabilities at x-y coordinates,
which can be best understood as 3D Gaussian bells with the
highest probability in the center and decreasing probability to
the periphery. In order to semantically separate the elements of
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the scenes, the optimal number of ROIs was found to be N = 10
for stimulus A and N = 13 for stimulus B. Additionally, the
temporal dimension of each single fixation duration is
integrated. Thus, the gaze variables investigated here, based on
the BHMM and the respective ROIs, represent the processing of
visual attention evolving in time and consider the temporal
aspect of attention processing. Considering the categorization
into social and non-social ROIs, one BHMM state of each
stimulus representing sparse fixations with the longest
durations and no regional pattern was not included, resulting
in 12 ROIs for stimulus A and 9 ROIs for stimulus B. For
stimulus A 8 ROIs were categorized as social (5 for faces and 3
for bodies), while for stimulus B there were 2 social ROIs (1 face
and 1 body) (see also Figure 2 and Supplementary Figure S1).
FIGURE 2 | Generated ROIs and results for transition and fixation count. Upper: The ROIs of stimulus A formed from the gaze data of all participants are shown as
Gaussian distributions, categorized in “social” (composed by faces and bodies) and “non-social”. The probability of a fixation belonging to a ROI is decreasing from
center to periphery. Here, the outer borders of the ROIs represent the 95% of the Gaussian distribution. Lower left: transition count for the different types of transition
and groups. Lower right: fixation count for the different ROI categories and groups. Bar charts are composed of mean estimates and standard error. Color-matching
to groups is explained in the figure legend. Note the statistic significant lower the transition and fixation count for the ASD+ADHD group compared to the TD for the
ROI of faces (* denotes p-value < 0.05, ** denotes p-value < 0.01).
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Transitions
The total count of transitions for stimulus A was on average ± one
standard deviation 304 ± 56, 290 ± 57, and 302 ± 66 for groups TD,
ASD+ADHD and ASD, respectively. For stimulus B it was 298 ± 52,
293 ± 49, and 300 ± 32, respectively. The total transition count did
not differ statistically neither between groups nor stimuli (p = 0.808
and 0.843, respectively, see supplementary Table S1). It was
nevertheless added as a covariate to the subsequent analysis, for
reasons of completeness (47) (see Supplementary Table S1).

Social Transitions
The total count of social transitions was on average 96 ± 26 for the
TD group, 83 ± 23 for the ASD+ADHD group and 96 ± 21 for the
ASD group (see also Supplementary Table S2). Mixed-effects
analysis revealed a significant effect of clinical group, regarding
transitions between faces. Compared to the TD group, transition
count between faces was overall lower for the ASD+ADHD group
(mean estimates ± standard error 5.2 ± 0.8 vs 8.4 ± 0.6, p = 0.002, see
Table 1), while the ASD group did not differ (7.8 ± 0.9). Figure 3
illustrates gaze trajectory recordings for one exemplary participant
out of each group. Noticeably, the participant of the comorbid
group avoided transitions between faces, whereas the ASD
Frontiers in Psychiatry | www.frontiersin.org 747
participant showed a rigid pattern in comparison to the
TD participant.

The other social transitions were lower in the ASD+ADHD
compared to the TD group, nevertheless did not differ
statistically. Particularly, the transition count from body to
body and 8.5 ± 1.2 vs 10.2 ± 0.9 (p = 0.267), face to body:
1.9 ± 0.2 vs 2.4 ± 0.2 (p = 0.057) and body to face: 1.0 ± 0.2 vs
1.2 ± 0.2 (p = 0.357). The ASD group did not show any
statistically significant different transition values to the TD
group for any of the four social categories (see Table 1).

Similar results were shown for transition probabilities, where
transition between faces was significantly different, with lower
values for the ASD+ADHD group (mean estimates ± standard
error, 22 ± 2%) compared to the TD group (30 ± 2%, p = 0.012),
while there was no difference for the other transition categories
or for the ASD group. The complete results are summarized in
Supplementary Tables S3, S4.

Non-Social Transitions
The total count of non-social transitions was on average ± one
standard deviation 146 ± 41 for the TD group, 150 ± 44 for
the ASD+ADHD group and 148 ± 40 for the ASD group. The
TABLE 1 | Results of mixed effects analyses on transition counts and probabilities for social and non-social ROIs.

F-value Estimated means p-value

Group Effect TD ASD ASD + ADHD TD vs. ASD TD vs. ASD+ADHD

A. Transition count
face to face 4.86 8.4 ± 0.6 7.8 ± 0.9 5.2 ± 0.8 0.622 0.002**
body to body 0.62 10.2 ± 0.9 9.7 ± 1.3 8.5 ± 1.2 0.757 0.267
face to body 3.1 2.4 ± 0.2 2.7 ± 0.3 1.9 ± 0.2 0.406 0.057
body to face 0.5 1.2 ± 0.2 1.2 ± 0.3 1.0 ± 0.2 0.972 0.357
non-social ROIs 0.3 4.8 ± 0.3 4.6 ± 0.4 5.1 ± 0.4 0.757 0.549
B. Transition probability
face to face 3.2 30 ± 2 26 ± 3 22 ± 2 0.251 0.012*
body to body 0.4 38 ± 2 39 ± 3 36 ± 3 0.721 0.540
face to body 1.4 11 ± 1 11 ± 1 13 ± 1 0.730 0.098
body to face 0.1 9 ± 1 8 ± 1 8 ± 1 0.915 0.618
non-social ROIs 0.4 24 ± 1 23 ± 1 24 ± 1 0.439 0.980
Se
ptember 2020 | Volume
F-value for the fixed effect of clinical group and post-hoc tests for groups (with p-value) are listed. Estimated mean values are mean ± standard error. Mean estimate values for transition
probabilities are in %. * denotes p-value < 0.05,
** denotes p-value < 0.01.
ASD, Autism Spectrum Disorder; ADHD, Attention Deficit and Hyperactivity Disorder; ROIs, Regions of interest.
FIGURE 3 | Gaze trajectory recordings of three different exemplary participants (from left to right: TD, ASD and ASD+ADHD). Note the differences in exploration,
transitions between faces and non-social ROIs.
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ASD+ADHD group showed higher, yet not-significantly
different, transition counts in non-social ROIs (average ±
standard error: for TD 4.8 ± 0.3, for ASD+ADHD 4.6 ± 0.4,
for ASD 5.1 ± 0.4) and similar transition probabilities (average±
standard error: for TD 0.24 ± 0.01, for ASD+ADHD 0.24 ± 0.01,
for ASD 0.23 ± 0.01, non-significant, see Supplementary
Materials S3, S4).

Fixation Variables
The variable of total fixation duration, used as a covariate for the
subsequent analyses, did not differ statistically between groups or
between stimuli (p-value=0.158 and 0.549, respectively,
Supplementary Table S1). Compared to the TD group, the
number of fixations on faces was lower in the ASD+ADHD
group (average ± standard error: 22 ± 2.2 vs 27.7±1.7, p = 0.046),
while there were no significant differences to the ASD group (28.7 ±
2.5) (see Figure 2 and Supplementary Table 5). The number of
visits to faces did not significantly differ between groups (average ±
standard error: for TD 16.1 ± 1.0, for ASD+ADHD 14.8 ± 1.3, for
ASD 17.3 ± 1.5, non-significant). For the body ROIs and for the
non-social ROIs there were no significant group differences for the
two fixation variables (see Supplementary Table 6).
DISCUSSION

We set out to investigate social perception in autism spectrum
disorder groups under the framework of the current Bayesian
autism spectrum disorder theories and using, to our knowledge for
the first time in this field, dynamic gaze modeling with Bayesian
Hidden Markov Models (BHMM) on real-life scenes. We found
that gaze transitions between faces were significantly less in the
ASD+ADHD group compared to TD. Interestingly, transitions
between faces were also less likely, in terms of probabilities, to
occur in the ASD+ADHD group. Regarding established gaze
variables, fixation count to faces was reduced in ASD+ADHD,
whereas visit count to faces did not differ across groups. Moreover,
the ASD group showed similar social visual perception to TD in the
studied variables. Finally, there were no differences between groups
in the non-social transitions and fixation variables. Therefore, the
hypothesis of reduced social perception in participants with autism
spectrum disorder was confirmed particularly for the comorbid
group and only for the face regions.

Transition variables, reflecting a more dynamical aspect of
gaze, were sensitive to group differences and seem to reflect
atypicalities of social visual perception. According to our results,
the reduced amount and likelihood of social transitions did not
come with an overall reduced visit count in the ROIs, indicating
that differences found in transition variables are a consequence
of reduced gaze linkages between the stimulus elements. Besides,
it is important to note that the regression analysis controlled for
total transition count. Our results confirm recent suggestions in
the eye tracking literature, that not only the fixations per se, but
also the dynamical linkage of fixation clusters contribute to
individual differences in gazing behavior (21). Surprisingly,
there is a gap in autism spectrum disorder literature exploring
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transitions between social elements in social scenes. A possible
reason for this lack of studies investigating social transition may
be the fact that the importance of presenting social interaction
has been highlighted only recently (48). Therefore, the majority
of studies until then have been focusing on a quantification of
attention in isolated social elements of the presented stimuli.
Thus, our study supports the measurement of social transitions
as an objective variable for investigating social perception in
autism spectrum disorder.

The present study has a special bearing for current influential
theories of autism spectrum disorder (7). Specifically, the
hypothesis of “Predictive Impairment in Autism” (6) is
associated with Markov models and the hypothesized impaired
capability of individuals with autism spectrum disorder to
evaluate the probabilistic links within their environment. In
our example, the social elements of each scene represent the
hidden states of a Markov process and the probabilistic links
between them are reflected by the respective transition
probabilities. Hence, if it is more likely to visually link two
faces that interact with each other and this behavior is considered
typical for social understanding, then in case this linkage is less
likely, the social understanding might be atypical. This atypical,
or even impaired, understanding could presumably lead to more
frequent “surprises” – or prediction errors –, an outcome of
social interactions that is usually undesired (7). Thus, the
approach introduced here composes an illustrative example of
the appropriateness of a Bayesian framework on social visual
perception in autism spectrum disorder research.

Here, we incorporate not only conceptual but also
methodological advantages. Social perception is regarded and
analyzed as a dynamical process that unfolds in space and time,
thus being more representative of the evolving gaze trajectories
(49). To deal with this complexity in the analysis of eye-tracking
data, few dynamical approaches have been previously proposed.
Based on the calculation of transition and entropy measures,
children with autism spectrum disorder were shown to utilize
immature exploration strategies for faces (50). Another study,
applied networking analyses on transition data showing that
autism spectrum disorder participants differ from controls in the
aspect of centrality when exploring faces (51). Expanding on
these viewpoints, our study shows following strengths. Firstly,
participants were presented full-featured real-life social scenes
and not isolated faces, following recommendations regarding the
importance of naturalistic assessments for quantifying atypicalities
in social attention in autism spectrum disorder (52). Secondly, with
the adopted methodology, generation of ROIs additionally
included the temporal dimension of each single fixation
duration, enabling a more detailed analysis of gaze movements
(27). Thirdly, the representative model of ROIs considered all
participants’ individual gaze trajectories and thus accounts for the
heterogeneity of the studied clinical populations and the
importance of individual differences in scene viewing (53, 54).
Hence, the demonstrated analysis extends the potentials of
dynamical approaches in this field.

Furthermore, in accordance with recent studies suggesting
that social impairments are more pronounced in comorbid cases
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compared to individuals without this comorbidity (55–57), here
only the ASD+ADHD comorbid group manifested reduced
social perception both in transition and fixation variables.
However, it is important to consider that until the release of
the new diagnostic guidelines (1), few eye tracking studies in
social cognition distinguished between these groups (19, 58).
Therefore, it is unclear if previous studies recruited participants
with comorbid ASD+ADHD in their ASD groups and if the
overall performance of the reported ASD group was influenced
from the comorbid participants. This might also explain why
some studies find similar performance of ASD and TD (17). Our
results, regarding the ASD group agree with these studies
suggesting a similar social perception to the TD group.
Another explanation for these results might be the fact that
our study included only participants with high-functioning
autism spectrum disorder which reportedly have milder
symptoms (59) and thus did not show differences in these
variables with TD. On the contrary, it has been suggested that
ASD+ADHD individuals have greater treatment demand (60).
Therefore, we contribute to the understanding of social
perception in the comorbid group which needs to be
further investigated.

This study has several caveats. The implemented method has
been utilized for studying healthy adults and has not been
previously applied to clinical groups or children. It thus might
ignore potential assumptions made during conceptualization.
Further, the limited sample size of this exploratory analysis did
not allow replication of the results. Concerning the clinical
groups, potential factors influencing visual processing, such as
IQ, education, age or visual processing deficits, were not
considered in the statistical analysis, again due to the limited
sample size. Moreover, the real-life scenes presented in this study
explicitly did not include any extreme facial emotion expressions
in order to avoid further bias of attentional gaze. Yet, difficulties
in recognizing subtle or complex emotions have been reported
for participants with autism spectrum disorder (61). Thus, a
possible influence of emotion expression to the gaze behavior of
our participants cannot be ruled out and therefore future studies
could investigate effects of emotions in further detail and in real-
life scenes. Furthermore, the presence of the experimenter in the
cabin, although assuring engagement and safety of participants,
should be also considered as a limitation of the study as it could
have an impact on social anxiety and task performance.
Particularly it is shown that fear or anxiety of negative
evaluation have an effect on gaze (62) and therefore the impact
of anxiety which is also a common comorbid condition in ASD
should be also controlled for (63). Finally, this analysis
distinguishes between social and non-social transitions and
compares each of these categories between groups, while the
transitions between social and non-social ROIs are not addressed
and thus, the range of the gaze behavior is not fully covered.

Implications, for the design of future studies arise not only via
the inclusion of measurements such as transition variables, but
also from the entire analysis approach. The interpretable
measurements presented in combination with a promising
theoretical background, could for example aid in a step by step
Frontiers in Psychiatry | www.frontiersin.org 949
visual training of social perception, thus objectifying treatment
outcomes and contributing to the development of risk assessments
(48, 64). Given the flexibility of the social scene presentation
paradigm and the practicality of eye tracking technique, such
trainings could be developed specifically for children, customized
for different developmental ages and levels of difficulties (65). This
can eventually facilitate the realization of longitudinal studies and
monitoring of long-time interventions (66, 67). Moreover, our
method can be extended by combining other sensory inputs,
neurophysiological measurements or other functions such as
decision making (68–70). Finally, multimodal analysis of social
interactions and real-life settings will be of great importance and
could represent the everyday challenges of the autism spectrum
disorder population in a better way (71, 72).

In conclusion, we show that Bayesian theories provide a
reliable approach to study social perception deficits of autism
spectrum disorder and we contribute to social cognition in
autism spectrum disorder research in various aspects:
theoretically, current Bayesian theories are here demonstrated
in an interpretable example of social visual perception (to our
knowledge for the first time); methodologically, an innovative
Bayesian Modeling is applied, contributing to the further
development of advanced dynamical gaze analysis; and
clinically, practical measurements are presented with the scope
of developing more accurate interventions for social skills in
children and adults with autism spectrum disorder.
DATA AVAILABILITY STATEMENT

The stimuli supporting the conclusions of this article will
be made available by the authors upon request, without
undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethik-Kommission der Albert-Ludwigs-Universität
Freiburg, University Freiburg, Freiburg, Germany. Written
informed consent to participate in this study was provided by
the participants’ legal guardian/next of kin. Written informed
consent was obtained from the individual(s) for the publication of
any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS

CI—data collection, conceptualization, data analysis, statistical
analyses, original draft writing. DS—study design, data collection.
M-ES—statistical analyses, manuscript writing. MB—study
design, manuscript writing. LT—manuscript writing, review,
and editing. CF—funding Acquisition, manuscript editing. GB—
statistical analyses, data analysis, manuscript writing, review, and
editing CK—study design, contributed data, manuscript editing.
September 2020 | Volume 11 | Article 585149

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Ioannou et al. Social Bayesian Perception in ASD
All authors contributed to the article and approved the
submitted version.
FUNDING

This research was supported by a grant of the Research
Commission of the Medical Faculty of the University of Freiburg
(KLE1076/16) and the State Funded Doctoral Scholarship of
Baden-Wuerttemberg. The article processing charge was funded
by the University of Freiburg in the funding programme Open
Access Publishing.
ACKNOWLEDGMENTS

We are grateful to all participants and their families. We
acknowledge that part of the population analyzed in the
present study is shared with another scientific manuscript at
Frontiers in Psychiatry | www.frontiersin.org 1050
the moment in review process. Whereas the present work focuses
on a novel methodological probabilistic approach accounting for
current Bayesian theories in autism, the aforementioned study’s
aim was to highlight the importance of comorbidity of Autism
Spectrum Disorder and Attention-Deficit/Hyperactivity Disorder
and its clinical implications. Of note, only a subset of the
recording data was also included in this study. However, the
whole methodological approach, the analysis of raw data sets was
separately and independently performed for both works. Thus,
although certain data acquisition aspects are identical for both, the
studies’ backgrounds, methods, analysis, results, scope, and
conclusions differ substantially.
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Specificity of executive function and theory of mind performance in
relation to attention-deficit/hyperactivity symptoms in autism spectrum
disorders. Mol Autism (2017) 8:60. doi: 10.1186/s13229-017-0177-1

40. Doernberg E, Hollander E. Neurodevelopmental Disorders (ASD and
ADHD): DSM-5, ICD-10, and ICD-11. CNS Spectr (2016) 21:295–9.
doi: 10.1017/S1092852916000262

41. Carta A, Fucà E, Guerrera S, Napoli E, Valeri G, Vicari S. Characterization of
Clinical Manifestations in the Co-occurring Phenotype of Attention Deficit/
Hyperactivity Disorder and Autism Spectrum Disorder. Front Psychol (2020)
11:861. doi: 10.3389/fpsyg.2020.00861

42. Palmer CJ, Lawson RP, Hohwy J. Bayesian approaches to autism: Towards
volatility, action, and behavior. Psychol Bull (2017) 143:521–42 doi: 10.1037/
bul0000097

43. Weiß R. Grundintelligenztest Skala 2—Revision (CFT 20-R) [Culture
FairIntelligence Test 20-R—Scale 2]. Göttingen: Hogrefe (2006).

44. Mayes SD, Calhoun SL. Learning, Attention, Writing, and Processing Speed in
Typical Children and Children with ADHD, Autism, Anxiety, Depression,
and Oppositional-Defiant Disorder. Child Neuropsychol (2007) 13:469–93.
doi: 10.1080/09297040601112773

45. SensoMotoric Instruments. BeGaze Manual version 3.1 SensoMotoric
Instruments. Teltow (2012).

46. Muszkat M, de Mello CB, Muñoz P de OL, Lucci TK, David VF, Siqueira J de
O, et al. Face Scanning in Autism Spectrum Disorder and Attention Deficit/
Hyperactivity Disorder: Human Versus Dog Face Scanning. Front Psychiatry
(2015) 6:150. doi: 10.3389/fpsyt.2015.00150

47. Parish-Morris J, Pallathra AA, Ferguson E, Maddox BB, Pomykacz A, Perez
LS, et al. Adaptation to different communicative contexts: an eye tracking
study of autistic adults. J Neurodev Disord (2019) 11:5. doi: 10.1186/s11689-
019-9265-1
Frontiers in Psychiatry | www.frontiersin.org 1151
48. Frazier TW, Strauss M, Klingemier EW, Zetzer EE, Hardan AY, Eng C, et al. A
Meta-Analysis of Gaze Differences to Social and Nonsocial Information
Between Individuals With and Without Autism. J Am Acad Child Adolesc
Psychiatry (2017) 56:546–55. doi: 10.1016/j.jaac.2017.05.005

49. Bertenthal BI, Puce A. A Look Toward the Future of Social Attention Research.
In: The Many Faces of Social Attention. Cham: Springer International Publishing
(2015). p. 221–45. doi: 10.1007/978-3-319-21368-2_8

50. Shic F, Chawarska K, Bradshaw J, Scassellati B. Autism, eye-tracking, entropy.
In: 2008 7th IEEE International Conference on Development and Learning.
Monterey, CA: IEEE (2008). pp. 73–8. doi: 10.1109/DEVLRN.2008.4640808
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Autism Spectrum Disorder (ASD) and Attention-Deficit/Hyperactivity Disorder (ADHD)
represent two common neurodevelopmental disorders with considerable co-occurrence.
Their comorbidity (ASD + ADHD) has been included in the latest diagnostic guidelines
(DSM-V, 2013). The present study focuses on social visual attention that i) is a main aspect
of social attention reflecting social cognition and ii) its atypicalities have been suggested as
a potential biomarker for ASD. Considering the possible shared background of both
disorders and their comorbidity, it is important to compare such traits directly. Here, 73
children and adolescents paired for age and IQ diagnosed with ASD (N = 12), ADHD (N =
21), comorbid ASD + ADHD (N = 15), and “typically developing” (TD) controls (N = 25),
were shown static real-life social scenes while their gaze movements were recorded with
eye-tracking. Scenes with two levels of social complexity were presented: low complexity
(one person depicted) and high (four interacting individuals). Gaze fixation variables were
investigated. Fixation duration on faces was significantly reduced only in ASD + ADHD
which also required longer time to fixate all faces at least once. Fixation duration on faces
in ASD was reduced, compared to TD, only when looking at scenes with high versus low
social complexity. ADHD individuals did not differ from TD. Concluding, the observed
alterations of social visual attention support the existence of possible dysfunctional
particularities differentiating ASD, ADHD, and ASD + ADHD, which can be revealed with
the new method of eye-tracking technique. The objective gaze measurements provided
contribute to the development of biomarkers enabling early diagnosis, amelioration of care
and further interventions specified for each group.

Keywords: autism spectrum disorder, attention-deficit/hyperactivity disorder, comorbidity, neurodevelopmental
disorders, eye tracking, social cognition
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INTRODUCTION

Autism Spectrum Disorder (ASD) and Attention-Deficit/
Hyperactivity Disorder (ADHD) are two of the most studied
Neurodevelopmental Disorders (1). The main diagnostic criteria
of autism include qualitative impairments in social communication
and interaction, restricted repetitive patterns of behavior and hyper-
or hyporeactivity to sensory aspects of the environment, while those
of ADHD consist mainly of inattention, impulsivity and
hyperactivity (2). The prevalence of both disorders has risen both
in industrial and in low-income countries to a globally estimated 1%
or higher for ASD and 2%–7% for ADHD (3–5). Interestingly, ASD
and ADHD are frequently co-occurring with an estimated 30%–
80% of ADHD in the autistic population and 20%–50% of ASD in
the ADHD population (6). Importantly, the latest diagnostic criteria
of DSM-V have allowed their simultaneous diagnosis (2).

This co-occurrence has been under discussion both for
clinicians and researchers even before DSM-V implemented
the changes, in relation to symptom manifestation, both of
autistic traits in ADHD individuals (7) and vice versa (8), as
well as comparisons of the two disorders concerning their social
deficits (9, 10), their neurophysiological similarities and the
potential aetiological and biological overlap (11, 12). However,
for the most part, research studies of the ASD samples have not
controlled for comorbidity with ADHD. This ambiguity in
sample definitions might have resulted in misinterpretations of
ASD or ADHD traits and in reduced awareness of the specific
characteristics of the comorbid population (from now on
referred to as ASD + ADHD). Particularly, social cognition
traits that highly affect the quality of life of both ASD and
ADHD (13, 14) are thought to be more severely impaired in
comorbid ASD + ADHD cases (15). Also, comorbid individuals
seem to respond differently to existing interventions as they
cause challenges in medical treatment (16) and may benefit less
from social skills trainings (17). Finally, comorbid cases have
been proposed to present a more complex phenotype with more
severe deficits in the clinical and cognitive domains, including
social deficits (18). Taken together, there is a need for valid
biomarkers characterizing and differentiating ASD, ADHD, and
ASD + ADHD groups (19).

Social cognition traits represent a main domain of shared and
unique characteristics in ASD and ADHD (12). The two
disorders share similar social cognitive deficits (9, 10), but their
comorbidity may also reflect representative social features of
each disorder (20). Interestingly, the link between social
ineptness and inattention has been suggested as a pathway
which could explain the co-occurrence of ASD and ADHD
(21). Under this perspective, the functions combining these
elements, such as attention to social information, are worth
investigating. Concretely, as defined in a recent conceptual
review, visual social attention composes together with social
motivation and social behavior, the three core aspects of social
attention (22) and can be examined with the eye tracking
technique (23). Due to its non-invasiveness and suitability for
testing young and/or intellectually impaired individuals, this
technique has been applied in neurophysiologic and psychiatric
Frontiers in Psychiatry | www.frontiersin.org 254
research (24–26). The Free Viewing Task is one of the basic eye-
tracking paradigms in social cognition, where the participant is
viewing social scenes without specific instructions while his/her
gaze is recorded.

In ASD research, various eye-tracking studies including
participants from infancy until adulthood exist (27–30).
Particularly, in children or adolescents, some studies report
that ASD participants look less to the faces of social scenes
compared to Typically Developing (TD) peers (31, 32), whereas
other studies report similar performance of TD and ASD (33,
34). In some such cases, the ASD participants, however, needed
longer to fixate on faces (35). These inconsistencies are addressed
by seminal review articles, concluding that social attention in
ASD participants is most impacted when stimuli have a high
social content, namely, when stimuli show more than one person
(33, 34) and human interactions (36). Importantly, this criterium
is proposed as a discriminating factor differentiating ASD from
TD and is referred to as social complexity (37). The level of social
complexity of the depicted scenes is thus defined as the number
of people in the scene and the degree of social interaction
between them. Accordingly, higher social complexity of a scene
should reveal atypical visual attention in ASD participants in
terms of reduced attention at social elements.

Compared to the ASD literature, a limited number of studies
have emerged regarding ADHD and social visual attention (38).
The few existing studies focus mainly on isolated face pictures
and report deficits in facial emotion recognition (39) or reduced
looking preferences for the eye region (40). Moreover, in non-eye
tracking studies, ADHD shows deficits in theory of mind,
prosody perception, and empathy (41) and it is reported that
deficits in social cognition may impact their symptomatology
altogether (42). However, others suggest that children with
ADHD are not as impaired as children with ASD on theory of
mind tasks (43). Thus, there is not enough evidence that social
attention deficits occur when looking at real-life social scenes.

Even less is known about participants with comorbid ASD and
ADHD and to the best of our knowledge, there have been no eye-
tracking studies about the visual exploration of social scenes in this
group. However, it has been reported that ASD + ADHD
participants showed deficits in attentional orienting as measured
with Event-Related Potentials of face and gaze processing (44).
Moreover, a behavioral social cognition study without eye-tracking
suggested that children with comorbid ASD + ADHD are at highest
risk for emotion recognition problems in comparison with TD,
ASD, and ASD-unaffected siblings (45). Interestingly, the scope of
this approach was to investigate whether emotion recognition may
represent an endophenotypic candidate for ASD while evaluating
the impact of comorbid ADHD (45).

Eye tracking measurements represent accurate, reproduceable
measures that might serve as potential objective indications of
medical states in order to predict the incidence and early
diagnosis of a disorder as well as monitor outcomes of
interventions (46). Regarding ASD, visual attention to social
relevant stimuli has been recently suggested as a promising early
behavioral biomarker (47). In addition, considering the high
comorbidity of the ASD and ADHD and their suggested
September 2020 | Volume 11 | Article 545567
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aetiological and biological overlap (48), comparisons between all
respective clinical groups are necessary for the development of
such valid biomarkers.

The present study sets out to fill the described gap by directly
comparing the ASD, ADHD, and comorbid ASD + ADHD
groups in social visual attention to real-life scenes with
different levels of social complexity. The study design enables
us to differentiate the following scenarios: whether altered social
visual attention measures are (a) specific to ASD and thus absent
in those with ADHD symptoms; (b) present in ASD and more
pronounced in comorbid cases; (c) a shared feature of these
neurodevelopmental disorders. Additionally, interactions with
the level of social complexity, early gazing behavior, and latencies
until first facial fixations are explored.
MATERIAL AND METHODS

Participants
Children and adolescents were recruited from four predefined
groups: TD, ADHD, ASD, and ASD + ADHD. Inclusion criteria
were normal or corrected-to-normal vision, intelligence quotient
(IQ) ≥70, native-speaker level in the local language and age
between 10 and 14 years. The minimum required age was
chosen, since participants had to read for one of the overall
study’s tasks, while the age span was kept relatively short in order
to reduce the developmental bias. Subjects with strabismus,
clinical diagnoses of Tourette syndrome, specific reading
disorder, epilepsy, schizophrenia, depression or any known
specific genetic syndrome associated with ASD or ADHD were
explicitly excluded. Finally, 73 out of the 89 recruited children
and adolescents aged 10–14 years were included (TD: N = 26;
ADHD: N = 26; ASD: N = 16; and ASD + ADHD: N = 21; see
Results), paired for age and IQ [for power calculations see (49)].

TD participants were recruited from local schools, sports
groups and the institutional database including children or
adolescents that had participated in previous unrelated
neuropsychological studies and had expressed interest in
participating in further studies. Participants for the clinical
groups were recruited from the department database. The
diagnoses were made prior to the study by three experienced
child- and adolescent psychiatrists (with 22, 16, and 14 years of
experience) and three clinical psychologists (with 19, 12, and
10 years of experience) based on the ICD-10 criteria (in our
study F84.0, childhood autism; F84.1, atypical autism; F84.5,
Asperger’s syndrome; F90.0, predominantly inattentive type
ADHD; F90.1, predominantly hyperactive type ADHD).
Diagnoses were verified before recruitment.

ASD was diagnosed based on the gold standard for autism
diagnosis, namely, the self-rated Autism Diagnostic Observation
Schedule [ADOS (50)] and the parent-rated semi-structured
Autism Diagnostic Interview [ADI-R (51)]. These measures,
especially in combination, are suggested to have the largest
sensitivity and specificity (52). Status of previously accomplished
social competence training, consisting of 12 hourly modules, was
extracted from the database of our department for the ASD and
Frontiers in Psychiatry | www.frontiersin.org 355
ASD + ADHD groups (53). Particularly, the social competence
training used, the so-called “Theory-of-Mind-Training in Autism
Spectrum” [TOMTASS (54)], is an established method based on
behavioral therapy and specified autistic intervention, namely, the
program “Treatment and Education of Autistic and Related
Communication Handicaped Children” [TEACCH, (55)]. In our
study, it was applied in local language, in a time period of five
months, in small groups of three participants. The diagnosis of
ADHD was based on: i) the Conner’s parent and teacher rating
scales (56); ii) comprehensive interviews and history with the child’s
adult caregivers; iii) comprehensive interviews and behavioral
observation of the child. This diagnostical procedure is in
alignment with recommendations for reliability of diagnosis (57).

For the purpose of this study, assessments of general and specific
symptomatology in native language were applied additionally,
characterizing the semiology of each group. Assessment of general
emotional and behavioral problems was realized for all participants
with the parent-rated Child Behavior Checklist (CBCL/6-18) (58),
which has been proved valid in screening of ADHD (59). Specific
assessment of autistic semiology was performed across all
participants using the school-age Social Responsiveness Scale
(SRS), a quantitative measure of autistic traits applicable in both
clinical settings and large-scale research studies of ASD conditions
(60). For assessment of ADHD semiology, the established parent-
rated external assessment questionnaire (EAQ) and the self-
assessment questionnaire (SAQ) questionnaires based on the
ICD-10 and the DSM-IV were used in native language (61). All
participants were asked to be medication-free from psycho-
stimulants for at least 24 h before testing (62). Medication intake
of the clinical groups is listed in Table 1.

The local institutional ethics committee approved the study
protocol, which was conducted in accordance with the
Declaration of Helsinki (63). All participants and their parents/
legal guardians were comprehensively informed about the
purpose and the procedures of the study and gave their written
consent before participating.

Procedure
The experimental procedure was composed of two sessions, for the
majority of the participants in following order: in the first session
(60 min, including breaks) an IQ test was performed [Culture Fair
Intelligence Test 20, CFT 20-R; (64)] and previously distributed
questionnaires were collected. The second session (a battery
of six eye-tracking tasks totalling 90 min, including breaks)
was conducted in a sound-attenuated Faraday cage, while
an experimenter provided instructions and observed the
participants from a lateral-rear position. A second experimenter
monitored the gaze attention and eye trackability of the
participant throughout the whole experiment. Participant-screen
distance was 70 cm. Participants were instructed to avoid
unnecessary head movements or speaking during the task and a
comfortable position was ensured without chin-/forehead rest.
The various tasks of the experiment, including the Free Viewing
task, were presented in counterbalanced order across participants
of each group. After successful calibration, as described below,
participants were presented with static stimuli of different social
September 2020 | Volume 11 | Article 545567
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complexities in fixed order with a run duration of 2 min. These
consisted of four original pictures of real-life scenes, two with one
person and two with four people interacting, representing low
versus high social complexity stimuli, respectively (see Figure 1).
Their content and scenery was developed based on existing
literature and the International affective picture System (IAPS)
(65) with participation of professional actors. For both levels of
social complexity, the scenes take place both indoors and
outdoors. All scenes represent everyday situations: i) the social
interactions of four individuals show people sitting and discussing,
and ii) the single-person scenes show an individual from a frontal
or side view. Details regarding selection criteria and scene content
are listed in Supplementary Materials S1. In order to minimize the
effects of workload and fatigue, participants were mostly tested on
weekends or during school holidays and had adequate breaks
between tasks, if needed.

Eye tracking stimuli were presented on a 24”-TV Monitor
(screen resolution of 1,920 × 1,080 pixels and screen refresh
rate of 60 Hz) with the Presentation® software (Version17.2,
Frontiers in Psychiatry | www.frontiersin.org 456
Neurobehavioral Systems, Inc., Berkley, CA). For data recording
the iView RED250 remote eye tracker (SensoMotoric Instruments
GmbH, SMI) was used with a sampling frequency of 120 Hz and a
visual angle of 20° and binocular tracking mode. Preceding each
task, a standardfive-point calibration and four-point validationwas
conducted, as suggested by the software’s manufacturer, which was
considered as successful if the deviance was lower than 0.5° (66).
Event classification in fixations, saccades or blinks and data export
was accomplishedwith the SMI softwareBeGaze 3.7, excluding off-
screen fixations and/or blinks. The default software thresholds for
identificationoffixations, definedas a gazeevent ofminimum60ms
and a maximum dispersion of 2°, were applied (67).

In addition to the above-mentioned selection criteria, data
were examined separately in real time speed and only data fulling
following thresholds were included: tracking ratio >75%
(percentage of non-zero gaze positions divided by sampling
frequency multiplied by run duration) and/or a total fixation
duration ratio >50% (percentage of total fixation duration
divided by run duration), as previously described (68, 69).
TABLE 1 | Demographics, assessment and diagnostic scoring of the distinct groups.

Variable TD ADHD ASD ASD + ADHD Statistical inference

Hypothesis
testing

contrasts

Number of participants 25 21 12 15 – –

Males (in %) 52 76 83 93 c2 = 9.4
p = 0.02

–

Age in years 12.1 ± 1.5
(10.6–13.6)

12.6 ± 0.9
(11.9–13.1)

12.3 ± 1.1
(11.7–13.0)

12 ± 1.0
(11.4-12.8)

p = 0.48 –

IQ 110 ± 17
(96–122)

102 ± 13
(92–111)

103 ± 21
(88–114)

96 ± 15
(84–109)

p = 0.07 –

Education level
1, 2a, 2b, 2c (in %)#

8, 0, 40, 52 0, 10, 76, 14 8, 25,42,25 20, 7, 7, 66

Social training (in %) – – 50 40 c2 = 0.02
p = 0.89

CBCL-total problems 50 ± 6.6
(46–55)

64.9 ± 7.9
(59–72)

68.1 ± 8.3
(64–74)

64.7 ± 8.5
(62–70)

p <.001 TD < ADHD, ASD,
ASD + ADHD

SRS-total 44.2 ± 8.7
(40–48)

66.6 ± 10
(62.5–71)

76.6± 13.4
(67–83)

77.0 ± 8.4
(72–78)

p <.001 TD < ADHD < ASD,
ASD + ADHD

ADHD symptomatology
EAQ-total – 7.1 ± 1.1

(6.5–7)
6.6 ± 1.1
(6.8–7)

7.2 ± 0.9
(6.9–7.1)

p = 0.28 –

EAQ-Competence* – 3.4 ± 1.2
(3–4)

4.8 ± 1.6
(4–5.5)

4.1 ± 1.4
(3.3–5)

p = 0.02 ADHD < ASD

SAQ-total – 6.3 ± 1.8
(5–8)

5.5 ± 1.6
(4–7)

6.8 ± 1.3
(6–8)

p = 0.13 –

SAQ-Competence* – 4.9 ± 1.8
(4.3–6)

5.8 ± 1.1
(5.8–6.3)

5.3 ± 1.7
(5–6)

p = 0.29 –

ADOS total score – – 12.6 ± 4.9 (10–17) 10.2 ± 4.3 (7–13)
ADI-R interaction – – 12.6 ± 4.9 (10–17) 12.6 ± 4.9 (10–17)
ADI-R communication – – 13.8 ± 5.1 (11–14) 15.6 ± 7.6 (10–22)
ADI-R restricted and repetitive behavior – – 5.2 ± 2.9 (8–13) 4.8 ± 3.1 (3–6)
Permanent medication (count) – MPH 12† AAP 1 AAP 2, MPH 6†
Sep
tember 2020 | Volume
Values correspond to group mean ± 1 standard deviation, while 25th percentile and 75th percentile are inside parentheses, if not stated otherwise. All scores for CBCL and SRS are T-
scores, while all scores for EAQ and SAQ are Stanine scores. #Education level is categorical (1: primary school, 2a–c: secondary level, lowest to highest sublevels). *Higher competence
scores are associated with normal functioning. †Medication had been discontinued at the day of the experiment. Abbreviations: TD, Typically Developing; ADHD, Attention-Deficit/
Hyperactivity Disorder; ASD, Autism Spectrum Disorder; ASD + ADHD, comorbid group with ASD and ADHD; c2, chi-squared; p, p-value; “<“ and “>“ symbols indicate statistically
significant contrasts; CBCL, Child Behavior Checklist; SRS, Social Responsiveness Scale; EAQ and SAQ, External- and Self-assessment Questionnaires for ADHD, respectively, based on
ICD-10, DSM-V (39); ADOS, Autism Diagnostic Observation Schedule; ADI-R, Autism Diagnostic Interview-Revised; MPH, methylphenydate; AAP, atypical antipsychotics.
11 | Article 545567

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Ioannou et al. Social Attention in ASD, ADHD
Data Analysis
Areas of Interest (AOIs) were delineated for every picture
annotating the whole image and differentiating the following
categories: face, body and non-social, the latter including all non-
social elements of the stimulus (i.e., objects). This categorization on
naturalistic scenes, including images of people during an
interaction, has been used in previous studies (70). Eye tracking
measurements were exported for each subject and AOI from the
SMI Software and heatmaps offixation durationwere generated for
quality control. Fixation data were further processed with
MATLAB (R2018b, The MathWorks, Natick, MA, USA) for the
calculations described below.

Fixation Durations
Two basic types of fixation duration variables were calculated (in
seconds, s) for each participant: i) total fixation duration
representing the sum of fixation durations over one stimulus,
Frontiers in Psychiatry | www.frontiersin.org 557
irrespective ofAOI and ii)fixationdurations for eachAOI category,
defined as the sum of fixation durations for each stimulus and
representing the total fixation duration spent respectively in
the three AOI categories. For the face AOIs, the analysis
was additionally conducted for the first 5 and 10 seconds,
representing the early gazingbehaviorof the visual exploration (33).

Latencies to Face Fixations
Additionally, two latency variables were investigated for the face
AOIs (in seconds) (70). Firstly, the “latency to first face fixation”,
defined as the time required until the first fixation to a face AOI.
Secondly, only for the stimuli of high social complexity, the
“latency to completion of face fixations” was defined as the time
period required until all four interacting faces were fixated for the
first time. Former variable has been used before (70), while latter
was introduced here in order to capture the time required for
visually exploring all faces and not only one of them.
FIGURE 1 | Heatmaps representing the amount of fixation duration for each group and stimuli of high and low social complexity. The warmer the color of the
superimposed heatmap, the higher the fixation duration, while the scale is common for all subfigures. The ASD + ADHD group looks on average less at faces in both
levels of social complexity, while ASD participants look less at faces when looking at the social complex picture with four interacting people rather than in the picture
of low social complexity with one face only. The ADHD participants look at faces similar to TD. Abbreviations: TD, Typically Developing; ADHD, Attention-Deficit/
Hyperactivity Disorder; ASD, Autism Spectrum Disorder; ASD + ADHD, Autism Spectrum Disorder with comorbid Attention-Deficit/Hyperactivity Disorder.
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Statistical Analysis
Statistical analysis was conducted with the statistical software R
(R Core Team, v3.6.1). Linear mixed effects models were
implemented for the analysis of the interaction between
fixation duration and clinical groups with the “lme4” library
(v1.1-19) (71), while p-values were obtained by the “lmertest”
library with a significance threshold defined as p-value < 0.05. In
general, small sample sizes are tolerated with linear mixed effects
models, as this type of linear regression accounts both for by-
item and by-subject variation in a single model (fixed and
random effects, respectively), the latter also being an important
advantage when applying to psychiatric populations. Based on
the described benefits, linear mixed effects analyses are strongly
recommended and their application is rapidly increasing (72),
while they have been recently introduced in eye-tracking data
analysis (40) and neurophysiological studies (73).

Firstly, total fixation durationwas examined and following fixed
effects were entered into the model: i) group of participants (TD,
ADHD, ASD, ASD + ADHD), ii) level of social complexity (high,
low), iii) interaction termbetween group of participants and level of
social complexity, and iv) status of previous social training (yes, no).
A randominterceptwas used for each subject. Secondly, thefixation
duration of each of the three AOI-categories (face, body, and non-
social elements) was examined with separate linear mixed effects
models, structured accordingly. Here, the same explanatory
variables as above were introduced as fixed effects, while
individual total fixation duration for the respective stimulus was
added as a covariate, in order to limit the effect of inter-individual
differences in total fixation duration. Finally, similarly to the
analysis of the whole run duration, the fixations to the faces were
analysed separately for the first 5 and 10 s with total duration of
fixations in the respective timespan as a covariate.

For the latency variables two-way analysis of variance
(ANOVA) was implemented, with the group of participants as
the between-subject factor and stimuli as the within-subject
factor. As only one value is available per stimulus, mixed
effects models cannot be applied. For the statistical analysis of
demographics, an ANOVA was used for continuous variables
and a chi-square (c2) with Yates’ continuity correction for
categorical variables.
RESULTS

From the recruited participants three did not complete all sessions
(1 ADHD, 2 ASD + ADHD), three did not fulfil the IQ criterion (1
ADHD, 1 ASD, and 1 ASD + ADHD) and one ADHD patient had
not discontinued medication, leading to their exclusion from the
analysis. Datasets of further nine participants with subthreshold
values of tracking ratio and/or total fixation duration ratio (1 TD, 2
ADHD, 3 ASD, 3 ASD + ADHD) were excluded. Finally, datasets
fromn=73participantswere included in thispresent study.Groups
did not differ in age and IQ (mean ± standard deviation for age:
12.1 ± 1.5, 12.6 ± 0.9, 12.3 ± 1.1, 12 ± 1.0, p-value 0.48; and for IQ:
110 ± 17, 102 ± 13, 103 ± 21, 96 ± 15, p-value 0.07 for TD, ADHD,
ASD,ASD+ADHD, respectively). Therewas amalepredominance
in the clinical groups (sex-ratio 52%, 76%, 83%, 93%, respectively).
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Previously accomplished social training in the ASD groups was
equally balanced (50% and 40% for ASD and ASD + ADHD,
respectively). In the ADHD group both main types were
represented (N = 13 with F90.0 and 8 with F90.1). In the ASD
group childhood autism and Asperger’s syndrome were the main
diagnoses (N = 3 with ICD-10 F84.0 and N = 8 with F84.5,
respectively), while 1 subject was diagnosed with atypical autism
(F84.1). In the ASD + ADHD group the distribution was similar
(N = 4 with F84.0, N = 9 with F84.5 and N = 2 with F84.1) and
regarding comorbidity, either it was diagnosed as such, or the
criteria for bothASDandADHDwere fulfilled (for those diagnosed
before the introduction of DSM-V). Confirmed diagnoses, as
well as ADOS and ADI-R, are listed at the bottom of Table 1.
Reported comorbidities of included participants are listed in the
Supplementary Table 1.

Descriptive statistics of diagnostic tests, questionnaire
scoring results and results of statistical inference, as well as
sociodemographic variables are shown in Table 1. TD
participants showed T-scores inside the reference range (values
below 60 are categorized as normal) in the CBCL-total problems
(50 ± 6.6) and the SRS-total score (44.2 ± 8.7). Clinical groups
showed average T-scores above the cut-off in the CBCL-total and
SRS-total scoring (values above are categorized as borderline or
clinical see Table 1). Specifically, concerning the scoring of autistic
symptomatology, theASD andASD+ADHDgroups did not differ
significantly but showed a statistically significant higher SRS-total
score (76.6 ± 13.4 and 77.0 ± 8.4, respectively, values above 75
indicate severe social impairment) compared to theTDandADHD
group (44.2 ± 8.7, p-value < 0.001 and 66.6 ± 10, p-value < 0.05,
respectively). Finally, in the scoring ofADHDsymptomatology, the
ADHD and ASD + ADHD groups did not differ statistically in the
Stanine-scores (7.1 ± 1.1 and 7.2 ± 0.9, respectively), which were
above average (meaning a Stanine > 7) in the EAQ total score and
showed lower values in the competence scores compared to the
ASD (3.4 ± 1.2 vs. 4.8 ± 1.6, p-value < 0.02).

Total Fixation Duration
For the stimuli with low social complexity, the control group
showed a total fixation duration of 109 ± 7.1 s (mean ± standard
deviation, SD), while the clinical groups showed lower total fixation
durations: the ADHDgroup 104 ± 11.6 s, the ASD group 103 ± 12 s
and the ASD +ADHDgroup 103 ± 10.6 s. For the two stimuli with
high social complexity, the control group showed a mean total
fixation duration of 104 ± 9.8 s, while the ADHDgroup spent 103 ±
7.6 s fixating, theASD100± 12.3 and theASD+ADHD98± 13.1 s.
Boxplots did not show any extreme outliers.

In the respective mixed effects analysis, the total fixation
duration was significantly longer by 3.6 s for all groups at the
stimuliwith low socially complexity (F-value=15.5, p-value ofpost-
hoc test < 0.001). For the ASD + ADHD group and both levels of
social complexity, total fixation duration was significantly lower by
6.2 s (F-value = 1.7, p-value of post-hoc test = 0.038, see
Supplementary Table 2). There was no significant interactive
effect between social complexity of stimuli and group of
participants or effect of previous training of social competence on
total fixation duration. Inspection of residual plots did not reveal
any obvious deviations from homoscedasticity or normality.
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Fixation Duration on Faces
Across all groups the average of total fixation duration on faces
was 21 ± 9.9 s for low social-complexity stimuli and 7.1 ± 4.7 s for
high social-complexity stimuli, as in the latter stimuli the fixation
duration was distributed among the four depicted face AOIs.
Figure 1 shows fixation distribution representations (heatmaps)
for participants of all groups in two levels of social complexity.

In the mixed effects analysis, only the comorbid group
showed significantly lower fixation durations on faces
irrespective of social-complexity, with 2.3 s less (F-value =
4.65, p-value of post-hoc test = 0.032), while the two other
groups did not differ compared to TD (see Table 2). For the
ASD group there was a significant interaction with social-
complexity, with 4.9 s shorter fixation durations to faces in
stimuli with high social-complexity (F-value = 4.75, p-value of
post-hoc test = 0.001, see Table 2). Previous training of social
competence did not affect fixation duration on the face AOIs.
Fixation estimates are visualized in Figure 2.

For the first 5 and 10 s, analogous mixed effects analysis of
fixations on faces was implemented. For the first 5 s, no group
difference was evident. At 10 s, the total fixation duration on face
AOIs across all groupswas onaverage 2.6 ±1.3 s for lowversus 0.9±
0.7 s for high social-complexity stimuli. In the ASD + ADHD, the
fixation duration on faces was significantly lower for both social-
complexities by 0.3 s compared to the TD group (F-value = 4.1, p-
value of post-hoc test = 0.015). Consistent with the results for the
total run duration, the other clinical groups did not show any
significant differences. The interaction observed between social-
complexity and the ASD group for the total run duration, was at
trend level at early gazing (F-value = 2.1, p-value of post-hoc test =
0.051). Tabular results offixed effects parameter estimates for 5 and
10 s can be found in Supplementary Tables 3 and 4.

Fixation Duration on Bodies and on
Non-Social Elements
No significant group effects and no interactive effects were
observed for the AOIs of bodies. Similar to the face AOI the
fixation duration on high social complexity stimuli was
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distributed among the bodies of the four depicted persons (F-
value = 173.9, p-value of post-hoc test < 0.001). The mixed effects
analysis with the non-social elements AOI category did not show
any group differences or any interactions of group with social
complexity. There was a significant effect of social complexity,
with participants fixating more on non-social elements in low
social complexity stimuli (F-value = 118.3, p-value of post-hoc
test < 0.001). Detailed fixed effects parameter estimates can be
found in Supplementary Tables 5 and 6.

Latency to First Face Fixation and
Completion of Face Fixations
All four groups showed similar latencies to first face fixation
(Group F(3,283) = 1.0, p = 0.392; all contrasts versus TD: p-values
non-significant) and no interactive effects with social complexity.
By contrast, the latency to completion of face fixations was 5.7 s
higher in the ASD + ADHD compared to the TD group (Group F
(3,141) = 3.49, p = 0.017, p-value of contrast 0.003). The other two
clinical groups did not show prolonged latencies compared to the
TD group.
DISCUSSION

The present study set out to investigate social visual attention
in the neurodevelopmental disorders ASD, ADHD, and
their comorbidity ASD + ADHD applying objective gaze
measurements which are proposed to contribute to the
development of valid biomarkers. To our knowledge, this is the
first eye tracking study comparing social visual attention directly
in all three clinical groups and TD controls.

In summary, the comorbid group showed significantly
reduced social visual attention to faces in comparison to the
control group. This effect was consistent across different levels of
social complexity and after correction for their reduced total
fixation duration and was detected using two representative eye
tracking variables. Firstly, the fixation duration on faces was
significantly reduced. Secondly, the time needed for the
TABLE 2 | Fixed effects parameter estimates for fixation duration on faces from 73 subjects.

Fixed effect F value Effect Estimate 95% CI SE p-value

Lower Upper

(Intercept) 14.4 13.5 15.3 0.5 <.001
Group 4.65

- ADHD vs. TD −0.3 −2.1 1.4 0.9 0.717
- ASD vs. TD 2 −0.4 4.3 1.2 0.102
- ASD + ADHD vs. TD −2.3 −4.5 −0.2 1.1 0.032

Group × social complexity 4.75
ADHD vs. TD × high vs. low −0.9 −3.4 1.6 1.3 0.493
ASD vs. TD × high vs. low −4.9 −7.8 −1.9 1.5 0.001
ASD + ADHD vs. TD × high vs. low 1.0 −1.8 3.7 1.4 0.480

Social complexity 662.98 high vs. low −13.7 −14.7 −12.6 0.5 <.001
Total fixation duration 28.64 (covariate) 0.1 0.1 0.2 0.03 <.001
Previous social training 1.59 yes vs. no 1.3 −0.7 3.4 1.1 0.212
September 2020 | Volum
e 11 | Article
TD, Typically Developing; ADHD, Attention-Deficit/Hyperactivity Disorder; ASD, Autism Spectrum Disorder; ASD + ADHD, comorbid group with ASD and ADHD; CI, Confidence Interval;
SE, Standard Error; vs., versus; x, interaction between two effects.
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completion of face fixations was significantly prolonged, possibly
reflecting a latency in the perception of the social configuration
of interacting faces. Moreover, the significant effect of reduced
fixation duration on faces was also evident at the early gaze
behavior. Interestingly, there was an effect of social complexity
on facial fixation duration in the ASD group but not in TD
controls; ASD individuals looked less at faces in the socially
complex images compared to the socially simple ones. Finally,
participants with ADHD did not differ from controls in any of
the gaze behavior parameters investigated. Taken together,
reduced social visual attention was present in the comorbid
group ASD + ADHD, while in the ASD group, it was reduced
compared to TD controls when looking at scenes with high as
opposed to low social complexity.

The present findings for the comorbid group are new, given that
ASD cases have not been previously differentiated from the
comorbidity cases in eye-tracking. Our findings are in line with
recent non-eye-tracking studies of social cognition that consider
this differentiation. Namely, in a study of visual and auditory
emotion recognition, the comorbid group found to be somewhat
more impaired than the “pure” groups in the speed of emotion
recognition in both modalities (74). Elsewhere, autistic
symptomatology, based on SRS and ADI-R, was found to be
more pronounced in the ASD + ADHD in comparison to ASD
and particularly regarding the social interaction subscale (ADI-R)
(75). Such effects have been proposed to describe a more severe
phenotype in ASD + ADHD (76). Other scenarios refer to
comorbidity as a separate nosology (77) or propose the existence
of subtypes of these two neurodevelopmental disorders (78).
However, given their evolution of symptomatology across
Frontiers in Psychiatry | www.frontiersin.org 860
developmental ages (79), their genetic origins (80) and the
recency of this discussion, more research directly investigating the
comorbid ASD + ADHD group is needed to clarify this topic and
replicate and extend our findings.

As highlighted in recent reviews on eye-tracking in ASD, social
complexity is crucial for the performance of ASD subjects in social
visual attention (37). However, only a handful of studies clearly
report coexisting ADHD diagnosis. Therefore, findings from such
samples should be interpreted with certain caution. Here, subjects
with ASD-only were studied at different levels of social complexity
and indeed there was a significant interaction between the ASD
group and social complexity. This signifies that ASD participants
spent less time on faces of people interacting with each other
rather than on isolated faces. Yet, the time spent on faces across
levels of social complexity was similar to the TD group, which
replicates previous findings, where autistic children had the same
fixation behavior, in terms offixation time at faces, as TD children
(33). Consequently, the conclusions concerning the importance of
social complexity are partially replicated here. Moreover, adding to
the existing conclusions, this study suggests that apart from social
complexity, the existing comorbidity of ADHD could also play a
crucial role in the performance of ASD in social visual attention.
Thus, the timely need for reporting ADHD comorbidity as
common practice in ASD research is underlined (81).

In the current analysis, latency to isolated faces in ASD
participants was similar to TD, replicating previous findings.
Particularly, in a comparable study including social images of
different social complexity, children with ASD spent a similar
amount of time as TD to first fixate to the face AOI (70). In our
study, the latency of attention to a group of faces was additionally
FIGURE 2 | Results of the mixed effects analysis for the region of faces. Mean estimates of the fixed effects with 95% confidence interval are shown as center and border
lines of each box, respectively. Their position on the x-axis (in seconds) relative to 0 is a measure of the statistical effect on the fixation duration to faces. Two fixed effects
significantly reduce the fixation duration to faces, namely, the ASD + ADHD and the interaction term of ASD x high social complexity. Color coding is explained in the
legend. *p < 0.05, **p < 0.01. Abbreviations: TD, Typically Developing; ADHD, Attention-Deficit/Hyperactivity Disorder; ASD, Autism Spectrum Disorder; ASD + ADHD,
Autism Spectrum Disorder with comorbid Attention-Deficit/Hyperactivity Disorder; hsc, high social complexity; x, interaction between two effects.
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investigated and also introduced as a new measurement.
Interestingly, the ASD + ADHD group required significantly
longer until all four interacting faces were fixated for the first time
when contemplating the socially complex scenes, suggesting they
may have required longer in order to conceive the configuration of
interacting people. Thus, the latency of attention to a group offaces,
as presented here, could be meaningful for studying the
apprehension of complex social interactions. Thus, it remains to
be validated in future studies as a possible sensitive indicator of
social visual attention deficits.

Apart from the clinical and theoretical implications of this
study discussed above, the data analysis in this eye-tracking study
offers various methodological advantages. Firstly, the type of
linear regression model used allows for a modularly expandable
introduction of explanatory variables, such as the status of
previous social competence training and the covariate of total
fixation duration. Secondly, with the mixed effects model, the
impact of the explanatory variables on the fixation data is
differentiated from the inter-individual gazing traits. This
approach is essential in psychiatric research even more in the
era of the dimensionality of disorders. (82). Thirdly, repeated
measures, from two stimuli each, were nested in the two levels of
social complexity (83). Finally, eye tracking offers measurable
variables that are promising in social attention and are related to
real-life social behaviors of neurodevelopmental disorders (84).
In conjunction with robust statistical methods, here we compare
objective eye tracking measurements for ASD, ADHD, and ASD
+ ADHD that could eventually provide potential candidates of
valid biomarkers for differentiating these disorders. Recently,
patterns of visual social attention which were obtained through
gaze behavior were associated with caregiver-reported measures
of social communication used in clinical trials (19). Thus, gaze
measurements, as presented in our study, could serve as
biomarkers for early diagnosis, monitoring and further care
interventions as recommended (47).

Limitations of this study include moderate participant and
stimulus sample sizes, which were partially addressed with the
application ofmixed effectsmodels. Especially recruitment ofASD-
only participants proved challenging. Applying thorough inclusion
criteria on datasets, on the one hand ensured good data quality, on
the other side caused additional exclusion of participants.
Therefore, our study could be considered as a pilot study. In
order to reduce the number of comparisons for the eye-tracking
variables, the clinical groups were only compared to the control
group. Nevertheless, these limitations call for independent
replications with different participant and stimulus samples. The
original stimuli will be made available upon request. Additionally,
there was amale predominance in the clinical samples, which is yet
in accordance with the known prevalence of ASD and ADHD.

In conclusion, to the best of our knowledge, this study
investigates for the first time social visual attention using the eye
trackingmethod to compare groupsofADHD,ASD,ASD+ADHD
and TD participants. Our findings underscore the timely need to
investigate social attention in the comorbid group inalignmentwith
the current DSM-V guidelines. In addition, we emphasize that the
existence of ADHD comorbidity should be considered as a crucial
factorhaving impact on social visual attention inASDand therefore
Frontiers in Psychiatry | www.frontiersin.org 961
its reporting should be a common practice in ASD research. Eye
trackingmeasurements andFreeViewingof real-life social scenes as
here presented, could contribute to the investigation of social
attention, differentiation of ASD, ADHD, and ASD + ADHD and
lead to the development of valid biomarkers. In this way, research
on these neurodevelopmental disorders could enable an early
diagnosis, gradually allow a thorough understanding of their
social challenges, and promote an efficacious assistance to the
population, with accurate monitoring and care interventions that
will improve their quality of life.
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Children with autism spectrum disorder (ASD) are characterized by difficulties in social

cognition (SC) domains. The aim of this study is to build an SC network to explore

associations among interacting elements within this cognitive construct. We used a

graph analysis to explain how individual SC domains relate to each other and how

these relations may differ between ASD and typically developing (TD) groups. Seventy-six

children with ASD and 81 TD children, matched for verbal mental age, were subjected

to three SC measures. Our results showed that TD children exhibited an SC network

characterized by a single domain (i.e., social cognition), while children with ASD

demonstrated communicating node communities where social information processing

measured by the Social Information Processing Interview (SIPI) represents a key point in

understanding network differences between groups.

Keywords: autism spectrum disorder, graph analysis, network, social cognition, verbal mental age

INTRODUCTION

Social cognition (SC) is an adaptive human function (1, 2) that includes cognitive domains
encompassing the capacity to process the social world (such as emotional processing, attention,
social stimuli encoding, etc.). It emerges in early childhood through the development of “theory
of mind” [ToM; (3)], that is, the capacity to understand mental and emotional states of other
people (2). The development of SC competencies follows a certain sequential order in typically
developing (TD) children (3, 4). Children with autism spectrum disorder (ASD) display the
same progressive order, but this appears to be delayed in terms of age at attainment (3, 5). In
conformance with this view, recent literature (3, 6) has suggested the ASD profile is best described
in terms of a delay in the development of these social abilities, as opposed to a total lack of
SC competencies. This view has important implications, bringing into focus the need for early
rehabilitation programs geared toward improving social competencies, attenuating social deficits
in children with autism, and reducing the child’s isolation. In fact, prevalence of ASD in the
general population is estimated worldwide to be around 1% both from screening and register-based
studies (7). We know that SC domains do not operate in isolation, yet it remains undefined how
difficulty in this complex social construct influences interactions among different social domains.
The interrelationship among SC domains is crucial to developing social behaviors that are adequate
to their surrounding context and to maintaining social relationships. According to Ibrahim et al.
(8), one method of exploring associations among interacting elements within a complex system
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as SC involves their separation into networks that can be
characterized and quantified through graphical theoretical
analysis. The graph analysis explains how individual variables
such as SC outcomes relate to each other, how these relations may
differ between groups, and how information may be exchanged.
The current study applies graph theory to social behavioral data
in children with ASD in order to better understand which social
domains are important in an interacting network compared to
TD children.

In constructing the network, we consider that SC is a complex
structure that could involve many domains, in this case, nodes
that—according to Happé and Frith (9)—can be understood as
a complex network diagram that includes distinct components.
The main SC component that appears to be compromised in
ASD concerns ToM. The ToM ability required a good capacity
to understand emotions, and it can affect social information
processing. TD children begin to consolidate ToM ability at the
age of 4–5 years (3, 9). Around the age of 6 years, this ability starts
to becomemore elaborate and allow the development of prosocial
behavior. These abilities must communicate effectively with each
other to allow their proper development. In individuals with
ASD, delayed development of SC abilities could compromise the
construction of effective networks with consequent impairment
of all their social skills.

Our study aims to investigate a simplified model of Happé
and Frith’s (9) theoretical framework, based on observed
data, in order to graphically represent their idea of SC
network and relations among components. Moreover, graphical
analysis allows the devising and testing of connections between
components with associated path properties (8).

In order to obtain a more simplified network that could lead
to a better understanding of interactions among elements, we
focused our approach on underlying differences between ASD
and TD, taking into consideration that ToM is the main core of
ASD symptoms (10). In this study, we used three SC tests: (1)
a simplified version of the Eyes Task [ET; (11)]; (2) the Comic
Strip Task [CST; (12)], a well-known test assessing different
components of ToM, i.e., intentions, emotions, and beliefs; and
(3) the Social Information Processing Interview [SIPI; (13, 14)]
to evaluate the capacity to process social information and display
adequate social behavior. While the CST is based on seeing social
scenes, the ET is focused on the understanding of others by their
gaze. Even if two tests evaluated the same construct, they used a
different kind of information and analysis for their contribution
within the network; they could show whether they effectively
work in the same way or if the kind of information is elaborated
in a different manner. We decided to include the results of the
SIPI in the network because it is based on Crick and Dodge’s (15)
model and can summarize many nodes of Happè and Frith’s (9)
map. In fact, the processes described by Crick and Dodge (15)
are related to many dimensions, i.e., social schemas and rules, self
and other evaluations, evaluation of goal and arousal regulation,
that are used to determine SIPI scores.

A topographic view of the interaction of these domains in
ASD could lead to a greater understanding of the associations
between social deficits and ASD symptomatology, providing new
opportunities for diagnosis and treatment. This study is the first

to use graph theory measures to investigate the SC network in
children with ASD. For this reason, we investigated the global SC
network in children with ASD using TD children as a control.

METHODS

Participants
The participant group in our study includes 76 children with
ASD selected by the Reference Regional Center for Autism,
Abruzzo Region Health System, L’Aquila, Italy [mean± standard
deviation chronological age (CA) = 9.21 ± 2.65 years; 70 males
and six females] and 81 TD children recruited from a local
primary school in the same region (mean ± SD CA = 6.39 ±

1.69 years; 70 males and 11 females) for a total of 157 children.
Groups were matched by verbal mental age (VMA) through the
Test for Reception of Grammar-Version 2 (TROG-2; 14; TD-
VMA = 7.11 ± 2.09; ASD-VMA = 7.43 ± 2.72). Inclusion
criteria for the ASD population were: (1) a diagnosis of ASD
made by the Autism Diagnostic Observation Schedule-Second
Version [ADOS-2; (16)] and (2) no other neurological disorders.
Required for inclusion in the TD group was the absence of
any neurological or psychological disorder. Demographic data of
samples are reported in Table 1.

Criterion for Group Matching
In our study, the children with autism had a CA higher than
TD children because we chose to match the two groups on
VMA assessed with the TROG-2 (17). The matching leads to
chronologically older ASD [t(155) = −7.89, p < 0.01] and to
homogeneous groups in relation to their VMA [t(155) = −0.82,
p= 0.41].

According to recent literature (3), children with ASD showed
a delay in developing SC abilities based on CA, whereas VMA
appears to be a good predictor of ToM abilities altogether
(18) and in children with autism (3). Indeed, Pino et al. (3)
showed that ToM scores on the VMA in the ASD group had a

TABLE 1 | Demographic data of the sample and clinical information concerning

the ASD group.

TD group

(n = 81)

Mean (SD)

ASD group

(n = 76)

Mean (SD)

t

df(1, 155)

p

DEMOGRAPHIC DATA

Chronological age 6.39 (1.69) 9.21 (2.65) −7.89 <0.01

Verbal mental age 7.11 (2.09) 7.43 (2.72) −0.82 0.41

CLINICAL INFORMATION

ADOS-social

communication and

social interaction

– 9.48 (2.93) – –

ADOS-repetitive and

stereotyped behaviors

– 1.29 (1.2) – –

ADOS total scores – 10.78 (3.11) – –

ADOS, Autism Diagnostic Observation Schedule; ADS, autism spectrum disorder; TD,

typically developing.
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significant relationship between this variable and mental states
(both positive and negative), as measured with the ET and the
intentions component of the CST. In addition, Hobson (19)
showed that children with ASD succeeded on ToM tasks as
could be expected from their mental age; thus, it can be argued
that ToM tests require a specific cognitive ability, which could
correspond to VMA.

Social Cognition Measures
Eyes Task-Simplified (11)
This measure contains 56 black-and-white photos of children’s
eye region, portraying either mental states or primary emotions.
The expressions included as positive primary emotions (PPE-
ET) were happy or surprised, sad and angry were used for
negative primary emotions (NPE-ET), while excited and thinking
represented positive mental state (PMS-ET), and worried and
shy were used for negative mental states (NMS-ET)—for a total
of four emotional states and four mental states. Each stimulus
involved one image (children’s eye region), one target word on
the left and the other with a target word on the right edge of
the slide. Participants were asked to indicate which word best
described the picture presented (e.g., “Look at this child—Is this
child happy or angry?”). Testing lasted ∼15min based on the
randomized presentation of the items. Accuracy was measured
on a 0–7 scale based on the participant’s selection of one of two
choices in seven comparisons per target emotion/mental state
[for example: 1. happy vs. surprised; 2. happy vs. sad; 3. happy
vs. angry; 4. happy vs. excited; 5. happy vs. thinking; 6. happy vs.
worried; 7. happy vs. shy; for details, including an example of an
image of the test, see (11)].

Comic Strip Task (20)
The CST is a recent 21-item measure developed to assess
three aspects of ToM: beliefs (B-CST), intentions (I-CST), and
emotions (E-CST). Each subscale includes five items, each
comprising a five-picture comic strip illustrating everyday social
scenarios involving interpersonal interactions familiar to young
children, for example, a birthday party or play at the park.
In addition, it contains a control subscale (two items for each
subcomponent of ToM) comprising non-social scenarios, albeit
in settings similar to the other comic strips. According to the
procedure proposed by Sivaratnam et al. (12), prior to the
administration of the CST, six images depicting basic emotions
(happy, sad, angry, frightened, surprised, and confused) were
presented to ensure that the child was able to recognize basic
emotions at the level required by the task. Specifically, the child
was required to name at least four out of six images correctly
to proceed with the ToM test. The CST subscales (Intentions–
Beliefs–Emotions) were administered in the same order in both
groups. For each item, children are shown three pictures that tell
a social story, after which they are presented with two pictures
containing alternative endings to the story and asked to select the
one they think best completes the story. One option indicates a
lack of understanding of others’ mental states and is scored 0; the
other indicates the presence of such understanding and is scored
1. For example, as could be seen in Sivaratnam et al. (12), item
5, “Recognition surprise,” from the Emotions subscale, in the first

three figures is represented the protagonist involved in a surprise
birthday party, where he is given gifts; then the child must choose
whether: (1) the protagonist will be angry and he will run away
or (2) the protagonist will be happy and he will celebrate with his
friends. Each ToM subscale has a maximum score of 5, with a
total test score of 15, with higher scores indicating superior ToM
ability [for details, including an example of an image of the test,
see (12)].

Social Information Processing Interview (13, 14)
The SIPI is an interview based on a storybook easel depicting a
series of vignettes in which a protagonist is either rejected by two
other peers or provoked by another peer. Each type of vignette is
combined with each type of peer intent to generate four stories:
(1) a non-hostile peer entry rejection story, (2) an ambiguous
peer entry rejection story, (3) an accidental provocation story,
and (4) an ambiguous provocation story. According to Ziv et al.
(14), the scores correspond to four of the five mental steps of
social information processing proposed by Crick and Dodge’s
(15) model: (1) Encoding, (2) Interpretation of cues, (3) Response
construction, and (4) Response evaluation.

An example of an SIPI story is the following: Michael is
watching the other children playing. Michael walks up to the
other children and asks them: “Can I play with you?” The
children say: “Sorry. The teacher said only two can play in
the block area” [for details, see (14)]. The encoding component
evaluates the level of detail that the child recalls across the
four stories. Thus, the examiner asks the child: “Tell me what
happened in the story, from the beginning to the end.” A score of
0 is given to a child who recalls no correct details for each story,
and a score of 1 is given to a child who correctly recalls all the
details in each story, and then, a sum of the scores is calculated, so
scores could range from 0 (no correct coding in four stories) to 4
(all correct coding in four stories). The interpretation component
evaluates the hostile attribution to others’ behavior (the question
is “Do you think the other children who didn’t let Michael play
are mean or not mean?”). The range for this score is 0–1 for
each story, with higher scores representing higher levels of hostile
attribution bias. The score in the interpretation component is
inversely encoded compared with the other SIPI components;
that is, a higher score indicates a major tendency to consider
the behavior of other children as hostile. Regarding the response
construction component, as reported by Ziv and Sorongon [(13),
p. 7] in their paper, the score is derived from the child’s responses
to the open-ended item, “What would you say or do if this
happened to you? The answers are used to create three, mutually
exclusive flag variables (coded 0, 1) for each story: competent
flag, aggressive flag, and avoidant flag. For example, if the child’s
response is coded as “competent,” then he or she is given a “1”
for the competent flag, a “0” for the aggressive flag, and a “0”
for the avoidant flag. The final response construction score is
then calculated by subtracting the aggressive and avoidant scores
from the competent score. The original range of this score is
−4 (only avoidant or aggressive responses) to 4 (only competent
responses). However, to avoid negative scale scores, the scale was
modified such that the presented possible range for this score is
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0 (only avoidant or aggressive responses) to 8 (only competent
responses)” [(12), p. 7; (21)].

For the response evaluation step, the scores are made from
a combination of 36 Response Evaluation questions (4 stories
× 3 competent/aggressive/avoidant presented responses × 3
questions per presented response).

An example of a question for the response evaluation of an
SIPI story is “Michael could kick apart the blocks and say to the
other children, ‘if I can’t play, then you can’t play either,’ (1) ‘Is
this a good thing or a bad thing for Michael to say?,’ (2) ‘If you do
that, do you think the other children would like you?,’ and (3) ‘Do
you think the other children would let you play if you do that?”’
If a child evaluates as positive an aggressive behavior, the score
is 0. For example, child could respond that Michael said a good
thing and that other children would let Michael play with them
after his aggressive behavior, in this case, the given score is 0 (21).

Statistical Analysis
Comparison Between Groups
The T-test was used to test the differences between the groups
(ASD, TD) regarding demographic parameters and the measures
for the components of the ET (positive primary emotions,
negative primary emotions, positive mental states, and negative
mental states) and for response evaluation of the SIPI subscale.
The Mann–Whitney test was used to test differences between
ASD and TD regarding the CST subscale (emotions, beliefs, and
intention) and for the SIPI subscale of encoding, interpretation,
and response construction). Bonferroni’s correction has been
made (α = 0.05).

Network Analysis
Graphs give a better way of dealing with abstract concepts like
relationships and interactions; they provide an intuitive way of
thinking these concepts (22, 23). Ibrahim et al. (8) propose that
graph theory concepts are useful in the analysis of complex
networks. By using graph theory, we can visualize and analyze
relationships between SC domains. In graph theory, variables
are termed “nodes,” which are connected via “edges.” Edges can
be weighted: an edge with a higher weight is more strongly
connected with a node than an edge with a lower weight.
Moreover, edges can be directed, meaning that the edge between
nodes A and B is different from the edge between nodes B
and A. In our study, the SC measures constitute the nodes
of the network, with the partial correlations between them as
weighted and undirected edges. In graph analysis, there are
several properties that can be inferred from a network. Some
of the canonical centrality indices are represented by strength,
betweenness, and closeness (24).

Network Analysis: Construction of the Network
Two graphs were constructed, one for the ASD group and one
for the TD group, while nodes were represented by psychological
domains that represent SC components (SC measures previously
explained). Networks were estimated according to the Gaussian
graphical model (25), in which edges are interpreted as partial
correlation coefficients. We estimated the Gaussian graphical
model using graphical least absolute shrinkage and selection

operator (LASSO) (26), which estimates the (inverse) partial
covariance matrix of a set of variables, penalizing small
covariances by setting small covariances to zero. The optimal
strength of the penalty term was estimated using the BIC (27). As
some variables are ordinals, polychoric, polyserial, and Pearson
correlations were used; moreover, only significant correlations
were maintained.

After obtaining one network for each group, we evaluated
several canonical proprieties (24) such as strength, betweenness,
and closeness of each node.

Strength is a weighted measure of degree between a node and
any other node connected to it, given by the formula:

ki =
∑

j∈N

wij

where k represents the strength, and w represents the weight
between the nodes i and j; in this case, wij was set as the
correlation coefficient. This value represents a local connectivity
of the node indicating how its connection with adjacent nodes
is strong.

Betweenness represents how many times a node serves as a
bridge between two other nodes; it is given by the formula:

bi =
∑

j<k

pjk (i)

pjk

where pjk represents the number of shortest paths between nodes
j and k, and pjk(i) is the number of shortest paths between j and k
that pass through i. The higher this value is, the greater number of
shortest paths passing through a node, indicating how that node
is important in the average path between two nodes.

Closeness is the average length of the shortest path between a
node and any other node; it can be considered as a measure of
how long it will take to spread information to other nodes.

L−1
i =

n− 1∑
j∈Nj6=i dij

where d is the shortest path length between nodes i and j, and
n is the number of nodes. The more central a node is, the lower
its total distance is from all other nodes. It can be considered a
measure of how information from a node reaches other nodes.
Closeness differentiates with strength by the fact that it indicates
how it relates to all other nodes in the network, not just the
adjacent ones.

Betweenness, closeness, and strength represent centrality
measures of the network that reveal the relative importance
of nodes in the network, whether high centrality suggests to
strongly affect other nodes due to their strong connection (28).
Thus, centrality measures represent the degree in which a node
influences other nodes in the network. However, even if they
share this common feature, betweenness, closeness, and strength
represent different forms of influence. We indicate that strength
represents local connectivity as it measures its influence on the
adjacent nodes. Betweenness indicates how that node is used
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to connect other nodes in the network, and finally, closeness
represents how far a node is from all other nodes. This difference
relies on how they are computed, whether betweenness is a
measure that indicates how many times a node is located within
the shortest path between two other nodes, strength is computed
by examining how many connections are attached to each
node, and closeness indicates how far a node is from all other
nodes (29).

Network Analysis: Group Comparisons
In order to evaluate differences between ASD and TD networks,
every network was non-parametric bootstrapped 1,000 times,
obtaining for each bootstrap measures of strength, betweenness,
and closeness of each node. Whereupon statistically significant
differences were evaluated by the z test and adjusted by
Bonferroni’s correction (α = 0.05).

We used the bootnet package (30) from R (31) to perform
the calculations.

Community Detection
Subsets of nodes that are densely connected to each other but less
with others are referred to as communities (32). Modularity is a
measure that indicates the quality of a particular division of the
network (33). Modularity values range from −1 to 1, where a
value of 0 indicates that the division is not better than random,
while 1 theoretically indicates strong community structures; in
practice, values for such networks fall between 0.3 and 0.7 (33).

There are different algorithms to detect graph communities;
in our research, we used that proposed by Blondel et al. (34),
which assigns a different community to each node of the network,
then a node is moved to the community of its neighbors to
achieve the highest positive contribution to modularity. This
procedure is then repeated for all nodes until it obtains no
further improvement. We used this method, as it has shown that
it performs well in terms of accuracy (35). Communities were
detected for each network using the igraph package (36).

RESULTS

Comparison Between Groups
The T-test and Mann–Whitney test showed that children with
ASD obtained lower scores in all components of the SIPI:
interpretation (U = 2,083.50; p < 0.001), response evaluation
[t(155) = −3.01, p = 0.03], and response construction (U =

767.50; p < 0.001) compared to the TD children, with the
exception of encoding (U = 2,414.50; p = 0.06). Regarding CST,
the ASD group had lower scores in the emotions (U = 2,030.50;
p < 0.001) and beliefs (U = 1,367.50; p < 0.001) components;
there was no difference between the groups in the intentions
component (U= 2,782.50; p= 0.26).

Finally, regarding ET, children with ASD showed difficulties in
the negative mental states component [t(155) = −2.97; p = 0.03];
however, there were no significant differences in the positive
mental states component [t(155) = −1.50; p = 0.13], the primary
emotions component with negative valence [t(155) = −0.18; p =
0.85], or the positive valence [t(155) = 1.33; p = 0.18] compared
to the TD group.

Visualization of the Networks
Networks are represented in Figure 1, nodes represent SC
components, lines between nodes represent correlations
between measures, while widths of lines represent the strength
of a correlation. Red and green lines represent positive
(green) and negative (red) correlations. The node’s distance
represents closeness.

Graph Measures
Graph analysis results are reported in Table 2 (which also
contains the z tests performed). However, it was possible to
evaluate significant differences between closeness and strength
measures. Statistical analysis shows significant differences
between the two networks regarding all the closeness and
strength measures, where the graph of the TD sample reveals
global greater values in each node for closeness and strength.
Nodes in ASD’s network showed greater betweenness values
compared to nodes in TD’s network except for NPE-ET and E-
SIPI, which instead showed lower values compared to TD’s nodes.

Community Detection
Communities detected are presented in Figure 2. Modularity
estimated for the TD communities was low (Q= 0.07), indicating
that the community’s divisions were not better than random,
suggesting that there are no communities in the network. In
community detection for the ASD network though, we estimated
a value of Q = 0.39, indicating that the network could be
considered as divided into communities. ASD communities in
the network are (a) I-SIPI, PMS-ET, NMS-ET, PPE-ET, NPE-
ET, and RE-SIPI; (b) E-CST, B-CST, I-CST, and RC-SIPI; and
(c) E-SIPI.

DISCUSSION

In the present study, we employed graph theory to map the
structure of the SC network in children with ASD compared to
TD children. Specifically, the aim was to build a network of SC
domains/competencies to explore associations among interacting
elements within this complex cognitive construct. Thus, we
modeled the SC measures of children with ASD and TD as a
complex system of interactions and further applied graph analysis
to define important features therein for both groups.

Our results show that nodes in the ASD network show an
overall higher betweenness compared to those in the TD network
(except for the E-SIPI node and NPE-ET node, which showed a
higher betweenness for the TD group). Nodes in the TD network
showed an overall higher closeness and strength compared to the
ASD network.

Community detection in the ASD network found three
communities of nodes: the first community was composed of
a single component, i.e., the E-SIPI node (Encoding) that is a
community per se. This result suggests that people with ASD can
encode social information, but this social information would not
be utilized by the entire network. This is confirmed by the finding
that this node in ASD showed lower scores in all the centrality
measures compared to TD.
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FIGURE 1 | Graphs of typically developing (TD) and autism spectrum disorder (ASD) populations. Each node represents a social cognition (SC) domain. Strength is

represented by the link’s thickness, and closeness by the nodes’ distance. Green and red links represent positive and negative correlation coefficients, respectively.

B-CST, Belief-Comic Strip Task; E-CST, Emotions-Comic Strip Task; I-CST, Intentions-Comic Strip Task; NPE-ET, Negative primary emotions-Eyes Task; PPE-ET,

Positive primary emotions-Eyes Task; NMS-ET, Negative mental states-Eyes Task; PMS-ET, Positive mental states-Eyes Task; E-SIPI, Encoding-Social information

processing interview; I-SIPI, Interpretation-Social information processing interview; RC-SIPI, Response construction-Social information processing interview; RE-SIPI,

Response evaluation-Social information processing interview.

The second community was composed of the CST
subdomains, namely, the E-CST node (Emotions), the B-
CST node (Beliefs), and the I-CST (Intentions), to which
is added an SIPI component: the RC-SIPI node (response
construction), indicating that the construction of the social
response is strictly related to the understanding of intentions,
beliefs, and emotions. In the response construction, the child is
asked: “to put himself/herself in the shoes” of the main character
of the story and try to explain how he/she would act in the
same situation (6). This ability is densely connected with the
construction of a response in a social scenario.

The third community obtained was composed of domains
as the ET such as NMS-ET (Negative Mental States), PMS-ET
(Positive Mental States), PPE-ET (Positive Primary Emotions),
NPE-ET (Negative Primary Emotions), and nodes representing
domains evaluated by the SIPI names I-SIPI (Interpretation) and
RE-SIPI (Response Evaluation). This community could indicate
that the interpretation of the scene, as well as the assessment
of whether the response given by the other is right or wrong,
is closely related to the interpretation of information also of a
visual type (interpretation of mental states based on visual cues).
Specifically, the RE-SIPI component is crucial for processing
social cues and subsequently social behavior, whereas I-SIPI
component evaluates the tendency to attribute hostile intentions
to other people in positive social situations and vice versa.

Furthermore, while the ET and CST are grouped in the same
community, the components of the SIPI are divided among
three communities, suggesting that the information required
to complete this particular task must make more transitions
between SC skills.

Indeed, betweenness represents the number of paths that pass
through a node, higher betweenness in ASD, and the existence
of communities could indicate that, to reach a determined node,
information passes through and is influenced by other nodes
before reaching it. Betweenness is ameasure based on the concept
of shortest path, which is the path between node A and node
B with the minimum intermediary nodes. To clarify the results
based on this concept, we can refer to the ASD network in
Figure 1. If, for example, we take the PMS-ET and E-CST nodes,
we can see that they form a “bridge” between two agglomerations
of nodes, so regardless of the length of the shortest path, any
path between the two agglomerates (which we have found are
communities) will have to go through those nodes, resulting
in a high betweenness for both. The same reasoning can be
made for the other nodes of the two communities. E-SIPI node
shows low betweenness since it is not connected in the network.
The TD network has a more “balanced” situation, even though
we have a betweenness that is not as wide as on most ASD
nodes. Moreover, this kind of spread of information characterizes
the communication between communities of nodes in ASD’s
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TABLE 2 | Significant differences between groups (ASD and TD) for social cognition measures and canonical properties of graph analysis (betweenness, closeness, and

strength) for each node (i.e., social cognition components).

Social cognition

measures

Measures score mean

(SD)/ median [1st

quartile−3rd quartile]

Betweenness

mean (SD)

z Closeness mean

(SD)

z Strength mean

(SD)

z

ASD TD ASD TD ASD TD ASD TD

COMIC STRIP TASK

Belief

(B-CST)

1

[1–2]*

4

[2–4]*

4.33

(7.27)

2.28

(3.96)

−7.78* 0.01

(0.01)

0.04

(0.02)

27.95* 1.12

(0.72)

4.10

(2.80)

32.52*

Emotions

(E-CST)

4

[4–4.75]*

5

[4–5]*

10.55

(10.55)

4.57

(6.03

−15.55* 0.01

(0.01)

0.04

(0.02)

28.48* 1.56

(0.78)

4.46

(2.71)

32.42*

Intentions

(I-CST)

4

[3–5]

4

[3–5]

9.75

(10.90)

2.23

(4.48)

−20.19* 0.01

(0.01)

0.04

(0.02)

27.95* 1.26

(0.48)

4.16

(2.78)

32.43*

EYES TASK

Negative primary

emotions

(NPE-ET)

12.11

(2.06)

12.16

(1.27)

4.88

(8.32)

8.43

(8.96)

31.26* 0.01

(0.01)

0.04

(0.02)

31.26* 0.98

(0.54)

4.27

(2.67)

38.08*

Positive primary

emotions

(PPE-ET)

11.52

(2.39)

11.08

(1.65)

9.77

(10.17

1.37

(3.84)

19.60* 0.01

(0.01)

0.03

(0.02)

19.60* 1.49

(0.66)

3.05

(3.01)

15.87*

Negative mental states

(NMS-ET)

10.6

(2.56)*

11.64

(1.71)*

13.29

(10.28)

0.70

(2.50)

18.64* 0.01

(0.01)

0.03

(0.02)

18.64* 1.70

(0.67)

3.00

(3.13)

12.81*

Positive mental states

(PMS-ET)

10.26

(2.40)

10.76

(1.69)

12.57

(12.65)

3.27

(5.07)

28.31* 0.01

(0.01)

0.04

(0.02)

28.31* 1.44

(0.63)

4.30

(2.69)

32.58*

SOCIAL INFORMATION PROCESSING INTERVIEW

Encoding

(E-SIPI)

4

[3–4]

4

[3–4]

3.99

(7.34)

6.94

(7.42)

8.94* 0.01

(0.01)

0.04

(0.02)

35.70* 0.86

(0.57)

4.84

(2.55)

48.03*

Interpretation

(I-SIPI)

3

[2–3]*

3

[3–4]*

7.18

(9.65)

2.39

(4.89)

−13.99* 0.01

(0.01)

0.04

(0.02)

23.10* 1.36

(0.69)

3.45

(2.92)

22.10*

Response construction

(RC-SIPI)

2

[1–3]*

4

[3–5]*

9.93

(10.71)

6.68

(7.12)

−7.98* 0.01

(0.01)

0.04

(0.02)

31.87* 1.38

(0.69)

4.83

(2.49)

42.14*

Response evaluation

(RE-SIPI)

19.71

(2.15)*

29.73

(1.09)*

5.16

(7.92)

1.45

(3.48)

−13.57* 0.01

(0.01)

0.04

(0.02)

24.91* 0.95

(0.60)

3.43

(3.02)

25.43*

ADS, autism spectrum disorder; TD, typically developing. *p < 0.05.

network. The characteristic spread of information highlighted
by our analysis could suggest that, within the SC network
in ASD, a compensatory mechanism intervenes. However, this
compensatory mechanism seems to become less efficient when
one is facing amore complex social scenario, as the one presented
in the SIPI (characterized by the simulation of a peer-to-peer
social situation).

In a recent study, it was found that processing and
understanding of complex social information measured through
the SIPI could well-differentiate between children with ASD
and TD rather than CST and ET (37). According to Pino
et al. (3), intentions and emotion comprehension are lower-level
competencies; these skills are learned earlier and are necessary for
the construction of more complex abilities (6).

Our findings confirm that SIPI represents a complex task
for ASD, thus the altered segregation and the altered use
of information concerning this task may be related to such
difficulties. SIPI is a complex task that is more similar to
social context compared to the other tasks. Since it is based
on the model of Crick and Dodge (15), planning a correct
social response involves the use of several capacities (e.g.,

multiple evaluations, regulations, schemas, or rules). As seen
in Figure 1, we found that the Encoding node is separated
from the rest of the network, thus it presents lower centrality
measures (strength, betweenness, and closeness) compared to
TD. When a child is involved in a social situation, through
encoding, he or she can give an interpretation of the social scene
thus construct and make a response (15). Cooper et al. (38)
have found a dissociation between encoding and recollection
in people with ASD; our results support an impairment in the
encoding process, which characterized people with ASD, which
would consequently also involve other social skills. Specifically,
our results suggest that individual with ASD seems to use
other sources of information during the interpretation or the
construction of a social response rather than a proper mechanism
of encoding.

From community detection, we found that the TD network
presents a network without communities, i.e., there are no subsets
of nodes that are densely connected with each other; moreover,
they present higher values of closeness (which indicates how
information directly reaches other nodes) and strength (which
represents how locally the connection is strong with adjacent
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FIGURE 2 | Subset of nodes found by community detection, nodes colored with the same color represent communities found for each network.

nodes). Taken together, these results suggest that, in the TD
network, communication between nodes is direct and has major
weight compared to the ASD nodes communication. Moreover,
as the TD network does not present multiple communities, the
SC skills measured by the assessed tasks, only for TD, would
compose a single domain, i.e., SC.

Even if these results must be interpreted with caution, it is
important to know that the ASD network and the TD network
fit the theoretical SC network proposed by Happé and Frith (9);
further, our approach highlighted properties of the network that
differentiate ASD and TD SC.

As recent literature has found that ASD is characterized by
a delay of social abilities (3, 6) and VMA appears to be a good
predictor of ToM ability (3, 18), our ASD sample was determined
to have the same mental age as the TD group.

Our research confirms the results of Pino et al. (3) andHobson
(19), as matching group by VMA has yielded the same results in
components of SC measured by test scores; specifically, they do
not show significant differences in Intentions, as measured by the
CST; in Primary Emotions with negative and positive valence, as
measured by the ET; and Positive mental states. On the contrary,
the two groups differ in negative mental state perception. The
role of emotional valence in ASD is still being debated. Several
studies suggest that the processing of negative emotions is most
difficult for individuals with ASD (39–41). Ashwin et al. (42)
consider the difficulty of processing negative emotions in ASD to
be linked to an atypical function and structure of the amygdala.
In their study, individuals with ASD were less accurate on the

emotion recognition task compared to controls, but only for
the negative basic emotions. According to Mazza et al. (40),
emotional contagion for negative emotions of other people (like
sadness, distress, suffering, anger) is important for adaptive social
behavior. The lack of sharing experience when other people have
negative emotions leads to a failure of appropriate empathic
behavior in ASD people. In addition, the two groups showed
differences in understanding emotions and beliefs, but not in the
Intention component of the CST. We suggest that is consistent
with the suggestion that the ability to understand others’ beliefs
and emotions is more complex with respect to the ability to
understand the intentions of other people (3, 9). The latter ability
occurs earlier in development as it is already present, to a certain
extent, in TD infants (9). Thus, it is possible that in children with
ASD, this ability becomes available later, and at the age of about
6 or 7 years, they gain the ability to understand the intentions of
other people (3).

SC comprises various functions such as emotional processing,
imitation, pretend play, ToM, empathy, and so on (9), but in this
study, we consider only a part of this complex construct, and this
can represent a limitation of our research. In the literature, at least
part of the interest in ToM abilities is associated with the idea
that people with ASD suffer from “mind-blindness” (3, 43). Social
difficulty compromises interpersonal relationships and leads to
social isolation in individuals with ASD. For this reason, it is
important to study the SC network in the ASD group to create
their SC profile and thereby understand how relations among its
domains/components may affect their social behavior.
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Limitations
It is important to know that our research presents some
considerable limitations. It must be pointed out that results must
be interpreted with caution as our analysis describes connectivity
between nodes/domains but did not give information with regard
to how information is processed by nodes or the direction of the
information flow that follows.

In fact, our results do not express how a node elaborates
information in the network (e.g., filtering, selecting, select
salient feature, etc.) that literature and future research could
elaborate, although it is important to highlight that this approach
clarifies important features of the network’s connections. Another
important limitation was that our samples were composedmostly
of males. Moreover, our network is a simplified version of the
Happé and Frith (9) SC network; thus, implementing other nodes
in the model could lead to a better understanding of connections
between SC domains.

Future Directions
Future research could investigate specific contributions that SC
domains provide in the network, deepening our understanding
of under what processes social information passes between
one domain and another. According to Vagnetti et al. (44),
future research should be directed toward understanding how
node processes effectively contribute to the network (e.g., by
integrating or controlling information) and how edges change
over time. Indeed, these structures could be time-dependent,
especially during early development, and it would be interesting
to understand when the structure of SC becomes fixed. In
addition, it would also be interesting to investigate how
intervention in ASD could change the network, e.g., connections
and/or their weight, and it would be interesting to know if a
variant version of functioning could mitigate social difficulties
associated with ASD. It would be further interesting to consider a
longitudinal study that would explore if and how the SC network
structure becomes time-dependent.

We support the idea that a rehabilitation intervention could
try to work on the strength of the edges to improve the
network connections.

Our results showed that ASD domains of the SC network
were isolated compared to TD, which were connected. The TD
network reflects the theoretical SC network model proposed
by Happé and Frith (9), where components are connected to
each other.

Network indices comparison between the two groups shows
a different communication role and statistical weight of the SC

network nodes. These differences deserve a better understanding
because they could provide an explanation of social functioning
difficulties in ASD as well as their social isolation.

CONCLUSION

In conclusion, our research has found a connected SC network
in children with ASD and TD, although important differences
emerged in nodal communication—a phenomenon possibly
related to the SC deficits presented by ASD.

While the TD SC network is characterized by a single domain,
we found that ASD is characterized by node communities, thus
higher betweenness for ASD nodes reflects the communication
between communities, while higher strength and closeness for
the TD highlight important contributions of each node in
the network. SIPI represents a key point in understanding
differences between groups. Our findings suggest that, for ASD,
social information encoding performs a reduced contribution in
the network; moreover, some types of information (measured
by CST and ET) seem more relevant depending on the
process involved (Response construction or Interpretation and
Response evaluation).

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by ASL L’AQUILA—PROTOCOL NUMBER
186061/17. Written informed consent to participate in this study
was provided by the participants’ legal guardian/next of kin.

INFORMED CONSENT

Informed consent was obtained from parents and oral
assent from children in order to collect demographic and
score variables.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

REFERENCES

1. Pinkham AE, Hopfinger JB, Pelphrey KA, Piven J, Penn DL. Neural bases for

impaired social cognition in schizophrenia and autism spectrum disorders.

Schizophr Res. (2008) 99:164–75. doi: 10.1016/j.schres.2007.10.024

2. Mazza M, Lucci G, Pacitti F, Pino MC, Mariano M, Casacchia M, et al.

Could schizophrenic subjects improve their social cognition abilities only with

observation and imitation of social situations? Neuropsychol Rehabil. (2010)

20:675–703. doi: 10.1080/09602011.2010.486284

3. Pino MC, Mazza M, Mariano M, Peretti S, Dimitriou D, Masedu F, et al.

Simple mindreading abilities predict complex theory of mind: developmental

delay in autism spectrum disorders. J Autism Dev Disord. (2017) 47:2743–

56. doi: 10.1007/s10803-017-3194-1

4. Wellman HM, Liu D. Scaling of theory-of-mind tasks. Child Dev. (2004)

75:523–41. doi: 10.1111/j.1467-8624.2004.00691.x

5. Broekhof E, Ketelaar L, Stockmann L, van Zijp A, Bos MG,

Rieffe C. The understanding of intentions, desires and beliefs

in young children with autism spectrum disorder. J Autism

Frontiers in Psychiatry | www.frontiersin.org 9 October 2020 | Volume 11 | Article 57933973

https://doi.org/10.1016/j.schres.2007.10.024
https://doi.org/10.1080/09602011.2010.486284
https://doi.org/10.1007/s10803-017-3194-1
https://doi.org/10.1111/j.1467-8624.2004.00691.x
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Pino et al. Social Cognition Domains in Autism

Dev Disord. (2015) 45:2035–45. doi: 10.1007/s10803-015-

2363-3

6. Mazza M, Mariano M, Peretti S, Masedu F, Pino MC, Valenti M. The

role of theory of mind on social information processing in children with

autism spectrum disorders: a mediation analysis. J Autism Dev Disord. (2017)

47:1369–79. doi: 10.1007/s10803-017-3069-5

7. Valenti M, Vagnetti R, Masedu F, Pino MC, Rossi A, Scattoni ML, et al.

Register-based cumulative prevalence of Autism Spectrum Disorders during

childhood and adolescence in Central Italy. Epidemiol Biostat Public Health.

(2019) 16. Available online at: https://ebph.it/article/view/13226

8. Ibrahim GM, Morgan BR, Vogan VM, Leung RC, Anagnostou E, Taylor MJ.

Mapping the network of neuropsychological impairment in children with

autism spectrum disorder: a graph theoretical analysis. J Autism Dev Disord.

(2016) 46:3770–7. doi: 10.1007/s10803-016-2929-8

9. Happé F, Frith U. Annual research review: towards a developmental

neuroscience of atypical social cognition. J Child Psychol Psychiatry. (2014)

55:553–77. doi: 10.1111/jcpp.12162

10. Baron-Cohen S, Leslie AM, Frith U. Does the autistic child have a

“theory of mind”? Cognition. (1985) 21:37–46. doi: 10.1016/0010-0277(85)9

0022-8

11. Franco F, Itakura S, Pomorska K, Abramowski A, Nikaido K, Dimitriou D.

Can children with autism read emotions from the eyes? The eyes test revisited.

Res Dev Disabil. (2014) 35:1015–26. doi: 10.1016/j.ridd.2014.01.037

12. Sivaratnam CS, Cornish K, Gray KM, Howlin P, Rinehart NJ. Brief report:

assessment of the social-emotional profile in children with autism spectrum

disorders using a novel comic strip task. J Autism Dev Disord. (2012) 42:2505–

12. doi: 10.1007/s10803-012-1498-8

13. Ziv Y, Sorongon A. Social information processing in preschool children:

relations to sociodemographic risk and problem behavior. J Exp Child Psychol.

(2011) 109:412–29. doi: 10.1016/j.jecp.2011.02.009

14. Ziv Y, Hadad BS, Khateeb Y. Social information processing in preschool

children diagnosed with autism spectrum disorder. J Autism Dev Disord.

(2014) 44:846–59. doi: 10.1007/s10803-013-1935-3

15. Crick NR, Dodge KA. A review and reformulation of social information-

processing mechanisms in children’s social adjustment. Psychol Bull. (1994)

115:74. doi: 10.1037/0033-2909.115.1.74

16. Lord C, RutterM,DiLavore PC, Risi S, GothamK, Bishop S.AutismDiagnostic

Observation Schedule–Second edition (ADOS-2). Los Angeles, CA: Western

Psychological Services (2012).

17. Bishop DVM. TROG-2 Test for Reception of Grammar-2. London:

Pearson (2003).

18. Happé FG. An advanced test of theory of mind: Understanding of story

characters’ thoughts and feelings by able autistic, mentally handicapped,

and normal children and adults. J. Autism Dev. Disord. (1994) 24:129–

54. doi: 10.1007/BF02172093

19. Hobson RP. Early childhood autism and the question of egocentrism. J Autism

Dev Disord. (1984) 14:85–104. doi: 10.1007/BF02408558

20. Cornish K, Rinehart N, Gray K, Howlin P. Comic Strip Task. Melbourne,

VIC: Monash University Developmental Neuroscience and Genetic Disorders

Laboratory and Monash University Centre for Developmental Psychiatry and

Psychology (2010).

21. Pino MC, Mariano M, Peretti S, D’Amico S, Masedu F, Valenti M, et al.

When do children with autism develop adequate social behaviour? Cross-

sectional analysis of developmental trajectories. Eur J Dev Psychol. (2018)

17:71–87. doi: 10.1080/17405629.2018.1537876

22. Kellermann TS, Bonilha L, Lin KK, Hermann BP. Mapping the landscape

of cognitive development in children with epilepsy. Cortex. (2015) 66:1–

8. doi: 10.1016/j.cortex.2015.02.001

23. Shirinivas SG, Vetrivel S, Elango NM. Applications of graph theory in

computer science an overview. Int J Eng Sci Technol. (2010) 2:4610–21.

24. Rubinov M, Sporns O. Complex network measures of brain

connectivity: uses and interpretations. Neuroimage. (2010)

52:1059–69. doi: 10.1016/j.neuroimage.2009.10.003

25. Lauritzen SL. Graphical Models. Oxford: Clarendon Press (1996).

26. Friedman JH, Hastie T, Tibshirani R. Sparse inverse covariance

estimation with the graphical lasso. Biostatistics. (2008) 9:432–

41. doi: 10.1093/biostatistics/kxm045

27. Schwarz G. Estimating the dimension of a model. Ann Stat. (1978) 6:461–

4. doi: 10.1214/aos/1176344136

28. Borsboom D, Cramer A, Schmittmann VD, Epskamp S, Waldorp

LJ. The small world of psychopathology. PloS ONE. (2011)

6:e27407. doi: 10.1371/journal.pone.0027407

29. Opsahl T, Agneessens F, Skvoretz J. Node centrality in weighted

networks: generalizing degree and shortest paths. Soc Netw. (2010)

32:245–51. doi: 10.1016/j.socnet.2010.03.006

30. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks

and their accuracy: a tutorial paper. Behav Res Methods. (2018) 50:195–

212. doi: 10.3758/s13428-017-0862-1

31. R Core Team. R: A Language and Environment for Statistical Computing.

Vienna: R Foundation for Statistical Computing (2017). Available online

at: https://www.R-project.org/

32. Boccaletti S, Latora V, Moreno Y, Chavez M, Hwang D.-U.

Complex networks: structure and dynamics. Phys Rep. (2006)

424:175–308. doi: 10.1016/j.physrep.2005.10.009

33. Newman ME, Girvan M. Finding and evaluating community structure in

networks. Phys Rev. (2004) 69:026113. doi: 10.1103/PhysRevE.69.026113

34. Blondel VD, Guillaume JL, Lambiotte R, Lefebvre E. Fast unfolding

of communities in large networks. J Stat Mech Theor E. (2008)

10:P10008. doi: 10.1088/1742-5468/2008/10/P10008

35. Yang Z, Algesheimer R, Tessone CJ. A comparative analysis of

community detection algorithms on artificial networks. Sci Rep. (2016)

6:30750. doi: 10.1038/srep30750

36. Csardi G, Nepusz T. The igraph software package for complex network

research. Int J Complex Syst. (2006) 1695:1–9.

37. Pino MC, Masedu F, Vagnetti R, Attanasio M, Di Giovanni C, Valenti M,

et al. Validity of social cognition measures in the clinical services for autism

spectrum disorder. Front Psychol. (2020) 11:4. doi: 10.3389/fpsyg.2020.00004

38. Cooper RA, Plaisted-Grant KC, Baron-Cohen S, Simons JS. Eye movements

reveal a dissociation between memory encoding and retrieval in adults with

autism. Cognition. (2017) 159:127–38. doi: 10.1016/j.cognition.2016.11.013

39. Howard MA, Cowell PE, Boucher J, Broks P, Mayes A, Farrant

A, et al. Convergent neuroanatomical and behavioural evidence

of an amygdala Hypothes is of autism. Neuroreport. (2000)

11:2931–5. doi: 10.1097/00001756-200009110-00020

40. Mazza, M, Pino, MC, Mariano M, Tempesta D, Ferrara M, De Berardis D,

et al. Affective and cognitive empathy in adolescents with autism spectrum

disorder. Front Hum Neurosci. (2014) 8:791. doi: 10.3389/fnhum.2014.00791

41. Humphreys T, Polick AS, Howk LL, Thaxton JR, Ivancic AP. An evaluation of

repeating the discriminative stimulus when using least-to-most Prompting to

teach intraverbal behavior to children with autism. J Appl Behav Anal. (2013)

46:534–8. doi: 10.1002/jaba.43

42. Ashwin C, Chapman E, Colle L, Baron-Cohen S. Impaired recognition of

negative basic emotions in autism: a test of the amygdala theory. Soc Neurosci.

(2006) 1:349–63. doi: 10.1080/17470910601040772

43. Baron-Cohen S, Bowen DC, Holt RJ, Allison C, Auyeung B, Lombardo MV,

et al. The “reading the mind in the eyes” test: complete absence of typical

sex difference in∼ 400 men and women with autism. PLoS ONE. (2015)

10:e0136521. doi: 10.1371/journal.pone.0136521

44. Vagnetti R, Pino MC, Masedu F, Peretti S, Le Donne I, Rossi R, et al.

Exploring the social cognition network in young adults with autism

spectrum disorder using graph analysis. Brain Behav. 10:e01524. doi: 10.1002/

brb3.1524

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Pino, Vagnetti, Masedu, Attanasio, Tiberti, Valenti and Mazza.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 10 October 2020 | Volume 11 | Article 57933974

https://doi.org/10.1007/s10803-015-2363-3
https://doi.org/10.1007/s10803-017-3069-5
https://ebph.it/article/view/13226
https://doi.org/10.1007/s10803-016-2929-8
https://doi.org/10.1111/jcpp.12162
https://doi.org/10.1016/0010-0277(85)90022-8
https://doi.org/10.1016/j.ridd.2014.01.037
https://doi.org/10.1007/s10803-012-1498-8
https://doi.org/10.1016/j.jecp.2011.02.009
https://doi.org/10.1007/s10803-013-1935-3
https://doi.org/10.1037/0033-2909.115.1.74
https://doi.org/10.1007/BF02172093
https://doi.org/10.1007/BF02408558
https://doi.org/10.1080/17405629.2018.1537876
https://doi.org/10.1016/j.cortex.2015.02.001
https://doi.org/10.1016/j.neuroimage.2009.10.003
https://doi.org/10.1093/biostatistics/kxm045
https://doi.org/10.1214/aos/1176344136
https://doi.org/10.1371/journal.pone.0027407
https://doi.org/10.1016/j.socnet.2010.03.006
https://doi.org/10.3758/s13428-017-0862-1
https://www.R-project.org/
https://doi.org/10.1016/j.physrep.2005.10.009
https://doi.org/10.1103/PhysRevE.69.026113
https://doi.org/10.1088/1742-5468/2008/10/P10008
https://doi.org/10.1038/srep30750
https://doi.org/10.3389/fpsyg.2020.00004
https://doi.org/10.1016/j.cognition.2016.11.013
https://doi.org/10.1097/00001756-200009110-00020
https://doi.org/10.3389/fnhum.2014.00791
https://doi.org/10.1002/jaba.43
https://doi.org/10.1080/17470910601040772
https://doi.org/10.1371/journal.pone.0136521
https://doi.org/10.1002/brb3.1524
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


ORIGINAL RESEARCH
published: 02 December 2020

doi: 10.3389/fped.2020.581893

Frontiers in Pediatrics | www.frontiersin.org 1 December 2020 | Volume 8 | Article 581893

Edited by:

Soumeyya Halayem,

Tunis El Manar University, Tunisia

Reviewed by:

Abir Ben Hamouda,

Tunis El Manar University, Tunisia

Imene Soumaya Salhi,

Tunis University, Tunisia

*Correspondence:

Xiaoyan Ke

kexiaoyan@njmu.edu.cn

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Child and Adolescent Psychiatry,

a section of the journal

Frontiers in Pediatrics

Received: 10 July 2020

Accepted: 09 November 2020

Published: 02 December 2020

Citation:

Fu L, Weng J, Feng M, Xiao X, Xiao T,

Fu J, Qiu N, Li C, Da Y and Ke X

(2020) Predictors of Change in

Play-Based Communication and

Behavior Intervention for High-Risk

ASD: The Role of Mother-Child Dyadic

Synchrony. Front. Pediatr. 8:581893.

doi: 10.3389/fped.2020.581893

Predictors of Change in Play-Based
Communication and Behavior
Intervention for High-Risk ASD:
The Role of Mother-Child Dyadic
Synchrony
Linyan Fu 1†, Jiao Weng 1,2†, Min Feng 1, Xiang Xiao 1, Ting Xiao 1, Junli Fu 1, Nana Qiu 1,

Chunyan Li 1, Yun Da 1 and Xiaoyan Ke 1*

1Child Mental Health Research Center, Nanjing Brain Hospital Affiliated to Nanjing Medical University, Nanjing, China, 2 Three

Hospital of Longyan, Longyan, China

Background: Interindividual variability is important in the evolution of adaptative

profiles of children with ASD having benefited from an early intervention make

up for deficits in communication, language and social interactions. Therefore, this

paper aimed to determine the nature of factors influencing the efficacy variability

of a particular intervention technique i.e., “Play-based communication and behavior

intervention” (PCBI).

Methods: The participants comprised 70 13–30-month-old toddlers with ASD enrolled

in PCBI for 12 weeks. The Autism Treatment Evaluation Checklist (ATEC) was used to

evaluate the efficacy of PCBI. Video recordings of 5min of free-play before and after

PCBI were used to examine behaviors of mothers and children and parent-child dyadic

synchrony. Hierarchical multiple regression analyses and machine learning algorithms

were performed to explore the effect of these potential predictors (mothers’ factors,

children’s factors and videotaped mother-child interaction) of intervention efficacy.

Results: The hierarchical regression analysis and the machine learning algorithms

indicated that parenting stress, level of completion of training at home and mother-child

dyadic synchrony were crucial factors in predicting and monitoring the efficacy of PCBI.

Conclusions: In summary, the findings suggest that PCBI could be particularly beneficial

to children with ASDwho show a good performance in themother-child dyadic synchrony

evaluation. A better dyadic mother-child synchrony could enhance the PCBI efficacy

through adapted emotional and behavioral responses of the mother and the child and

has a beneficial influence on the child’s psychological development.

Keywords: autism, intervention efficacy, predictors, mother-child dyadic synchrony, parenting stress, play-based

communication and behavior intervention
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INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by difficulties in social communication
and restricted/repetitive behavior or interests (1). Evidence
of brain development and key stages of neural plasticity in
infancy lends strong support to the importance of very early
interventions (2). The first 2 years after birth is a critical period
marked by the rapid development of cognition and language (3,
4). Children later diagnosed with ASD may present some deficits
in these abilities (5), and the gap between these children and
typically developing peers widens at 3–5 years of age (6). Studies
have shown that early intervention is efficacious in modifying
cognitive and social-communicative outcomes and potentially
improving developmental trajectories in toddlers with ASD (4, 7).
However, the majority of established interventions have been
suggested for use with preschoolers and school-aged children,
with very few interventions suitable for children under 2 years
old (5).

The play-based communication and behavior intervention
model (PCBI) is a manualized evidence-based intervention
established by the Nanjing Brain Hospital affiliated with Nanjing
Medical University. PCBI is a parent education play-based
applied behavior analysis (ABA) model that fosters parental
behavior management and parents’ communication ability with
their children. The characteristic of PCBI is to train parents
or other caregivers to effectively master the key intervention
techniques applicable to children with ASD, while the feature of
ABA is to train ASD children directly. Our team’s previous work
confirmed that PCBI can significantly improve the development
level of children with ASD and reduce ASD symptoms [effect
size = 0.88, (8)]. In our previous study, 74 toddlers were
randomly assigned to receive PCBI or ABA intervention from
highly experienced and credentialed therapists. After 12 weeks
of intervention, both groups had a significant increase in
the developmental quotient (language behavior ability and
personal-social behavior ability) and a decrease in the subscale
scores (social contact, perception and behavior) of the Autism
Treatment Evaluation Checklist (ATEC) (8).

Empirical support for early intervention has emphasized the
importance of this treatment. However, outcomes vary widely
due to the influence of child and family characteristics. For
example, there is evidence that parents of children with ASD
may experience high levels of parenting stress (9, 10), which
can have a negative influence on the effectiveness of early
interventions and can also be influenced by early interventions
(11–13). In addition, parent-child dyadic synchrony, which refers
to the co-constructed states of parent-child-dyad interaction
characterized by harmonious and mutually responsive emotional
exchanges and behavior, is a key component of parent-
child interaction and can have positive implications for
child development (14, 15). The conceptualizations of parent-
child dyadic synchrony encompass an array of interactive
behaviors, such as responsiveness, reciprocity and shared
emotion evaluated during face-to-face interactions (16). The
development of children’s emotional regulation occurs through
repeated emotional experiences with parents, and shared

emotion, as an aspect of dyadic synchrony that lays the
foundation for the development of subsequent self-regulation,
may differ between children with ASD and typically developing
children (17–19). Although parent-child dyadic synchrony plays
an important role in children’s development, studies have only
recently focused on it and regarded it as an important indicator
of parent-child relationship quality (20), and few researchers have
suggested that parent-child synchrony should be considered a
factor in the efficacy of interventions for children with ASD.

Because early intervention requires considerable time and
funding, it is crucial to select the target group that is
most likely to derive maximal benefit from the intervention.
Thus, the primary purpose of this study was to extend our
previous work to investigate all the potential predictors of
the efficacy of PCBI, including maternal variables (parenting
stress and self-efficacy level), child variables (developmental
level, ASD symptoms and intervention efficacy change) and
mother-child interaction factors (mother and child behaviors
during interaction).

METHODS

Participants
A total of 70 children (55 boys and 15 girls) ranging in age
between 13 and 30 months and their mothers (between the
ages of 25 and 42 years) who received PCBI at the Children’s
Mental Health Research Center of the Nanjing Brain Hospital
affiliated with Nanjing Medical University from October 2017
to February 2019 were enrolled in this study. Because this is
a preliminary study aiming to examine the clinical reliability/
validity of the protocol, all the participants received PCBI without
a control group.

The participants were 70 children with ASD or at high risk of
ASD (i.e., who displayed symptoms of autism but were under 24
months of age) between the ages of 8 and 30months old at intake.
Inclusion criteria included: met criteria for ASD in a clinical
assessment based on both the Autism Diagnostic Observational
Schedule (ADOS) and the Autism Diagnostic Interview (ADI-
R) at intake, or met risk criteria for ASD at intake (under 24
months of age) on two screeners and met criteria for ASD
later at the age of 24 months. Participants with any genetic
syndromes or neurological conditions; premature children and
those with complications after birth; a history of craniocerebral
trauma; chronic medical conditions; or visual, hearing or motor
impairments were not included in this study. This study was
approved by the Nanjing Brain Hospital affiliated with the
Nanjing Medical University Ethics Committee, and informed
consent was obtained from the parents or legal guardians of
the participants.

Screening Tools and ASD Diagnosis
All the children were screened at enrollment and at the end of
intervention by the M-CHAT and the Autism Behavior Checklist
[ABC, (21)]. The M-CHAT is a 23-item parent questionnaire
developed to screen children ranging in age from 16 to 30months
old (22). The reliability of M-CHAT is 94% in the Chinese
population (23). The ABC is a well-established parent report

Frontiers in Pediatrics | www.frontiersin.org 2 December 2020 | Volume 8 | Article 58189376

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Fu et al. Efficacy Predictors of PCBI

checklist used to screen and diagnose autism. The higher the
subscale and total ABC score are, the more significant the ASD
symptoms are. Participant who did not reach the evaluation age
of the screening tools when entering the group will be evaluated
at the end of the intervention. The reliability and validity of ABC
scale in the Chinese population are nearly 100% (24).

The ADOS is a semistructured, standardized diagnostic
observational instrument that provides the diagnosis of ASD
based on the DSM-IV algorithm. The ADOS is designed to assess
autism symptoms in communicative behaviors, social reciprocity,
repetitive behaviors and play (25). All the children received
ADOS module 1 and ADI-R (26) to inform the ASD diagnosis,
and the assessment was conducted at age 2 for participants under
2 years of age at the end of the intervention.

Intervention
The caregivers received two and a half days of parent training
before participating in PCBI to gain some understanding of
the importance of early intervention and parental involvement.
The PCBI consisted of 12 parent-child sessions, with one
1-h session per week. The staff-child ratio was 1:1. In
sessions 1-11, the caregivers were coached in each of eleven
intervention techniques from PCBI, addressing one new skill
each week and improving those taught previously. The 11
skills were as follows: (a) behavioral training, focusing on
positive behavior; (b) behavioral training, dealing with problem
behavior; (c) behavioral training, developing training plans; (d)
behavioral training, executing training plans; (e) communication
training, facilitating joint attention; (f) communication training,
responding to joint attention; (g) communication training,
promoting speech development; (h) communication training,
creating a language environment; (i) communication training,
teaching simple game skills; (j) communication training, teaching
functional play skills; and (k) communication training, teaching
pretend play skills. Session 12 was devoted to maintenance after
treatment and discussion of the follow-up training plan. The 60-
min period of a session was roughly divided into three sections,
each of which was 20min long. In the first 20min, the mother
demonstrated the skills from the last lesson and the training
at home, and the therapist provided feedback and suggestions.
In the second 20min, the therapist introduced some theoretical
knowledge to the mother and used a demo game to interact with
the child. During the last 20min, the mother interacted with
the child based on the interactive skills just observed, and the
therapist provided timely guidance and feedback.

To ensure the effectiveness of the training, mothers were
required to complete a feedback form about the lesson, continue
training at home every day and submit a 10-min video recording
about the training every week. The therapist rated the video clips
and provided timely guidance and feedback to the parents. Only
themother with a score over 80 were considered to havemastered
the lesson.

Child Measures
Developmental Measures
The Gesell Developmental Schedules (27) is a standardized early
developmental quotient (DQ) assessment that provides an overall

index of ability on the following five subscales: adaptive behavior,
grossmotor behavior, language behavior, finemotor behavior and
personal-social behavior. All the children were administered the
Gesell at baseline and after intervention.

Efficacy Assessment
The Autism Treatment Evaluation Checklist [ATEC, (28)] was
used to measure the efficacy of PCBI. It has been successfully
used to assess the effectiveness of treatments and progress
after intervention in ASD (29–31). The ATEC is designed to
be self-administered by parents and elicits parent concerns in
four domains: speech/language/communication (14 items, scores
range from 0 to 28), health/physical behavior (25 items, scores
range from 0 to 75), sensory/cognitive awareness (18 items,
scores range from 0 to 36), and sociability (20 items, scores range
from 0 to 40) (32). The total scores of these four subscales range
from 0 to 180, and a higher subscale and total score indicate
greater impairment in children. The reliability of ATEC is 75%
and the validity is 92% in the Chinese population (33).

Parent Measures
The Parenting Stress Index Short Form (PSI-SF) is a Likert-
based 5-point self-report questionnaire with 36 items used to
evaluate parenting stress (34). The PSI-SF consists of three
subscales, parenting distress (PD), difficult child (DC) and
parent-child dysfunctional interaction (PCDI), as well as a total
stress scale. It has been used in previous studies with children
with ASD and shows good reliability and validity (35, 36).

The General Self-Efficacy Scale (GSES) is widely
implemented worldwide and was developed to measure an
individual’s self-efficacy level (37). Self-efficacy is defined as
an individual’s belief about his or her ability to control events
related to the individual to meet a specified level of performance.
A Chinese version (38) that consisted of 10 questions was used
in this study.

Acceptability and Fidelity
Mother-perceived acceptability is especially important for
interventions when the mother is the primary interventionist.
Satisfaction questionnaires were used to assess parental
satisfaction with the intervention after each session. The
therapist monitored treatment fidelity by rating mother’s
performance in correctly implementing techniques and adhering
to intervention procedures during each session via a Likert-based
10-point rating system. We also evaluated the completion level
of training at home via videotaped observation ratings.

Mother-Child Interaction
Mother-child interaction was assessed and videotaped with the
mother and child sitting on a floor mat in a laboratory room
(3× 3 m2) at baseline and after intervention. The free play-based
setting included a standard set of toys, such as cause-and-effect
toys, books, dolls, balls, toy cars, toys for imaginative play (e.g.,
blocks), and a small towel for peekaboo games. At the beginning
of the experiment, the child was given 3min to independently
explore three toys selected by the mother. Then, the mother was
asked to engage in play with all the toys if the child wished as
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they normally would for the next 10min (see Figure 1). Mother-
child interaction was video recorded for later coding by a desktop
computer, and four cameras were fixed to the wall. Because
the toddlers varied widely in the way they explored the toys
independently and the interaction in the last 5min was relatively
more stable, coding focused on the last 5min of toddlers’ free play
with their mothers.

Interaction Coding
Videotapes of the last 5min of the mother-child interaction
were rated on a 5-s interval basis using the Observer XT 12.0
behavioral coding software. The coding was performed by two
independent coders. Interrater reliability was tested by coding
20% of the video recordings independently using Cohen’s kappa
interrater agreement coefficient. Cohen’s kappa averaged 0.80 for
mother and child behaviors. The coding schemes were designed
with reference to the work of Guo et al. (18).

The coders rated mother and child behavior using 1- to
3-point rating scales, including positive engagement, negative
engagement, disengagement, child-object engagement, and
mother-child dyadic synchrony. Mother positive engagement
refers to mothers expressing positive or neutral affect,
vocalizations and behavior to interact with toddlers, such as
playing an active imaginative game with a full smile on the face.
Mother negative engagement refers to mothers expressing angry,
hostile, irritable, or negative vocalizations to children as well as
intruding on children’s exploration.Mother disengagement refers
to mothers expressing boredom or disinterest and avoiding
interaction with their child. Child positive engagement refers to

toddlers maintaining free play with their mothers by showing
positive or neutral affect, vocalizations and positive body
posture. Child negative engagement refers to toddlers expressing
impatience, anger, distressed vocalizations and negative body
posture to protest against their mothers, such as crying and
pushing their mothers away. Child disengagement refers to
toddlers withdrawing from a joint activity by expressing sadness
or anxiety. Child-object engagement refers to toddlers focusing
on exploring toys independently and without interacting with
their mothers. Mother-child dyadic synchrony means that both
mothers and children are in a positive state of engagement at the
same time.

Statistical Analysis
Data analyses were performed using SPSS 23.0. We evaluated
changes in the mothers’ variables, including the PSI-SF and
GSES scores as well as the acceptability and fidelity of PCBI
between baseline (T1) and postintervention (T2). The mother-
child interaction variables and children’s variables such as
developmental level, ASD symptoms and intervention efficacy
change were also assessed. Paired t-tests was used for data that
obey normal distribution and non-parametric test was used for
variables did not obey normal distribution. Next, hierarchical
multiple regression analyses were performed to explore the
effect of these potential predictors of intervention efficacy. All
the variables were divided into two categories (children’s and
mothers’ factors, mother-child interaction factors) to examine the
main predictors in each category.

FIGURE 1 | This figure provides an illustration of free play.
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We also used machine learning algorithms to verify the
factors that can predict the efficacy of intervention. LASSO
regression, support vector machine (SVM), ridge regression (RR)
and random forest (RF) algorithms were applied to develop
regression modes in this study. Machine learning techniques
were completed using Python (Python 3.6.5) and MATLAB’s
Statistics (MATLAB R2018a). We considered all the variables
of mothers and children and the mother-child interaction as
features, including the age of the mother and child; the subscale
and total score on the ABC, Gesell, PSI-SF, and GSES; and both
mothers’ and children’s behaviors during the videotaped mother-
child interactions. A 5-fold cross-validation method was used
for internal validation to ensure an unbiased estimate of the
classifier performance. It consisted of dividing the entire group
of 70 children randomly into 5 subsets of equal size; then, 4-folds
were used as the training dataset and the remaining fold as the
testing dataset. Then, all the features were sorted according to the
weight, and the top five features were listed for each regression
model. Root mean square error (RMSE) and R2 were used to
describe and estimate the performance of the regression models.
RMSE represents the differences between predicted and observed
values, and R2 measures how well the model fits the predicted
values; the better the model is, the closer the R2 is to 1. RMSE and
R2 are defined via the following formulas:

RMSE =

√∑N
i=1(Yi − Xi)2

N
,

R2 = 1−
SSres

SStot
= 1−

∑
i(Xi − Y)2

∑
i(Xi − X)2

RESULTS

Child Outcomes
The child outcome variables at baseline (T1) and
postintervention (T2) are shown in Figure 2. Toddlers made
statistically significant improvements in the Gesell subscales,
including change in adaptive behavior DQ (t = 3.01, p = 0.004),
language behavior DQ (t = 5.16, p < 0.001), fine motor behavior
DQ (t = 2.23, p = 0.029) and personal-social behavior DQ (t =
2.61, p = 0.011), but they did not exhibit a significant change in
Gesell gross motor behavior DQ before and after intervention
(t = 0.01, p = 0.994). The subscale and total ABC scores (z =

6.20, p < 0.001) significantly decreased from intake to T2. In
addition, the ATEC indicated that PCBI was effective, and the
score decreased in this period of intervention (t = 9.05, df = 69,
p < 0.001, Cohen’s d = 0.74).

Parent Outcomes
Figure 3 presents the means and standard deviations for mother
outcomes at T1 and T2. Paired t-tests clearly revealed that during
PCBI, parenting stress decreased in the total level of PSI (z =

2.86, p = 0.004) as well as on the mother-child dysfunctional
interaction (z = 3.43, p = 0.001) subscale. However, no
significant change was observed for themother’s self-efficacy level
at preintervention and postintervention (z = 0.99, p= 0.318).

Mother-Child Interaction Outcomes
Table 1 presents the change in mother-child interaction coding
data for mothers and children. During PCBI, the rate of mothers’
positive engagement (z= 2.59, p= 0.010) significantly increased,
and mothers’ disengagement (z = 3.24, p = 0.001) decreased.
The rate of child positive engagement (z = 5.52, p < 0.001)
also showed a statistically significant increase, while the degree
of child-object engagement (z = 4.38, p < 0.001) was reduced.
In addition, mother-child dyadic synchrony was significantly
improved after intervention (z = 5.44, p < 0.001).

Summary of Hierarchical Regression
Analysis for Variables Predicting the
Intervention Effect (Change in ATEC Score)
As shown in Table 2, hierarchical multiple regression analyses of
the children’s and mothers’ factors revealed that the completion
level and change in the PSI score contributed significantly to
the intervention effect (change in ATEC score). The completion
level explained ∼70% of the change in the ATEC score, with a
change in the PSI score making a marginally unique contribution
to the change in the ATEC score after controlling for the
completion level.

The regression on mother-child interaction variables
indicated that change in child positive engagement and change
in mother-child dyadic synchrony contributed significantly
to the change in the ATEC score (Table 3). Change in child
positive engagement explained∼30% of the change in the ATEC
score, with change in mother-child dyadic synchrony making a
significant contribution to the model.

Performance of the Regression Models
Table 4 shows the importance rankings of the top 5 variables
for different algorithms for predicting the efficacy of PCBI. The
best performance was found for the SVM model (R2 = 0.75,
RMSE = 0.59), and the worst performance was found for the RR
model (R2 = 0.53, RMSE = 0.70). Based on R2 and RMSE, the
performance of different models can be ranked from strongest
to weakest as follows: SVM > RF > LASSO > RR. Therefore,
the SVM was selected as the best regression model for this
study.As showninTable 4, differentmachine-learningalgorithms
produced similar but different rank orderings because each
method fit a different type of regression model. Mothers’ factors,
especially the completion level and mothers’ stress (the subscale
and total score of PSI) at baseline, seemed to be consistently
important predictors. In addition to maternal variables, mother-
childdyadic synchrony at baseline,whichwas ranked secondplace
by the SVM model, was an important predictor in this study.

DISCUSSION

Our first outcome verified a finding of our previous work,
namely, that PCBI is effective for children with ASD aged
13–30 months (8). Analyses of the changes over 12 weeks
of PCBI suggest that toddlers, as a group, improved in their
developmental and autism symptoms with respect to gains in
adaptive behavior, language behavior, fine motor behavior and
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FIGURE 2 | Outcome of children’s variables at baseline (T1) and postintervention (T2). T1, preintervention; T2, postintervention; DQ1, Adaptive behavior; DQ2, Gross

Motor behavior; DQ3, Language behavior; DQ4, Fine motor behavior; DQ5, Personal-social behavior; ATEC, The Autism Treatment Evaluation Checklist; ABC, The

Autism Behavior Checklist; B, L, S, and RSC, the subscales of ABC. *p < 0.05; **p < 0.01.

FIGURE 3 | Outcome of mothers’ variables at baseline (T1) and postintervention (T2). T1, preintervention; T2, postintervention; PSI-SF, The Parenting Stress Index

Short Form; PD, PCDI, and DC, the subscales of PSI-SF; GSES, The General Self-Efficacy Scale. **p < 0.01.

personal-social behavior skills and decreases in the ATEC, ABC
and subscale scores. In addition, we used video-recordedmother-
child interactions to investigate the behaviors of children and
mothers and found a significant gain in the level of child positive
engagement and a reduction in child-object engagement. This
finding is consistent with a study of parent delivery of the Early
Start Denver Model intervention, which also conducted a 12-
week intervention and found improvement of developmental
skills (39). Previous studies have demonstrated that children
with ASD have unstable structures of dyadic interactions and

may have difficulty sustaining positive emotional states (18).
However, the dyadic regulation ability of children with ASD
in this study improved significantly. These results indicate that
PCBI is an effective intervention method that can not only
raise children’s developmental levels but also enhance their
emotional regulation and effective social interaction abilities.
In addition, these children will be followed up and reassessed
every year to check if the improvements were consolidated and
generalized to other fields of their everyday life and now this
work is ongoing.
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TABLE 1 | Outcome of mother-child interaction variables at baseline (T1) and postintervention (T2).

T1 T2 Change scores z P

Mothers

Positive engagement 53.54 ± 8.78 56.66 ± 5.29 3.11 ± 8.41 2.59 0.010

Negative engagement 3.81 ± 6.80 1.96 ± 4.04 −1.86 ± 7.52 1.57 0.117

Disengagement 2.50 ± 3.94 1.17 ± 1.98 −1.33 ± 3.21 3.24 0.001

Children

Positive engagement 9.16 ± 8.29 16.30 ± 11.47 7.14 ± 9.39 5.52 < 0.001

Negative engagement 3.46 ± 8.97 3.06 ± 7.79 −0.40 ± 10.19 0.20 0.845

Disengagement 5.51 ± 8.04 5.94 ± 7.28 0.43 ± 8.93 0.09 0.932

Child-object engagement 41.81 ± 13.17 34.54 ± 12.79 −7.27 ± 14.82 4.38 < 0.001

Dyadic engagement 9.03 ± 8.34 16.00 ± 11.56 6.97 ± 9.42 5.44 < 0.001

Data are expressed as the mean ± SD. T1, preintervention; T2, postintervention.

TABLE 2 | Summary of hierarchical regression analysis for children’s and mothers’ factors predicting intervention effect (change in ATEC score).

Predictor variables Model 1 Model 2 Model 3

(factors of mothers and children)

B SE B β B SE B β B SE B β

Mothers’ age 0.33 0.50 0.08 0.18 0.26 0.05 0.19 0.25 0.05

ABC total score T1 0.07 0.04 0.21 −0.01 0.02 −0.03 −0.12 0.02 −0.05

Change in Children’s DQ −0.07 0.15 −0.06 0.04 0.08 0.03 0.05 0.08 0.04

Completion level −15.69 1.27 −0.87** −15.02 1.25 0.83*

Change in PSI score 0.17 0.07 0.17**

R2 0.06 0.74 0.76

F 1.25 41.45** 37.41**

R2 change 0.06 0.68 0.03

F change 1.25 152.60** 6.32*

*p < 0.05; **p < 0.01.

Our second finding was that parenting stress decreased
after 12 weeks of intervention. Previous reports demonstrated
that mothers of children with ASD often experience much
more stress than mothers of children with any other health
problems, and parenting stress is related to child outcomes
(11, 40, 41). In addition, mothers’ self-efficacy was found to be
an important factor affecting mothers’ stress by adjusting the
influence of children’s behavior problems on mothers’ anxiety
and depression. The less satisfied mothers of children with ASD
are, the higher the levels of pressure they experience (13, 42,
43). Consistent with these studies, we also found a negative
correlation between mothers’ self-efficacy and stress, although no
significant difference in satisfaction was found between baseline
and postintervention. In addition, the mother-child interaction
videotapes showed an improvement in mothers’ interaction
skills, such as an increase in the level of positive engagement
and a reduction in the level of negative engagement. This
result indicates that PCBI can not only contribute to reducing
mothers’ stress but also improve mothers’ skills in interacting
with their children.

The main purpose of this study was to investigate and obtain
preliminary data on the characteristics of toddlers who are

more likely to benefit from PCBI. Available evidence indicates
that many factors may impact the outcome of the intervention,
including the characteristics of the mother and child (44–
48). Thus, this study analyzed the main predictors from the
perspective of mothers and children. Both the machine learning
algorithms and hierarchical multiple regression indicated that
maternal factors, such as mothers’ stress and completion level of
training at home, might be associated with the outcome of the
intervention. Interestingly, mothers’ stress, which was a predictor
in this study, often emerges as a predictor in other reports focused
on different intervention models (12, 13, 49), suggesting that
more attention should be paid to the stress of mothers of children
with ASD. In addition, the regression analysis of this study
showed that the change in PSI score mediated the completion
level of training at home and the ATEC scores. This might be
interpreted as indicating that mothers with less stress were better
able to complete their homework; in other words, stress may have
affected their ability to perform the training at home.

The results of machine learning algorithms and hierarchical
multiple regression suggest that PCBI might be particularly
beneficial to children with ASD who show good performance
in mother-child dyadic synchrony. Thus, the efficacy of PCBI
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TABLE 3 | Summary of hierarchical regression analysis for mother-child interaction factors predicting intervention effect (change in ATEC score).

Predictor variables Model 1 Model 2 Model 3

(mother-child interaction factors)

B SE B β B SE B β B SE B β

Change in mother negative engagement −0.04 0.26 −0.02 -1.16 1.26 −0.55 -0.79 1.15 −0.38

Change in mother disengagement 0.33 0.61 0.07 -0.83 1.36 −0.17 -0.70 1.24 −0.14

Change in child negative engagement 0.27 0.20 0.17 -0.01 0.18 −0.01 -0.15 0.17 −0.10

Change in child disengagement 0.04 0.23 0.02 -0.19 0.20 −0.11 -0.23 0.18 −0.13

Child-object engagement 0.18 0.14 0.17 -0.02 0.13 −0.02 0.26 0.13 −0.24

Change in mother positive engagement -0.94 1.25 −0.50 -0.51 1.14 −0.27

Change in child positive engagement -0.94 0.20 −0.56** -0.45 0.22 −0.29*

Change in mother-child dyadic synchrony -0.93 0.26 −0.54**

R2 0.05 0.31 0.43

F 0.63 4.01** 5.85**

R2 change 0.05 0.26 0.12

F change 0.63 11.90** 13.22**

*p < 0.05; **p < 0.01.

TABLE 4 | Model fits for different algorithms and variable importance rankings.

R2 RMSE Variable rank

1 2 3 4 5

LASSO 0.59 0.63 Completion level Mother negative

engagement

DC score (T1) GSES score (T1) Dyadic emotion engagement (T1)

SVM 0.75 0.59 Completion level Dyadic emotion

engagement (T1)

Change in dyadic

emotion engagement

DC score (T1) Child positive engagement (T1)

RR 0.53 0.70 Completion level DC score (T1) PD score (T1) Dyadic emotion

engagement (T1)

Change in adaptive behavior DQ

RF 0.61 0.57 Completion level Change in

adaptive behavior

DQ

Satisfaction Child positive

engagement (T1)

PSI score (T1)

LASSO, LASSO regression; SVM, support vector machine; RR, ridge regression; RF, random forest; PD and DC, the subscales of the Parenting Stress Index Short Form.

can be improved through the improvement of mother-child
dyadic synchrony. Dyadic synchrony refers to the emotional
and behavioral responsivity of the mother and the child to
each other and can make a positive contribution to children’s
development (50). The potential mechanism of this result might
be that the improvement of mother-child dyadic synchrony may
improve children’s development as well as their behavior and
communication ability. In addition, according to previous studies
that demonstrated that the maternal psychological state, such as
depression and stress, contributes to poorer dyadic synchrony
(50), two crucial predictors in this study, mother-child dyadic
synchrony and mothers’ stress, may have mutual influences on
each other and work together to affect the efficacy of PCBI.
Consistent with our findings, Hobson et al. (51) indicated that
parent-child dyadic synchrony was a mediating factor to predict
child communication outcomes. Guo et al. (18) highlighted
that children with ASD were more likely to exhibit emotion
dysregulation; the problem of emotion dysregulation should be
considered when an intervention is implemented. Our results

indicated that mother-child dyadic synchrony was a crucial factor
in predicting and monitoring the efficacy of the intervention that
should be considered in future clinical interventions.

This study has a number of strengths, including the focus
on both maternal and child characteristics as well as the
analysis of video-recorded parent-child interactions and the
use of machine learning algorithms. However, this study also
has several limitations. First, the caregivers investigated in this
study were the mothers of the children with ASD; the results
cannot be generalized to fathers. Second, PCBI is the main
intervention for children of this age in our team, and all the
participants received PCBI without a control group; thus, it is
unclear whether the findings are specific to responses to PCBI.
It would be necessary to conduct a randomized control trial
to test whether these predictors response to the PCBI only.
Third, this study focused on short-term efficacy and factors
likely to affect children’s response to intervention. Longitudinal
studies are needed to determine whether gains are maintained
after a number of years and translate to meaningful cognitive,
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academic and social differences between children who accessed
the intervention and those who did not. It is also necessary to
analysis of each individual profile in our future work to provide a
more specific intervention to each child.

In conclusion, this study indicated that mother-child dyadic
synchrony, parenting stress of mothers and the completion level
of training at home are important predictors of PCBI efficacy.
In addition, the findings suggested that PCBI can contribute
to reducing mothers’ stress and improve the interaction skills
between mothers and children with ASD.
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Diminished orienting to social stimuli, and particularly to faces, is a core feature of

autism spectrum disorders (ASDs). Impaired face processing has been linked to atypical

attention processes that trigger a cascade of pathological development contributing to

impaired social communication. The aim of the present study is to explore the processing

of emotional and neutral faces using an eye-tracking paradigm (the emotional faces task)

with a group of 24 children with ASD aged 6 and under and a group of 22 age-matched

typically developing (TD) children. We also measure habituation to faces in both groups

based on the presentation of repeated facial expressions. Specifically, the task consists

of 32 pairs of faces, a neutral face and an emotional face from the same identity,

shown side by side on the screen. We observe differential exploration of emotional

faces in preschoolers with ASD compared with TD. Participants with ASD make fewer

fixations to emotional faces than their TD peers, and the duration of their first fixation on

emotional faces is equivalent to their first fixation on neutral faces. These results suggest

that emotional faces may be less interesting for children with ASD. We also observe a

habituation process to neutral faces in both children with ASD and TD, who looked less

at neutral faces during the last quarter of the task compared with the first quarter. By

contrast, TD children show increased interest in emotional faces throughout the task,

looking slightly more at emotional faces during the last quarter of the task than during

the first quarter. Children with ASD demonstrate neither habituation nor increased interest

in the changing emotional expressions over the course of the task, looking at the stimuli

for equivalent time throughout the task. A lack of increased interest in emotional faces

may suggest a lack of sensitivity to changes in expression in young children with ASD.

Keywords: emotional faces, habituation, eye-tracking, preschoolers, ASD, face exploration

INTRODUCTION

Autism spectrum disorders (ASDs) are a group of neurodevelopmental disorders characterized by
persistent deficits in social communication and interactions, as well as restricted and repetitive
patterns of behavior, interests, or activities. Symptoms of autism are present early in development
and are known to cause variable functional impairment (1). Diminished orienting to faces and
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reduced eye contact are two striking behavioral hallmarks of
autism. Faces are highly salient but complex social stimuli
that are essential to social interactions (2). A recent review
and meta-analysis of eye-tracking studies confirmed overall
reduced attention to social stimuli and impaired face orienting in
individuals with ASD compared with typically developing (TD)
controls (3). Some authors have suggested this lack of social
orientation as a potential trigger for the developmental cascade
that contributes to autistic symptoms (4).

Eye tracking is a non-invasive tool, facilitating the detailed
characterization of looking behavior (5–7). It is especially
useful for screening and detecting early visual exploration
abnormalities. Several authors have suggested that eye-tracking
measurements may be useful for the diagnosis of ASD (6) or
as predictors of outcome (8). For example, Frazier et al. (6)
created an eye-tracking-based autism risk index including time
spent on different biological and social stimuli. They found that
the autism risk index was strongly associated with the severity
of autistic symptoms among children between 3 and 8 years
old, according to Autism Diagnostic Observation Schedule—
Second Edition (ADOS-2) severity scores. To study predictors
of outcome, Franchini et al. (8) reproduced a visual preference
paradigm by presenting biological and geometric motion side by
side during eye tracking. The authors showed that children with
ASD who preferred biological motion at the age of 3 showed
drastic reductions in the severity of their autistic symptoms 1 year
later than did preschoolers who preferred geometric motion (8).

Eye-tracking technology also is an extremely useful tool for
understanding autistic symptoms and face exploration behavior
in children with ASD. An eye-tracking study detected atypical
face exploration for preschoolers with ASD, noting that they
looked less at the inner facial features of neutral faces and more
at the external facial features than did TD children (9). Two other
studies suggested that children with ASD looked significantly
less at the eyes and more at the mouth than TD children when
viewing social scenes (10, 11). Given the potential for early
emergence of autistic symptoms, a few studies have explored
face exploration in 2- to 6-month-old infants at risk for ASD,
with inconsistent results (12–14). Jones and Klin (13) showed
that infants later diagnosed with ASD demonstrate decreased
fixations on the eyes within the first 2–6 months of life (13).
However, a longitudinal study by Young et al. (14) showed that
none of the infants with lower rates of gazing at the eye region
at age 6 months had any signs of autism at 18 months (14).
Moreover, context appears to modify how toddlers with ASD
process faces (15). The authors showed that children with ASD
spent less time looking at whole faces and lip movements than
did their peers solely in the context of a direct interaction (15).

The mechanisms underlying impaired face processing in ASD
are not yet fully understood. Face exploration in ASD appears
to change to some degree based on the emotion expressed
on the face and whether the face is static or dynamic [for
a review, see (16)]. A recent study among adults with ASD
linked impaired face exploration with specific deficits in emotion
exploration (17), and emotion exploration has been related to
difficulties in the recognition of different emotions (18). A few
studies have explored emotion recognition in preschoolers with

ASD, using either facial or vocal stimuli, with mixed results.
Some studies do not point to significantly impaired emotion
recognition in individuals with ASD (19), whereas others identify
impaired emotion recognition overall or for specific emotions
(18), depending on the type of stimuli (18) and characteristics
related to the participants (20).

A growing body of work has focused on attentional
processes, such as habituation or visual disengagement, and
their contributions to socio-communicative impairments in
autism (21–24). Hypotheses for explaining both decreased social
interest and the developmental cascade of socio-communicative
impairments have emerged from recent work exploring attention
deficits in children with ASD (21–24). Studies demonstrate
impaired visual disengagement, which can result in sticky
attention in the absence of habituation to stimuli (25–28).
Habituation is defined as the diminishing of a response to a
repeated stimulus (29) and is referred to as repetition suppression
in neuroimaging studies (30). Some authors have suggested
that impaired habituation to sensory stimuli in children with
ASD may result in stimulus overload (21, 22). Overwhelmed
by their surroundings, children with ASD may have trouble
evaluating both the salience and relevance of stimuli, including
social cues (21, 22). As a result, social stimuli can be labeled
“unpleasant” and, consequently, avoided, contributing to socio-
developmental impairment in children with ASD (21, 22). These
results are supported by neuroimaging studies. Ewbank et al. (31)
showed repetition suppression, with reduced blood oxygenation
level-dependent (BOLD) response, and changes in connectivity
between the occipital face area and the fusiform face area in
neurotypical adults while looking at repeated identical faces
(31). The same authors later observed decreased repetition
suppression in the fusiform face area in adults with ASD looking
at repeated faces (32). Other neuroimaging studies also point to
reduced habituation involving the amygdala in individuals with
ASD, related to more severe social impairment (33, 34).

During eye tracking, habituation is typically defined by a
progressive decrease in looking time at a stimulus when it is
repeated (35). However, despite its relevance, surprisingly few
eye-tracking studies have investigated differential habituation in
children with ASD (35) or habituation to faces (36). A recent eye-
tracking study compared habituation responses with sensitivity
to novelty in ASD, Williams syndrome, and TD preschool
children based on repeated vs. novel geometric stimuli presented
side by side (35). The TD andWilliams syndrome groups showed
reduced attention to the repeating stimuli and increased attention
to the novel stimuli over time, while the ASD group showed a
similar decrease in attention to both stimuli. Correspondingly,
another study showed slow visual habituation to faces in children
with severe autism (36). The authors defined habituation when
the average of two consecutive visual fixations dropped below
50% of the average of the same child’s longest two fixations.
Children with ASD needed more trials than controls to habituate
to faces compared with houses. To the best of our knowledge,
previous studies have never compared habituation with neutral
vs. emotional faces in children with ASD. Through the repetition
of 32 pairs of neutral and emotional faces, we were able to
observe changes in participants’ attention to faces and whether
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TABLE 1 | ASD (Autism Spectrum Disorder) and TD (Typically Developing) groups characteristics.

ASD group TD group p-value

[t(df)]

N

(Gender)

24

(Males = 22/Females = 2)

22

(Males = 16/Females = 6)

0.128

(Fisher’s exact-test)

Age

Mean ± SD (Range)

3.92 ± 1.18 years old

(1.88–5.63 years old)

4.12 ± 1.08 years old

(1.77–5.84 years old)

0.547

[t(44) = 0.61]

habituation to neutral and emotional faces is different between
children with ASD and their TD peers.

The aim of this eye-tracking study is two-fold. First, we
describe the exploration patterns of emotional and neutral static
faces stimuli in children younger than 6 years with ASD and their
age-matched TD peers. Namely, we look at the time spent on the
faces and inner facial features (eyes and mouth), as well as the
number of fixations children made to these areas of interest (see
section Emotional and Neutral Face Exploration paragraph for
details). The number of fixations, together with fixation duration,
allows us to explore whether the child fixates the same part of a
stimulus for a prolonged time or whether he/she explores it by
making several fixations within the stimulus. This is especially
interesting since a “sticky” pattern of exploration is described as
one of the early signs of ASD in children (37).

Commensurate with results from previous work (3), we
hypothesize that children with ASD will show decreased
orienting to faces, especially to emotional vs. neutral faces,
than will TD children. We also hypothesize that children with
ASD will present a differential exploration pattern, depending
on whether a stimulus is emotional or neutral, as compared
with TD participants. Specifically, we expect that children with
ASD will spend less time looking at the eyes and more time
on the mouth than TD children, with a decreased number of
fixations in each area of interest (AOI). Second, we will measure
habituation during face exploration. In the current study, we
define habituation as a significant decrease in the time spent on
faces during the last quarter of the task compared with the time
spent on faces during the first quarter of the task (see section
Habituation paragraph for details). According to recent theories
and previous results (35, 36), we hypothesize that children with
ASD will show reduced habituation to faces, both emotional
and neutral, spending a similar amount of time looking at faces
throughout the task.

MATERIALS AND METHODS

Participants
The present study included 24 participants with ASD (2F), 1.88–
5.63 years old (3.92 ± 1.18), and 22 TD children (6F), 1.77–5.84
years old (4.12 ± 1.08) (Table 1). Both groups did not differ by
age (p= 0.547) or gender (p= 0.128).

Participants with ASD were recruited through local ASD-
specialized therapeutic centers and parent associations. For
participants with ASD, the clinical diagnosis was confirmed
using either the ADOS-Generic (ADOS-G) (38) or the ADOS-2
(Second Edition) (39) (Table 2). The ADOS consists of a series of

TABLE 2 | ADOS calibrated severity scores and best estimate intellectual quotient

for ASD (autism spectrum disorder) and TD (typically developing) groups.

ASD group TD group p-value

[t(df)]

Total ADOS severity score

Mean ± SD

7.21 ± 1.84 1.05 ± 0.21 <0.001

[t(44) = 15.59]

ADOS social affect severity

score

Mean ± SD

6.08 ± 1.93 1.09 ± 0.42 <0.001

[t(44) = 11.85]

ADOS restricted interests

and repetitive behaviors

severity score

Mean ± SD

8.92 ± 1.38 2.09 ± 1.82 <0.001

[t(44) = 14.39]

Best estimate intellectual

quotient

Mean ± SD

81.51 ± 26.00 122.90 ± 17.43 <0.001

[t(44) = 6.29]

ADOS, Autism Diagnostic Observation Schedule.

structured and semi-structured tasks involving social interactions
between an examiner and a child. It serves as a standardized
tool for diagnosing ASD and quantifies observations in three
domains of behavior: communication, social interaction, and
repetitive/restricted behaviors or interests. The version (module)
of the ADOS is selected according to a child’s age and language
level. Therefore, the ADOSmodule differed between participants.
Accordingly, the ADOS Calibrated Severity Score served as
a standardized measure of symptom severity across modules
(40). Calibrated Severity Scores also were obtained for the
Social Affect (SA-SS) and the Restricted Interests and Repetitive
Behaviors domains (RRB-SS). The 22 participants with typical
development were recruited through announcements in the
Geneva community. They also were assessed using the ADOS-
G or ADOS-2 to ensure the absence of ASD symptoms prior to
their inclusion in the TD cohort. All TD children had a Total
Severity Score of 1 (the minimum), except for one child who
had a score of 2. Children also were excluded from the TD
group if they presented any neurological/psychiatric problems
or learning disabilities according to a parent interview and
questionnaire, or if they had a sibling or first-degree relative
diagnosed with ASD. The study was approved by the Local
Research Committee, the Commission Centrale d’Ethique de
Recherche (CCER) in Geneva, Switzerland, and written informed
consent was obtained from a parent of all the participants
prior to inclusion in the study. All participants are part of the
Geneva Autism Cohort, a cohort of preschoolers followed up
longitudinally (8, 41).
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FIGURE 1 | The emotional faces task. (A) Example of one pair of faces with area of interest (AOI). AOI representation: screen in pink, neutral face in blue, emotional

face in red, eyes in green, and mouth in yellow. The pair of faces was extracted from the Radboud Faces Database (47). (B) Example of the order of the stimuli, with

three pairs of faces and two turning wheels between the faces.

A total of 59 pre-schoolers (all under the age of 6) participated
in the current study (31 children with ASD and 28 TD children).
Five children with ASD were subsequently excluded because
they did not sufficiently attend to stimuli presented during eye
tracking. To be included in the statistical analysis, participants
needed to attend to at least 50% of trials (16 stimuli) for
at least 50% of the presentation duration of each stimulus

(2.5 s). We further excluded data from three children (two with
ASD) due to a failure in the eye-tracking calibration procedure
detected during a visual inspection of the recording (see section
Procedures and Experimental Measures paragraph for details).
Consequently, to keep the ASD and TD groups matched for
gender, we had to exclude five TD girls. After a total of 13
children (7 with ASD) were excluded, the final groups comprised
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FIGURE 2 | Fixations to emotional and neutral faces in autism spectrum

disorder (ASD) and typically developing (TD) group. TD group (on the left) and

ASD group (on the right) both looked significantly less at neutral faces than

emotional faces.

24 participants with ASD and 22 TD children. Children with ASD
who were excluded due to failed eye tracking did not differ on
severity of autism symptoms as compared with those who were
included in the final sample (mean ADOS Total Severity Score:
included participants= 7.21± 1.84 and excluded participants=
6.29± 2.28).

Cognitive functioning was assessed using several standardized
tools. With the use of an approach previously described by our
team (42) and commensurate with other studies (43), cognitive
tools were selected according to age, language level, symptom
severity, and participants’ abilities to attend to demanding
cognitive tasks. We established a Best Estimate Intellectual
Quotient (BEIQ), based on either the Wechsler Pre-school and
Primary Scale of Intelligence, fourth edition (WPPSI-IV) (44),
the Mullen Scales of Early Learning (MSEL) composite score
(45), or the Psycho-Educational Profile, third edition (PEP-3)
(46). The WPPSI-IV is a standardized intelligence test for young
children, aged between 2.5 and 7 years 7 months. It is used
to determine the child’s intelligence quotient (IQ) and includes
five composite domain scores: the Verbal Comprehension Index
score, the Visual-Spatial Index score, the Fluid Reasoning Index
score, the Working Memory Index score, and the Processing
Speed Index score. The MSEL is a standardized assessment
used to measure cognitive functioning in children from the

ages of 0 to 68 months. The scale includes five subdomains:
Visual Reception, Fine and Gross Motor Skills, and Receptive
and Expressive Language. The total composite score gives an
estimate of overall intelligence. By comparison, the PEP-3 is a
standardized tool for assessing developmental level in children
with developmental disorders, and ASD in particular, between
the ages of 2 and 7.5 years. It includes the same five domains
as the MSEL but combines non-verbal and verbal intelligence
scores into a Verbal/Preverbal Cognition score and includes an
additional Imitation Skills Index.

Choice between the different scaled scores was as follows:
whenever possible, we used the Full-Scale IQ (FSIQ) score from
the WPPSI-IV (ASD N = 0, TD N = 3). For participants with
lower cognitive abilities or if the FSIQ derived from the WPPSI-
IV was not quantifiable, we used either the MSEL or the PEP-3,
depending on when participants were tested for the study. The
MSEL was added to our study protocol in 2015 and was used for
participants who were evaluated after that date. Thus, the MSEL
was used to calculate the BEIQ for 19 participants with ASD and
14 TD participants. The Verbal/Preverbal Cognition scale of the
PEP-3 was used to calculate the BEIQ for five participants with
ASD and five TD participants. Ten of 24 (42%) participants with
ASD obtained a BEIQ score below 70 (range 49.0–68.0). The ASD
group had a significantly lower mean BEIQ than the TD group (p
< 0.001; Table 2).

Procedure and Experimental Measures
Participants were seated on a chair or on their parent’s laps,
∼60 cm from the screen. Gaze data were acquired and analyzed
using TX300 Tobii eye-tracker software with a 300-Hz sampling
rate (https://www.tobiipro.com). The stimuli were presented
on a 1,200 × 1,920 pixel video monitor and subtended at a
minimal horizontal visual angle of 7.82◦ and a minimal vertical
visual angle of 2.86◦ for the smallest AOI. All participants were
administered a five-point calibration procedure to verify eye
motion and gaze presence before beginning the task. Calibration
was repeated until the eye tracker correctly detected child’s gaze.

The emotional faces task comprised a sequence of 32 stimuli,
each composed of two adult faces presented side by side
on the screen for a duration of 5 s. Each stimulus included
a neutral face and an emotional face taken from the same
person/identity. Thus, the task included a total of four emotion
expressions (anger, fear, happiness, and sadness), with eight
different identities expressing each emotion. Emotions were
mixed throughout the task. The face stimuli were all part of the
Radboud Faces Database (47), and all emotions were expressed
at the same intensity according to the database. Between each
stimulus, a rotating wheel was displayed in the center of the
screen for 1 s to recenter participants’ visual attention. Two
additional seconds of the rotating wheel to center participants’
attention was required (1 s before the beginning of the task and
1 s at the end of the task). Total task duration was 3min 13 s.
Children did not receive any viewing instruction prior to the
task. All participants viewed the sequence of face stimuli in the
same order.
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FIGURE 3 | Number of fixations on emotional and neutral faces. Autism spectrum disorder (ASD) group (orange) made less fixations to emotional faces than typically

developing (TD) group (dark blue).

Data Analysis
To quantify the time spent looking at key regions of the faces,
we drew an oval-shaped face AOI on each of the side-by-side
faces (see Figure 1) and added rectangular-shaped AOI for the
eye and mouth regions. We also drew an AOI containing the
whole screen to quantify screen attendance (see the following
paragraph). The size of the AOI containing the screen and the
faces was equivalent for all stimuli. AOI containing the eyes
and mouths was adjusted according to the physiognomy of each
identity and thus equals for the two faces in each stimulus.

Data analysis was performed using IBM SPSS Statistics for
Macintosh, Version 24.0 (IBM Corp., Armonk, NY), and graphs
were plotted using GraphPad Prism for Macintosh, Version 8
(GraphPad Software, La Jolla, CA, USA; www.graphpad.com).
Normality of distribution was tested with D’Agostino–Pearson
test for all the variables. Screen attendance was measured using

total time spent on the screen and the number of visits on the
screen, allowing us to quantify the amount of time that children
looked at the screen after looking away. We used an unpaired
t-test to compare screen attendance between groups.

Fixation time spent on each group of AOI (all faces, emotional
faces, neutral faces, eyes, and mouth) was calculated for the
ASD and TD groups. Fixations were defined according to the
Tobii IV-T Fixation filter (48), using a velocity threshold of 30◦

within a velocity window length of 20ms. Adjacent fixations
were merged. The maximum time between all fixations was
75ms, and the maximum angle between all fixations was 0.5◦.
Despite the fact that screen attendance was comparable in both
groups, we still controlled for overall time spent on the screen
during stimulus presentation by calculating the percentage of
time children fixated on each AOI group relative to overall time
spent on the screen.
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FIGURE 4 | First fixations to emotional and neutral faces. Typically developing

(TD) children showed longer first fixation on emotional faces (dark blue) than on

neutral faces (light blue).

Emotional and Neutral Face Exploration

A one-way multivariate analysis of variance (MANOVA) was
run to determine the effect of diagnosis on fixation duration
on emotional and neutral faces. We then compared the overall
number of fixations within and between ASD and TD groups,
using paired and unpaired t-tests, respectively. We used the same
approach for duration of first fixations on the neutral face and the
emotional face of each stimulus.

To test for differences in the exploration of emotional and
neutral faces, we calculated fixation time on the eyes and the
mouth of emotional and neutral faces in both groups. Effect of
diagnosis on fixation duration by region (eyes or mouth) was
then tested using a one-way MANOVA. To end, we tested the
interaction between fixation duration for the four emotional
expressions and diagnosis, using a two-way ANOVA. Then we
performed post-hoc analysis using Tukey’s multiple comparisons
test for fixation duration on each emotion between the ASD and
TD groups.

We used Pearson correlations (data were normally
distributed) to detect potential relationships between ADOS
Total Severity Score and our eye-tracking measures (fixation
duration on the screen and on emotional and neutral faces, first
fixation duration on emotional and neutral faces, and number of
fixations on emotional and neutral faces).

Habituation

In the context of the present study, habituation was defined
as the difference in time spent on the first quarter of the
task (first eight stimuli) compared with the last quarter (last
eight stimuli). We calculated fixation duration on each stimulus
(including both the emotional and neutral faces), as well as on
each emotional/neutral face. The sums were adjusted according
to overall time spent on the screen during the first quarter and
the last quarter, respectively. We compared the differences in
both groups, using paired t-tests, and we applied a Bonferroni
correction for multiple comparison.

RESULTS

The difference in total time spent on the screen between the
ASD (M = 124.95 s, SD = 16.87) and TD groups (M = 132.02 s,
SD = 13.26) was not statistically significant [t(44) = 1.57, p =

0.124], nor was the difference in the number of visits to the screen
between the ASD (M = 35.58, SD = 5.22) and TD groups (M =

36.27, SD= 4.81) [t(44) = 0.46, p= 0.645].

Emotional and Neutral Face Exploration
Overall, participants with ASD spent an equivalent amount of
time looking at faces (M = 90.25%, SD = 4.03) as compared
with TD participants (M = 91.65%, SD = 2.59) [t(44) = 1.34, p
= 0.170].

A one-way MANOVA tested the effect of diagnosis on the
exploration of emotional and neutral faces [fixation duration on
emotional faces ASD group (M = 50.56%, SD = 5.37) and TD
group (M = 53.96%, SD = 5.20); fixation duration on neutral
faces ASD group (M = 39.69%, SD = 4.63) and TD group (M
= 37.69%, SD = 5.55)] (Figure 2). There was a tendency toward
a main effect of diagnosis on the combined dependent variables
[F(2, 43) = 2.501, p = 0.094; Wilks’ lambda = 0.896; partial η

2

= 0.104]. Follow-up univariate ANOVA showed that the two
groups were statistically different in the total time spent exploring
emotional faces [F(1) = 4.749, p = 0.035; partial η2

= 0.097], but
not neutral faces [F(1, 44) = 1.769, p= 0.190; partial η2

= 0.039].
Both groups made more fixations to emotional faces than

to neutral faces (Figure 3). Participants with ASD made
significantlymore fixations to emotional faces (M= 165.30, SD=

37.15) than neutral faces (M = 136.00, SD= 38.39) [t(23) = 4.99,
p < 0.001]. The TD group also fixated more on emotional faces
(M = 196.10, SD = 30.79) than neutral faces (M = 144.10, SD
= 31.40) [t(21) = 7.11, p < 0.001]. However, when we compared
both groups, the ASD group made significantly less fixations to
emotional faces than the TD group [t(44) = 3.05, p = 0.004]. No
between-group difference was detected in the number of fixations
to neutral faces [t(df) = 0.78, p= 0.438].

We did not observe a significant difference [t(23) = 0.10, p
= 0.924] in the first fixation duration between emotional (M =

0.24 s, SD = 0.06) and neutral faces (M = 0.24 s, SD = 0.06)
in the ASD group (Figure 4). However, there was a significant
difference [t(21) = 3.44, p= 0.003] in the duration of first fixations
between emotional (M = 0.27 s, SD= 0.05) and neutral faces (M
= 0.24 s, SD= 0.05) in the TD group.
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FIGURE 5 | Fixations to (A) eyes and (B) mouth. There was no difference between the typically developing (TD) and autism spectrum disorder (ASD) groups.

We did not observe an effect of diagnosis on time spent on
facial features (Figure 5). In other words, we did not observe a
significant difference between time spent on the eyes and mouth,
between ASD and TD [F(2, 43) = 0.389, p = 0.680]. Concerning
the four different emotions, there was no significant difference in
time spent on emotions between the ASD and TD groups, nor
did we observe an interaction between expression (anger, fear,
happiness, and sadness) and diagnosis [F(3, 176) = 0.52, p= 0.671]
per a two-way ANOVA (Figure 6).

We did not observe any significant correlations between the
ADOS Total Severity Score and our eye-tracking measures in the
ASD group (all p ≥ 0.105).

Habituation
We then looked at habituation to faces over the course of the
task and found a significant effect of time spent on neutral
faces (Figure 7). The ASD group spent less time on neutral faces
during the first quarter of the task (M = 42.99%, SD= 7.28) than
during the last quarter (M= 36.45%, SD= 9.42) [t(23) = 3.06, p=
0.006]. The TD group also spent less time on neutral faces during
the first quarter of the task (M = 41.61%, SD= 5.69) than the last
quarter (M = 34.59%, SD= 8.43) [t(21) = 3.71, p= 0.001].

However, no significant effect of time spent on emotional faces
was observed in either group of children after having applied a
Bonferroni correction (p significant if ≤0.025). The ASD group
looked slightly less at emotional faces during the first quarter of
the task (M = 49.28%, SD = 8.15) than the last quarter (M =

51.89%, SD = 12.19); however, the difference was not statically
significant [t(23) = 1.05, p = 0.306]. TD children also looked
slightly less at emotional faces during the first quarter of the task
(M = 51.56%, SD = 5.67) than the last quarter (M = 56.02%,
SD = 7.79), but the difference was not statically significant [t(21)
= 2.25, p = 0.035]. Both groups looked significantly more at the
background of the screen behind the faces during the last quarter
of the task than the first quarter (ASD group p= 0.008; TD group
p < 0.001).

DISCUSSION

Contrary to expectations, our results are not commensurate
with previous studies showing altered orienting to faces in
preschoolers with ASD compared with TD preschoolers. Further,
we did not observe differences in time spent on the eyes or the
mouth between subject groups. As suggested by Falck-Ytter and
Von Hofsten in a review of literature, the finding that individuals
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FIGURE 6 | Fixations to the four different emotions. There was no difference between the typically developing (TD) (blue) and autism spectrum disorder (ASD) (orange)

groups.

with ASD look less at the eyes andmore at themouth than did TD
peers is not consistent between eye-tracking studies of children
(49). While it is most frequent among studies based on dynamic
stimuli (10, 11), a recent eye-tracking study using dynamic face
stimuli and based on large samples of toddlers with ASD, TD,
and developmental delay did not show decreased fixations to the
eye region in toddlers with autism (50). Moreover, the authors
did not observe a correlation between time spent on the eyes
and clinical data related to autism severity, language level, or
cognitive skills.

In addition, we did not observe a preference pattern between
emotional expressions in either participant group. While some
studies have observed impairments in emotion recognition
and processing in children with ASD (18, 20), to the best
of our knowledge, no clear consensus has emerged from the
many studies regarding differences in emotion exploration in
children with ASD. However, several studies have suggested
that “negative” emotions such as fear and anger may be less
salient for children with ASD (51–53). For example, a recent eye-
tracking study showed that high-functioning children with ASD
perceive fear as less intense than their TD peers (52). Moreover, a
recent magnetoencephalography study demonstrated differences
in electrical activity in children with ASD while looking
at happy vs. angry faces, suggesting reduced salience or
perhaps an underdeveloped response to anger (51). Finally, an
electroencephalography (EEG) study suggested that boys with

ASD are less able to detect angry and fearful faces than their
TD peers in the absence of group differences on sadness or
happiness (53).

Despite a lack of group differences in time spent, we found that
our ASD subjects tended to explore emotional faces differently
than the TD group. Indeed, ASD participants completed less
fixations, as well as shorter first fixations, to emotional faces
than TD children, stressing the need for understanding subtle
differences in exploration pattern in this population. This
may indicate that preschoolers with ASD visually engage less
frequently with emotional faces in the absence of a clear
difference in the total time spent on the emotional faces,
pointing to a somewhat “stickier” pattern of attention. There
were no observable intra-group differences in the duration of
our ASD group’s first fixations on emotional and neutral faces,
whereas the duration of first fixations to emotional faces was
significantly longer than on neutral faces in the TD group.
This could suggest that emotional faces are perceived as less
appealing and less salient for children with ASD. This finding
is in line with a recent pupillometry study, in which a lack
of pupil dilatation was reported in children with ASD while
looking at objects, as well as static and dynamic faces (54).
The authors attributed this lack of difference to an insensitivity
toward event-related pupil dilatation, suggesting an abnormal
physiological reaction and reduced arousal to socially salient
stimuli in ASD.
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FIGURE 7 | Habituation to emotional and neutral faces in (A) autism spectrum disorder (ASD) and (B) typically developing (TD) group. (A) The ASD group looked less

at neutral faces throughout the task. (B) The TD group looked less at neutral faces throughout the task but looked more at emotional faces.

Our habituation analysis of looking time over the course of
the task revealed that ASD participants’ attention to emotional
faces does not improve during the task, as expected, despite
the novel element of changes in emotional expression between
stimuli. In both groups, we found that children attended less
to neutral faces over the course of the task, whereas time
spent looking at emotional faces did not significantly change

between the beginning and end parts of the task though TD
children did look slightly more at emotional faces during the
last quarter of the task than the first quarter (this difference
was not statistically significant). This suggests a somewhat intact
habituation response to neutral faces in children with ASD, in
the absence of habituation or increased interest in response
to emotional faces. This result does not fully support previous
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eye-tracking studies observing impaired habituation in children
with autism (35, 36); however, it does suggest that children with
ASD may be impaired in their sensitivity to novelty.

Deficits in habituation and other attention processes, such as
disengagement of attention, are now being studied as potential
early markers that may contribute to an atypical developmental
cascade resulting in socio-communicative impairments (21–24).
According to previous studies and reviews, a primary impairment
in attention disengagement could lead to a tendency to fixate
on social stimuli early in life, decreased habituation preventing
the maintenance of a homeostatic brain state leading to either
hyperarousal or hypoarousal, and impaired attention shifting
and novelty detection (23, 24). Trouble discriminating socially
salient and non-salient stimuli could be the natural consequence,
which in turn may contribute to impaired face processing (23).
Social cues are then marked as unpleasant rather than rewarding,
encouraging the avoidance of social stimuli, decreased social
interest, and impaired joint attention and executive control (21–
24). This also could lead to restricted and repetitive behaviors,
as demonstrated in at-risk children with ASD as a strategy for
coping with hyperarousal (21).

Further eye-tracking studies will be necessary to
understanding the habituation response in young children
with ASD, given the clinical heterogeneity in the ASD
population (35) and the need to better understand attention
processes that may precede decreased social orienting
in at-risk ASD toddlers. Such behavioral markers could
guide the development of new diagnostic tools and early
interventions that target key behaviors. Hence, understanding
the subtleties of altered attention processes in children with
ASD could help determine their putative role in the core
ASD features.

Limitations
The current study has some limitations. First, the sample size
is quite small and, unfortunately, prevented us from separating
the ASD group in subgroups based on clinical heterogeneity.
The small sample size was due to the relatively long length
of the task, and some participants dropped out. The children
were excluded from the study because they did not complete
enough of the task and did not differ in autism symptom
severity from those who were included. However, we cannot
guarantee that this did not bias our sample. Our small sample
is also related to the fact that we applied very strict study
inclusion criteria. Also, we defined habituation differently, by
using the difference in time spent on faces during the first
quarter of the task compared with the last quarter in order
to observe changes over the course of the entire task. Given
that the face identities changed between stimuli, the emotional
face was not the only novel element, and the neutral face
was not identical from trial to trial; however, given our choice
of photos, the change in emotional expression was the most
striking change.

CONCLUSION

In this eye-tracking study, we explored emotional and neutral
face processing. Over the course of 32 stimulus repetitions,
we observed the presence of the habituation response to social
stimuli in a group of children with ASD aged 6 or younger. We
found that children with ASD looked differently at emotional
faces than TD children and that emotional faces were less
interesting to our participants with ASD than predicted. We
also observed a habituation process to neutral faces in children
with ASD, in the absence of habituation to or increased interest
in emotional faces throughout the task, suggesting a lack of
sensitivity to changes in emotional expression. Further eye-
tracking studies will be needed to explore attention to social
stimuli and to better understand deficits in young children with
autism, given the clinical heterogeneity of this population.
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Pattern Unifies Autism
Bernard Crespi*

Department of Biological Sciences, Simon Fraser University, Burnaby, BC, Canada

Autism is a highly heterogeneous condition, genetically and phenotypically. This diversity

of causation and presentation has impeded its definition, recognition, assessment,

and treatment. Current diagnostic criteria for autism involve two domains, restricted

interests and repetitive behavior (RRBs) and social deficits, whose relationship remains

unclear. I suggest that the large suite of traits associated with autism can be

usefully conceptualized under the single rubric of “pattern,” a term that connects

autism with basic brain and cognitive functions and structures its phenotypes within

a single theoretical framework. Autism thus involves increases and enhancements

to pattern perception, pattern recognition, pattern maintenance, pattern generation,

pattern processing, and pattern seeking. RRBs result from increased and imbalanced

pattern-related perception and cognition, and social alterations result in part from the

usual lack of clear pattern in social interactions, combined with the interference of RRBs

with social development. This framework has strong implications for assessment of social

and non-social autism-related traits, personalized therapy, and priorities for research.

Keywords: autism, repetitive behavior, systemizing, social cognition, pattern, psychosis

INTRODUCTION

The development of assessment tools and therapies for autism requires increased understanding of
its nature and causes, as a disorder and in each affected individual. Kanner (1) considered autism as
a syndrome, that can be defined as a constellation of phenotypic traits and differences from typical
individuals, that show some tendency to be found together within individuals, or that when found
together cause psychological differences or problems. Each individual diagnosed with autism thus
exhibits some subset of its many associated traits, each to some degree.

The constellation of autistic traits is divided by DSM5 into two domains, (a) social cognition,
communication and behavior and (b) restricted interests and repetitive behaviors (RRBs). RRBs
include stereotyped or repetitive actions, ritualized behavior, extreme adherence to routines,
insistence on sameness, restricted interests, and alterations in reactivity to, and interest in, sensory
stimuli. Under the DSM5 rubric, diagnoses of autism are categorical, and continuous variation
in its constituent pheotypes is accounted for using estimates of severity. However, the relative
roles of categorical and continuous variation in characterizing autism remain matters of intense
inquiry (2–4).

The two domains of sociality and RRBs are weakly to moderately associated with one
another (5, 6), and the causes of their connections remain unclear. Links between RRBs
and sociality may thus involve common causes of both, one causing the other, reciprocal
causation, or little to no causation at all. Developing and testing theory for the relationship
of RRBs with sociality is important for understanding autism. Such theory must, moreover,
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be developed in the context of what adaptive phenotypes have
become altered in autism to become problematic (7). The
adaptive significance of social behavior and communication
are evident, given that humans exhibit large, diverse brain
regions subserving social cognition and tend to be highly socially
interactive. By contrast, determining what adaptive traits have
changed to generate RRBs, which include a tremendous diversity
of phenotypes from self-stimulation, to stereotypy, to narrow
interests in parts of objects or STEM disciplines and to savant
skills, is more challenging. Is there any conceptual umbrella
that can help to unify the diverse non-social, as well as social,
phenotypes of autism, in the context of alterations to adaptive
cognitive phenotypes?

At its most basic level, the function of the brain is to perceive
and recognize patterns, transform them into information held
in neuronal systems, process the information, and, when
motivated to do so, act upon it in coherent ways (8, 9). Pattern
perception, recognition, maintenance, processing, seeking, and
generation thus represent the simplest and most general of
neurological and cognitive functions, which in humans have
evolved extreme complexity via expansion and specialization of
neural subsystems.

In this short Perspective article, I propose, evaluate and apply
the hypothesis that the dimensions of the concept of pattern
can unify diverse autism phenotypes, across developmental,
neurological, and psychological levels of analysis. This article
thus presents the core of a unified framework for understanding
autism in this way, set in the context of relevant previous theory.

I first describe what is meant here by pattern, and how
this concept relates to previous theory for autism. Second, I
explain a set of seven major dimensions of autism that can be
conceptualized in terms of pattern and non-pattern, and provide
evidence for the meaningfulness of each. Finally, I discuss
implications for assessment of social and non-social cognition in
autism, as well as for therapies and research.

PATTERN

Pattern is defined here as spatially or temporally repeated
configuration, with recurring, ordered, or otherwise
predictable characteristics, and discernable interrelationships
of components. This conceptualization of pattern is closely
allied to the presence of information, which can be considered
from a variety of perspectives including sensory input, entropy,
and predictability. Pattern connects especially directly with
intelligence, which centrally involves the generation and
inference of informational patterns. In this context, convergent
evidence from previous work (7) indicates that autism can be
characterized as a “disorder of high intelligence,” whereby it
involves especially-high levels of the genetic, neurological and
psychological components of intelligence, but also imbalances
between its components, that mediate the development and
expression of autistic phenotypes. Pattern is more general
than intelligence, because it encompasses a broader array of
perceptual, cognitive, and behavioral phenomena.

The concept of pattern is related to the concept of systemizing
as developed by Baron-Cohen (10). Systemizing has been defined
as the drive to observe, analyze or construct rule-based systems
that function in an “if-then” manner, and it is clearly elevated
in individuals with autism (10). As such, systemizing naturally
encompasses aspects of pattern seeking, pattern processing,
and pattern recognition, but not pattern perception, pattern
maintenance, or pattern generation. It thus does not, in a clear
or direct way, help to explicate the presence and forms of many
important autism-related traits, including stereotypies, insistence
on sameness, self-stimulation, lining up of objects, highly-fixated
interests, or exceptional memory, realistic art or musical skills
in savants. Given its “if-then,” rule-based structure, systemizing
may, most generally, be considered as one component of high,
human-evolved intelligence that is elevated in autism, leading to
a cognitive imbalance characteristic of this condition.

Pattern Perception
Pattern perception is based upon sensory perception. Sensory
perception, measured as sensory reactivity or acuity, is often
increased in autism, across different modalities; however,
reactivity can also be decreased, leading to reduced stimulus
responsiveness (11, 12). Several influential theories of autism,
“enhanced perceptual function” theory (13) and the “intense
world” theory (14), explain how increases in perceptual functions
in autism can lead to some of its central phenotypes. As described
in accounts from persons with autism (15), increased sensory
sensitivity and acuity commonly result in sensory overload:
too much incoming unpatterned and unfiltered information.
Sensory overload is dealt with in several ways by individuals
with autism: (1) reducing perception of sensory input as much as
possible, resulting in sensory “hypo-reactivity” from an observer’s
perspective, or (2) self-stimulation or other simple repetitive
behavior, or insistence on sameness, [e.g., (16, 17)] to calm the
autonomic system by self-generating regularity; or (3) increases
in focused attention on particular patterned stimuli, which leads
to blocking out of other sensory inputs [e.g., (18, 19)]. Liss et al.
(20) reported, for example, that about 40% of a large sample of
autistic subjects showed a clear profile of high sensory sensitivity
coupled with highly over-focused attention. Taken together,
these findings can help to explain the apparently-paradoxical
observations of especially high as well as low sensory sensitivities
in autism, in the context of a pattern-based perspective.

Given that one of the primary functions of the brain is to
extract information from sensory stimuli (8), enhanced sensory
acuity, and increased attention to detail, may also increase
the potential to obtain information from the world regarding
patterns and thus may facilitate systemizing as well as high
intelligence (7, 21). Sensory sensitivity, however, shows no
evidence of association with systemizing among children with or
without autism, but instead demonstreates a negative correlation
with empathizing (22), suggesting that it may interfere with the
acquisition of social abilities. By contrast, high sensory acuity has
been positively associated with measures of intelligence across
many studies tracing back to Galton and Spearman [reviewed
in (7)]. The reasons for these associations remain unclear, but
they strongly support the hypothesis that autism encompasses
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correlates, and imbalances, of high intelligence and highly-
patterned perception and cognition.

Pattern Recognition
Pattern recognition involves finding a particular visual-spatial
pattern in a broader scene (as in the embedded figures test, EFT),
and inferring what pattern comes next in a series of systematically
changing visual forms (as in Raven’s Progressive Matrices, RPM).
Individuals with autism tend to show absolutely or relatively
enhanced abilities in both of these tests, compared with control
individuals, as well as in other tests and metrics of pattern
recognition such as visual search [e.g., (23); reviewed in (7)].
Performance on both the EFT and RPM is positively correlated
with general intelligence, and indeed the RPM serves as a metric
of fluid intelligence (ability to think logically, identify patterns,
and solve problems independently of acquired knowledge),
which is enhanced in autism relative to crystallized intelligence
(ability to solve problems using acquired knowledge) (24, 25).
The recognition of repeating patterns in stimuli has also been
proposed as a primary basis for forms of talent and savantism
in autism, such as calendar calculating, mathematics and other
specialized skills (21, 26).

Might enhanced pattern recognition be causally linked to
RRBs, or sociality, in autism? Better performance on the EFT has
traditionally been considered to reflect “weak central coherence,”
which can be construed as a local pattern processing bias and
relative inability to see the “big picture” (27). It can also be seen to
indicate high sensory acuity combined with stronger attentional
focus and working memory, both of which are associated with
high intelligence (7). In principle, local processing biases and
sharper attentional focus can synergistically contribute to intense,
narrow interests as found in some RRBs, because higher-level
structures (“wholes”), which are not necessarily repeated, are
not perceived (27, 28). As such, a focus on pattern can also
help to explain increased local compared to global information
processing in autism, as a cognitive imbalance with both benefits
and costs in different psychological contexts.

Pattern Maintenance
Insistence on sameness represents a uniquely autistic trait.
This phenotype can be described in terms of the temporal
maintenance of current patterns in the environment.
Insistence on sameness and associated ritualistic behaviors
are developmentally typical for children aged about 2–4 years
[see (29)], but in autism they extend into much later ages.
The intensity and developmental persistence of insistence
on sameness appear to be mediated by some combination of
high sensory sensitivities and high attention to details in the
environment, as evidence by high reactivity on ERP oddball tasks
of novelty detection [e.g., (30)], higher mismatch negativity (31),
and reduced levels of inattentional blindness (32). Individuals
with autism also tend to score lower than controls on the
temperament trait of novelty-seeking (33). Finally, pattern
maintenance in autism may also encompass overselective
attention (18, 34), which serves to actively maintain sameness.
Pattern maintenance can thus describe a range of autism-related

traits, especially ones that are difficult to explain from other
theoretical perspectives.

Pattern Generation
Pattern generation in its overt form represents repetitive,
stereotypic behaviors and self stimulation. These behaviors
are postulated to help individuals with autism to cope with
strong and uncontrolled, unpredictable sensory inputs, and
accompanying stress, by producing a pattern that can mask or
override them, or calm the autonomic nervous system [e.g.,
(17)], as noted above. Pattern generation may also be covert and
cognitive, whereby individuals with autism engage in repetitive
thought patterns, reflected for example in the recent finding
of higher organizational activity in the default mode, the brain
system that underlies stimulus-independent thought, in autistic
individuals (35).

The nature of pattern generation is notably associated with
overall intelligence in individuals with autism, in that stereotyped
behaviors such as motor mannerisms are found more commonly
in autistic individuals of lower intelligence, while more-complex
ritualized behaviors are more characteristic of autistic individuals
with higher intelligence (36). This variation appears to reflect the
complexity of neurologically-based patterns that can be sustained
under different levels of general intelligence, and different levels
of its imbalance in components, such as sensory acuity in relation
to capacity for logic and self-regulated executive functions.

Pattern Seeking
Pattern seeking involves cognitive drive to find and confirm
patterns in the external environment. This phenomenon is
closely allied to systemizing, though it also involves higher
explanatory drive in non-social problem-solving in autism
(37), and higher, albeit imbalanced, intelligence (7), given that
systemizing is not positively associated with intelligence [e.g.,
(38)]. Enhanced pattern seeking in autism is also manifest in,
for example: (a) pursuits in highly-organized collecting and
related aspects of systemizing and (b) the associations of the
autism spectrum with interests and skills in STEM disciplines
[e.g., (10, 39)]. Pattern seeking and autism in the context of
STEM disciplines are also closely related to high intelligence, and
imbalances in intelligence, given the especially high intelligence
reported among individuals in these disciplines [see (7)].

Pattern Processing
Pattern processing is logical, organized transformation of
patterned information that involves problem solving, decoding,
or other mental manipulation of cause-effect relationships.
Evidence for enhancement of this cognitive domain in autism
includes (a) hyperlexic decoding of written words and other
examples of veridical mapping (40), (b) a more deliberative
than intuitive cognitive style, by the cognitive reflections test
or jumping to conclusions protocols (41, 42), (c) increased
logical consistency (43, 44), (d) less influence from prior beliefs
and experiences in conditional reasoning tasks (45), (e) better
syllogistic reasoning skills (46), and (f) enhanced performance
in the Iowa Gambling Task compared to controls (47). Pattern
processing also represents a core component of intelligence and
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FIGURE 1 | The six non-social dimensions of pattern, in relation to relevant autism-associated phenotypes.

the task-positive network, that mediates between information
input and decision-making (7).

The six non-social dimensions of pattern in autism described
above are related to one another in their links with neural-
system models of intelligence, especially the Parietal-Frontal
Integration Theory (P-FIT) [see (7)]. Thus, pattern perception
and generation are associated with Sensory Processing in the P-
FIT model, pattern recognition and maintenance are associated
with Abstraction and Generalization of sensory information in
themodel, and pattern seeking and processing are associated with
Hypothesis Testing and Decision Making. These connections
provide a hypothesis for an explicit neural basis to pattern in
autism, grounded in the sequential processes by which the human
brain takes in, processes, and acts upon information.

Non-pattern Avoidance
The considerations described above show that virtually all non-
social autism-related traits can be conceptualized in terms
of relative increases and imbalances in pattern perception,
recognition, maintenance, generation, seeking, and processing. A
simple corollary of these observation is that non-pattern should
be avoided. Social interaction and cognition exhibit low levels
of predictable pattern because they result, in large part, from
idiosyncracies in the minds of others. These are intrinsically not
computable or generalizable except in weakly-probablistic ways,
being dependent on emotions that may not even be perceived
by the actors themselves. These considerations do not deny the
existence of social patterns, but note that they involve brain
systems that are temporally incompatible with non-social ones
(48) as well as being less predictable.

How, then, might RRBs and patterned cognition be related
to sociality? A suite of evidence indicates that social skills,

empathizing, or verbal skills are inversely related to (a) sensory
sensitivity (22), (b) visual spatial abilities (49), (c) systemizing
(50), (d) EFT scores (51–53), (e) RPM scores (54), (f) visual
search skills (55, 56), and (g) mathematical ability (57). These
findings suggest that pattern-related cognition, as a phenotype
that is broadly and deeply increased or enhanced in autism,
may pre-empt, preclude or trade off with phenotypes that are
absent or reduced: social skills and interests. For assessment and
therapy, the important questions to address involves if and how
this occurs, and what to do about it.

DISCUSSION

The human brain is an engine for pattern perception,
recognition, maintenance, generation, seeking, and processing.
Brains of individuals with autism show evidence of increases or
enhancements in each of these processes (Figure 1), though only
in some subset of the six for any given individual with autistic
traits. Such imbalances may, like imbalances in components of
intelligence more generally (7), favor the development of what
we call autism.

The usefulness of the pattern-centric framework for autism
described in this Perspective is conceptual unity, which provides
guidance toward ways to better study its causes, ways to better
assess individuals with autistic traits, and ways to develop
better treatments. A focus on the domains of pattern also
connects more directly with specific neurological structures
and functions than do other conceptual models [e.g., (7)], and
can thus help to encompass the wide heterogeneity among
autistic individuals. For example, convergent evidence suggests
that autism is associated with increased hippocampus-mediated
pattern separation, which may help to explain aspects of sensory
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sensitivity and pattern recognition ability, with direct impacts
on regulation of social-emotional behavior in some autistic
individuals (58–60).

The main upshot of these inferences is that for individuals
with autism, social cognition cannot be thoroughly or properly
assessed without consideration of the structure of non-social
cognition. Thus, far, such assessment is mainly limited to analysis
of sensory symptoms, stereotypies, and systemizing, without a
coherent analytic framework for linking them to other traits, to
each other, or to social and typical cognition. In principle, the
non-social, pattern-related phenotypes of autism should connect
with the social ones, through pre-emption, biasing, tradeoffs, and
other forms of association.

Under the framework described here, and given some
understanding of how the domains of pattern are altered in
individuals with autism, therapies can develop in one of twomain
ways: (a) patterning of sociality and (b) socializing of patterns.

Patterning of sociality involves attempts to make social
interactions more understandable and predictable, by treating
other individuals as pattern-driven beings. This approach can be
called “systemizing” of sociality (61), whereby animate beings are
“deanimated” into causal, if-then patterns as best possible. This
is an intellectual, reverse-engineering process, and is thus only
likely to work well in individuals with autism of relatively high
general intelligence.

Socializing of patterns involves working from inanimate
to animate, via the incorporation of metarepresentation,
imagination and novelty into the highly-patterned cognition

elements of individuals with autism [e.g., (62)]. “Things” are
thus transformed into forms and components of “people.” This
approach involves the overlay of imaginative non-pattern onto
patterned elements of cognition and behavior, to move them
in the direction of typicality and toward completion of typical

development (29). Given the extensive evidence of opposite
cognitive phenotypes in autism compared to psychosis and
schizophrenia (63), this direction is also the direction of non-
pathological positive schizotypy, which can provide guidance
as to what specific traits to encourage, such as imagination,
animation, novelty-seeking, and openness. The nature of such
therapies should take account of the non-social, patterned
cognitive system of each particular individual with autism,
to understand how they fit with the domains of pattern
described above.

Kanner (1) discussed non-social autistic traits in great detail,
and intimated their links with extreme autistic aloneness.
However, he never mentioned social deficits per se, which
appear to be the main emphasis of autism research at present.
A return to focus on pattern and non-social cognition in
autism, in the context of their links to sociality, should lead to
useful insights.
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Autism spectrum disorder (ASD) is an early onset developmental disorder which persists

throughout life and is increasing in prevalence over the last few decades. Given its

early onset and variable cognitive and emotional functional impairments, it is generally

challenging to assess ASD individuals using task-based behavioral and functional MRI

paradigms. Consequently, resting state functional MRI (rs-fMRI) has become a key

approach for examining ASD-associated neural alterations and revealed functional

alterations in large-scale brain networks relative to typically developing (TD) individuals,

particularly those involved in social-cognitive and affective processes. Recent progress

suggests that alterations in inter-hemispheric resting state functional connectivity (rsFC)

between regions in the 2 brain hemispheres, particularly homotopic ones, may be of great

importance. Here we have reviewed neuroimaging studies examining inter-hemispheric

rsFC abnormities in ASD and its associations with symptom severity. As an index of

inter-hemispheric functional connectivity, we have additionally reviewed previous studies

on corpus callosum (CC) volumetric and fiber changes in ASD. There are converging

findings on reduced inter-hemispheric (including homotopic) rsFC in large-scale brain

networks particularly in posterior hubs of the default mode network, reduced volumes

in the anterior and posterior CC, and on decreased FA and increased MD or RD across

CC subregions. Associations between the strength of inter-hemispheric rsFC and social

impairments in ASD together with their classification performance in distinguishing ASD

subjects from TD controls across ages suggest that the strength of inter-hemispheric

rsFC may be a more promising biomarker for assisting in ASD diagnosis than

abnormalities in either brain wide rsFC or brain structure.

Keywords: autism spectrum disorder, resting state, inter-hemispheric functional connectivity, homotopic

connectivity, corpus callosum, social deficits, biomarker

INTRODUCTION

Autism spectrum disorder (ASD) is an early onset developmental disorder which persists
throughout life and has an increasing prevalence rate over the last decades, with a general
average of around 1% of the population being affected (1). Although symptoms of ASD
are highly heterogeneous, the disorder is generally characterized by deficits mainly in social
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communication/interaction, restricted interests, and repetitive
behaviors (2). Task-based behavioral and neuroimaging studies
have further shown specific behavioral deficits and corresponding
neural dysfunctions in ASD primarily in social-cognitive and
affective domains, such as facial emotion recognition (3–5), eye
contact avoidance (6–8), and social interest (9, 10).

However, given the early onset of the disorder and general
cognitive deficits in ASD, assessment of ASD individuals,
particularly young children, by means of task-based behavioral
and fMRI paradigms is challenging. Consequently, resting state
fMRI (rs-fMRI) has been proposed as a promising approach for
examining ASD-associated alterations. Rs-fMRI assesses subjects
in the absence of a specific task and thus allows comparisons
across different studies and data acquisition sites. Previous rs-
fMRI studies have reported functional abnormalities in large-
scale brain networks in ASD relative to typically developing (TD)
individuals (11–14), particularly in brain networks involved in
social-cognitive and affective processes (15–17). Importantly, rs-
fMRI measurement across different sites and research groups
allows the collection of large sample sizes and data sharing
initiatives, such as the Autism Brain Imaging Data Exchange
(ABIDE) databases (ABIDE-I and -II), although it should be
acknowledged that these span wide age ranges and are restricted
to individuals with high-functioning ASD. As a result of
increased statistical power using these large databases, previous
studies have demonstrated more consistent and reproducible
patterns of alterations in resting state functional connectivity
(rsFC) in ASD populations (11, 18, 19).

It has been shown that functional connectivity alterations
in psychiatric disorders are mainly contributed by counterpart
regions in the opposite hemisphere (20). This is also the case in
ASD where rsFC alterations are primarily contributed by inter-
hemispheric connectivity between regions in the 2 hemispheres
(11, 21), and homotopic ones (between identical regions in the
2 hemispheres) may be of particular importance (19, 22, 23).
The aims of the present review are to detail findings from
neuroimaging studies directly examining interhemispheric rsFC
abnormalities in ASD (see Table 1), particularly the homotopic
ones together with their associations with symptom severity, and
studies investigating structural changes in the corpus callosum
(CC) in ASD (see Table 2 for volumetric studies and Table 3

for diffusion-weighted imaging (DWI) studies), which is also an
important index of interhemispheric functional connectivity. We
also discussed their functional significance and whether they can
be used as promising biomarkers for future clinical application.

INTER-HEMISPHERIC rsFC
ABNORMALITIES IN ASD

Based on the cortical underconnectivity theory, aberrant rsFC
patterns of ASD can be characterized by local over-connectivity
but long-distance under-connectivity (13, 71, 72). As a typical
long-distance connection, inter-hemispheric rsFC reflects the
correlation of fMRI BOLD signal time series between brain
regions belonging to the 2 brain hemispheres and can be
used as an important index for delineating inter-hemispheric

synchronization abnormalities in spontaneous neural activity in
ASD. Support for the functional importance of inter-hemispheric
connections comes from studies on agenesis or sections of CC.
The CC is the major white-matter tract between the left and
right hemispheres and plays a crucial role in the maintenance
of interhemispheric functional communications (73). Individuals
with congenital callosal agenesis have been reported to exhibit
ASD-like symptoms such as deficits in language comprehension,
theory of mind and social reasoning (74) and strongly elevated
autistic traits as measured by the Autism Spectrum Quotient
(75). Reduced inter-hemispheric rsFC in brain regions of the
default mode network (DMN) and salience network have
also been found in callosal dysgenesis subjects (76), although
interestingly this was not found to influence the qualitative
organization pattern of the rsFC (76). However, another study
has reported an intact pattern of inter-hemispheric rsFC in
callosal dysgenesis individuals using region of interest (ROI) and
independent component analysis-based approaches (77). This
inconsistency could be due to the occurrence of a remarkable
plasticity compensating for the disconnection, as revealed by an
animal callosotomy study reporting that a restoration of inter-
hemispheric rsFC occurred from 7 to 28 days post-callosotomy
but only when the callosotomy was partial and not when it
was total (78). The human callosal dysgenesis studies reporting
normal interhemispheric rsFC would similarly have been
partial. Furthermore, another gene knockdown study in rodents
has further emphasized the importance of inter-hemispheric
connectivity in ASD symptomatology, such that permanent
deficits in callosal projections and associated inter-hemispheric
connections caused by downregulation of Wnt signaling induced
ASD-like impairments, including social interaction deficits and
repetitive motor behavior (79). Overall these studies both
emphasize the importance of inter-hemispheric connections in
the context of normal social functioning and autism and that
under normal circumstances these functional connections can be
restored to a large extent even when the CC does not develop fully
or is partially disconnected.

Based on a voxel-based whole brain analysis, Cheng et al.
(11) revealed that the majority of altered rsFC occur between
regions from the opposite hemispheres using the ABIDE
database, and more specifically that reduced rsFC is found
mainly between brain regions implicated in face expression
processing, theory of mind and self-other distinction. Also
using the ABIDE database, another voxel-based study using a
graph theory analysis approach specifically examined inter- and
intra-hemispheric rsFC in ASD subjects and reported that they
had reduced inter and intra-hemispheric functional connectivity
strength in regions of the DMN and the visual system relative
to TD subjects (21). Note that significant correlations were
only observed between symptom severity, as measured by
the restricted and repetitive behavior subscale of the Autism
Diagnostic Observation Schedule (ADOS), and the density of
inter- but not intra-hemispheric FC in the posterior cingulate
cortex (PCC) and precuneus which both represent core nodes of
the posterior DMN. Using only data from children included in
the ABIDE database, a more recent study using a sliding-window
analysis has shown increased inter- and intra-hemispheric
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TABLE 1 | Overview of the studies examining alterations in interhemispheric (homotopic) functional connectivity in ASD patients.

References Autism Control Method Conclusion

N (F) Age VIQ PIQ FIQ N (F) Age VIQ PIQ FIQ

Anderson et al.

(22)

53 (0) 22.40

(7.20)

101.30

(21.10)

101.30

(16.50)

/ 39 (0) 21.10

(6.50)

116.00

(14.80)

114.20

(13.90)

/ Voxel-Based

whole brain

↓
*

Cheng et al.

(11)

418 (51) 17.17

(7.97)

104.50

(15.87)

105.30

(15.17)

105.7

(14.16)

509 (85) 16.40

(7.08)

111.10

(12.84)

107.24

(12.56)

110.62

(11.93)

Voxel-Based

whole brain

↓

Dickinson et al.

(24)

59 (13) 5.79

(2.01)

68.96

(34.35)

74.67

(33.82)

/ 39 (13) 5.96

(2.22)

121.12

(19.42)

112.55

(12.07)

/ EEG coherence

analysis

↓

Dickinson et al.

(25)

35 (9) 12/24

months

/ / / 20 (11) 12/24

months

/ / / EEG coherence

analysis

↓

Di Martino et al.

(19)

360 (0) 16.30

(7.00)

105.00

(16.00)

106.00

(15.00)

105.00

(16.00)

403 (0) 16.30

(7.00)

111.00

(13.00)

108.00

(12.00)

111.00

(11.00)

Voxel-Based

whole brain

↓
*

Dinstein et al.

(26)

29 (/) 29

months

(/)

/ / / 30 (/) 28

months

(/)

/ / / ROI analysis ↓
*

Guo et al. (27) 105 (0) 10.15

(1.26)

/ / 110.53

(17.42)

102 (0) 10.02

(1.38)

/ / 113.78

(11.98)

Sliding-Window

FC analysis

↓

Hahamy et al.

(28)

68 (6) 26.6

(1.87)

105.79

(7.28)

108.42

(6.35)

107.76

(7.56)

73 (14) 25.82

(2.02)

113.27

(2.95)

111.67

(2.62)

114.14

(2.48)

Voxel-Based

whole brain

↓ and ↑
*

Keehn et al. (29) 27 (/) 3/6/9/12

months

/ / / 37 (/) 3/6/9/12

months

/ / / fNIRS ROI

analysis

↓

King et al. (30) 579 (373) 15.1 (6.9) 105.70

(17.93)

105.18

(17.06)

106.05

(16.79)

823 (463) 15.1 (6.8) 113.85

(13.48)

109.43

(13.64)

113.03

(12.53)

ROI analysis ↓
*

Lazarev et al.

(31)

14 (0) 9.70

(2.20)

91.00

(27.50)

94.30

(20.40)

91.40

(22.80)

19 (0) 10.10

(3.46)

/ / / EEG coherence

analysis

↓

Lee et al. (21) 458 (54) 16.2 (7.4) / / 106.0

(16.3)

517 (90) 16.50

(7.30)

/ 111.20

(12.40)

Voxel-Based

whole brain

↓

Li et al. (23) 409 (47) 17.42

(8.56)

105.20

(18.10)

106.27

(16.81)

106.72

(16.65)

455 (72) 17.35

(7.76)

111.48

(13.53)

108.17

(13.46)

111.45

(12.55)

Voxel-Based

whole brain

↓
*

Yao et al. (32) 146 (25) 8.48

(1.07)

107.80

(19.37)

107.27

(20.15)

106.03

(19.40)

175 (47) 8.62

(0.84)

115.09

(15.89)

109.35

(15.40)

114.43

(13.40)

Voxel-Based

whole brain

↓
*

Zhu et al. (33) 10 (0) 9.00

(1.30)

/ / / 10 (0) 8.90

(1.40)

/ / / fNIRS ROI

analysis

↓

For age and IQs, mean and standard deviation are reported. N (F): Number of subjects and female subjects; VIQ, Verbal IQ; PIQ, Performance IQ; FIQ, Full IQ; EEG,

electroencephalographic; ICA, Independent component analysis; ↑ or ↓, Increased or decreased rsFC in autism subjects compared to typically developing subjects; *Homotopic

functional connections.

dynamic FC variability in the medial pre-frontal cortex and
the anterior cingulate cortex but decreased inter- and intra-
hemispheric dynamic FC variability in the fusiform gyrus and
the inferior temporal gyrus (ITG) in ASD relative to TD children
(27). Furthermore, again only aberrant temporal variability of
the inter- but not intra-hemispheric FC was associated with
ADS symptom load, specifically social communication deficits
as measured by the ADOS communication subscale. Overall,
these findings tend to indicate that, although inter- and intra-
hemispheric rsFC both show abnormities in ASD, the inter-
hemispheric ones may be of greater clinical relevance.

Given that atypical developmental trajectories of functional
and structural organization in these brain networks have also
been demonstrated by longitudinal studies (72, 80, 81), attention
should also be paid to the neurodevelopmental trajectories of
inter-hemispheric functional connectivity, but current studies on
this are very limited. Using functional near infrared spectroscopy
(fNIRS), a longitudinal study on infants with a high risk of ASD
in the first year of life has demonstrated that while they show an

increase in both the inter- and intra-hemispheric connectivity in
temporal and inferior frontal cortex at the age of 3 months, they
exhibit a pattern of decreased functional connectivity at the age
of 12 months (29). Another fNIRS study using similar regions of
interest reported that this pattern of decreased inter-hemispheric
functional connectivity was maintained in older children (mean
age = 9.0 ± 1.3) (33), although no longitudinal study to date
has specifically investigated the developmental trajectories of
interhemispheric rsFC for children between the ages of 1 to
9 years of age. A recent study using electroencephalographic
(EEG) measurement on alpha phase coherence has also revealed
reduced inter-hemispheric connectivity in the temporal cortex
in ASD children (mean age = 5.79 ± 2.01) (24). A similar
pattern of reduced inter-hemispheric connection has also been
found between temporal and parietal cortex in tuberous sclerosis
complex infants who later developed ASD, which becomes to
be most robust at 24 months (25), although the comorbidities
of tuberous sclerosis complex and ASD have to be kept in
mind when interpreting these findings. Finally, another EEG
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TABLE 2 | Overview of the studies examining alterations in corpus callosum volume in ASD patients.

References Autism Control Method Conclusion

N (F) Age VIQ PIQ FIQ N (F) Age VIQ PIQ FIQ

Anderson et al.

(22)

53 (0) 22.40

(7.20)

101.30

(21.10)

101.30

(16.50)

/ 39 (0) 21.10

(6.50)

116.00

(14.80)

114.20

(13.90)

/ SBM ↓

Chung et al. (34) 16 (0) 16.10

(4.50)

/ / / 12 (0) 17.10

(2.80)

/ / / VBM ↓

Egaas et al. (35) 51 (6) 15.50

(10.0)

<70:16;

≥70:31

/ / 51 (6) 15.50

(9.90)

/ / / TMA ↓

Elia et al. (36) 22 (0) 10.92

(4.02)

/ / / 11 (0) 10.86

(2.85)

/ / / TMA N.S.

Frizer et al. (37) 253 (27) 14.58

(6.00)

/ / / 250 (53) 14.41

(5.31)

/ / / Meta ↓

Gaffney et al. (38) 13 (3) 11.30

(4.70)

/ / 84.9 (26.7) 35 (14) 12.00

(5.20)

/ / / TMA N.S.

Haar et al. (39) 295 (0) 16.89

(8.10)

/ / 106.16

(17.16)

295 (0) 16.72

(7.55)

/ / 111.21

(12.15)

SBM ↓

Hardan et al. (40) 22 (0) 22.40

(10.10)

103.00

(16.40)

97.50

(12.60)

100.40

(14.70)

22 (0) 22.40

(10.00)

100.50

(14.70)

99.60

(12.50)

100.50

(14.20)

TMA ↓

Lefebvre et al. (41) 328 (38) 16.60

(8–39)

103.00

(18.00)

106.00

(17.00)

105.00

(17.00)

366 (62) 17.00

(8–40)

111.00

(13.00)

107.00

(13.00)

111.00

(12.00)

SBM N.S.

Li et al. (23) 409 (47) 17.42

(8.56)

105.20

(18.10)

106.27

(16.81)

106.72

(16.65)

455 (72) 17.35

(7.76)

111.48

(13.53)

108.17

(13.46)

111.45

(12.55)

VBM ↓

Manes et al. (42) 27 (5) 14.35

(6.80)

/ / / 17 (6) 11.85

(5.00)

/ / / TMA ↓

Piven et al. (43) 35 (9) 18.00

(4.50)

/ 91.00

(19.80)

/ 36 (16) 20.20

(3.80)

/ 102.10

(12.80)

/ TMA ↓

Rice et al. (44) 12 (0) 12.42

(4.32)

106.00

(33.01)

107.83

(17.66)

107.33

(26.06)

8 (0) 12.50

(3.46)

123.25

(10.90)

120.38

(10.08)

124.00

(11.28)

TMA N.S.

Sui et al. (45) 16 (0) 21.38

(2.39)

/ / 108.88

(17.39)

17 (0) 21.71

(2.14)

/ / 116.65

(11.98)

DKI ↓

Vidal et al. (46) 24 (0) 10.00

(3.30)

92.90

(13.30)

99.10

(14.00)

95.90

(11.50)

26 (0) 11.00

(2.50)

105.40

(11.20)

104.10

(14.00)

104.80

(11.70)

TMA ↓

Waiter et al. (47) 15 (0) 15.20

(2.20)

100.60

(24.20)

99.40

(19.50)

100.50

(22.40)

16 (0) 15.50

(1.60)

101.30

(21.10)

98.80

(13.90)

99.70

(18.30)

VBM ↓

Wolff et al. (48) 57 (10) 6.60 (0.7) / / 79.80

(17.60)

108 (42) 6.70 (0.7) / / 110.90

(16.00)

Fourier

contour

model

↑

12.90 (0.8) / / 12.70 (0.7) / / ↑

24.80 (1.2) / / 24.70 (0.8) / / N.S.

Yao et al. (32) 146 (25) 8.48 (1.07) 107.80

(19.37)

107.27

(20.15)

106.03

(19.40)

175 (47) 8.62 (0.84) 115.09

(15.89)

109.35

(15.40)

114.43

(13.40)

VBM N.S.

For age and IQs, mean and standard deviation are reported. N (F): Number of subjects and female subjects; VIQ, Verbal IQ; PIQ, Performance IQ; FIQ, Full IQ; SBM, Surface-based

morphometric analysis; TMA, Traditional morphometric analysis; VBM, Voxel-based morphometric analysis; DKI, diffusional kurtosis imaging; ↑ or ↓, Increased or decreased corpus

callosum volume in autism subjects compared to typically developing subjects; N.S, No significant group difference.

study with intermittent photic stimulation on an older sample
size (mean age = 9.7 ± 2.2) revealed a more general decrease
in inter-hemispheric coherent connections of the 20 highest
connections at all the beta frequencies corresponding to photic
stimulation (31).

ALTERED HOMOTOPIC
INTER-HEMISPHERIC rsFC IN ASD

Homotopic inter-hemispheric rsFC is a component part of
overall interhemispheric rsFC and is an important measure
reflecting activity synchronization between homotopic regions of

the 2 hemispheres (82, 83). Homotopic FC can bemeasured using
voxel-mirrored connectivity analysis on the correlation of fMRI
BOLD signal time series between each voxel in 1 hemisphere
and its mirrored counterpart in the other side (82). Homotopic
inter-hemispheric rsFC abnormalities have been found in a
number of psychiatric disorders including schizophrenia (84),
major depression (85), substance dependence (86), and even
Parkinson’s disease (87).

In the first study examining homotopic inter-hemispheric
rsFC changes in ASD, a moderate sample size (53 high-
functioning ASD males vs. 39 TD controls) was used and found
decreased homotopic rsFC between the bilateral sensorimotor
cortex, anterior insula, and superior parietal lobule in ASD

Frontiers in Psychiatry | www.frontiersin.org 4 March 2021 | Volume 12 | Article 629870108

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Y
a
o
e
t
a
l.

A
lte
re
d
In
te
r-h

e
m
isp

h
e
ric

C
o
n
n
e
c
tivity

in
A
u
tism

TABLE 3 | Overview of the diffusion-weighted imaging studies examining corpus callosum abnormities in ASD patients.

References Autism Control Method Conclusion

N (F) Age VIQ PIQ FIQ N (F) Age VIQ PIQ FIQ FA MD RD AD

Alexander et al.

(49)

43 (0) 16.23

(6.70)

/ 107.49

(13.04)

/ 34 (0) 16.44

(5.97)

/ 112.79

(12.08)

/ ROI ↓ ↑ ↑ N.S.

Ameis et al. (50) 71

(15)

11.40

(3.40)

/ / 95.0

(19.7)

62

(25)

10.80

(2.80)

/ / 112.5

(17.1)

TBSS ↓ N.S. N.S. N.S.

Aoki et al. (51) 567

(81)

14.23

(/)

/ / 106.42

(/)

482

(116)

15.47

(/)

/ / 111.94

(/)

Meta ↓ ↑ / /

Aoki et al. (52) 69 (7) 8.90

(1.70)

108

(16)

110

(19)

109

(17)

50

(12)

9.40

(1.50)

114

(15)

114

(14)

114

(13)

TBSS ↓ ↑ ↑ ↑

Barnea-Goraly

et al. (53)

7 (0) 14.60

(3.40)

84

(17)

121.5

(8)

101

(12.2)

9 (0) 13.40

(2.80)

105.2

(11.4)

107

(10)

107

(8.5)

Voxel based

whole brain

↓ / / /

Barnea-Goraly

et al. (54)

13 (2) 10.50

(2.00)

/ / 85.9

(17.4)

11 (2) 9.60

(2.10)

/ / 119.9

(13.3)

TBSS ↓ / N.S. ↓

Bashat et al.

(55)

17 (/) 1.8–

3.3

/ / / 41

(18)

0.25–

23

/ / / ROI ↑ / / /

Brito et al. (56) 8 (0) 9.53

(1.83)

/ / / 8 (0) 9.57

(1.36)

/ / / ROI ↓ / / /

Di et al. (57) 297

(28)

22.40

(/)

/ / 107.87

(/)

302

(30)

22.2

(/)

/ / 112.50

(/)

Meta ↓ / / /

Groen et al. (58) 17 (3) 14.40

(1.60)

97

(19)

100

(15)

98

(18)

25 (3) 15.50

(1.80)

105

(10)

105

(11)

105

(9)

Voxel based

whole brain

↓ ↑ / /

Hong et al. (59) 18 (0) 8.69

(2.18)

/ / 105.22

(21.12)

16 (0) 9.81

(1.91)

/ / 106.13

(20.13)

ROI N.S. / / /

Keller et al. (60) 34 (0) 18.90

(7.30)

/ / 102.0

(14.8)

31 (0) 18.90

(6.20)

/ / 109.5

(9.0)

Voxel based

whole brain

↓ / / /

Kumar et al.

(61)

32 (3) 5.00 (/) / / / 16 (4) 5.50

(/)

/ / / TBSS ↓ / / /

Nickel et al. (62) 30

(11)

35.40

(9.07)

/ / 124.5

(12.26)

30

(11)

35.53

(8.30)

/ / 123.63

(13.80)

Voxel based

whole brain

↓ N.S. / /

Noriuchi et al.

(63)

7 (1) 13.96

(2.68)

93.7

(7.41)

93.14

(8.07)

92.71

(6.68)

7 (1) 13.36

(2.74)

/ / 116.43

(9.50)

Voxel based

whole brain

↓ / / /

Shukla et al.

(64)

26 (2) 12.70

(0.60)

105.6

(3.6)

109.5

(3.3)

/ 24 (1) 13.00

(0.60)

108.2

(2.6)

110.3

(2.5)

/ ROI ↓ ↑ ↑ N.S

Shukla et al.

(65)

26 (1) 12.80

(0.60)

104.3

(3.4)

108.8

(3.3)

/ 24 (1) 13.00

(0.60)

108.2

(2.6)

110.3

(2.5)

/ TBSS ↓ ↑ ↑ N.S.

Thomas et al.

(66)

12 (0) 28.50

(9.70)

105.08

(10.09)

107.25

(13.9)

106.92

(10.47)

18(0) 22.40

(4.10)

109.8

(12.54)

111

(10.03)

111.6

(9.91)

ROI N.S. / / /

Travers et al.

(67)

100

(0)

18.30

(8.50)

96.3

(21.1)

102.6

(17.9)

100.1

(17.6)

56 (0) 18.90

(7.80)

114.7

(13.2)

116.3

(14.8)

118.2

(13.2)

ROI ↓ ↑ ↑ ↑

Vogan et al. (68) 61

(10)

10.90

(2.00)

/ / 102.2

(14.9)

69

(18)

11.10

(2.40)

/ / 112.7

(11.6)

TBSS ↓ N.S. N.S. ↓

Walker et al.

(69)

39

(11)

4.63

(1.76)

/ / / 39

(13)

4.74

(1.76)

/ / / TBSS ↓ ↑ ↑ ↑

Weinstein et al.

(70)

22 (/) 3.20

(1.10)

/ / / 32 (/) 3.40

(1.30)

/ / / TBSS ↑ N.S. ↓ N.S.

For age and IQs, mean and standard deviation are reported. N (F): Number of subjects and female subjects; VIQ, Verbal IQ; PIQ, Performance IQ; FIQ, Full IQ; TBSS, Tract based spatial statistics; ROI, Region of interest; FA, Fractional

anisotropy; MD, Mean diffusivity; RD, Radial diffusivity; AD, Axial diffusivity; ↑ or ↓, Increased or decreased in autism subjects compared to typically developing subjects; N.S, No significant group difference.
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FIGURE 1 | Regions showing decreased homotopic inter-hemispheric

functional connectivity in ASD relative to matched typically developing controls

using the ABIDE database. Statistic maps were displayed with a p < 0.05 FDR

corrected threshold. Color bar indicates t values of the statistical map. This

figure is adapted from Li et al. (23).

subjects compared to TD controls (22). A further ROI-based
study has also revealed decreased homotopic inter-hemispheric
rsFC between the superior temporal gyrus (STG) and inferior
frontal gyrus (IFG) in naturally sleeping toddlers with autism
relative to TD controls (29 ASD vs. 30 controls), with homotopic
connectivity strengths of the IFG being negatively correlated
with social and communication impairments, as measured by
ADOS (26). However, while decreased homotopic connectivity
was found in the lateral occipital cortex and the postcentral
gyrus in ASD, Hahamy et al. (28) additionally demonstrated
increased homotopic inter-hemispheric rsFC in the ITG and
the middle frontal gyrus in ASD using a moderate sample
size (68 ASD males vs. 73 TD controls) consisting of subjects
from selective sites in ABIDE-I. This study has further revealed
significantly greater individual topographical distortions in the
homotopic rsFC patterns in ASD relative to TD controls (28).
More robust findings have subsequently come from studies using
larger numbers of subjects from the ABIDE database. In the
first study using the ABIDE database, reduced homotopic inter-
hemispheric rsFC has also been found in regions including the
PCC, insula, and thalamus (19). In a further study which included
gender as an additional covariate, Li et al. (23) carried out a
voxel-based whole brain analysis on differences in homotopic
inter-hemispheric rsFC in ASD subjects and further examined
associations between homotopic rsFC and symptom severity.
Results showed decreased homotopic rsFC of regions in large-
scale brain networks including the DMN, salience network,
mirror neuron/motor systems, and auditory and visual systems
in ASD adolescents and adults (Figure 1), with homotopic rsFC
in the PCC, insula and STG showing significant associations with

social impairments as measured by ADOS. Amore recent follow-
up study using independent data from children in ABIDE I and
ABIDE II databases and the same analysis approach has revealed
consistent patterns of reduced homotopic inter-hemispheric
rsFC in ASD children between the ages of 5 and 10 years old,
suggesting that the homotopic alterations can occur at an early
age and remain stable in contrast to other dysregulations which
vary across developmental periods. Moreover, this study has also
demonstrated significant associations between ASD symptom
severity and homotopic inter-hemispheric rsFC changes in
regions of the DMN (the PCC and the precuneus) and the visual
processing networks (inferior and middle temporal gyri and
inferior occipital gyrus) (32). Atypical developmental trajectories
of homotopic rsFC and its association with symptom severity
have also been reported in ASD (88). Note that although a recent
study specifically examining reproducibility across sites has also
demonstrated overall decreased homotopic inter-hemispheric
rsFC in ASD using the whole ABIDE datasets, as consistently
observed in most of the previous studies, the decreased
homotopic rsFC pattern was not generally reproducible across
sites (30), which could be due to decreased statistical power
as a result of smaller sample sizes when individual sites were
examined separately.

INTERHEMISPHERIC rsFC—A MORE
PROMISING BIOMARKER FOR ASD?

In both seed-based and voxel-based rsFC analyses, altered rsFC
in the DMN, particularly the PCC, is one of the most replicated
findings in ASD samples (12, 13, 19, 89–92). As we outlined
above, this is also the case for interhemispheric rsFC, particularly
the homotopic connections (19, 21, 23, 32). Interestingly, the
PCC and precuneus of the DMN, the STG, and the insula which
exhibited associations between their interhemispheric rsFC
(including the homotopic ones) and symptom severity in ASD,
are all regions strongly involved in social and affective processing
(21, 23, 32). These associations have been demonstrated only for
the inter-hemispheric (including the homotopic) rsFC alterations
but not for the intra-hemispheric ones (21, 23, 27). Furthermore,
based on inter-hemispheric, but not only the homotopic rsFC
changes, pattern classification analysis achieved an average
accuracy of 88.70% for distinguishing ASD subjects from TD
controls across sites (23), which is slightly higher than a
previous study (82.87%) using the same pattern classification
approach based on whole brain-wide rsFC changes (namely
more features) (11), although there is no direct statistical
comparison. These findings together suggest that brain regions
implicated in processing of social and affective domains maybe
of greater clinical relevance. Note that although alterations in
homotopic inter-hemispheric rsFC have also been found in
other disorders such as schizophrenia (84), major depression
(85), substance dependence (86), and Parkinson’s disease (87),
a consistent pattern of decreased homotopic interhemispheric
rsFC has only been found in ASD in most of the previous studies
across children, adolescents and adults. In other developmental
disorders, increased rather than decreased homotopic rsFC has
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been observed in children with attention-deficit hyperactivity
disorder (93) and both increased and decreased homotopic
rsFC have been reported in children with Tourette’s syndrome
(94). Thus, although decreased inter-hemispheric rsFC may not
be a biomarker specific for ASD, it may still be a promising
biomarker for ASD diagnosis although probably in conjunction
with other measures.

CORPUS CALLOSUM AND
INTER-HEMISPHERIC rsFC IN ASD

As the major white-matter tract between the 2 brain
hemispheres, CC serves as a bridge for interhemispheric
functional communications. In ASD, CC volume has been
proposed as an important index of interhemispheric functional
connectivity (37, 46). Early findings on CC volume mainly utilize
the traditional morphometric method based on the Witelson
partition [Figure 2; (95)]. While these studies have consistently
demonstrated an overall reduction of CC volume in ASD
subjects with and without intellectual disability (35, 42, 43, 96),
evidence on the main contributing subregions for such a global
reduction effect has tended to be inconsistent with some studies
showing significant decreased volume in the anterior subregions
(40) and others reporting decreases in posterior part (35, 43) or
the CC body (42), although subjects examined in these studies
vary across young children, adolescents and adults (from 3 to 42
years old) and across high and low functioning ASD. Vidal et al.
(46) further confirmed a global reduction in CC volume and the
anterior part of the CC using traditional morphometric methods
and found regional reduction in both the anterior (genu)
and posterior (splenium) part of the CC using computational
mapping methods, reflecting an impact of analysis methods
on revealing which specific CC subregions exhibit alterations
in ASD. Based on a voxel-based morphometric (VBM) whole
brain analysis, a volume reduction has only been found in the
posterior CC in ASD [splenium and isthmus; Waiter et al. (47)].
Another VBM study that specifically focused on the CC, has
also revealed reduced volume in the posterior (splenium) and
additionally in the anterior part (genu and rostrum) of the
CC (34). Thus, the regionally restricted (ROI) approach in the
latter study may be of greater sensitivity compared to analyses
corrected at the whole brain used in the former one. A volume
reduction in the anterior and posterior regions of the CC in ASD
has also been confirmed by a VBM analysis in a more recent
study using the ABIDE database, in which gender, age, IQ, and
total brain volume were controlled as potential confounding
variables (23). However, using a surface-based approach, Haar
et al. (39) did not observe any significant changes in global CC
volume in ASD using the ABIDE database, whereas they did find
decreased volume in the central part of CC with a small effect
size after segmenting the CC into 5 equal parts. Morphometric
CC changes in the middle (midbody) and posterior (isthmus and
splenium) part have also been confirmed by a diffusional kurtosis
imaging study examining axonal density and caliber (45). Finally,
another study using the ABIDE database, found no significant
CC volume changes based on a more complex model-based

FIGURE 2 | Corpus callosum regions (A) and Witelson subdivisions (B)

adapted from Frazier and Hardan (37).

analysis method but that CC scaled non-linearly with brain
volume, as reflected by large brains having a proportionally
smaller CC (41). Meta-analysis studies can provide us with
more comprehensive and robust insight on ASD-associated
CC changes. In one meta-analytic study ASD individuals were
reported to exhibit a general CC volume reduction with the
reduction magnitude decreasing from the anterior to posterior
part (37). A subsequent meta-analysis has also suggested a group
difference in CC volume between the ASD and the TD control
groups, but this effect was highly underpowered due to the small
sample sizes used in the included studies (41).

In addition, diffusion-weighted imaging (DWI) studies have
also revealed CC abnormalities in ASD, as reflected by a general
pattern of reduced fractional anisotropy (FA) and concomitantly
increasedmean diffusivity (MD) or radial diffusivity (RD) in ASD
compared to TD controls. This pattern has been found not only
in the total CC or across all subregions including the anterior
(genu), body, and posterior (splenium) part of CC (49, 52, 58,
64, 65, 67–69), but also in specific CC subregions such as in the
genu and body (49, 53, 62), the genu/rostral body (56, 63), the
posterior midbody and isthmus (60), and the splenium of CC
(50, 57) in high/low-functioning ASD individuals across different
age ranges, including children, adolescents, and adults. This has
also been confirmed by a diffusion tensor imaging meta-analysis
study (51). While having confirmed this pattern of FA changes in
ASD children, Barnea-Goraly et al. (54) further revealed that this
pattern was shared between ASD children and their unaffected
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siblings, indicating that FA changes may represent a neural
marker reflecting an increased genetic risk or generally increased
vulnerability for ASD. Of note very young children with ASD
exhibit a different pattern of alterations, such that increased FA
in genu and splenium of CC have been found in ASD children
aging from 1.8 to 3.3 (55) and an increase in FA but a decrease in
RD in the genu and midbody of CC have been found in a slightly
older sample (mean age 3.2 ± 1.1) with no changes in MD (70).
Moreover, another study did not detect FA changes in adults with
ASD (66). Thus, apart from these latter findings the majority of
studies converge on a decrease in FA but an increase in MD and
RD of CC in ASD. A longitudinal study has further revealed an
atypical developmental trajectory of FA of the genu and body of
CC before the age of 10 in ASD (67). In contrast, examination
of axial diffusivity (AD) revealed somewhat inconsistent results
in ASD, with some studies demonstrating significantly higher
AD (52) or lower AD either across all 3 subregions (68) or
specifically in the body or genu of CC (54, 64) in ASD and others
reporting no significant AD differences (49, 70). With respect
to associations between diffusion tensor imaging alterations and
ASD symptom severity, FA in CC has been found to be negatively
correlated with social impairment in ASD as measured by the
Social Responsiveness Scale completed by Parents (SRS-P), while
alterations in MD and RD have been found to be positively
correlated with SRS-P scores (52). In contrast, no significant
correlations between FA and diffusivity indices and symptom
severity as measured by ADOS have been observed (49, 54, 68).
In addition to lower FA and higher diffusivity (as measured by
apparent diffusion coefficient), longer fiber length, higher fiber
density but a lower fiber number of CC have been reported in
ASD children (59, 61), with the fiber number in the anterior CC
being negatively correlated with scores on the Childhood Autism
Rating Scale (59).

Given that both interhemispheric rsFC and CC volumes
exhibit a decreased pattern in ASD individuals, there are also
a few studies which have investigated possible relationships
between these 2 measures. An absence of significant correlations
between the homotopic interhemispheric rsFC and CC volumes
has been reported both in a study based on a moderate sample
size (53 ASD vs. 39 TDs) (22) and in another larger one
using the ABIDE database (23). However, no studies to date
have explored the associations between overall interhemispheric
rsFC (i.e., not only the homotopic ones) and either CC
volumes or DWI indices. Pattern classification analyses based
on anatomical abnormalities including variations in CC volumes
have reported relatively low classification accuracies of <60%
using the ABIDE database (39), which is much lower than
pattern classification accuracy based on interhemispheric rsFC
changes (23), indicating that anatomical abnormalities measured
by conventional MRI protocols are probably too coarse to be a
sensitive and robust diagnostic biomarker.

Taken together, although there are some studies which have
found no significant CC volume or DWI indices changes in ASD
patients (36, 38, 44, 66, 70), the majority of studies have provided
converging evidence for decreased CC volumes and FA but
increased MD or RD in ASD, particularly those studies based on
the traditional morphometric, VBM andDWImethods, although

findings on the involvement of specific CC subregions have been
less consistent. The heterogeneity of findings on CC volume and
DWI indices could be due to differences in sample size, age
range, gender, and subject phenotypes [e.g., with and without
intellectual disability/high vs. low functioning; cf., (36, 38, 44, 51,
57)]. Differences in analytical approaches and whether potential
confounding covariates (e.g., age, gender, IQ, and total brain
volume) are well-controlled may also have contributed to these
inconsistencies [cf., (34, 40, 43)]. Furthermore, in a longitudinal
study of infants (6–24 months), in which subjects were much
younger than in all of the studies reviewed above, increased CC
area and thickness, particularly robust in the anterior CC, have
been found for ASD infants at 6 and 12 months and associated
with repetitive behaviors shown at the age of 24 months (48).
Similarly, different patterns of FA and RD of CC have been found
in very young children with ASD as reviewed above (55, 70).
Thus, the developmental trajectory of CC, similar to the aberrant
developmental trajectory of the homotopic rsFC (88), should be
taken into consideration when interpreting these findings.

CONCLUSION AND FUTURE DIRECTIONS

In summary, we have reviewed the literature on inter-
hemispheric rsFC and structural CC changes in ASD.
While evidence on these differences are heterogeneous, due
undoubtedly to some extent to variations in sample size,
age range, gender, subject phenotypes and even whether
potential confounding covariates are well-controlled,
there are nevertheless converging findings on reduced
interhemispheric (including homotopic) rsFC in large-scale
brain networks particularly in the posterior hubs in the
DMN, on reduced volumes in the anterior and posterior CC,
and on decreased FA and increased MD or RD across CC
subregions. Correlations between the inter-hemispheric rsFC
changes and symptom severity in social impairments and the
superior classification performance in distinguishing ASD
subjects from TD controls based on the interhemispheric
rsFC changes together suggest that inter-hemispheric rsFC
changes, a typical form of long-distance connection, may
be a more promising biomarker for ASD diagnosis than
whole brain wide rsFC and structural abnormalities. Future
studies will also need to focus on investigating whether
these biomarkers can be applied to other novel samples
with a high generalizability if we are to progress toward
the ultimate goal of such biomarkers having utility at
an individual as opposed to a group level. Additionally,
the specificity of interhemispheric rsFC changes in ASD
compared with other childhood disorders needs to be more
fully established.

More future studies are also required using different
multimodal brain imaging and behavioral approaches to better
establish the functional consequences of dysfunctional inter-
hemispheric connectivity in ASD. Furthermore, given evidence
in both humans and animal models for considerably potential
for functional recovery in interhemispheric rsFC following CC
damage or impaired development it will be important to establish
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if this could be exploited therapeutically. In addition, based on
previous finding that the development or microstructure of CC
can be modulated by factors such as sex hormones (97, 98),
age (99), prenatal inflammation (100) and mutation of specific
genes (101, 102), future studies should aim at disentangling
the potential contributions of these factors to CC alterations
in ASD.

There has also been considerable interest in identifying
sub-types in ASD, as in other disorders, and moving
forward it will clearly be important to do this either based
on brain- or behavioral-based subtyping. Previous research
on brain-based biomarkers has also been focused almost
exclusively on high functioning ASD and on adolescents
and adults and therefore there is an urgent need for more
studies and hopefully databases which include low-functioning
individuals and particularly young children where early
diagnosis and therapeutic interventions are potentially of

greatest importance. Finally, to make findings across studies
and databases more comparable and reproducible, it is also
important for future studies follow standardized data processing
procedures with potential confounding covariates being
well-controlled [cf., (103, 104)].
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Social attention deficits represent a central impairment of patients suffering from autism

spectrum disorder (ASD), but the nature of such deficits remains controversial. We

compared visual attention regarding social (faces) vs. non-social stimuli (objects), in an

ecological diagnostic context, in 46 children and adolescents divided in two groups: ASD

(N= 23) and typical neurodevelopment (TD) (N= 23), matched for chronological age and

intellectual performance. Eye-tracking measures of visual scanning, while exploring and

describing scenes from three different tasks from the Autism Diagnostic Observation

Schedule (ADOS), were analyzed: “Description of a Picture,” “Cartoons,” and “Telling

a Story from a Book.” Our analyses revealed a three-way interaction between Group,

Task, and Social vs. Object Stimuli. We found a striking main effect of group and a task

dependence of attentional allocation: while the TD attended first and longer to faces,

ASD participants became similar to TD when they were asked to look at pictures while

telling a story. Our results suggest that social attention allocation is task dependent,

raising the question whether spontaneous attention deficits can be rescued by guiding

goal-directed actions.

Keywords: autism spectrum disorder, social attention, eye-tracking, attentional bias, autism diagnostic

observation schedule

INTRODUCTION

Autism spectrum disorder (ASD) is an early-onset neurodevelopmental disorder marked by the
specificity of significant impairments in social interaction and communication, restricted interests,
and the presence of repetitive and stereotyped behaviors (1). Social deficits in other domains include
deviations in basic attentional processes, impairments in attention to faces or social stimuli across
the lifespan, as well as attention during social exchanges; for a review, see (2–5).
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The ability to direct the attention to social stimuli is present
and evident in typically developing children from early infancy
onwards (6–8). The attention to faces serves as a window
into individuals’ emotional and intentional states, providing
critical information for social, cognitive, and communicative
development and functioning (9–14). It has been hypothesized
that deficits in social attention present in ASD, such as reduced
attention to social stimuli as a whole or atypical allocation of
attention to social stimuli, are the cause of a compromised
social functioning. Such deficits might lead to reduced social
processing, loss of information necessary for the development
of adaptive social functioning (15, 16), and difficulties in the
interpretation of emotional information (17, 18).

Eye-tracking studies in ASD showed a correlation between
reduced attention to social stimuli and behavioral measures (19–
22). Klin et al. (21) showed, early on, that adolescents with ASD
spent significantly less time attending to people when watching
a segment of a movie and more time attending to the objects
and the background of the scene. Deficits in social attention were
thereafter replicated: (i) when looking at pictures of social scenes,
participants with ASD spent less time attending to faces (23); (ii)
ASD children showed no difference in the time looking at people
or objects, unlike in typical neurodevelopment (TD) (24); and
(iii) ASD attended less to the activities of others and focusedmore
on the background objects (22).

Atypical imbalance in the attention for social (e.g., videos of
playing children) vs. non-social stimuli (repeated geometrical
patterns) in ASD was reported in a large-cohort study (25).
A meta-analysis on gaze patterns (26) suggested the presence
in ASD of a problem in selecting socially relevant vs.
irrelevant information.

Other studies, however, do not confirm this hypothesis.
Kemner et al. (27) found that the fixation times on face drawings
embedded in an assortment of distractors of both children with
ASD and TD were similar. Parish-Morris et al. (28) found that
ASD and TD children and adolescents did not differ in the
attention toward movies of faces as opposed to objects. In a study
focused on magic, Kuhn et al. (29) found that ASD individuals
were more susceptible to magic tricks, relying on sensitivity
to social cues, than TD controls, contrary to their expectation.
They found no between-group differences in fixation time on the
magician’s face and eyes. These studies suggest that the type of
context and task may be relevant to disclose differences in social
attentional allocation.

Several studies with infants suggest that innate or early-
emerging attentional biases for faces or complex social scenes
may be intact within the first months of life in infants who later

Abbreviations: ADI-R, Autism Diagnostic Interview–Revised; ADOS, Autism

Diagnostic Observation Schedule; AFD, Average Fixation Duration; ANOVA,

analysis of variance; AOI, area of interest; ASD, autism spectrum disorder;

CHUC, Centro Hospitalar E Universitário De Coimbra; CI, confidence interval;

DSM, Diagnostic and Statistical Manual of Mental Disorders; DT%, Dwell Time

Percentage; ET, Entry Time; FFD, First Fixation Duration; FSIQ, Full-Scale

Intelligence Quotient; FT%, Fixation Time Percentage; IQ, Intelligence Quotient;

MANOVA, multivariate analysis of variance; NDT%, Net Dwell Time Percentage;

NormD, Normalized Dwell; PIQ, Performance IQ; SD, standard deviation; TD,

typical neurodevelopment.

develop ASD (30, 31) in line with negative results from behavioral
studies in early infancy (32).

Other important aspect to consider in the study of social
attention with eye tracking in ASD is the ecological and task
relevance of the stimuli. Static stimuli have been associated
with no group differences, which might indicate that they are
not optimally sensitive. Adding to this information, it has been
suggested that scenes depicting ecological social interactions are
the ones that evoke robust social responses (33–35).

So far, no consensus has been reached on whether social
attention is fundamentally reduced or absent in individuals with
ASD. We hypothesize that the role of type of stimuli and task is
critical. This may explain why a large number of studies show
significantly diminished attention to social information in ASD
compared to TD controls (21–23, 36–39), while many others
show no differences (27–29, 40–44). Given this discrepancy, it
is important to understand whether the putative social attention
deficits are task and stimuli dependent.

We previously showed that task and context are determinant
for perceptual performance in ASD, only showing coherence
loss in task conditions favoring local attentional analysis (45).
The same might hold for the attentional bias that characterizes
this population. In this study, we extended this prior work by
comparing attention allocation to social vs. non-social stimuli
in three tasks in ASD and TD children and adolescents. We
used a paradigm based on stimuli from the Autism Diagnostic
Observation Schedule (ADOS) (46), a diagnostic tool that we
used as a routine in the diagnostic procedure, to try to see if it can
discriminate between ASD and TD children in what concerns to
visual social attention and corroborate the attentional bias claim.
We hypothesized that ASD children differ from TD children in
visual attention to social stimuli and, in particular, demonstrate
less looking toward faces than TD children.

METHODS

Participants
The study comprised two groups of participants: the
experimental, composed by individuals with ASD without
intellectual disability (1), and the control, composed by
individuals with typical neurodevelopment (TD). A total of
46 children and adolescents were enrolled in the study: 23 for
the ASD group (22 male, 1 female; mean age = 13 years and 1
month, minimum age = 8 years and 10 months, maximum age
= 17 years and 4 months) and 23 for the control group (21 Male,
2 female; mean age = 13 years and 5 months, minimum age = 8
years and 5 months, maximum age = 17 years and 8 months).
Sample sizes were based on previously established effect sizes
from other studies using eye tracking (23). Groups were matched
by chronological age, gender, and performance intelligence
quotient (PIQ) (47). Analyses were conducted to ensure that
participants were matched with respect to chronological age,
gender, handedness, and PIQ in both groups (T-test, p > 0.05).
Further group characterization details can be found in Table 1.

ASD participants were recruited from a sample from the
Neurodevelopmental and Autism Unit, Child Developmental
Center, Pediatric Hospital, Centro Hospitalar e Universitário
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TABLE 1 | Characterization of the clinical and control groups.

ASD TD

Mean (SE) Mean (SE) T tests

N 23 23

Gender (M/F) 22/1 21/2 p > 0.05

CA (months) 156.8 (4.9) 160.5 (6.4) p > 0.05

FSIQ 99.2 (3.0) 124.8 (4.1)

VIQ 96.3 (2.7) 123.9 (4.1)

PIQ 104.0 (3.2) 112.1 (3.6) p > 0.05

ADI-R RSI 15.7 (1.1) –

ADI-R L/C 9.4 (0.8) –

ADI-R RB/I 5.1 (0.6) –

ADOS COM 4.6 (0.3) –

ADOS SI 8.0 (0.5) –

ADOS Total 12.6 (0.7) –

ASD, Autism Spectrum Disorder group; TD, typical neurodevelopment group; SE,

standard error of the mean; M, male; F, female; CA, chronological age; FSIQ, Full-

Scale Intelligence quotient (IQ); VIQ, Verbal IQ; PIQ, Performance IQ; ADI-R RSI,

ADI-R Reciprocal Social Interactions; ADI-R L/C, Autism Diagnostic Interview–Revised

Language/Communication; RB/I, ADI-R Repetitive Behaviors/Interests; ADOS COM,

ADOS Communication; ADOS SI, ADOS Social Interaction. T-tests; p > 0.05.

de Coimbra, Portugal. ASD diagnosis was assigned on the
basis of the gold standard instruments: parental or caregiver
interview, Autism Diagnostic Interview–Revised (ADI-R) (48);
direct structured proband assessment, ADOS (46); and clinical
examination performed by an experienced neurodevelopmental
pediatrician, based on the current diagnostic criteria for autism
spectrum disorder from the Diagnostic and Statistical Manual of
Mental Disorders 5, DSM-5 (1). All ASD patients had positive
results in the ADI-R and ADOS for autism or ASD and
met the criteria for ASD from the DSM-5. A comprehensive
medical observation excluded associated medical condition such
as epilepsy, neurocutaneous or other genetic syndromes, or
other usual comorbidities in ASD samples. TD participants were
recruited from local schools and from our volunteers’ database.

The exclusion criteria for the children who participated in
this study were evaluated through an extensive anamnesis carried
out with the parents or caregivers. They included neurological,
neurodevelopmental, and genetic diseases, brain lesions, sensory,
auditory, motor deficits, and neurodevelopmental milestones.
Additionally, the parents of TD participants completed the Social
Communication Questionnaire and Social Responsiveness Scale
to ensure the exclusion of ASD symptomatology. TD participants
with history of ASD symptomatology, other neurodevelopmental
and neurological disorders, as well as other diseases mentioned
above were excluded.

Both groups underwent an exhaustive neuropsychological
evaluation and an assessment of the IQ to exclude intellectual
disabilities [all participants had a Full-Scale IQ (FSIQ) > 70].
To be included in this study, participants also had to be able to
read, describe pictures, and also remain still during the task. This
increased the age of the participants able to be included, despite
the efforts to recruit younger subjects.

Apparatus
Eye movements were measured with a remote binocular eye
tracking (SMI RED) system (SMI-SensoMotoric Instruments,
Germany), with a sampling rate of 250Hz. The tracker has a
reported gaze position accuracy of 0.4◦ and a spatial resolution
of 0.05. The participants sat ∼between 60 and 70 cm away from
a 22-in flat screen with a resolution of 1,680 × 1,050 pixels. The
system compensates for headmovements within a 50 cm× 30 cm
(at 65 cm distance), allowing the participants to look at the screen
in a naturalistic manner. A 9-point calibration procedure with a
fixation cross was performed before each task. The children were
instructed to fixate on the cross. After the calibration, there was a
validation trial to ensure the precision of the data collection. The
calibration process was repeated when necessary until both eyes
achieved good mapping on all nine test positions (tracking error
smaller than 1◦ visual angle).

Visual Stimuli and Task
The experimental protocol was created and implemented
through SensoMotoric Instruments Experiment Center
Version 3.2 (SMI-SensoMotoric Instruments, Germany). It was
composed of three types of tasks, which integrated visual stimuli
adapted from the ADOS (46). The ADOS is a semistructured,
examiner’s dependent, tool to assess communication, social
interaction, and imagination. It allows to diagnose autism
spectrum disorder (ASD) across ages, neurodevelopmental
levels, and language skills. The tasks from ADOS adapted were
“Description of a Picture,” “Cartoons,” and “Telling a Story from
a Book.” In the “Description of a Picture” task, the participant
was asked to look at a scene and tell what she/he sees. In the
“Cartoons” and “Telling a story from a Book” tasks, they are
asked to tell a story from the images that are presented one at a
time as if they were really narrating a book. Therefore, they were
instructed to tell the researcher when they want to move to the
following page. In total, they were 25 visual stimuli, representing
social scenes, displayed on a screen.

Participants were allowed to move forward to the next
stimulus as soon as they had described what they were seeing
and told the experimenter they wanted to move to the next
picture. This choice was made instead of using a button to
prevent subjects’ fatigue, or boredom, and a subsequent attention
decrease that may lead to just pressing the button without the
description. To increase subjects’ attention, involvement, and
motivation, and to assure that the exploration of the image begins
at the same point, between each image, a fixation cross was always
presented. This fixation cross disappeared once the participant’s
gaze was detected to be within the embedded area of interest
(AOI) in it. Figure 1 illustrates the experimental procedure.
There was no time constraint in each picture.

Eye Tracking Recordings and Analysis
Eye movement data were recorded with iViewXTM 2.7 and
analyzed offline with BeGazeTM 3.7 software where different AOIs
were defined in a semiautomatic procedure: “faces” and “objects”
(Figure 2).

We considered the following gaze metrics (defined in
accordance with the manual of the BeGazeTM 3.7 software):
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FIGURE 1 | Acquisition protocol of the task “Cartoons.” *Between each image is always presented a fixation cross (signaled with an asterisk in the schematic

representation of the task) to ensure that the exploration of the image begins at the same point.
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FIGURE 2 | Example of the different areas of interest defined.

Entry Time (ET), Dwell Time Percentage (DT%), Net Dwell
Time Percentage (NDT%), Normalized Dwell (ms/coverage)
(NormD), First Fixation Duration (FFD), Fixation Time
Percentage (FT%), Average Fixation Duration (AFD),
and Revisits. Entry Time expresses the average interval in
milliseconds (ms) from the presentation of the visual stimuli
(start of the trial) to the first gaze fixation on each area of
interest (AOI). The Dwell Time Percentage (DT%) consists of
the percentage of the sum of durations from all fixations and
saccades (between the first and last fixations within the AOI)
that hit the AOI (in ms), divided by the total stimulus duration.
NDT% represents the percentage of the sum of sample durations
for all gaze data samples that hit the AOI, divided by the total
stimulus duration. NormD is the ratio between the DT and
the AOI coverage, where coverage is the AOI size (measured
in pixel) in comparison to stimulus size, thus representing a
percentage of the number of pixel (px). It represents a more
reliable measure to understand attention distribution patterns
since it adjusts the duration that a subject spent to process an

item relative to its surface in the display. FFD represents the
duration (in ms) of the first fixation to hit the AOI. FT% consists
of the percentage of the sum of the fixation durations inside the
AOI, divided by the total stimulus duration. AFD is the total
duration (ms) of all fixations divided by the number of fixations
inside the AOI. A longer fixation duration is often associated
with a deeper and more effortful cognitive processing. Revisits
represent the number of time subjects visit an AOI.

Data Analysis and Statistics
Initially, we conducted a descriptive statistics analysis in order to
characterize the sample.

Eye-position data were analyzed with a standard AOI
approach. Eye-tracking data were preprocessed using the SMI
software, BeGaze Version 3.7 (SMI-SensoMotoric Instruments,
Germany), which uses a dispersion-based algorithm for detecting
fixations. The minimum fixation duration was 80ms, and the
maximum dispersion value was 100 pixels. Different aspects of
eye movements were assessed. We included seven dependent
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variables in our eye-tracking analyses: ET, NDT%, NormD, FFD,
FT%, AFD, and Revisits.

One participant in the TD group was excluded from analysis
due to problems with eye-tracking data collection in tasks Picture
and Book. In total, there were, therefore, valid data for 23 ASD
and 22 TD participants in the Picture and Book Tasks and for 23
ASD and 23 TD participants in the Cartoons Task.

Multivariate analysis of variance (MANOVA) with a three-
way interaction was used to evaluate differences in the eye-
trackingmeasures by group, task, and AOI type (faces or objects).
The goal of the three-way MANOVA was to understand if there
was an interaction effect for group, AOI type, and task in the
eye-trackingmeasures. Follow-up univariate three-way ANOVAs
were run for each dependent variable. In the dependent variables
with statistically significant interaction effects, simple two-way
interactions and main effect of group were run. In the statistically
significant main effect of group, pairwise comparisons were run
with a Bonferroni adjustment applied. Effect sizes (partial η

2

for F statistics and Cohen’s d for Bonferroni) are reported with
p-values for significant main effects, interactions, and pairwise
comparisons. Our MANOVA reached a power of 92%.

All statistical analysis was completed with the support of
the version for Microsoft Windows R© of the Statistical Package

for Social Sciences, version 26 (SPSS R©, Chicago, IL, USA). A
significance level of 0.05 was adopted.

Ethics Statement
All the procedures in this study were reviewed and approved
by the ethics committees from the Faculty of Medicine from
University of Coimbra, Portugal (CE-11/2013) and the Centro
Hospitalar e Universitário de Coimbra, Portugal (CHUC-102-
13) and was conducted in accordance with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. Written informed consent was obtained from the
parents/guardians of all participants. Children and adolescents
also gave oral informed consent.

RESULTS

A three-way MANOVA was run with seven eye-tracking
measures (ET, NDT%, NormD, FFD, FT%, AFD, and Revisits)
as dependent variables and independent variables: Group (ASD
and TD), Task (Picture, Cartoons, and Book), and AOI (faces and
objects). There was a statistically significant three-way interaction
between Group, Task, and AOI in all our dependent variables

FIGURE 3 | Interaction effects between group, task, and type of AOI. Mean Entry Time (ms): interaction plot Group × Task × AOI. Mean Entry Time is shown for the

AOI group Faces and Objects, plotted by Group (ASD and TD) in the three tasks. Lower numbers indicate the first AOI to have the first gaze fixation.
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FIGURE 4 | Interaction effects between group, task, and type of AOI. Mean Normalized Dwell (ms/coverage): interaction plot Group × Task × AOI. Mean Normalized

Dwell is shown for the AOI group Faces and Objects, plotted by Group (ASD and TD) in the three tasks. Higher numbers indicate more time spent within the AOI,

normalized by the AOI size in comparison to stimulus size, thus more time the subject spent to process the stimuli.

together, Pillai’s Trace= 0.092; F(2, 260) = 1.764, p= 0.041, partial
η
2
= 0.046.
Follow-up univariate three-way ANOVAs were run for each

dependent variable. These showed a statistically significant three-
way interaction effect between group, task, and AOI for ET
[F(2, 260) = 4.763, p= 0.009, partial η2

= 0.035], NormD [F(2, 260)
= 4.805, p= 0.009, partial η2

= 0.036], NDT% [F(2, 260) = 4.693,
p = 0.010, partial η

2
= 0.035], and FT% [F(2, 260) = 3.81, p =

0.023, partial η
2
= 0.029] but not for FFD [F(2, 260) = 0.59, p

=.556, partial η
2
= 0.005], Revisits [F(2, 260) = 1.77, p = 0.172,

partial η2
= 0.013] and AFD [F(2, 260) = 0.28, p = 0.756, partial

η
2
= 0.002]. The interaction effects of Group, Task, and AOI in

ET and NDT% are illustrated in Figures 3–6.
Figures 3–6 present the interaction between Task and AOI at

the different groups: ASD and TD. According to Figures 3–6.
This interaction effect indicates that the relationship between task
and AOI depends on the group.

For the dependent variables with the statistically significant
three-way interaction effect between group, task, and AOI,
we now present the simple two-way interactions, main effect
of group and pairwise comparisons, where needed, separately.
Pairwise comparisons are summarized in Table 2.

Entry Time
Follow-up univariate two-way ANOVAs were run for the
dependent variable ET and the main effect of group considered.
These showed a statistically significant simple two-way
interaction between Group and AOI in the dependent variable
Entry Time, for the Picture Task [F(2, 260) = 9.08, p = 0.003,
partial η2

= 0.034] but not for the Cartoons [F(2, 260) = 0.07, p=
0.799, partial η2

= 0.000] and Book [F(2, 260) = 1.27, p = 0.262,
partial η2

= 0.005] Tasks. As such, a simple main effect analysis
was conducted for Picture Task, and we found a statistically
significant main effect of Group in the dependent variable Entry
Time, for the AOI Faces F(2, 260) = 5.194, p= 0.023, partial η2

=

0.020, and for the AOI Objects F(2, 260) = 3.93, p = 0.049, partial
η
2
= 0.015, in the Picture Task. Therefore, simple pairwise

comparisons were run for the differences in mean ET score in
the AOI Faces and AOI Objects between groups in the Picture
Task, with a Bonferroni adjustment applied. In the Picture Task,
in the AOI Faces, the mean ET in the ASD group was 1313.08
[standard deviation (SD) = 2526.63] and 551.51 (SD = 637.78)
in the TD group, a statistically significant mean difference of
761.56, 95% CI (103.55, 1419.57), p = 0.023, d = −0.41. In
the same task, in the AOI Objects, the mean Entry Time in
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FIGURE 5 | Interaction effects between group, task, and type of AOI. Mean Net Dwell Time (%): interaction plot Group × Task × AOI. Mean Net Dwell Time (%) is

shown for the AOI group Faces and Objects, plotted by Group (ASD and TD) in the three tasks. Higher numbers indicate more time spent within the AOI.

the ASD group was 1685.34 (SD = 1134.27) and 2347.37 (SD
= 1967.34) in the TD group, a statistically significant mean
difference of −662.038, 95% CI (−1320.05, −4.03), p = 0.049,
d = 0.41.

Normalized Dwell
Follow-up univariate two-way ANOVAs were run for the
dependent variable NormD and the main effect of group
considered. These showed a statistically significant simple two-
way interaction between Group and AOI in the dependent
variable NormD, for the Picture task [F(2, 260) = 6.25, p =

0.013, partial η
2
= 0.023] but not for the Cartoons [F(2, 260)

= 3.17, p = 0.076, partial η
2
= 0.012] and Book [F(2, 260)

= 0.21, p = 0.647, partial η
2
= 0.001] Tasks. Afterwards, a

simple main effect analysis was conducted for Picture Task,
and we found a statistically significant main effect of Group in
the dependent variable NormD, for the AOI Faces F(2, 260) =

7.79, p = 0.006, partial η
2
= 0.029. As such, simple pairwise

comparisons were run for the differences in mean NormD score
in the AOI Faces and AOI Objects between groups in the Picture
Task, with a Bonferroni adjustment applied. In the AOI faces
in the Picture Task, the mean NormD in the ASD group was

261306.24 (SD = 200946.01) and 358870.71 (SD = 214344.38)
in the TD group, a statistically significant mean difference
of −97564.48, 95% CI (−166398.89, −28730.07), p = 0.006,
d = 0.47.

Net Dwell Time
Follow-up univariate two-way ANOVAs were run for the
dependent variable NTD% and the main effect of group
considered. These showed a statistically significant simple two-
way interaction between Group and AOI in the dependent
variable Net Dwell Time, for the task Picture F(2, 260) = 4.46, p
= 0.036, partial η

2
= 0.017, and for the task Cartoons F(2, 260)

= 4.80, p = 0.029, partial η
2
= 0.018 but not for the Book

[F(2, 260) = 0.24, p = 0.625, partial η
2
= 0.001] Task. As such,

a simple main effect analysis was conducted for Picture and
Cartoons Tasks, and we found a statistically significant main
effect of Group in the dependent variable Net Dwell Time, for
the AOI Faces in the Cartoons Task F(2, 260) = 10.97, p =

0.001, partial η2
= 0.040. Therefore, simple pairwise comparisons

were run for the differences in mean NTD% score in the AOI
Faces between groups in the Cartoons Task, with a Bonferroni
adjustment applied. In the AOI objects in the Cartoons Task, the
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FIGURE 6 | Interaction effects between group, task, and type of AOI. Mean Fixation Time (%): interaction plot Group × Task × AOI. Mean Fixation Time is shown for

the AOI group Faces and Objects, plotted by Group (ASD and TD) in the three tasks. Higher numbers indicate more time spent within the AOI.

mean Net Dwell Time in the ASD group was 30.55 (SD = 8.06)
and 37.37 (SD = 7.28) in the TD group, a statistically significant
mean difference of −6.82, 95% CI (−10.88, −2.77), p = 0.001,
d = 0.89.

Fixation Time
Follow-up univariate two-way ANOVAs were run for the
dependent variable FT% and the main effect of group
considered. These showed a statistically significant simple two-
way interaction between Group and AOI in the dependent
variable FT%, for the task Cartoons [F(2, 260) = 4.15, p = 0.043,
partial η

2
= 0.016]. Afterwards, a simple main effect analysis

was conducted for Cartoons Task, and we found a statistically
significant main effect of Group in the dependent variable FT%,
for the AOI Objects in the Cartoons Task F(2, 260) = 9.89, p =

0.002, partial η2
= 0.037. As such, simple pairwise comparisons

were run for the differences in mean FT% score in the AOI
Objects between groups in the Cartoons Task, with a Bonferroni
adjustment applied. In the AOI objects in the Cartoons Task, the
mean Fixation Time in the ASD group was 29.36 (SD = 8.09)
and 36.24 (SD = 7.52) in the TD group, a statistically significant
mean difference of −6.88, 95% CI (−11.18, −2.57), p = 0.002,
d = 0.88.

DISCUSSION

We studied social attention deficits in ASD and focused, in
particular, on face stimuli, in the clinical context of different tasks
of ADOS. For that purpose, we used eye-trackingmethodology to
compare the task dependence of visual attention to social stimuli
(faces) vs. nonsocial stimuli (objects) in two matched groups of
children and adolescents with ASD or TD.

We found significant interaction effects (between group, task,
and type of AOI), when the participants are requested to perform
spontaneous and simple descriptions of a picture or even a set
of cartoons. When scenarios implied generating a goal-oriented
narrative in the task, the pattern of attentional allocation in ASD
subjects was normalized. In other words, it became similar to
controls when children have to create a more complex story, such
as the story of a book, doing an enforced narrative description.
The absence of interaction effects in that case corroborates
similar visual search patterns in TD children. The “Description
of a Picture task,” despite being a painting and not a real picture,
is the one depicting a more ecological social interaction: a table
surrounded by people interacting while having a lunch party,
playing guitar, and talking to each other. Our findings thereby
provide a framework that reconciles previous literature. Scenes
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TABLE 2 | The comparison of the mean ± SD of the eye-tracking measures between ASD (n = 23) and TD (n = 23).

ASD TD Statistics

Eye-tracking

measures

Task AOI Mean ± SD Mean ± SD p d

Entry time (ms) Picture Faces 1313.07 ± 2526.63 551.51 ± 637.78 0.023* −0.413

Objects 1685.33 ± 1134.27 2347.37 ± 1967.34 0.049* 0.412

Cartoons Faces 375.59 ± 375.76 370.32 ± 291.46 0.987 −0.016

Objects 742.39 ± 410.65 617.82 ± 207.70 0.706 −0.383

Book Faces 1120.47 ± 514.29 1124.77 ± 439.73 0.99 0.009

Objects 3821.01 ± 1311.36 3293.79 ± 708.56 0.116 −0.497

Normalized dwell

(ms/coverage)

Picture Faces 261306.23 ± 200946.10 358870.71 ± 214344.38 0.006* 0.47

Objects 170705.95 ± 122808.11 144670.91 ± 79,944.23 0.457 −0.251

Cartoons Faces 373543.36 ± 154277.07 324851.21 ± 107742.37 0.160 −0.366

Objects 148538.82 ± 75339.15 186859.44 ± 70924.83 0.269 0.524

Book Faces 166567.76 ± 82569.63 143424.55 ± 59218.12 0.509 −0.321

Objects 51705.32 ± 19204.18 51205.75 ± 18,307.33 0.989 −0.027

Net dwell time (%) Picture Faces 17.42 ± 7.55 20.95 ± 8.66 0.091 0.435

Objects 17.86 ± 5.90 15.16 ± 6.70 0.197 −0.428

Cartoons Faces 35.59 ± 9.93 36.03 ± 7.95 0.832 0.049

Objects 30.55 ± 8.06 37.37 ± 7.28 0.001* 0.888

Book Faces 23.89 ± 6.93 23.53 ± 5.54 0.861 −0.057

Objects 11.90 ± 3.00 12.98 ± 2.17 0.605 0.411

Fixation time (%) Picture Faces 16.62 ± 8.36 20.84 ± 10.35 0.057 0.449

Objects 16.41 ± 6.16 14.80 ± 7.78 0.469 −0.229

Cartoons Faces 34.26 ± 9.85 34.84 ± 8.18 0.792 0.064

Objects 29.36 ± 8.09 36.24 ± 7.52 0.002* 0.881

Book Faces 22.87 ± 7.07 22.50 ± 5.75 0.867 −0.057

Objects 11.30 ± 3.06 12.35 ± 2.25 0.636 0.390

Pairwise comparisons with a Bonferroni adjustment: significance levels and effect-sizes; *p < 0.05. All comparisons signaled with * are significant. Effect sizes were computed using

Cohen’s d.

depicting ecological social interactions have been associated
to better evoke robust social responses (33, 34). Currently, a
methodological approach, denominated cognitive ethology, also
focused on ecological validity. It advocates that one’s research
approach should begin at the level of the phenomenon of interest
and to systematically move toward a simplified and abstract
level but also doing the inverse approach, reinforcing the idea of
analyzing a continuum (49, 50). In our study, we presented three
different tasks, with large clinical relevance (used in ADOS) with
a growing level of abstract social scenes (from the representation
of the social gathering around the table, to the interaction of
cartoons in the story of the book).

As predicted, we found that TD children looked first to faces
and during a longer period of time in the socially rich and familiar
context of a gathering of people around a table (“Description of
a Picture task”). The ASD children did not show a differential
pattern, between faces and objects. In other words, under these
conditions interaction effects are triggered: the ASD group tends
to have a similar pattern of visual search in what concerns to
attention to social and non-social stimuli, that is, faces and
objects, while the TD group looks first at faces and for a longer
period of time, which corroborates the hypothesis that ASD
participants are less attentive to faces (21–23, 36–39).

On the other hand, our study corroborates that children and
adolescents with and without ASD show remarkably similar
visual search patterns in their initial eye gaze to faces (51).
However, in our study, participants are not instructed to
specifically look at faces, which adds meaning and ecological
importance to the result. In fact, the participants only had to
describe what they were seeing, and therefore, the visual search
pattern is natural and more spontaneous.

Overall, our results seem to provide a unifying view of
previous research. The TD group always presented a lower ET
to the AOI faces than objects, looking at the faces first, when
exploring visually the images, also spending more time looking
at social stimuli. This visual search pattern is absent in the ASD
group. In fact, although children with ASD look at the faces first
(lower ET in the AOI faces, than in the AOI objects), there are no
statistical differences in the Cartoons and Book tasks (the ones
that guide a goal oriented narrative), when compared with TD.

Taken together, our results point to the fact that social
attention allocation patterns in ASD population are strongly task
dependent, which extends our previous work in other cognitive
domains (45). Accordingly, the task not requiring an explicit
goal-oriented narrative yields the greatest differences. This raises
the question whether spontaneous attention deficits can be
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rescued by guiding goal-directed actions (40). These results are
relevant for the selection of interventional strategies and in ASD
children, since it stresses the importance of goal-oriented actions,
which are the foundations of the structured teaching.

ASD and TD groups analyze social and non-social content
differently. However, when they have to do a narrative, visual
behavior tends to normalize (that is, ASD has similar visual
patterns as TD), which suggests that the narrative is used
as guidance.

Entry time is an eye-tracking measure that characterizes rapid
events, and it is in this measure that there are more differences
between ASD and TD, which can be interpreted as the best
measures to distinguish the groups.

In the present study, there are some limitations to consider.
Inclusion of younger children and subjects with intellectual
disability was difficult because most of them were not able
to make a good calibration and were therefore excluded. Our
experimental design did not explicitly account for low-level
saliency. However, we believe that, in accordance with previous
studies, gaze behavior is better predicted by the social features
than by low-level saliency alone (52–54).

In the current analysis, we focused on attention to the
faces and objects in the pictures from the different tasks of
ADOS (a well-validated but examiner’s dependent diagnosis
tool for ASD) thereby trying to provide a complementary
quantitative information of potential value in clinical practice
to distinguish between ASD children without intellectual
disability and TD. Although precise, the sensitivity of
eye-tracking as a diagnostic tool remains uncertain. Here,
we provide evidence for task dependence, with patterns
“normalizing” when a narrative is required. With this
strategy, we hope to provide a tool that may help improve
the course of ASD diagnostic evaluation, especially in
subjects with ASD without intellectual disability, where the
differential diagnosis with a typical neurodevelopment is often
very difficult.

In conclusion, eye-tracking measures of visual scanning, while
exploring and describing activities from the ADOS, in particular,
“Description of a Picture,” can discriminate between ASD and TD
groups. Individuals with ASD allocated their attention to faces
and objects in a similar way, while individuals from the TD group
attend first and more time to faces. However, when ASD children
are asked to look at pictures, organize the thought, and tell a
story, they attend to the same stimuli and have a similar pattern
of visual search as the TD group, which raises interesting insights
on the origin of this “normalization.” Accordingly, when goal-
directed actions, in this case, an enforced narrative description,
are required, visual search patterns in ASD tend to resemble TD
and therefore “normalize” as compared to spontaneous attention.
These findings are of potential relevance to training strategies, by

providing clues on learning adaptive attentional deployment. In
addition, they stress the importance from a diagnostic perspective
point of view of observation and classification of spontaneous
behavior. Future work should confirm the value of this tool to
help differential diagnosis especially in difficult cases with other
neurodevelopmental disorders or typical development.
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Background: There has been an extensive debate about a potential association

between intelligence and social cognition. In this study, we aimed to assess the

association between social cognition as measured with the Reading the Mind in the

Eyes test (RMET) and intelligence as measured with the fourth edition of the Wechsler

Intelligence Scale for Children (WISC-IV) in children and adolescents diagnosed with

Asperger Syndrome (AS).

Methods: We conducted a cross-sectional study among 84 children diagnosed with

AS aged 6–16 years (mean = 11.64; standard deviation = 2.75; 92.9% males). We

analyzed the association between RMET performance and WISC-IV total score as well

as the association between RMET performance and each of the four WISC-IV indexes

(processing speed index, PSI; working memory index, WMI; perceptual reasoning index,

PRI, and verbal comprehension index, VCI).

Results: We found a positive correlation between RMET performance and full-scale

intelligence quotient (r = 0.340; p < 0.01), VCI (r = 0.310; p < 0.01), PRI (r = 0.401;

p < 0.01), and WMI (r = 0.292; p < 0.01). In the linear regression model, age was a

significant predictor of RMET score (β = 0.409; p < 0.001) as was PRI (β = 0.309;

p = 0.019).

Conclusion: Our results suggest that intelligence quotient positively influences

RMET performance, indicating that intelligence increases social cognition in individuals

diagnosed with AS. However, weak-to-moderate size effects were found. This study

contributes to understanding the mechanisms underlying the disturbance of social

cognition in children and adolescents diagnosed with AS.

Keywords: RMET, intelligence, social cognition, autism spectrum disorder, reading the mind in eyes test, asperger

syndrome
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INTRODUCTION

The theory of mind (ToM) is defined as the capacity to
understand and empathize with others. It involves correctly
attributing beliefs, desires, intentions, and perspectives to others
and understanding that they are different from one’s own (1).
ToM is crucial to understand and predict others’ behaviors,
facilitating successful adaptation in different environments (2).
The Reading the Mind in the Eyes test (RMET) was conceived
as a ToM assessment tool, and it measures an essential aspect
of social cognition: the ability to recognize emotional states in
others by observing their eye expressions (3, 4). The RMET
has shown good test–retest reliability in different cultural
settings, including the Spanish population (5–8). The majority of
children diagnosed with autism spectrum disorder (ASD) have
impaired development of ToM (2, 9), which translates into lower
performance on the RMET (3).

Intelligence has been widely studied among individuals
diagnosed with ASD. Several cognitive scales are used in autism
research to separate high- and low-functioning individuals and
elucidate cognitive functioning in autism (10, 11). The Wechsler
scales are the most widely used for measuring the intelligence
quotient (IQ) in the ASD population (12). The Wechsler
Intelligence Scale for Children–Fourth Edition (WISC-IV) is one
of the most commonly used intelligence tests. It comprises four
intelligence indexes, which represent different cognitive skills:
verbal comprehension index (VCI), perceptual reasoning index
(PRI), working memory index (WMI), and processing speed
index (PSI). The WISC-IV score is expressed as the full-scale
intelligence quotient (FSIQ), which combines the scores of the
four WISC-IV indexes (13). The WISC-IV manual includes test
scores results for special groups (14, 15) to provide information
on the test’s specificity and its clinical utility in the diagnostic
evaluation. These special groups include individuals diagnosed
with Asperger syndrome (AS), who usually obtain lower WMI
and PSI scores, resulting in lower FSIQ (13, 16). On average,
individuals diagnosed with AS show no significant language delay
and no deficits in intelligence (13, 14). However, the difficulty in
recognizing emotions is well-established in individuals with AS
although it is not fully understood.

In children diagnosed with ASD, IQ may be associated
with a better performance in social cognition tasks, including
face-emotion recognition (17, 18). Intelligence may play a
compensatory role in tasks that require emotional recognition
(19). This compensatory role of intelligence could impact facial
emotion recognition to a greater degree than in normal children
(20).

Lately, the association between intelligence and RMET in
ASD has gained some attention. In a recent meta-analysis, we
explored the association between RMET performance and IQ in
children diagnosed with ASD (21). We found that higher IQ was
associated with higher RMET performance in controls, and in
children with ASD, it had the opposite effect. However, results
should be taken with caution as the meta-analysis included
few studies.

In contrast, in the meta-analysis of Baker et al. (22), the
authors found a positive correlation between IQ and RMET

performance (r = 0.24) and concluded that both verbal and
performance intelligence contributed equally to this association.

To our knowledge, no studies have assessed the association
between different WISC-IV indexes and RMET performance
in children diagnosed with AS. If certain indexes have a more
significant impact than others in RMT performance, cognitive
training programs could be tailored to tackle these deficits,
thus improving social cognition in children diagnosed with AS.
Cognitive training programs have been tested in children with
ASD with good results (23) and (24). In turn, improvement in
social cognition has been associated with greater functionality
and quality of life (25).

We aimed to investigate whether RMET is associated with
IQ as measured with the WISC-IV. We also aimed to identify
which WISC-IV indexes—VCI, PRI, WMI, and PSI—were most
strongly associated with RMET performance.

METHODS

This study was approved by the Regional Hospital Ethics
Committee of Malaga. All procedures were conducted following
the institutional research committee’s ethical standards and with
the 1964 Declaration of Helsinki and its later amendments.
Informed consent was obtained from all participants’ parents.

Sample
This is a cross-sectional study carried out among children
diagnosed with AS. Participants were recruited via the Asperger
Syndrome Association of Málaga (Asociación Malagueña
de Síndrome de Asperger, AMSA). The AMSA is a non-
governmental, free-to-join association that does not have a
direct relationship with clinical facilities. This association offers
memberships to any person diagnosed with AS. AMSA members
are representative of community-dwelling people with AS.

Inclusion criteria were:

1. Being aged between 6 and 16 years.
2. Having a diagnosis of AS by a clinical psychologist or

psychiatrist as per the Diagnostic and Statistical Manual
of Mental Disorders–Fourth Edition (DSM-IV) criteria (26)
based on a clinical assessment using developmental history
and a standardized scale, such as the Autism Diagnostic
Interview–Revised (27) or the Autism Diagnostic Observation
Schedule–Generic (28).

3. Having an IQ of 70 or higher on the WISC-IV.

There were no exclusion criteria regarding gender, ethnicity, or
psychological/physical comorbidities.

Measures
All assessments were carried out by trained clinicians. We used
the Spanish version of the RMET for children (4, 29). This
test includes 28 pictures of eye expressions. For each picture,
participants must choose one of four possible corresponding
emotional states (4). The children’s version of the RMET has
been validated in the Spanish population (29) with mean scores
in typical children of 18.51 (SD: 3.93). This test is particularly
recommended for children aged 8–17 although it has been
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employed in children as young as 6 with good results (30). In
previous studies, children with high-functioning ASD scored
lower than typical children (31).

We measured IQ with the Spanish version of the WISC-
IV (13, 32). The WISC-IV was standardized for children aged
6–16. Norm tables were divided into 4-month age intervals.
Children obtain scores that directly compare them with a
representative sample of all children of the same age range (13).
WISC-IV is composed of four indexes: VCI, PRI, WMI, and
PSI. VCI measures verbal concept formation through the tasks
similarities, vocabulary, and comprehension. PRI measures non-
verbal and fluid reasoning with the tasks block design, picture
concepts, and matrix reasoning subtests. WMI assesses children’s
working memory with the tasks digit span and letter–number
sequencing. PSI measures processing speed with the tasks coding
and symbol search.

Procedure
If children and adolescents, as well as their parents, showed
interest in the project, they were scheduled for a baseline
interview in which the details of the project were explained fully,
and they were given the informed consent form. They were given
enough time to read the informed consent form, and any doubts
they might have were answered. After signing the informed
consent form, the standardized scales were administered by
trained clinicians. Each participant was assessed individually
using the RMET and the WISC-IV. Sessions lasted between 90
and 120min. Participants were allowed to take short rest breaks
(10–15min) between tasks.

Statistical Analysis
All analyses were carried out using the Statistical Package for
the Social Sciences (SPSS), version 22.0. Preliminary analyses
were conducted to compute descriptive statistics. The association
between WISC-IV score and RMET performance was analyzed
with zero-order Pearson’s coefficients. Correlations between
WISC-IV index scores and RMET performance were also
conducted. According to Cohen (33), an absolute value of r ≤
0.1 means weak correlation, an absolute value of 0.1–0.3 means
moderate correlation, and an absolute value of ≥0.5 means
large correlation. To explore the unique strengths of association
between RMET score and WISC-IV indexes controlling by
age, we conducted a two-step hierarchical linear regression
analysis. In the first step, we introduced age, and in the second
step, we introduced the four WISC-IV indexes. All tests were
two-tailed with statistical significance at p < 0.05 and 95%
confidence intervals.

RESULTS

Description of the Sample
Our sample comprises 84 children diagnosed with AS with
a mean age of 11.64 years (standard deviation = 2.75). The
proportion of males was 92.9%. Table 1 shows the mean
scores, standard deviations, and ranges for the WISC-IV scores,
including FSIQ and the four index scores (VCI, PRI, WMI, PSI)
as well as RMET scores.

TABLE 1 | Demographics including age, WISC-IV index scores and FSIQ and

RMET.

Mean SD Range

Min Max

Age (in years) 11.643 2.754 6 16

VCI 112.881 23.213 59 149

PRI 104.381 18.976 68 141

WMI 102.881 20.917 54 150

PSI 94.690 18.482 67 147

FSIQ 106.0 21.727 70 148

RMET 17.143 3.918 7 25

FSIQ, Full Scale Intelligence Quotient; Min, Minimum; Max: Maximum; PRI, Perceptual

Reasoning Index; PSI, Processing Speed Index; RMET, Reading the Mind in the Eyes

Test; SD, Standard Deviation; WMI, Working Memory Index.

Correlation Results Between RMET Score
and IQ
We found a weak positive correlation between RMET score and
FSIQ (r = 0.215; p < 0.05), PRI (r = 0.287; p < 0.01), and WMI
(r = 0.235; p < 0.05). We found a weak negative correlation
between age and VCI (r = −0.221; p < 0.05), PRI (r = −0.237;
p < 0.01), and FSIQ (r =−0.275; p < 0.05), a moderate negative
correlation between age and PSI (r = −0.311; p < 0.01), and
a moderate positive correlation between age and RMET score
(r = 0.338; p < 0.05). Controlling by age, there was a moderate
positive correlation between RMET score and VCI (r = 0.310; p
< 0.01), PRI (r= 0.401; p< 0.01), and FSIQ (r= 0.340; p< 0.01)
and a significant, weak positive between RMET score andWMI (r
= 0.292; p < 0.01). No significant correlation was found between
RMET score and PSI (r = 0.049; p > 0.10). Full results are shown
in Table 2.

Results of the Linear Regression Model
We carried out a linear regression model to explore the
association between RMET score and WISC-IV indexes scores
controlling by age. Results are shown in Table 3. The full model
was statistically significant [F(5, 78) = 6.094, p < 0.001], with
a total R2 of 0.235. Age was a significant predictor of RMET
score (β = 0.409, p < 0.001). Thus, older children showed higher
RMET scores than younger children. PRI was also significantly
associated with RMET score (β = 0.309, p= 0.019), showing that
children with higher PRI scored higher on the REMT.

Figure 1 shows a scatterplot of RMET scores and
unstandardized predicted values for the linear regression
model (Figure 1).

DISCUSSION

Summary of Results
This study explored the association between RMET performance
and IQ in children and adolescents with AS. After controlling
by age, we found a moderate positive correlation between
RMET performance and FSIQ, VCI, and PRI and a weak
positive correlation between RMET and WMI. In the linear
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TABLE 2 | Zero-order correlations among WISC-IV index scores and FSIQ.

VCI PRI WMI PSI FSIQ RMET Age

VCI 1

PRI 0.630** 1

WMI 0.596** 0.516** 1

PSI 0.358** 0.354** 0.407** 1

FSIQ 0.870** 0.802** 0.786** 0.629** 1

RMET 0.209 0.287** 0.235* −0.061 0.215* 1

RMETpc 0.310** 0.401** 0.292** 0.049 0.340** 1

Age −0.221* −0.237** −0.111 −0.311** −0.275* 0.338* 1

RMET and age and partial correlation controlling for age between WISC-IV index and RMET.

**p < 0.01; * p <0.05.

FSIQ, Full Scale Intelligence Quotient; PRI, Perceptual Reasoning Index; PSI, Processing Speed Index; RMET, Reading the Mind in the Eyes Test; RMETpc, Reading the Mind in the

Eyes Test Partial Correlations; VCI, Verbal Comprehension Index; WMI, Working Memory Index.

TABLE 3 | Hierarchical linear regression model: associations between RMET score and WISC-IV indexes controlled by age.

Predictors Beta Adjusted R2 change F change p

Step 1: Age 0.339 0.115 10.626 0.002

Step 2: Age + WISC-IV indexes 0.166 4.507 0.003

Age 0.409 <0.001

PRI 0.309 0.019

PSI −0.112 0.318

VCI 0.013 0.576

WMI 0.129 0.313

PRI, Perceptual Reasoning Index; PSI, Processing Speed Index; RMET, Reading the Mind in the Eyes Test; VCI, Verbal Comprehension Index; WMI, Working Memory Index.

Snell R2 Total = 0.235, F(5,78) = 6.094, p < 0.001.

regression analysis, we found that age and PRI were statistically
significantly associated with RMET performance. Thus,
perceptual components of intelligence are the areas that appear
more related to social cognition. Verbal component and working
memory also appear to play a role as does total IQ. However,
processing speed was not associated with RMET.

We found a moderate positive correlation between age
and RMET, suggesting that age might be an important
factor in determining RMET performance in children and
adolescents. Future research should determine whether these
findings might be confirmed in other age groups as well as in
longitudinal studies.

Comparison With Previous Research
The RMET mean score found in our sample (17.143, SD: 3.918)
is slightly lower than the mean score found in the Spanish
validation of the RMET, which was performed in a sample
of typical children (mean score: 18.51, SD: 3.93) (29). Also,
the distribution of WISC-IV index scores found in our sample
was similar to that reported in the WISC-IV manual (lowest
scores were WMI and PSI) (32). Some previous studies on
individuals diagnosed with AS found no correlation between
RMET performance and IQ (3, 4, 34, 35). In contrast, our study
suggests that higher IQ attributes and higher RMET performance
are associated.

Regarding visual-perceptual processing, we found that PRI
is correlated with RMET performance. The PRI was, in fact,

FIGURE 1 | Scatterplot of RMET and unstandardized predicted values for the

final regression model with a linear fit line.

the only WISC-IV index significantly associated with RMET
performance in the linear regression analysis. In contrast, some
studies claim that difficulties in interpreting facial emotions are
not traits of the visual-perceptual process (36, 37). However,
patients diagnosed with AS frequently report abnormal sensory

Frontiers in Psychiatry | www.frontiersin.org 4 March 2021 | Volume 12 | Article 642799133

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Peñuelas-Calvo et al. Social Cognition in Asperger Syndrome

experiences (38). Also, in previous studies, individuals diagnosed
with AS obtained better PRI scores than normal individuals (39,
40). As PRI refers to non-verbal intelligence, it requires accurate
visual processing and then reasoning. Therefore, individuals
diagnosed with AS with a better reasoning ability may perform
better in RMET.

Similarly, we found a moderate positive correlation between
VCI and RMET performance. Studies show that people
diagnosed with ASD have pragmatic language problems (41),
especially those with AS (42). This deficit may be related to weak
central coherence, which is the difficulty in adjusting language to
context as (43) described.

WMI was also associated with RMET performance in our
study. Working memory (WM) is an essential part of executive
functioning. Previous studies have found that individuals
diagnosed with AS have deficits in WM after controlling for the
influence of IQ (44). Finally, we found no correlation between
PSI and RMET performance.

Mechanisms Underlying the Association
Different mechanisms could explain the association between
intelligence and social cognition. On the one hand, social
cognition and intelligence could share functional brain areas.
Thus, the improvement in one area may influence the
improvement in the other area and vice versa. For instance, a
study showed that social cognition training increased cortical
thickness in prefrontal regions (45). Conversely, cognitive
training is shown to improve facial affect recognition (23).

On the other hand, higher intelligence generally increases
the ability to solve problems, so individuals with AS could
use their intelligence as a compensatory strategy to recognize
facial expressions and other emotional indicators in the people
around them. Deficits in the so-called emotional brain, which
involves areas such as the amygdala, could explain the social
atypicalities found in people with ASD (46). In this regard, a
study used functional magnetic resonance imaging to explore
which areas were activated in people with ASD and healthy
controls. During an eye expression recognition task, two areas
of the so-called social brain—the amygdala and the superior
temporal gyrus—and the prefrontal cortex were activated in
healthy controls. However, individuals with ASD did not activate
their amygdala during the task, but instead relied on the
activation of frontotemporal regions to perform the task (20).

Limitations
Our findings should be considered in light of some limitations.
First, the cross-sectional design of our study precludes drawing
conclusions about the causality of the associations found.
Likewise, we cannot establish the directionality of these
associations. Therefore, we should also consider the possibility
that social cognition leads to better cognitive development and
a higher IQ. Also, although all participants had a total IQ of
70 or above, some of them scored below 70 in some of the
indexes. Finally, most of the sample was composed of males, so
the conclusions derived from our study are difficult to extrapolate
to the female population.

CONCLUSIONS

In conclusion, our results suggest an association between
RMET performance and IQ in children diagnosed with AS.
Particularly, the perceptual reasoning component was the most
strongly associated with RMET. This association should be
considered when evaluating RMET performance. Our results
suggest that intelligence positively influences social cognition
although causality cannot be established. Also, moderate size
effects were found, which requires us to take these results with
caution. Longitudinal research could be useful to clarify the
association between social cognition and intelligence.

Among the mechanisms that could explain the association
between intelligence and social cognition, the overlapping of
brain areas involved in both functions and the use of intelligence
as a compensatory strategy stand out. Cognitive training could be
useful in improving social cognition in children and adolescents
with AS. In turn, the improvement of social cognition could lead
to greater functionality and quality of life in this population.
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Background: Several studies have reported contradictory results regarding the benefits

of music interventions in children and adolescents with neurodevelopmental disorders

(NDDs), including autism spectrum disorder (ASD).

Methods: We performed a systematic review according to the PRISMA guidelines.

We searched the Cochrane, PubMed and Medline databases from January 1970 to

September 2020 to review all empirical findings, except case reports, measuring the

effect of music therapy on youths with ASD, intellectual disability (ID), communication

disorder (CD), developmental coordination disorder (DCD), specific learning disorder, and

attention/deficit hyperactivity disorder (ADHD).

Results: Thirty-nine studies (N = 1,774 participants) were included in this review (ASD:

n = 22; ID: n = 7; CD and dyslexia: n = 5; DCD: n = 0; ADHD: n = 5 studies). Two

main music therapies were used: educational music therapy and improvisational music

therapy. A positive effect of educational music therapy on patients with ASDwas reported

in most controlled studies (6/7), particularly in terms of speech production. A positive

effect of improvisational music therapy was reported in most controlled studies (6/8),

particularly in terms of social functioning. The subgroup of patients with both ASD and

ID had a higher response rate. Data are lacking for children with other NDDs, although

preliminary evidence appears encouraging for educational music therapy in children

with dyslexia.

Discussion: Improvisational music therapy in children with NDDs appears relevant

for individuals with both ASD and ID. More research should be encouraged to explore

whether oral and written language skills may improve after educational music therapy, as

preliminary data are encouraging.

Keywords: music therapy, autism spectrum disorder, intellectual disability, neurodevelopmental disorder,

systematic review
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INTRODUCTION

The new section of neurodevelopmental disorders (NDDs) in
the DSM-5 encompasses psychiatric disorders with an onset in
early childhood (1). The clinical expression of all NDDs is closely
related to the child’s own developmental dynamics. Several
mechanisms may explain the structural abnormalities in brain
structures reported in most patients with NDDs: consequences
of perinatal risk factors, abnormal brain maturation, and
consequences of a lack of opportunity to use functional areas. The
NDD section of the DSM-5 includes autism spectrum disorder
(ASD), intellectual disability (ID), attention deficit disorder with
or without hyperactivity (ADHD), developmental coordination
disorders (DCD), communication disorders (CD) (including
language, phonological, and pragmatic social communication
disorders, and stuttering) and specific learning disabilities
(SLDs) (characterized by persistent difficulties in learning the
fundamental academic skills of reading, writing or mathematics).

Therapeutic Interventions for ASD
ASD is characterized by two main dimensions: a deficit
in communication and reciprocal social interactions and
a restriction of interests with repetitive and stereotypical
behaviors (1). In addition to the core symptoms of ASD,
other developmental dimensions are worth investigating
to document associated problems (intellectual functioning,
sensory modulation impairments, language difficulties, motor
skills, attentional difficulties, emotional regulation, associated
medical condition (e.g., seizures), eating, and sleeping) (2).
Such integrative approaches help clinicians provide tailored
interventions. Three categories of therapeutic interventions for
children with ASD have been distinguished:

1. Pure behavioral methods [e.g., Applied Behavior Analysis
(ABA)] are based on a comprehensive analysis of children’s
behaviors to promote well-adapted behaviors based on positive
reinforcement. Some behavioral methods are based on the child’s
preferences, such as pivotal response training (PRT). Some of
these programs involve parents, such as the Son Rise program,
which occurs at home (3, 4).

2. Developmental methods aim to promote the development
process (e.g., floor time or the Early Start Denver Model—
ESDM). In these programs, the therapist starts from the child’s
interests and follows their initiatives to promote communication
performance using the skills of imitation and synchrony. Some
of these methods include behavioral techniques, such as ESDM
(5, 6).

3. Mixed methods (e.g., Treatment and Education of Autistic
and Communication Handicapped Children—TEACCH) aim to
reduce problematic behaviors in a behavioral approach while
considering the child’s specific developmental level. Parental
guidance is an essential aspect of these programs to allow the
child’s emerging competences to be generalized into his natural
environment (7).

These methods target the primary difficulties experienced by
patients with ASD in social interaction and communication,
in particular joint attention, imitation, synchrony, emotional
sharing and symbolic play. The predictors of the treatment

response of patients with ASD to these interventions include
intensive interventions (at least 3–4 h per day), interventions
provided at an early age, intervention tailored to the patient’s
developmental needs, interventions promoting family inclusion
and spontaneous communication with peers, and interventions
with repeated assessment of therapeutic goals based on the child’s
progress (8).

Therapeutic Interventions for Other NDDs
Children with ID require a global approach with interventions
promoting cognitive skills and autonomy. Most authors
recommend that a regular multidimensional evaluation of
cognitive, educational, socioemotional, and adaptive skills
throughout life. It usually provides a better understanding
of how individuals with ID function (9). The goal regarding
treatment approach is to contribute toward the planning of more
appropriate strategies for learning, care, and support, leading
to a better quality of life and participation in society. Specific
programs are delivered according to children’s developmental
levels, family burdens and etiological factors (e.g., antiepileptic
drug in case of seizures). Interventions provided at school or
specialized institutions play a key role in enhancing pedagogic
and academic achievements. Specific intervention form speech
therapists, occupational therapists, reading specialists may also
target a specific function (9).

For other NDDs, therapeutic approaches directly target
the impaired function: speech therapists for children with
communication disorders, reading specialists for children with
written language difficulties, and occupational therapists for
children with motor disorders. Children with ADHDmay benefit
from attention remediation and cognitive therapy. ADHD is
also the only NDD for which effective medications are available
(e.g., methylphenidate).

Music Therapy
From the biblical scene of David playing harp to the Gnaoua
ritual in Maghreb, anecdotal testimonies of the healing effect of
music are reported in all cultures. In the history of psychiatry,
music was a component of the moral treatment advocated by
Pinel in the eighteenth century. Since music remains one aspect
of the milieu and occupational therapy of patients receiving
ambulatory care for chronic mental health conditions. It is
after the Second World War that music therapy became a
structured psychotherapy in North America to treat veteran (10).
Nordoff and Robbins (11) created a structured method known as
“creative musical therapy” based on the principle of a relational
component of music.

Among music therapies, a traditional distinction exists
between receptive music therapy techniques (based on
listening) and active music therapy techniques (based on sound
production by voice, body percussion, or use of instruments).
This distinction has been questioned because listening may
also involve an active component. Current research usually
distinguishes three techniques: music listening, interactive music
therapy and improvisational music therapy (12). Interactive
music therapy is essentially a structured method including
techniques for educational purposes or musical games. For
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clarity, in this article, the term educational music therapy will
be used for this category. Improvisational music therapy uses
children’s music production to promote spontaneous non-verbal
communication. As the distinction between these categories is
somewhat arbitrary, a mixed method category also exists.

Music Therapy for Patients With ASD
and/or Other NDDs
The particular interest in music of patients with autism was
already noted in the historical description by Kanner (13). He
observed that some non-verbal patients are able to sing or hum.
Some other patients are able to recognize complex melodies.
Several reasons for the hypothesis that music therapy represents
a useful adjunct treatment in youths with autism have been
documented. Music therapy is regarded as a way of promoting
preverbal communication through the improvement of joint
attention, motor imitation, and ultimately synchronous rhythm
(14). Music therapy has also been used to enhance some cognitive
functions, such as attention or memory (15). As impairments
in social interactions are also often reported at some point in
youths with other NDDs, the effects of music therapy are worth
investigating in patients with these other conditions. In this
review, we aimed to review the evidence examining the use of
music therapy in youths with ASD and/or other NDDs.

METHODS

Design
The systematic review was conducted according to the
recommendations outlined in the PRISMA guidelines (16).
Titles and abstracts were scanned for relevance. Full texts were
ordered in cases of uncertainty. Reference lists of retrieved
systematic reviews were checked. All full texts were assessed
for eligibility. Any original study was eligible for inclusion in
this review. Abstracts, editorials, and case series with only one
evaluation were excluded. Systematic reviews and meta-analyses
were examined for references but not included.

We included studies that measured the effect of music
therapy intervention (music listening, interactive or educational
music therapy, improvisational music therapy, or mixed
method), in children or adolescents (participants aged up
to 18 years), diagnosed with ASD and/or another NDD.
Other NDD were ADHD, ID, DCD, CD, and SLD. Exclusion
criteria were: (1) study without outcomes derived from a
distinct subgroup of subjects with ASD and/or other NDD;
(2) study reporting pooled results without distinction between
adults and youths; (3) study that did not provide new
empirical data or without objective assessment of clinical
outcome; (4) study reporting the effect of music therapy in
neurological/neurodevelopmental disorder different from the list
mentioned above (e.g., epilepsy).

Search Method Used to Identify Studies
Relevant articles were obtained by searching the Cochrane
Central Register of Controlled Trials (CENTRAL), PubMed
and Medline databases. Each database was searched from
January 1970 to September 2020. In addition, we hand searched

reference lists of identified articles and pertinent reviews for
additional studies. Only studies in English, French or German
were included. References from the reviewed articles were
also screened to find more articles of interest. We used
the following search terms: (“music” OR “music therapy”)
AND (“autism” OR “pervasive developmental disorder” OR
“intellectual disability” OR “dyslexia” OR “written language
disorder” OR “attention deficit disorder” OR “hyperkinetic
disorder” OR “communication disorder” OR “oral language
disorder” OR “specific learning disorder” OR “social relationship”
OR “social skills” OR “social responsive behaviours” OR “social
motivation” OR “communication” OR “nonverbal” OR “joint
attention”). The systematic review yielded 2,778 hits, and 2,725
hits were excluded based on the information in the title or
abstract. The full texts of the remaining 54 hits were critically
reviewed, leading to the exclusion of another 15 articles because
they were only reviews or comments and no new original
data were included; alternatively, the research did not present
objective outcomes or did not presentmusic therapy intervention
or child or adolescent population. One full-text was not found
(17). Thirty-nine studies were included: 22 studies of children
with ASD, 7 studies of children with ID, 5 studies of children
with ADHD, and 5 studies of children with CD and SLD
(dyslexia). No study was found for children with DCD, but
one ASD study evaluates motor impairment associated with
ASD (18). Figure 1 summarizes the PRISMA flowchart of
the study.

Data Analysis
Data and information were independently extracted from each
study by the first two authors. In cases of disagreement, a
consensus approach was adopted that included the third author.
For each study under review, the year of publication and
references were extracted. In each report, we collected the
following information: (i) description of the sociodemographic
and clinical characteristics of the participants (age, gender,
and method of diagnosis), (ii) description of the interventions
(method of music therapy, duration, frequency, and setting),
and (iii) clinical outcomes (effect of the intervention and
possible side effects). Considering the disparity in music
therapy methods used for children with ASD, the results were
presented according to the category of music therapy, i.e.,
educational music therapy or improvisational music therapy.
Only one study included in our review offered a music listening
technique, but results were not presented in tables due to severe
methodological problems (19). The diverse statistical methods
and measurement practices used across studies did not allow
for the calculation of pooled effect sizes, such as those used
in meta-analyses.

An evaluation of the different risk of bias was performed by
the first author according to the Risk Of Bias In Non-randomized
Studies—of Interventions (ROBINS-I) tool (20) and the Revised
Cochrane risk-of-bias tool for randomized trials (RoB 2) (21).
Results are presented in Supplementary Table 1.
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FIGURE 1 | Flowchart of the study.

RESULTS

Music Therapy for Children With ASD
Educational Music Therapy (n = 272)
Ten studies evaluated the effects of educational music therapy
in youths with ASD: five uncontrolled studies (22–26) and
seven controlled studies (18, 27–32). They are all summarized
in Table 1.

Only one study examined the effect of an educational music
therapy intervention on the severity of autistic symptoms (32).
The authors observed a small effect of the intervention on the
Social Responsiveness Scale (SRS) score (partial η

2
= 0.29)

within the 4 days following the last session. Other studies
assessed the effect of educational music therapy on other
developmental dimensions. Four studies evaluated the benefit of
educational music therapy on joint attention (23, 25, 26, 32). Joint
attention was assessed with videos of adult-child interactions
by collecting data on pointing behaviors (23, 32), direction
of gaze toward an object/person (26, 32), and spontaneous
reactions or in response to adults’ behaviors (25, 26). None
of these studies reported a statistically significant effect of

these interventions on the joint attention of children with ASD
(23, 25, 26, 32). Paul et al. (26) suggests a positive effect of
sung directives during different activities compared to spoken
directives on graphic analyzes. Pasiali et al. (24) assessed the
effect of music therapy on different components of attention
using TEA-Ch (Test of Everyday Attention for Children) in
youths with ASD. The authors reported that youths with ASD
who received music therapy achieved higher performance in
selective and divided attention than at baseline; however, no
change in sustained attention was observed before and after
the intervention. Another study evaluated the effect of musical
therapy on the recognition of emotions in youths with ASD.
Katagiri (29) examined whether a piano melody congruent
with the emotional valence of a facial expression presented
with a picture or a drawing influenced the performance on
an emotional recognition task. The authors did not obtain any
significant results.

Cibrian et al. (18) evaluated two different music therapy
interventions in the motor impairments of young patients with
ASD. The reported outcome suggests a positive effect of music
therapy on coordination and timing synchronization.
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TABLE 1 | Studies assessing educational musicotherapy in patients with autism spectrum disorder (ASD).

Author

Year

Study

design

Population Diagnostic Interventions Assessment Main findings Limitations/Comments

NON-CONTROLLED STUDIES

Lim and

Draper (22)

Pre/post

evaluation

N = 22

Age = 3–5

y.o.

Gender: 17

boys

Recruitment:

na

ASD Dg tool: na

ID: na Severity:

children were

verbal or

preverbal with

immediate echolalia

Three different conditions:

Music training: “music incorporated

ABA Verbal Behavior”; sung

instructions, songs with target words

shown on pictures and target phrases

with echoic training (A)

Speech training: ABA method with

the same instructions without singing

(B)

No specific intervention (C)

The order of the three conditions was

randomly assigned

Settings: individual sessions three

times a week for 2 weeks. Duration of

each session: na

Clinical symptom: no

Interaction:

Observations of behavior in

videotaped posttest sessions:

Verbal production evaluation

scale including semantics,

phonology, prosody,

and pragmatics

Other assessment: no

Positive effect on

speech production:

Verbal production

SMD = 9.227 (p =

0.000) for MT vs. no

training

However, no significant

difference in verbal production

was observed between music

training and speech training The

participants scored much higher

on echolalia production than in

response to questions

Kalas (23) Pre/post

evaluation

N = 30

Age = 4–7

y.o.

Gender: 28

boys

Recruitment:

community

outpatient

activity

ASD Dg tool: na

ID: na Severity:

CARS: 15 with

severe ASD, 15

with

mild/moderate ASD

Two experimental groups:

With simple music condition: simple

melody and accompaniment on

keyboard

With complex music condition:

complex melody and complex

accompaniment on keyboard (with

syncopation or dotted rhythms)

Settings: individual 10min sessions

twice a week for 3 weeks

Clinical symptoms: no

Interaction:

Behaviors observed in

videotaped sessions: ESCS:

Joint attention measured by the

number of times the child

responded to a bid for joint

attention by following a pointing

gesture toward the object or

instrument of interest. RJA score

ICC = 0.86

Other assessment: no

Statistically significant

interaction between the

music modality and level

of functioning. F (1) =

20.089, p = 0.001

The effect of simple vs. complex

music depended on the level of

functioning. Specifically, the

simple music condition was

more effective at eliciting RJA in

children diagnosed with severe

ASD, whereas the complex

music condition was more

effective at eliciting RJA in

children diagnosed with

mild/moderate ASD

Pasiali et al.

(24)

Pre/post

evaluation

N = 9

Age = 13–20

y.o.

Gender: 4

boys

Recruitment:

special

education

facilities

ASD Dg tool: na

ID: yes Severity:

CARS: 3 with

severe ASD, 4

with

mild/moderate ASD

Intervention:

Interactive music therapy: “musical

attention control training”

Settings: 45min sessions once to

twice a week for 6 weeks

Clinical symptoms: no

Interaction: no

Other assessment: TEA-Ch

Positive changes in

scores on tests related

to selective attention

and attentional

control/switching, but

no difference in

sustained attention

Paul et al.

(26)

Pre/post

evaluation

N = 3

Age = 3–4

y.o.

Gender: 3

boys

Recruitment:

na

ASD Dg tool: na

ID: na Severity:

CARS: 1 child

with mild to

moderate autism,

2 with

severe autism

Interventions

During activities (block matching,

picture matching, clay play)

(A) Spoken oral instructions

(B) Sung oral instructions

Settings: individual 15min sessions

once or twice a week, during 3

months. 9 sessions with each

condition

Clinical symptom: no

Interaction:

Behavior observation of

videotaped sessions:

performance, frequency of social

gesture and eye contact (ICC

value correct-to-excellent)

Other assessment: no

Visual graphic analyze:

all participants scored

higher in the sung

condition compared to

spoken condition for all

measures

Small sample size No

control group

(Continued)
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TABLE 1 | Continued

Author

Year

Study

design

Population Diagnostic Interventions Assessment Main findings Limitations/Comments

Davis (25) Pre/post

evaluation

N = 4

Age = 6–7

y.o.

Gender: 4

boys

Recruitment:

special

education

facilities

ASD Dg tool: na

ID: na Severity: 2

patients (50%)

are verbal

Experimental group:

Interactive music therapy

Three different conditions:

cooperative music therapy (A),

cooperative play (B) and independent

play (C)

Settings: individual 20min sessions

once or twice a week for 5 weeks

Clinical symptoms: no

Interaction:

Behaviors observed in

videotaped sessions: joint

attention behaviors: interaction

(responding to joint attention)

and requesting

(initiation) behaviors

Other assessment: no

Interaction: mean

difference in scores for

MT/independent play =

71

Requesting: mean

difference in scores

MT/independent play:

negative value =

−16.875

Increase in interaction behaviors

for all subjects during

cooperative play and MT

compared with independent

play, but discordant results for

requesting behavior

CONTROLLED STUDIES

Buday (27) Crossover N = 10

Age = 4–9

y.o.

Gender: 8

boys

Recruitment:

public school

ASD Dg tool: na

ID: 70% Severity:

CARS: 5 with

severe ASD, 5

with

mild/moderate ASD

Two conditions:

(A) Interactive music therapy: songs

used to teach signs and speech

(B) Rhythmic speech used to teach

signs and speech

Settings: individual 3min sessions

four times a week for 2 weeks (4

sessions in the first week with one

condition and 4 sessions in the

second week with the other condition)

Clinical symptoms: no

Interaction:

Behaviors observed in

videotaped sessions: sign and

speech imitating behaviors. ICC

98%

Other assessment: no

For sign imitation:

MT group: M = 5.1

Control group: M = 4.0

�² = 0.35/estimated d

= 0.39

p < 0.05

For speech imitation:

MT group: M = 4.2

Control group: M = 3.2

�² = 0.42/estimated d

= 0.30

p < 0.02

Large effect of music vs. rhythm

form on both sign and

word learning Limitations: small

sample size and only children

who have shown an interest in

music (obvious attention or

enjoyment) were

included. Crossover

Farmer (28) RCT N = 10

Age = 2–5

y.o.

Gender: 9

boys

Recruitment:

na

ASD Dg tool: na

ID: na Severity: na

Experimental group:

Interactive music therapy sessions:

guitar playing, songs, games, name

and point at body parts, imitation of

animals

Control group:

Sessions without music

Settings: individual daily 20min

sessions for 5 days

Clinical symptoms: no

Interaction:

Behaviors observed in

videotaped sessions: Frequency

of appropriate verbal and

gestural responses

Other assessment: no

Graphical analysis:

Positive effect on verbal

responses and gestural

responses

Sessions in different conditions

(home, school, etc.)

Katagiri (29) Controlled

study

N = 12

Age = 9–15

y.o.

Gender: na

Recruitment:

community

outpatient

activity

ASD Dg tool: na

ID: na Severity: na

Two experimental groups

with background music: prerecorded

piano improvisations structured to

reference four basic emotions

with singing songs: music with lyrics

Active control group:

Verbal instructions

Settings: individual 30min sessions

twice a week for 4 weeks

No-intervention control group:

no specific intervention

Clinical symptoms: no

Interaction: no

Other assessment: Behavioral

task: explicit emotional labeling

based on facial expression

(photographs or schematic

drawing) after a learning period

F = 2.09, df = 3, p =

0.13

Secondary exploratory

analysis:

Analysis of covariance

using pretest scores as

a covariate reveals that

the background music

condition may be the

most effective

F = 8.28 df = 3, p =

0.01

None of the four conditions was

significantly more effective than

the others in improving

participants’ understanding of

the four emotions

(Continued)
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TABLE 1 | Continued

Author

Year

Study

design

Population Diagnostic Interventions Assessment Main findings Limitations/Comments

Lim (30) RCT N = 50

Age = 3–5

y.o.

Gender: na

Recruitment:

community

outpatient

activity

ASD Dg tool: na

ID: na Severity:

CARS or ADI-R:

25 with

moderate/severe

ASD, 25 with

mild ASD

Experimental group:

Music training: “Developmental

Speech and Language Training

through Music”; videotaped songs

with target words shown on pictures

(PECS)

Active control group:

Speech training: videotaped spoken

stories with target words

Settings: individual 10min sessions

twice a day for 3 days

No-intervention control group:

no specific intervention

Clinical symptoms: no

Interaction:

Behaviors observed in

videotaped posttest sessions:

Frequency of appropriate

verbal responses

Other assessment: no

Positive effect on

speech production:

Verbal production

(p < 0.001)

d = 1.275 for the MT

group vs. no training

group

However, no significant

difference was observed

between the MT group and the

speech training group

Sandiford

et al. (31)

RCT N = 12

Age = 5–7

y.o.

Gender: 11

boys

Recruitment:

local

advertisement

ASD Dg

tool: ADOS ID: na

Severity: Only

children with

limited or no

functional verbal

communication

were included

Experimental group:

Melodic Based Communication

Therapy (MBCT): in addition to the

traditional word elicitation approach, a

combination of listening, hand

clapping, singing of the word by the

therapist and the child

Settings: individual 45min weekly

sessions for 5 weeks

Control group:

Traditional language therapy

Clinical symptoms: no

Interaction: Behaviors observed

in videotaped sessions (first and

last sessions): number of

imitative attempts ICC 96%

Other assessments:

Vocabulary testing based on the

International Phonetic Alphabet

(assessor is blinded to the

intervention): number of verbal

attempts and number of

correct words Parent survey:

number of words reported by

the parent

Increase in the number

of verbal attempts from

weeks 1 through 4 and

number of correct

words after weeks 1 and

3 in experimental group,

while the control group

progressed significantly

after weeks 4 and 5

No significant

differences in the

number of verbal

attempts (z = −1.4, p =

0.08) or number of

correct words (z =

−0.2; p = 0.05) were

observed between the

experimental and

control groups

A significant number of

new words were heard

in the home environment

for the experimental

group (z = −2.0, p =

0.04), but no significant

difference was observed

between the two groups

(z = −0.75; p = 0.45)

Participants in the

experimental group had

more imitative attempts

(z = −2.2; p = 0.03)

Small sample size Lack of

follow-up: missing data for

parent survey

(Continued)
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TABLE 1 | Continued

Author

Year

Study

design

Population Diagnostic Interventions Assessment Main findings Limitations/Comments

LaGasse

(32)

RCT N = 17

Age = 6–9

y.o.

Gender: 13

boys

Recruitment:

local

advertisement

ASD Dg tool: na

ID: na Severity:

CARS2

(values na)

Experimental group:

Music therapy group:

Transformational Design Model,

music experiences to facilitate the

participants’ desired social skills,

music-making

Settings: 50min group (3–4 children)

sessions, twice a week for 5 weeks

Control group:

Social skills group: cooperative play,

including board games and word

games. Group interaction included a

ball game

Clinical symptoms:

Parent-rated assessments: SRS

(primary outcomes pretest: first

group session, posttest: within 4

days of the last group

session), ATEC

Interaction: Behaviors

observed in videotaped

posttest sessions: eye gaze

(ICC 0.934), joint attention (ICC

0.841), initiation of

communication (ICC 0.935),

response to communication (ICC

0.858), withdrawal behaviors

(ICC 0.941) communication

(initiation, response and

withdrawal) in the first and

last sessions

Other assessment: no

SRS: Significantly

greater improvement in

the experimental group

compared to control

group (p = 0.032, partial

η2
= 0.287)

ATEC: Nonsignificant

difference between the

two groups (p = 0.0549)

Significant

between-group

differences in eye gaze

toward persons (p =

0.022, partial η2 =

0.323) and joint

attention with peers (p =

0.031 partial η2 =

0.291). No significant

between-group

differences in joint

attention with adults,

initiation of

communication with

another child, initiation

of communication with

an adult, response to

communication, or

social withdrawal

behaviors

Joint attention increased with

peers and decreased with

adults. Promotion of

peer-to-peer interaction

Limitations: ATEC may be an

inappropriate tool for measuring

changes in social skills. Bias due

to parental rating Small

sample size Higher attrition in the

control group. Missing data due

to a lack of follow-up

Cibrian

et al. (18)

RCT N = 22

Age = 4–8

y.o.

Gender: na

Recruitment:

special

education

facilities

ASD Dg tool: na

ID: developmental

age Mean =

5.72, SD = 1.2

Severity: na

Two experimental groups:

Sound production based on child

motor activities (touching, tapping or

pinching a spandex fabric with

animated background) and different

motor exercises using tambourines

Settings: individual sessions once a

week during 8 weeks, duration of

each session na

Clinical symptom:

Developmental coordination

disorder questionnaire

Interaction: no

Other assessment:

Engagement in music survey:

playing in touch

questionnaire (clinician-rated)

Timing synchronization

Improvements in motor

coordination for 27% of

participants, and in

timing synchronization

for all participants

DCD questionnaire may be

inappropriate

y.o., years old; Dg, diagnostic; na, not available; ID, intellectual disability; ICC, Internal Consistency Coefficient; ABA, Applied Behavior Analysis; MT, music therapy; CARS, Children Autism Rating Scale; ESCS, Early Social Communication

Scales; RJA, responses to joint attention; TEA-Ch, Test of Everyday Attention for Children; ADI-R, Autism Diagnostic Interview- Revised; PECS, Picture Exchange Communication System; ADOS, Autism Diagnostic Observation Schedule;

SRS, Social Responsiveness Scale, completed by guardians; ATEC, Autism Treatment Evaluation Checklist, which was designed to evaluate new treatments through questions on speech and language skills, social skills, physical well-

being, and sensory/cognition. The checklist has four areas: speech and communication (14 items), sociability (20 items), sensory/cognitive awareness (18 items), and health/physical behavior (25 items). A lower score indicates higher

functioning. The scale was completed by guardians.
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TABLE 2 | Studies assessing improvisational music therapy in patients with autism spectrum disorder (ASD).

Authors Methods Population Dg Interventions Assessment Findings Limitations/Comments

NON-CONTROLLED STUDIES

Yoo and

Kim (33)

Pre/post

evaluation

N = 9

Age = Mean

10.8 y.o.

Gender: 8

boys

Recruitment:

community

outpatient

activity,

special

education

facilities

ASD Dg tool: na ID:

na Severity: CARS:

mild to

moderate autism

Mean = 28.1, SD

= 5.7

Intervention:

Improvisational music

therapy, simple rhythmic

patterns using dyadic drum

playing

Settings: 8 individual 30min

sessions. Duration and

frequency na

Clinical

symptom: Parent-rated or

teacher-rated assessments:

K-SSRS (subscales:

cooperation, assertion,

and self-control)

Interaction: Behavior

observation of videotaped

sessions: occurrence of target

behaviors (eye gaze,

engagement in joint action,

synchronous movements) ICC

excellent

Other assessment: Imitation

tasks, asynchrony measures

during drum tapping tasks

SSIS:

Significant increase in cooperation (z

= −1.992; p = 0.046), self-control (z

= −2.201; p = 0.028) and total score

(z = −2.201; p = 0.028) between pre

and posttest

No significant improvement in

imitation tasks performance, in

asynchrony measures

Increase in all target behaviors

between the first and the last session

No control group Small

sample size

CONTROLLED STUDIES

Kim et al.

(34)

Crossover N = 10

Age = 3–5

y.o.

Gender: 10

boys

Recruitment:

Child and

adolescent

psychiatry

department in

the hospital

ASD Dg tools:

DSM-IV TR

and ADOS ID:

Developmental

quotient (PEP) mean

70; range 60–89; SD

= 9.97 Severity: 5

children (50%)

were non-verbal

mean CARS mean

= 36.1, range

32–42, SD = 3.41

Two conditions:

(A) Improvisational music

therapy

(B) Play sessions with toys

Settings: Individual 30min

sessions weekly for 8

months (12 sessions under

each condition)

Clinical symptoms: no

Interaction: Behaviors observed

in videotaped sessions (mothers

and clinicians):

- PDDBI rated by mothers

and clinicians

The ICC between mothers and

clinicians was very low (19%

pretreatment, 51% between

treatments, and

67% posttreatment)

The ICC between clinicians

ranged from good to excellent

- ESCS rated by two

independent clinicians: initiation

of joint attention (low level: eye

contact, high level: pointing) and

responding to joint attention bids

(number of times the child follows

the tester’s pointing gesture)

The ICC ranged from good

to excellent

- target behaviors: eye contact

duration and turn-taking duration

Other assessment: no

PDDBI: ANOVA revealed a significant

interaction between time and group

(p = 0.0001)

For clinicians’ ratings, change during

MT vs. change during play: d = 0.79

[−014;1.71]

ESCS: ANOVA revealed a significant

interaction between time and group

(p = 0.01)

Medium effect size in the comparison

of scores after MT with scores after

play (ignoring sequences): d = 0.63

[0.31; 0.95], recalculated based on

the change score between data

points: d = 0.97 [0.21; 1.74].

For the subscales, changes were

observed in low initiation of joint

attention and responses, but no

changes in high level initiation

(pointing)

Significant effects were observed for

eye contact duration (p < 0.0001)

and turn taking duration (p < 0.0001)

in the music therapy condition

compared with play condition

Overall results generally favored

music therapy over the play

condition in improving joint

attention behaviors

Differences in mothers’ ratings

compared to clinicians’: mothers

found improvements in both

conditions (music and play

therapy), whereas clinicians

suggested greater improvements

after music therapy

Marked improvement in joint

visual attention skills (eye

contact, alternating eye contact

with the adult and the object)

during and after music therapy

compared to play therapy

Limitations: small sample size,

crossover design, attrition bias

(Continued)
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TABLE 2 | Continued

Authors Methods Population Dg Interventions Assessment Findings Limitations/Comments

Gattino

et al. (35)

RCT N = 24

Age = 7–12

y.o.

Gender: 24

boys

Recruitment:

daily

ambulatory

care

ASD Dg tools:

DSM-IV-TR (autistic

disorder, PDD or

Asperger syndrome)

and ADI-R ID: 30%

Severity: CARS-BR

mean score = 35.8,

range 27–44, SD

= 4.4

Experimental group:

Improvisational music

therapy

Settings: individual 30min

weekly sessions for 20

weeks

Control group:

no specific intervention

Clinical symptoms: CARS-BR:

verbal communication, nonverbal

communication and

social communication

Interaction: no

Other assessment: no

Verbal: p = 0.50

SMD 0.28, 95% CI [−0.01; 0.57]

Nonverbal: p = 0.35

SMD 0.39, 95% CI [−0.21; 0.57]

Social: p = 0.34

SMD 0.39, 95% CI [−0.08; 0.86]

Subgroup analysis: difference

across diagnoses (non-verbal

communication improved in ASD

group but not in PDD or

Asperger groups) (p = 0.008)

Limitations: small sample size,

the use of CARS as an

assessment may

be inappropriate

Thompson

et al. (36)

RCT N = 23

Age = 3–6

y.o.

Gender: 19

boys

Recruitment:

community

outpatient

activity

ASD Dg

tool: DSM-IV-TR ID:

na

Severity: only

children with limited

or no functional

verbal

communication

were included

Experimental group:

Songs, improvisation,

structured music

interactions, in addition to

usual care

Settings: individual

home-based 30min weekly

sessions for 16 weeks

including the family

Control group:

Usual care (family-centered

early childhood intervention

program)

Clinical symptoms:

Parent-rated assessments:

VSEEC (primary outcome),

SRS-PS, and MBCDI-W&G

Interactions: Behaviors

observed in videotaped sessions

(first and penultimate sessions):

MTDA (child engagement in the

music therapy sessions) ICC

60%

Other assessments: PCRI

Qualitative data: semi-structured

interview of parents

Decrease in the VSEEC score (p <

0.001) d = 1.96 95% CI [0.92; 3.00]

SRS-PS: NS: p = 0.341, d = 0.42

MBCDI: NS: p = 0.553, d = 0.26:

improvement in both groups, but no

significant treatment effect

PCRI: NS effect of treatment p =

0.099, but d = 0.80

MTDA: p = 0.001

Significant effect on social

engagement (VSEEC and MTDA)

Limitations: small sample size

Use of parent-reported

assessment when parents are

not blinded to the intervention

Ghasemtabar

et al. (37)

Pre/post

evaluation

N = 27

Age = 7–12

y.o.

Gender: 14

boys

Recruitment:

community

outpatient

activity

ASD Dg tool: na

ID: na

Severity: CARS: mild

to moderate Mean

= 33.0,

SD = 1.9

Experimental group:

Improvisational music

therapy: music hearing,

singing songs, hand

clapping, dancing, free and

creative playing of

instruments

Settings: group 1 h

sessions, twice a week

during 6 weeks

Control group:

Usual care

Clinical symptom: Parent-rated

assessments: SSRS (sub-scales

of cooperation, assertions,

self-control and responsibility)

Interaction: no

Other assessment: no

Significant higher improvement in

SSRS score in posttest in the

experimental group compared to

controls, however no significant

difference was observed at follow-up

(2 months after the last session)

Small sample size Use of

parent-reported assessment

whereas parents are not blind to

the intervention

Non-cooperative children were

excluded, attrition bias

Porter et al.

(47)

Subgroup

analysis

of RCT

N = 34

Age = 8–16

y.o.

Gender: na

Recruitment:

community

outpatient

activity

ASD-NS Dg tool: na

ID: na Severity: na

Experimental group:

Improvisational music

therapy: Voice, movement

and instrument playing

Settings: individual 30min

weekly sessions during 12

weeks

Control group:

Usual care

Clinical symptom: Parent-rated

assessments: SSIS

(primary outcome) Social

functioning subscale of the

CBCL, CES-D

Interaction: no

Other assessment: Rosenberg

self-esteem scale Family

functioning scale

Non-significant difference between

experimental and control groups with

regards to SSIS total score at week

13 (mean difference 3.6 [95%:

−4.6;12.0], p = 0.37)

Subgroup analysis

(Continued)
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TABLE 2 | Continued

Authors Methods Population Dg Interventions Assessment Findings Limitations/Comments

Bieleninik

et al. (38)

RCT N = 364

Age = 4–6

y.o.

Gender: 308

boys

Recruitment:

community

outpatient

activity

ASD Dg tools:

CIM10, ADOS,

and ADI-R ID: 46%

Severity: ADOS

(mean value at

baseline = 17.7)

Experimental groups:

Improvisational

musicotherapy

Settings: individual 30min

sessions, possibly joined by

family members for 5

months, with two different

frequencies:

High intensity MT: 3 times a

week

Low intensity MT: once a

week

Control group:

Usual care

Follow up: 1 y

Clinical symptoms: ADOS SRS

(parent-rated)

Interaction: no

Other assessment: no

Primary outcome: ADOS (5M)

MD 0.06 [95%: −0.70;0.81]

p = 0.88

Significant results obtained for several

secondary outcomes:

Greater improvement in SRS-social

awareness for the low-intensity MT

group compared with the control

group at 2 months (p = 0.004)

Greater improvement in SRS-social

motivation scores for the MT

(low+high intensity) than in the control

group at 12 months (p = 0.007)

Greater improvement in SRS-autistic

mannerisms scores for the high

intensity MT group compared with the

control group at 5 months (p = 0.009)

Large RCT and encouraging

secondary analysis

(see discussion)

Limitations: Observed

differences in scores on social

responsiveness subscales may

be artifacts attributable to

multiplicity and lack of blinding

Sharda

et al. (39)

RCT N = 51

Age = 6–12

y.o.

Gender: 33

boys

Recruitment:

community

outpatient

activity

ASD Dg tool: DSM

IV-TR, ADOS, ADI-R

or CARS ID: no

(WASI-II full-scale

scores M 100,

SD 15) Severity:

ADOS (mean ∼15)

Experimental group:

Improvisational music

therapy approaches:

musical instruments, songs

and rhythmic cues while

targeting communication,

turn-taking, sensorimotor

integration, social

appropriateness and

musical interaction

Settings: individual 45min

sessions weekly for 8 to 12

weeks

Control group:

Play-based intervention

Clinical symptoms:

Parent-rated assessments:

CCC-2, SRS-II, PPVT-4, FQoL

and the maladaptive behaviors

subdomain of the

VABS (VABS-MB)

Language ability assessments:

CELF-4 and PPVT-4

Interaction: no

Other assessment: Functional

neuroimaging: resting-state

connectivity of frontotemporal

brain networks

Primary outcomes: “social

communication battery”: CCC-2,

SRS-II and PPVT-4:

Increase in the communication score

of the CCC-2 in the experimental

group after the intervention compared

to the control group (p = 0.01)

d = 0.34

Improvements were specific to

pragmatics, reduction of

inappropriate initiations and better

social relations and interests.

No significant results were obtained

for SRS-II or PPVT-4

Secondary outcomes: FQol and

VABS-MB

Significant effect of music therapy on

FQoL (p = 0.01, d = 0.57) compared

to the control group.

Both groups showed a reduction in

the VABS-MB score

(post-intervention p = 0.01)

Post-intervention resting-state brain

functional connectivity was i) greater

between auditory and subcortical

regions and auditory and fronto-motor

regions and ii) lower between auditory

and visual regions in the music

compared to the non-music groups

Improvement only in the CCC-2

score, which measures

pragmatic communication. MT

may have exerted a limited effect

on the ASD symptom severity or

on improving

receptive vocabulary Music

employs a structured approach

similar to social communication,

which may otherwise be

hindered by sensory and

social difficulties Changes in

brain connectivity were related to

improvements in children’s

communication skills after MT.

Music might play a modulatory

role in reducing the

overconnectivity between

sensory cortices, subsequently

improving

communication processes

Limitations: small sample size

(Continued)
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S
IS
,
S
o
c
ia
l
S
ki
lls

Im
p
ro
ve
m
e
n
t
S
ys
te
m

ra
ti
n
g
s
c
a
le
;
C
B
C
L
,
C
h
ild

B
e
h
a
vi
o
u
r
c
h
e
c
kl
is
t;
C
E
S
-D
,
C
e
n
te
r
fo
r

E
p
id
e
m
io
lo
g
ic
a
ls
tu
d
ie
s
d
e
p
re
s
s
io
n
;
P
E
P,
P
s
yc
h
o
-E
d
u
c
a
ti
o
n
a
lP
ro
fil
e
;
C
A
R
S
,
C
h
ild
h
o
o
d
A
u
ti
s
m
R
a
ti
n
g
S
c
a
le
;
P
D
D
B
I,
P
e
rv
a
s
iv
e
D
e
ve
lo
p
m
e
n
ta
lD
is
o
rd
e
r
B
e
h
a
vi
o
r
In
ve
n
to
ry
;
E
S
C
S
,
E
a
rl
y
S
o
c
ia
lC
o
m
m
u
n
ic
a
ti
o
n
S
c
a
le
;
M
T,
m
u
s
ic
th
e
ra
p
y;

P
D
D
,
p
e
rv
a
s
iv
e
d
e
ve
lo
p
m
e
n
ta
ld
is
o
rd
e
r;
A
D
I-
R
,
A
u
ti
s
m
D
ia
g
n
o
s
ti
c
In
te
rv
ie
w
-R
e
vi
s
e
d
;
C
A
R
S
-B
R
,
C
h
ild
h
o
o
d
A
u
ti
s
m
R
a
ti
n
g
S
c
a
le
a
d
a
p
te
d
fo
r
B
ra
zi
l:
3
m
e
a
s
u
re
d
o
u
tc
o
m
e
s
:
ve
rb
a
lc
o
m
m
u
n
ic
a
ti
o
n
,
n
o
n
-v
e
rb
a
lc
o
m
m
u
n
ic
a
ti
o
n
a
n
d
s
o
c
ia
l

c
o
m
m
u
n
ic
a
ti
o
n
;
C
A
R
S
2
,
C
h
ild
h
o
o
d
A
u
ti
s
m
R
a
ti
n
g
S
c
a
le
-
s
e
c
o
n
d
e
d
it
io
n
;
A
T
E
C
,
A
u
ti
s
m
Tr
e
a
tm
e
n
t
E
va
lu
a
ti
o
n
C
h
e
c
kl
is
t,
w
h
ic
h
w
a
s
d
e
s
ig
n
e
d
to

e
va
lu
a
te
n
e
w
tr
e
a
tm
e
n
ts
th
ro
u
g
h
q
u
e
s
ti
o
n
s
o
n
s
p
e
e
c
h
a
n
d
la
n
g
u
a
g
e
s
ki
lls
,
s
o
c
ia
l
s
ki
lls
,

p
h
ys
ic
a
l
w
e
ll-
b
e
in
g
,
a
n
d
s
e
n
s
o
ry
/c
o
g
n
it
io
n
.
T
h
e
c
h
e
c
kl
is
t
h
a
s
fo
u
r
a
re
a
s
:
s
p
e
e
c
h
a
n
d
c
o
m
m
u
n
ic
a
ti
o
n
(1
4
it
e
m
s
),
s
o
c
ia
b
ili
ty
(2
0
it
e
m
s
),
s
e
n
s
o
ry
/c
o
g
n
it
iv
e
a
w
a
re
n
e
s
s
(1
8
it
e
m
s
),
a
n
d
h
e
a
lt
h
/p
h
ys
ic
a
l
b
e
h
a
vi
o
r
(2
5
it
e
m
s
).
A
lo
w
e
r
s
c
o
re

in
d
ic
a
te
s
h
ig
h
e
r
fu
n
c
ti
o
n
in
g
.
T
h
e
s
c
a
le
w
a
s
c
o
m
p
le
te
d
b
y
g
u
a
rd
ia
n
s
.
S
R
S
,
S
o
c
ia
lR
e
s
p
o
n
s
iv
e
n
e
s
s
S
c
a
le
:
c
o
m
p
le
te
d
b
y
g
u
a
rd
ia
n
s
;
S
R
S
-P
S
,
S
o
c
ia
lR
e
s
p
o
n
s
iv
e
n
e
s
s
S
c
a
le
,
p
re
s
c
h
o
o
lv
e
rs
io
n
fo
r
3
y.
o
.
It
a
s
s
e
s
s
e
s
im
p
a
ir
m
e
n
ts
in
d
e
p
e
n
d
e
n
t

o
f
th
e
c
h
ild
’s
IQ

in
re
p
e
ti
ti
ve

b
e
h
a
vi
o
rs
,
in
te
rp
e
rs
o
n
a
lb
e
h
a
vi
o
r
a
n
d
c
o
m
m
u
n
ic
a
ti
o
n
.
V
S
E
E
C
,
V
in
e
la
n
d
S
o
c
ia
lE
m
o
ti
o
n
a
lE
a
rl
y
C
h
ild
h
o
o
d
s
c
a
le
.
T
h
e
p
a
re
n
t
a
s
s
e
s
s
e
d
th
e
q
u
a
lit
y
o
f
th
e
c
h
ild
’s
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e
h
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m
e
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m
m
u
n
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a
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o
w
w
e
ll
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e
c
h
ild

g
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e
s
a
tt
e
n
ti
o
n
,
e
n
te
rs
in
to

in
te
n
ti
o
n
a
l
s
o
c
ia
l
in
te
ra
c
ti
o
n
s
,
a
n
d
u
n
d
e
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ta
n
d
s
a
n
d
e
xp
re
s
s
e
s
e
m
o
ti
o
n
.
O
n
ly
tw
o
o
f
th
e
th
re
e
s
u
b
s
c
a
le
s
w
e
re
u
s
e
d
in
th
e
s
tu
d
y
b
y
T
h
o
m
p
s
o
n
e
t
a
l.
(3
6
):
in
te
rp
e
rs
o
n
a
l
re
la
ti
o
n
s
h
ip
a
n
d

p
la
y/
le
is
u
re
ti
m
e
.
M
B
C
D
I-
W
&
G
,
M
a
c
A
rt
h
u
r-
B
a
te
s
C
o
m
m
u
n
ic
a
ti
ve

D
e
ve
lo
p
m
e
n
t
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ve
n
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e
s
,
W
o
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s
&
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e
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n
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;
P
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R
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T
h
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P
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e
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n
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;
M
T
D
A
,
M
u
s
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T
h
e
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p
y
D
ia
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o
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c
A
s
s
e
s
s
m
e
n
t:
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h
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n
t
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e
m
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s
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n
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;
A
B
C
,
A
b
b
e
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t

B
e
h
a
vi
o
r
C
h
e
c
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t;
C
C
C
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,
C
h
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C
o
m
m
u
n
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a
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o
n
C
h
e
c
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t;
V
A
B
S
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B
,
m
a
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d
a
p
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b
e
h
a
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o
r
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u
b
s
c
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e
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d
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B
e
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S
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S
o
c
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l
R
e
s
p
o
n
s
iv
e
n
e
s
s
S
c
a
le
;
F
Q
o
L
,
B
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a
c
h
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m
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Q
u
a
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y
o
f
L
ife

s
c
a
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;

W
A
S
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II,
W
e
c
h
s
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s
A
b
b
re
vi
a
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d
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g
e
n
c
e
S
c
a
le
;
C
E
L
F
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,
C
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lE
va
lu
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e
F
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n
d
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;
P
P
V
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4
,
P
e
a
b
o
d
y
P
ic
tu
re
V
o
c
a
b
u
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ry
Te
s
t;
C
G
I,
C
lin
ic
a
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lo
b
a
lI
m
p
re
s
s
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n
,
K
-S
S
R
S
,
K
o
re
a
n
-S
o
c
ia
lS
ki
lls
R
a
ti
n
g
S
ys
te
m
.

Finally, five studies evaluated the benefits of educational
music therapy on language and communication skills (22, 27,
28, 30, 31). In these studies, language was assessed using
different methods: list of new words learned (27, 28, 30, 31),
spontaneous verbal production (22), and number of words
reported by parents (31). Four of five studies showed statistically
significant results (22, 27, 28, 30). According to Buday (27),
youths with ASD who learned a word list with rhythmic music
achieved better results than youths who participated in sessions
using the rhythm alone (d = 0.30). Farmer (28) observed a
tendency in children with ASD who received an intervention
with structured musical games to express more appropriate
verbal responses than children who received an intervention
with non-musical games. Lim (30) showed that the use of music
videos facilitated the learning of target words (d = 1.28) in
children with autism compared to those in a control group that
did not receive the intervention. This difference, however, was
not statistically significant compared to the group receiving a
language intervention based on non-music videos (d = 1.14).
The same team showed that singing instructions inspired by
the ABA method exerted a positive effect on learning target
words compared to a control group that did not receive any
intervention. This difference was again not statistically significant
compared to the group receiving the language intervention (22).
Sandiford, Mainess (31) did not report any significant difference
in the rate of new words learned between the group of children
with ASD who received an intervention using mixed music
therapy methods (singing, listening to music and rhythmic hand
clapping) compared to children who underwent classical speech
therapy sessions. However, an analysis of learning trajectories
showed faster progress in the group with music therapy.

Improvisational Music Therapy (n = 578)
One uncontrolled study (33) and eight controlled studies (14, 34–
39, 47) evaluated the effect of improvisational music therapy on
youths with ASD (Table 2). Thompson, McFerran (36) measured
the effects of home-based improvisational music therapy sessions
including family members on the severity of clinical symptoms
and the overall level of functioning of youths with ASD. The
authors noted that the youths who participated in music therapy
sessions had a lower score on the Vineland scale (d = 1.96)
than the control group who received the current standard
of care. No difference was observed in scores on the SRS
scale (secondary outcome) between the two groups. Sharda
et al. (39) described positive effects of improvisational music
therapy sessions compared to games sessions on the level of
pragmatic of language (Children’s Communication Checklist-
2, CCC-2 score) and the quality of life, but no effect on the
other main primary outcomes (SRS score and score on the
Peabody vocabulary test). Rabeyron et al. (14) documented a
higher clinical improvement in the primary outcome (change
in Clinical Global Impression, CGI, score, d = 0.75) of youths
who participated in improvisational music therapy sessions than
youths who received an intervention with listeningmusic therapy
sessions. The changes observed in the secondary outcomes (i.e.,
Childhood Autism Rating Scale, CARS, and Autism Behavior
Checklist, ABC, scores) were not significantly different between
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TABLE 3 | Studies assessing musicotherapy in youths with intellectual disability (ID).

Authors Methods Population Dg Intervention Assessments Findings Limitations/Comments

NON-CONTROLLED STUDIES

Rainey

Perry (40)

Qualitative

case

study

N = 10

Age = 5–12

y.o.

Gender: 8

boys

Recruitment:

na

ID Severe and

multiple disabilities;

mostly sensory

impairment and

neurological disorders

Intervention:

improvisational music therapy

Settings: 5 individual sessions.

Duration of each session and

frequency: na

Analysis of videotaped sessions: rating of

a “communication profile.” Describe turn

taking, type of improvisation and

interactions (musical and non-musical)

Descriptions of interactions in

one chosen videotaped

session for each child

This study suggests that

children may need the

possibility of responding to an

interaction at their level, and

may benefit from being

encouraged in their

engagement in

communication: singing or

playing together and not only

taking turns, similar to early

preverbal communication

Williams

et al. (41)

Pre/post

evaluation

N = 201

Age = 3–60

months

Gender: na

Recruitment:

community

outpatient

activity

Global

developmental delay

(32%), ASD (15%),

speech and

language

impairments (18%)

Intervention:

singing songs with movements,

playing instruments, quiet music

to encourage parent-child

bonding

Settings: group (8–10

parent-child pairs) 60min

sessions once a week for 10

weeks

Parent-reported assessments:

Parental mental health symptoms (Kessler

K6, auto questionnaire) Parenting

self-efficacy Parent-child interactions:

parental responsiveness/warmth (child

rearing questionnaire), irritable parenting

(parental perceptions and behaviors scale),

parental engagement in home learning

activities with their child Child behaviors

(mood and behavior subscale of the NEILS

scales of developmental competency)

Social play skills, receptive communication

skills (subscale of the NEILS scales of

developmental competency) Social

support, satisfaction and

perceived benefits Clinician assessments:

6-item observational checklist for the first

two and last two sessions evaluating

quality of parental behavior toward the

child and child behavior toward the parent

and others. A second observer

independently coded behavior. The ICC

was excellent

Symptoms

Improvement in parents’

mental health, child’s

communication, and child’s

social play

No change in child’s behavior

problems, activities with child,

parenting irritability,

self-efficacy and warmth

Behaviors

Improvements in all measures

(parent sensitivity, parent

engagement, parent

acceptance, child

responsiveness, child interest,

child social engagement)

Mendelson

et al. (42)

Pre/post

evaluation

N = 33

Age = na,

2nd graders

Gender: na

Recruitment:

special

education

facilities

ID 5 children with

ASD, 32

without ASD

Severity: na

Intervention:

VOICSS method (vocal

interactive communication and

social strategies): interactive

music therapy using songs with

a high expectation of a reciprocal

response, turn taking

Settings: group,

classroom-based 45min

sessions once a week during 7

weeks (short-term music

therapy) or 15 weeks (long term

music therapy)

Teachers’ ratings: Social Skills

Improvement System-Rating

Scale (SSIS-RS) Behavioral observations:

child’s verbal and social responses coded

on a Likert scale by two raters during live

observations in the classroom. The ICC

was fair to excellent

SSIS-RS: no significant

difference

During the therapy sessions,

levels of social and

communicative responses

showed significant differences

in the long-term program, but

not in the short-term program

Probable dose-effect

(Continued)
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TABLE 3 | Continued

Authors Methods Population Dg Intervention Assessments Findings Limitations/Comments

Yang (43) Pre/post

evaluation

N = 26

(parent-child

pairs)

Age = 1–3

y.o.

Gender: 20

boys

Recruitment:

community

outpatient

activity

ASD (46%) ID (23%)

Language

delay (19%) Severity:

na

Intervention:

interactive music therapy (singing

songs together, musical games)

with the child and his parent

Settings: individual home-based

40min sessions once a week for

6 weeks

Analysis of videotaped sessions:

- parent-child interaction (children

initiations and parents’ response during

free-play sessions) coded by two

independent raters. The ICC was excellent

- parent-child synchrony (same focus of

attention, matched affect and reciprocal

and responsive exchanges): Likert scale.

The ICC was excellent

Significant improvements

between pre and posttest

scores for parents’ physical

and verbal responses, for

children’s verbal initiation and

for parent-child synchrony

No significant difference in

children’s physical initiation

Zyga et al.

(44)

Pre/post

evaluation

N = 47

Age = na, 1st

grade to 12th

grade

Gender: na

Recruitment:

special

education

facilities

ID ASD, attention

disorder, specific

learning disorder

Severity: na

Intervention:

Kids Love Music program:

learning the story, choreography

and songs from The Wizard of

Oz

Settings: in-school 30–45min

group sessions (5–12 children)

twice a week for 4 weeks

Analysis of videotaped sessions (first and

last sessions): socioemotional skill scale:

eye contact, turn taking, engagement,

social awareness, symbolic flexibility, and

emotional understanding

Significant changes in all

domains

Missing data on population Not

controlled results

CONTROLLED STUDIES

Aldridge

et al. (45)

Crossover N = 12

Age = 4–6.5

y.o.

Gender: 3

boys

Recruitment:

community

outpatient

activity

ID Severity: na Two conditions:

(A) Improvisational music therapy

Settings: individual 30min

sessions once a week for 2

weeks.

(B) Waiting list

Griffiths tests (locomotor developmental,

personal-social hearing and speech,

hand-eye coordination, performance, and

practical reasoning)

Significant change during the

first study period; when the

Waiting List Group was

treated and then tested at

Test 2, the newly treated

children started to catch up in

their development

The activity of listening in a

structured musical

improvisational context without

the lexical demands of

language is a platform for

improving communication

Hand-eye coordination, which

depends on a wider body

awareness, appears to be a

vital component of

developmental changes

Duffy and

Fuller (46)

Case

control

study

N = 32

Age = 5–10

y.o.

Gender: na

Recruitment:

special

education

facilities

ID Severity:

moderate

Experimental group:

group music therapy social skills

program using prerecorded

music

Control group: non-music

group

Settings: 30min group sessions

twice a week for 8 weeks

Likert scale evaluating social skills, based

on the analysis of the first and the last

videotaped sessions

- social skill measure specifically

developed for the study including

turn-taking, imitation, vocalization,

initiation and eye contact

- researcher and independent observer

Significant increase in all

dimensions, but no difference

between the two groups. The

music therapy appeared to

show a tendency toward

being more effective only one

skill area (i.e., imitation)

y.o., years old; dg, diagnostic; na, not available; ASD, autism spectrum disorder.
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the two groups after the music therapy sessions. Kim et al. (34)
observed a positive effect of music therapy sessions on joint
attention and prosocial behaviors. Impact of improvisational
music therapy on social skills were contradictory: two studies (33,
37) showed an improvement of the Social Skills Improvements
System Rating Scale after music therapy sessions, while no
significant differences were found in another study (47). Gattino
et al. (35) did not find any statistically significant difference in the
CARS score between the group receiving music therapy and the
group receiving the usual treatment.

The study by Bieleninik et al. (38) deserves more attention,
as the study included 364 young patients with ASD in 9
different country sites. They did not observe a significant
difference in the Autism Diagnostic Observation Schedule
(ADOS) or SRS score (primary outcomes) at 2, 5, and 12 months
between the three arms: treatment as usual, non-intensive music
therapy, and intensive music therapy. However, they identified
some differences in scores for SRS subscales, with a greater
improvement in the score for the social motivation subscale of
the music therapy group at 12 months and in the score for
the autistic mannerisms subscale at 5 months. In addition, the
authors presented at a congress unpublished data stressing that
the subgroups of subjects with both ASD and ID had a higher
response rate for the primary outcome ADOS (risk ratio = 1.43
[95% CI: 1–2.05], p= 0.049).

Music Therapy for Children With Other
NDDs
Intellectual Disability (n = 361)
Five non-controlled studies (40–44) and two controlled studies
(45, 46) evaluated the effect of music therapy on youths with
ID (Table 3). Two studies showed a positive effect of music
therapy sessions on parent-child interactions, with increased
spontaneous demands by the child and adapted parental
responses (41, 43), more synchronous behaviors between parents
and children (43), and an improvement in parents’ mental
health (41). Zyga et al. (44) also reported an improvement
in the socioemotional abilities of children who participated in
mixed music therapy sessions, including singing, dancing and
theater. Mendelson et al. (42) documented a positive effect of
educational music therapy sessions delivered in the classroom
on peer interactions during the sessions. However, this effect
was observed only in subjects who participated in a 15 week
program and not in participants who received a shorter 7
week intervention.

Regarding controlled studies, Aldridge et al. (45) showed
a non-significant trend for a positive effect of improvisational
music therapy sessions on a global measure of the developmental
level in children with ID. Specifically, the authors stressed the
importance of the improvement in hand-eye coordination. Duffy
and Fuller (46) did not detect a significant difference in the
rate of progress in terms of imitation, vocalization, initiation of
interaction, eye contact and turn-taking between children who
received music therapy and those who did not.

Attention Deficit Hyperactivity Disorder (n = 443)
Three non-controlled studies (48–50) and two controlled study
(51, 52) evaluated the effect of music therapy on youths
with ADHD (Table 4). These studies presented significant
methodological biases. The largest study (n = 268) was based on
a questionnaire administered to music therapists (34). Rothmann
et al. (52) showed significant improvements in attentional
performance tests and in quality of life aftermusic therapy among
children with suspected ADHD compared to those who received
usual care. Montello and Coons (48) suggested that school-based
educational music therapy sessions using rhythms are associated
with increased attention and motivation and decreased hostility
in children with behavioral problems based on teacher reports.

Communication Disorders and Specific Learning

Disabilities (Dyslexia) (n = 120)
Four studies were conducted in youths with dyslexia, and one
study was conducted in youths with language delay (Table 5).
Two non-controlled studies examined the effect of educational
music therapy on children with dyslexia (53, 54). Overy (53)
reported a positive effect of school-based music therapy sessions
on reading competence in nine children with dyslexia. Habib
et al. (54) documented an improvement in several domains
of written language competence in 12 children with dyslexia
after music therapy sessions, such as phonological perception,
pseudoword repetition, word reading, and auditory attention.

Two randomized controlled studies were conducted to
document the effect of educational music therapy on children
with dyslexia. Register et al. (55) observed an improvement in
vocabulary and reading comprehension test scores in children
with written language difficulties who participated in school-
based music therapy sessions compared to children who
participated in a traditional program for learning difficulties.
Flaugnacco et al. (56) found that children with dyslexia who
participated in school-based music therapy group sessions
presented increased phonological awareness and reading skills
(for accuracy but not speed) compared to children who had
participated painting sessions during the same time. The authors
noted that rhythm perception during the sessions was a predictor
of a positive treatment response.

Finally, one non-controlled study (57) evaluated the
effect of improvisational music therapy on 18 children
with language delay. The authors observed a significant
increase in developmental age (in particular phonological
memory and sentence understanding) after a 6 week individual
improvisational music therapy program.

DISCUSSION

Main Findings
Considering the diversity of music therapy approaches,
improvisational and educational music therapy programs
provided to youths with ASD and other NDDs were
distinguished. Regarding educational music therapy, our
findings support a positive but small effect of educational music
therapy on children with NDDs, particularly patients with ASD
and/or ID. Two major limitations in the results obtained for
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TABLE 4 | Studies assessing musicotherapy in youths with attention deficit hyperactivity disorder (ADHD).

Authors Methods Population Dg Interventions Assessments Findings Limitations/Comments

NON-CONTROLLED STUDIES

Montello

and Coons

(48)

Pre/post

evaluation

N = 16

Age = 11–14 y.o.

Gender: 14 boys

Recruitment: special

education facilities

“emotional

disturbance,”

learning disabilities

and/or attention

deficit disorder Dg

tool: na ID: na

Severity: na

Two interventions:

“Active group”:

rhythm-based intervention

“Passive group”:

listening-based intervention

Three groups:

A: active and passive

B: passive and passive

C: passive and active

Settings: group 45min

sessions once a week for

12 weeks

Teacher’s interview (Achenbach)

evaluating attention, motivation

and hostility

Improvements were

observed in the groups

using the rhythm-based

intervention

Jackson

(49)

Review

of clinical

practice

268 questionnaires

completed by music

therapists

ADHD Dg tool: na

ID: na Severity: na

Several music therapy

interventions

Perceived effectiveness of

musicotherapy on ADHD

Most of the therapists

describe music therapy as

effective in children with

ADHD

Gooding

(50)

Pre/post

evaluation

N = 45

Age = 6–17 y.o.

Gender: na

Recruitment: public

school

ADHD, dyslexia,

specific learning

disabilities and/or

Asperger, PTSD,

anxiety disorder Dg

tool: na ID: no

Severity: na

Music therapy-based social

skills intervention program

at school, home and after

school care settings

50min weekly group

sessions for 5 weeks

Likert-type ratings of participants

by teachers, researchers and the

participants themselves

evaluating social functioning after

the first and fifth sessions.

Appropriate communication

behaviors during the

observation period

Non-significant results Substantial

heterogeneity in

participants and

intervention settings

Not randomized

CONTROLLED STUDIES

Rickson (51) Case

control

study

N = 13

Age = 11–16

Gender: 13 boys

Recruitment: special

education facilities

ADHD Dg

tool: DSM-IV ID:

most have mild ID

Severity: treated

with stimulants

Two experimental

groups:

- Instructional intervention:

structured rhythmic

exercises, positive

reinforcement

- Improvisational

intervention

Control group: waiting list

Conner’s rating scale for parents

and teachers Synchronized

tapping tasks

No significant results Not randomized

Rothmann

et al. (52)

Case

control

study

N = 101

Age = 5–10 y.o.

Gender: 75 boys

Recruitment:

community

outpatient activity

ADHD or suspicion

of

attention difficulties

Dg tool: na ID: na

Severity: naïve

of medication

Experimental group:

Educational music therapy

program involving rhythm

exercises with percussion

instruments and musical

games

Settings: Group (4–6

children) 1 h session once a

week during 18 weeks

Control group:

Usual care

Test of attentional performance

for children Quality of life ratings

Symptom checklist for ADHD

Symptom checklist for

conduct disorder

Significant improvement in

attention performance (p <

0.0001) and in quality of life

(p < 0.0001) in the

experimental group

compared to control group

No formal diagnostic

of ADHD No active

control group

y.o., years old; dg, diagnostic; na, not available.
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TABLE 5 | Studies assessing musicotherapy in children with communication/oral and written language disorder.

Authors Methods Population Dg Interventions Assessments Findings Limitations/Comments

NON-CONTROLLED STUDIES

Overy (53) Pre/post

evaluation

N = 9

Age = mean

8,8 y.o.

Gender: 9

boys

Recruitment:

public school

Dyslexia Dg tool:

dyslexia

screening test ID: na

Severity: na

Intervention: instructional

program with singing songs

Settings: school-based 20min

group lessons three times a

week for 15 weeks

Language and literacy tests Significant positive effect of

the music program on rhythm

copying, rapid auditory

processing, phonological

ability, and spelling ability

Groβ (57) Pre/post

evaluation

N = 18

Age = 3.5–6

y.o.

Gender :12

boys

Recruitment:

public school

Delayed speech

(excluding ASD

and/or muteness or

speech

developmental disorder)

Dg tool: na ID: na

Intervention: improvisational

music therapy (Nordoff and

Robbin’s method): singing

songs, percussion instruments

and piano playing

Settings: individual 25min

sessions. Frequency and number

of sessions: not available

- Standardized speech

development test:

understanding of sentences,

speech production, and

memory of speech

- Nonverbal developmental test

- Analysis of videotaped

sessions: child-therapist

relationship in musical activity

and “musical communicative

activity.” ICC: 82%

Positive trends for

phonological memory and

understanding of sentences

Better relationship between

child and therapist over time

Significant decrease in the

difference between

developmental and

chronological ages

Habib et al.

(54)

Pre/post

evaluation

N = 12

Age = 7–12

y.o.

Gender: 8

boys

Recruitment :

special

education

facilities

Dyslexia Dg tool: na

ID: na Severity:

severe dyslexia,

mean difference

between

chronological age

and reading age at

36 months

Intervention:

“Cognitive-Musical Training”:

transmodal intervention, use of

rhythm with body parts and

piano keyboard. Structured

intervention

Settings: Two 30min group

sessions (group of 4 children

with the same level) and 2 1 h

group sessions all 12 children

per week for 6 weeks

Several tasks selected from the

NEPSY II battery, which

evaluate categorical perception

of syllables, attentional

processing and phonological,

reading tasks, visual and

writing tasks

After the intervention,

improved categorical

perception of syllables,

auditory attention,

pseudowords repetition,

reading words, phonological

awareness and comparison of

letter strings

Methodology tested on a pilot

study including 12 subjects

receiving 3 days of musical

training

CONTROLLED STUDIES

Register

et al. (55)

RCT N = 33 (8

students with

specific

disability in

reading)

Age = na,

2nd graders

Gender: na

Recruitment:

public school

Dyslexia Dg tool: na

ID: na Severity : na

Experimental group:

instructional program with

singing songs

Control group: traditional

program

Settings: group school-based

sessions three times a week for

4 weeks. Duration of each

session: na

Vocabulary and reading

comprehension tests

For students with a specific

disability in reading, the

musical program may

effectively improve reading

comprehension

(Continued)
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TABLE 5 | Continued

Authors Methods Population Dg Interventions Assessments Findings Limitations/Comments

Flaugnacco

et al. (56)

RCT N = 48

Age = 8–11

y.o.

Gender: 34

boys

Recruitment :

community

outpatient

activity

Dyslexia Dg tools:

anamnestic

interview and

neuropsychological

assessment ID : no

Severity: na

Experimental group: music

training: use rhythm (percussive

instruments and rhythmic body

movement) and sensorimotor

synchronization games

Control group: painting training

Settings: 1 h group sessions (5–6

children) twice a week for 30

weeks (excluding holidays)

Symptoms:

- phonological awareness

(pseudoword repetition test of

the Promea Battery): phonemic

blending and

phonemic segmentation

- reading abilities: reading a

text aloud (MT reading test),

DDE-2: reading single words

and pseudowords (primary

outcome) aloud

Other assessments:

Working memory (WISC III) and

self-esteem (multidimensional

test of self-esteem-TMA)

Improvements in several

reading tasks in both groups

(no difference in reading

speed between two groups),

better improvement in the

experimental group compared

to control group in:

- text reading: 50% fewer

poor performers in the

experimental group compared

to the control group after the

intervention

- accuracy in reading

pseudowords

- phonological abilities

- working memory

- auditory attention

The outcome in the rhythm

production task is a predictor

of phonological awareness

(phonemic blending and

phonemic segmentation). A

greater improvement in

rhythmic abilities indicates a

greater improvement in

phonological awareness

(bending task) (p = 0.002)

Supports the hypothesis of a

causal role for rhythm-based

processing in language

acquisition and

phonological development

Recommends an interest in the

use of music as a

complementary tool

in reeducation

y.o., years old; dg, diagnostic; ID, intellectual disability; NEPSY, a developmental NEuroPSYchological Assessment; DDE-2, Assessment Battery for Developmental Dyslexia and Dysorthography, second version; MT, music therapy; WISC

III, Wechsler’s Intelligence Scale for Children, third edition; TMA, multidimensional self-esteem test: the Italian version of the Multidimensional Self-Concept Scale.
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children with ASD are noted. First, only one study used core
ASD symptoms as a primary outcome (32), leading to difficulties
in generalizing the results. Second, the results for improving joint
attention are mixed. The determination of whether educational
music therapy interventions are ineffective or whether these
effects are difficult to demonstrate is challenging. Indeed,
joint attention measures are rarely standardized, questioning
their validity.

Studies evaluating the effect of educational music therapy
on language and communication skills in children with ASD
reported three main results. First, a significant effect on learning
target words based on imitation skills was observed. Second,
a study showed that educational music therapy sessions were
associated with improvements in several components of oral
language (phonology, semantics, prosody, and pragmatics) (30).
Third, a positive effect was observed for the music therapy group
compared to the group without treatment, but not for the active
control group using non-musical techniques.

Regarding improvisational music therapy, we found few
empirical findings supporting a positive effect of improvisational
music therapy sessions on youths with NDD, but some findings
appear interesting for children with ASD and/or ID. The
most methodologically robust study conducted by Bieleninik,
Geretsegger (38) did not report a significant improvement in
the primary outcome (ADOS) and a positive effect of music
therapy sessions only on a few secondary outcomes. However,
they observed a significant effect on the subgroup of participants
with ASD and ID. In a secondary analysis based on what aspects
of improvisational music therapy predicted an improvement, the
authors performed a microanalysis of the video therapy sessions
and showed that a high level of relational adjustment between
the child and the therapist was a strong predictor of positive
outcomes (58). These authors concluded that the intervention
is more effective when the therapist adopts a relational pattern
similar to the child’s pattern. A similar hypothesis was formulated
by Rainey Perry (40) based on their work with children with
severe and multiple disabilities. The therapist uses a relational
mode that fits the child’s “communication profile” to provide the
child opportunities to respond to interactions.

The choice of the primary outcomes in the reviewed studies
should be discussed. In the study conducted by Bieleninik,
Geretsegger (38), the primary outcome was the social affect
score of the ADOS at 5 months (i.e., encompassing problematic
reciprocal social interactions and communication). However, the
ADOS is a diagnostic tool that was not specifically designed
to assess variations in clinical severity over time. However,
the studies that used clinical scales such as the SRS or the
CARS to track changes in the severity of autistic symptoms
did not present significant findings. However, several reviewed
studies showed a positive effect of improvisational music therapy
sessions on children with ASD or/and ID using measures of
subjective clinical improvement (e.g., CGI) and the level of
global functioning or quality of life (14, 36, 39). Finally, music
interventions including family members exerted a stronger effect
than other types of interventions for youths with ID (36). This
finding is a possible argument supporting the inclusion of family
in improvisational music intervention sessions in youths with ID.

However, so far, no direct comparison between therapy sessions
including family members or not has been conducted to test
this hypothesis.

Regarding children with NDDs other than ASD and/or ID,
two observations can be made from the preliminary data on the
effect of musicotherapy. First, a positive trend for music therapy
sessions using rhythm on the written language of children with
dyslexia was reported. However, the number of studies and the
total number of children included (n = 120) remain limited.
Second, the quality of evidence supporting a positive effect of
music therapy on children with ADHD remains poor.

Limitations
Currently, many limitations exist regarding the studies included
in the current review. The main limitation of this review is
related to themethodological quality of the studies analyzed, with
small sample sizes and wide age ranges (Supplementary Table 1).
Most studies had a non-controlled design, and when a
control group existed the allocation of the treatment was not
necessarily randomized (e.g., case-control study) questioning
the impact of possible confounding biases. Second, music
therapy interventions are extremely heterogeneous, particularly
in the context of educational music therapy, making cross-study
comparisons difficult and meta-analysis calculations invalid.
Third, the primary outcomes used varied widely between studies.
A lack of information about the measures of interaction, if
any, contributes to the heterogeneity of the studies. Associated
evaluations of clinical dimensions have rarely been performed.
In particular, no study included a standardized assessment of
anxiety symptoms, while previous reports show a benefit ofmusic
therapy sessions in patients with these symptoms (59). Finally,
the conclusion of this review may be influenced by the process
of study selection and the limitations inherent to the search
strategy (e.g., lacking of keywords, studies in other language,
publication bias).

Implications
How useful is the addition of music therapy sessions to
the traditional care of children with NDDs? A number
of methodological biases prevents us from generating any
firm conclusions based on the studies reviewed. Among the
different combinations of music therapy sessions and clinical
characteristics of the patients tested, a stronger effect was
observed for the use of improvisational music therapy in children
with both ASD and ID (22, 24, 31). While these interventions
failed to significantly reduce the level of autistic symptoms
in most published studies, several authors reported a positive
effect on other clinical dimensions (22), on the overall level
of functioning (e.g., CGI) (24), and on quality of life (39, 41).
Notably, the effect was enhanced when family members were
included in sessions (36, 41, 43).

Further studies would be particularly inspired to document
the potential mediators of the therapeutic effects (e.g., age of
the participants; cognitive characteristics), in addition to the
measurements of clinical symptoms and level of functioning (58).
Among other hypotheses, music therapy sessions might exert a
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positive effect by increasing the quantity and quality of adult-
child interactions. The child-therapist relation might be regarded
as an “experimental” relation for children, where he/she learns to
attune his/her behaviors to adult behaviors. Another promising
finding that deserves attention is the positive effect of educational
music therapy on children with dyslexia, but more research is
needed to conclude any definitive positive effect. For children
with other NDDs, more substantial studies are needed before a
conclusion can be made on the value of their use.
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Children with autism spectrum disorders (ASD) have difficulties in developing stable

peer relationships. Interventions for learning social skills (SS) for such children are often

conducted in a group. Behavioral imaging and social imaging, which have been called

for in recent years, are methods for visualizing children’s behaviors and interpersonal

relationships. To examine the usefulness of visualizing face-to-face interaction with others

in the social skills learning scene of children with ASD, we use a business microscope

that can qualify and visualize face-to-face interactions automatically. We highlight two

boys’ face-to-face interaction changes in the same SS learning group of five children.

The device’s use may provide a more objective measurement that complements the

observer’s subjective evaluation in case of the intervention’s validation. It is expected

that information on face-to-face interactions will be used to determine the SS learning

process in the future.

Keywords: autism spectrum disorder, social skills intervention, group participation, visualizing behaviors, social

network

INTRODUCTION

Autism spectrum disorders (ASD) are characterized by difficulty in communicating and interacting
in social settings and limited and repetitive behaviors, interests, and activities (1). Children with
ASD may face challenges in group interactions (e.g., while they spend time with others from the
same age group) at school. Regarding the peer relationships of children with ASD, it has been
observed that such children are often involved only at the periphery and not at the center of a
class, they tend to be a part of a relatively small group, and they lack reciprocity (2).

It has been established that one of the factors influencing the formation of peer relationships is
the development of social skills (SS); however, children with ASD have difficulty learning such skills
(3). Interventions for learning SS, such as SS training for school-aged children with ASD, have thus
been implemented (4). Specifically, interventions for SS learning, based on cognitive behavioral
therapy and social learning theory (5), often consist of structured classes related to specific
skills, modeling skills, role-playing and rehearsing skills, and offering feedback on children’s role-
play/performance (6). In addition to effects such as improved social competence (6) and increased
prosocial behavior [(7), etc.], psychological effects, such as improvements in (or development
of) actual friendships (6), decreased depression and anxiety (8), and improved mental health
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(9), have been observed. Therefore, SS learning programs in
groups (i.e., Group Social Skills Intervention; GSSI) are often
implemented (10).

In addition to practicing skills with multiple partners and
groups, which is effective in SS teaching (11), the importance
of relationships and connections within groups in group-based
SS learning has been highlighted (12). For this reason, some
GSSI group studies have attempted to identify changes in the
approaches of children with ASD toward other children through
behavioral observation methods. However, this approach is not
practical since these behavioral observations are rarely conducted
in a blind manner (7).

BEHAVIORAL IMAGING AND SOCIAL
IMAGING

In recent years, attempts have been made to visualize children’s
behavior with ASD using various technologies. Behavioral
imaging comprises computational sensing and modeling
technology, used to measure, analyze, and understand human
behavior, and provides a quantitative understanding of human
behavior and development. Imaging technologies to monitor
these behaviors and social interactions are diverse and include
video, audio, and sensing technologies such as body sensors and
location-based systems (13). Such technologies have been used
to diagnose and assess ASD and help with the intervention (13).
Furthermore, Suzuki (14), focusing on interpersonal interactions
specifically, proposed social imaging as a method for visualizing
interactions between several people. They created a device that
measures and enhances interpersonal interactions by wearing a
headband that glows when face-to-face interactions occur. (15).
In GSSI, these technologies can also be applied to quantify and
visualize the relationship between children with ASD and the
group(s), using the obtained knowledge to provide intervention
in learning situations.

Business microscopes (herein, BMS, (16)) are sensing
devices that can quantify communication with others.
This device can be worn on the body naturally like the
nametag. The main components of the sensor include infrared
transmission/reception systems and built-in 3D activity trackers.
The infrared sensor detects face-to-face events at a distance
of 2–3m and within a 120-degree ◦ angle, either right or left.
The person facing the device was recorded. It should be noted
that the device used has a built-in tri-axis accelerometer that
records the wearer’s physical activity in Hz. The infrared sensor
data and physical activity data were sent to the Human Big
Data Cloud Service and analyzed. The analyzed data can be
downloaded from the server by specifying the time and format
(e.g., the time series CSV data about face-to-face partner and
physical activity, the value calculated by the time series CSV
data, and the network diagram). The type of communication can
be estimated by physical movements (any physical movement
with 2.0Hz or more was defined as an active state, while any
movement measuring <2.0Hz was defined as a non-active state)
and face-to-face interactions automatically.

When there was face-to-face interaction where the participant
was active and the other party was non-active, the participant
was defined as the “pitcher” of the communication (e.g., talking).
Conversely, if the participant was non-active, but the other party
was active, the participant was described as the “catcher” of the
communication. If both parties were active, the communication
was defined as “two-way.” If both parties were non-active, they
were deemed “face-to-face.” Additionally, a network diagram can
be drawn from the measured data automatically based on the
face-to-face time between participants. In this diagram, the edge
connecting the nodes (i.e., each person) appears thicker as the
face-to-face time increases.

Although such diagrams were initially developed to visualize
communication and improve productivity in business [e.g.,
performance in call centers (17)], in recent years, research
regarding the visualization of communication has been
conducted concerning pedagogy and developmental psychology
(18). Efforts have also been made to use these diagrams to better
understand changes associated with development in groups
(18) and improve classes for teachers in physical education
(19). It has been suggested that the real-time visualization of
communication can provide an objective view for childcare
workers and teachers. However, few to no studies have been
conducted on children with ASD who have difficulty with social
interaction. Therefore, it is necessary to examine the adaptation
of children with ASD within a group of peers.

THE PILOT STUDY ABOUT MEASURING
CHILDREN’S BEHAVIOR CHANGE BY BMS

In order to examine the effectiveness of visualizing face-to-
face interaction in SS learning groups, the data of face-to-face
interaction during free playtime in the SS learning group were
collected by BMS. Five children with ASD, ranging from third to
fourth-grade elementary students, participated in this study’s SS
learning program. Children had been undermedical examination
as part of their developmental disorder outpatient treatment.
According to the Diagnostic and Statistical Manual of Mental
Disorders, all participants were diagnosed (1). Given our study’s
preliminary stage, we will highlight two boys, Boy A (fourth
grade) and Boy B (third grade) (Figure 1).

The STSSE (20) was modified to create a program that taught
verbal communication skills (e.g., listen, explain, converse, and
negotiate) to participants for a total of 10 sessions. Each session
lasted about an hour and a half and included teaching, modeling,
role-playing, rehearsing, feedback, and homework related to the
target skills. Aside from the five children who took part in the
program, a trainer and sub-trainer responsible for teaching the
program and three clinical psychology students participated in
this study as staff members. On the same day as the children’s
respective sessions, their caregivers participated in a program
to encourage their children to extend the SS they had learned
during each session to their home and school environments.
This program was created by modifying the STSSE. The parents’
sessions comprised group discussion, role-play, watching a
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FIGURE 1 | Flow diagram showing enrollment and study design.

videotaped recording of their children’s sessions, and weekly
homework assignments.

In this study, a mat was laid at the back of the room during
the allocated free playtime. Further, toys for playing games with
rules, toys for playing with imagination, construction toys, toys
with a cause and effect, and cushions were placed on the mat.
After arriving at the room, the participants and trainers began
each session by hanging their BMS devices around their necks.
Children were explained BMS device as the nametag and hanged
it through the GSSI sessions. Each device was customized with
participants/trainers’ names. None of the participants had a
problem related to wearing the BMS devices.

Changes in the type of face-to-face communication were
measured every 2.5 s to capture the changes in the face-to-
face behavior (i.e., face-to-face interaction partner). This was
performed in both the first and ninth sessions (in the first session,
a free play activity time was held for the first time, and in the
ninth session, a free play activity time was held for the last time)
between the participants and the person they were facing. A face-
to-face network diagram was also drawn. A network diagram was
drawn using the free play activity scene’s behavior to measure
this behavior in a natural setting, in which the staff provided
the least prompts. In this study, Cytoscape 3.8.0 was used for
visual clarity. The edge connecting the nodes (i.e., each person)
has a thickness of five levels—the longer the face-to-face time,
the thicker and darker the color appears in this diagram. The
network diagrams of the first and ninth network sessions were
then compared. The first free-play activity scene was 16min long,
and the ninth free-play activity scene was 15 min long.

Supplementary, the child’s classroom teacher completed the
Social Skills Scale (herein, “SS scale”; (21)) at two-time points
to understand the acquisition of SS before and after the

intervention. The SS Scale is an itemized questionnaire rated by
those who can directly observe children’s behavior in a group
setting. This scale comprises four areas: group behavior skills,
communication skills, self-control skills, and peer relationship
skills. The mean of the standard scores was 10 (1–15).

Boy A: Boy A, 9 years 9 months old, is in the fourth grade
of elementary school. He has a full-scale IQ (FSIQ) of 80, with
a comprehensive verbal index of 72, perceptual reasoning index
of 95, working memory index of 82, processing speed index
of 86. Boy A fulfilled the criteria for ASD and ADHD. He
scored 63 on the Social Responses scale (Awareness 52, Cognition
68, Communication 55, Motivation 70, and Mannerism 63).
As a toddler, he had difficulties communicating (e.g., language
delay, immediate echolalia), little interest in other children,
obsession, and restricted interest in one character. Although
he was not administrated Autism Diagnosis Observation Scale
(ADOS), his severity of autism was estimated as mild based on
his symptoms and developmental history. When starting GSSI
sessions, his obsession had decreased, but difficulties of asking
for help and challenges of group participation had persisted.
The parents reported about his friendship, “It is unclear to me
as to whether or not he interacts with others.” He participated
in nine of ten GSSI sessions. He demonstrated a change in the
percentage of time when he was not facing anyone through GSSI
sessions (8.1% in the first session and 0% in the ninth session).
Conversely, the time he spent with other children increased
from 9.9% in the first session to 35.8% in the ninth session
(Figure 2A). Concerning the type of communication, Boy A,
regardless of the face-to-face interaction partner, remained less
likely to engage in a voluntary approach (i.e., being the pitcher
in the communication). However, there was an increase in his
two-way communication with other children (1st 1.56% → 9th
12.22%) and in cases where other children approached him
(Catcher 1st 8.33% → 9th 23.61%). As seen in the network
diagram, D and E’s network was strong in the first session. There
was little interaction with B and C. Furthermore, his network
with the staff members, who mainly participated in the free play
activities, was narrow. In the ninth session, Boy A’s network
among other children was strong, and his interaction with the
three staff members, who were mainly involved in the free play
activities, was also strong. However, Boy A did not show more
interaction with specific children (Figure 2A). On the SS-scale,
the skills that changed by more than 1 standard deviation were:
group behavior (7 points→ 13 points) and peer relationships (7
points→ 14 points)

Boy B: Boy B, 8 years 4 months old, is in the third grade
of elementary school. He has a full-scale IQ (FSIQ) of 105,
with a comprehensive verbal index of 123, perceptual reasoning
index of 106, working memory index of 100, processing speed
index of 78. He scored 83 on the Social Responses scale
(Awareness 49, Cognition 76, Communication 79, Motivation
75, and Mannerism 103). Boy B fulfilled the criteria for ASD
and ADHD. As a toddler, he lacked interest in others and
obsessed with orders, restricted interest in the train, and sensory
sensibility. At the time of starting GSSI sessions, he had little
interest in others, difficulties in conversation, restricted interest.
He was administrated ADOS at 7 years, his severity of autism
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FIGURE 2 | Boy (A) changed of percentages that participants faced people and percentage of their communication pattern (above) and the network diagrams

(below). Boy (B) changed of percentages that participants faced people and percentage of their communication pattern (above) and the network diagrams (below).

The thinnest line in the network diagram indicates face-to-face interaction was the least, while the thickest line indicates that face-to-face interaction was the most.
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was mild. The parents stated, “He looks like he has no interest
in other children.” He participated in seven of ten GSSI sessions.
He demonstrated a change in the percentage of time when he was
not facing anyone (1st 29.4%→9th 0%). The time he spent with
other children increased from 5.0% in the first session to 10.3%
in the ninth session. Furthermore, his two-way communication
increased regardless of the face-to-face interaction partner (1st
46.61%→ 9th 70.28%). There is evidence that he had little to no
interaction with the staff and other children in the first session
in the network diagram but started showing a network line with
maximum thickness in the ninth session (Figure 2B). He only
showed changes in peer relationships (8 points → 12 points) at
the SS-scale.

DISCUSSION

This study attempted to visualize and quantify communication in
a group of SS learning programs using a business microscope.

In terms of face-to-face interaction partners, in the free play
activity scene, the time that the participants did not spend
with anyone decreased, and the time they spent with other
children increased. Concerning the type of communication,
although there was no significant change in Boy A’s voluntary
approach (i.e., toward becoming a communication pitcher), he
experienced increased occurrences of being approached by other
children. Furthermore, Boy B showed an increase in his two-
way communication, regardless of whom he was communicating
with. In the video footage of their behavior, both Boy A and Boy B
were seen taking part in a face-to-face play with staff members in
the first session, engaging in cooperative play, and social play with
simple rules with other children in the eighth session. Changes in
face-to-face interaction partners and their communication types
are believed to reflect their behavioral differences. It has been
noted that children’s appropriate social approaches within groups
increase when they are provided with opportunities to learn SS
(7, 22). The current study further supports this previous finding.

Further, the encouragement of participating staff to interact
with other children helped them gain necessary social skills.
There was also an increase in the participants’ peer relationship
skills at school. As observed in the BMS, it is presumed
that such improvements would also be observed in their
school settings.

The observer’s issue knowing that intervention occurs during
behavioral observations in SS groups for children with ASD has
already been highlighted (23). To address this issue, in this study,
although behavior observation was performed using a business
microscope, the observation would be useful in the sense that
the viewpoint of the observer was not included since the use of a
sensor device allowed for an objective evaluation. The use of the
device is potentially being a more objective measurement which
complements the subjective evaluation.

Moreover, the utilization of a sensor device that visualizes
interpersonal information in GSSI allows for the easy
identification of detailed information such as interactions
with multiple people. Thus, immediate feedback of intervention
results may facilitate intervention policy modification (13).

Nakajima et al. (24) conducted an initiative that involved middle
school teachers who conducted physical education classes.

The authors showed them a network diagram, gave feedback
on verbal communication, and improved their physical
education classes. Similarly, network diagrams for the training of
trainers/caregivers of autistic children may lead to appropriate
interventions for children with ASD who tend to have difficulty
in dealing with people.

However, BMS cannot be used immediately in clinical
situations. Although BMS data can be used to evaluate
quantifiable changes, such as the amount of body movement or
a person with whom one comes into face-to-face contact, it is
challenging to evaluate the noted behavior’s social suitability. In
the future, it will be necessary to enable the objective evaluation
of the content of approaches by combining the BMS with
other devices that allow for the analysis of the content of the
communication. Furthermore, for evidence-based evaluation, it
is essential to examine the relationship between face-to-face
communication and children’s skills enhancement. However,
only two cases were considered, and statistical analysis was
absent in this study. Therefore, larger sample sizes and data from
different types of children with ASD should be considered.

Furthermore, although many SST trainers may feel that the
relationship between children in the group improves growth, it
has not been examined quantitatively. In the future, quantifying
face-to-face interaction by BMS enables us to determine how
interactions with others affect social skills learning.
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Later age of diagnosis, better expressive behaviors, increased use of camouflage

strategies but also increased psychiatric symptoms, more unmet needs, and a general

lower quality of life are characteristics often associated with female gender in autism

spectrum disorder (ASD). Psychiatric rehabilitation has shown small to moderate

effectiveness in improving patients’ outcomes in ASD. Few gender differences have

been found in the response to psychiatric rehabilitation. This might be related to the

predominance of males in research samples, but also to the lack of programs directly

addressing women’s unmet needs. The objectives of the present paper were: (i) to review

the needs for care of autistic women in romantic relationships and reproductive health;

(ii) to review the existing psychosocial treatments in these domains; and (iii) to evaluate

the strengths and limitations of the current body of evidence to guide future research.

A systematic electronic database search (PubMed and PsycINFO), following PRISMA

guidelines, was conducted on autistic women’s needs for care relating to psychiatric

rehabilitation in romantic relationships and reproductive health. Out of 27 articles, 22

reported on romantic relationships and 16 used a quantitative design. Most studies

were cross-sectional (n = 21) and conducted in North America or Europe. Eight studies

reported on interventions addressing romantic relationships; no published study reported

on interventions on reproductive health or parenting. Most interventions did not include

gender-sensitive content (i.e., gender variance and gender-related social norms, roles,

and expectations). Autistic women and autistic gender-diverse individuals may face

unique challenges in the domains of romantic relationships and reproductive health (high

levels of stigma, high risk of sexual abuse, increased psychiatric symptoms, and more
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unmet needs). We discussed the potential implications for improving women’s access to

psychiatric and psychosocial treatment, for designing gender-sensitive recovery-oriented

interventions, and for future research.

Keywords: autism spectrum disorder, women, gender-diverse, unmet needs, psychiatric rehabilitation

INTRODUCTION

Increasing research interest on potential sex/gender differences
in autism spectrum disorder (ASD) has led to the description of
a “female phenotype” of ASD characterized by similarities in core
ASD symptoms (i.e., lifelong social impairment, communication
deficits, and repetitive behavior), better expressive behaviors
(e.g., sharing interests or more vivid gestures), increased use
of camouflage strategies, later age of diagnosis, but also higher
increased depression and anxiety, and a general lower quality
of life (1). In the present study, we used the term sex to refer
to biological characteristics and the term gender to refer to
sociocultural norms, roles, expressions, and expectations (2).
Given the high frequency of gender variance (i.e., gender identity
or gender expression that does not conform to masculine or
feminine gender norms) (3) in ASD, we used self-reported gender
identity (i.e., cisgender women, but also transgender or non-
binary women) to define female gender in this study (4).

Psychiatric rehabilitation is a person-centered approach that
aims to help people with serious mental illness (SMI) or ASD
to “be successful and satisfied in the living, working, learning,
and social environments of their choice” (5). Therapeutic tools
are selected based on people’s strengths, weaknesses, needs for
care, and personal life goals as part of a customized recovery-
oriented action plan (6, 7). The action plan can include strength-
based case management, improvements in physical and mental
health, peer support interventions, joint crisis plans, cognitive
remediation (CR), cognitive behavior therapy (CBT), social
skills training (SST), self-stigma reduction, family support, and
supported housing and supported employment (SE) (6, 7).
Psychiatric rehabilitation interventions have shown small to
moderate effectiveness in improving patients’outcomes in adults
with ASD (8–11).

Although no gender differences were found in social
participation and the employment rates, women were less
likely than men to have long-standing friendships and to
maintain post-secondary/employment over time (12–14). To
date, three studies have looked for potential gender differences
in the response to psychosocial treatment in adults with ASD
(15, 16). McVey et al. (15) and Visser et al. (17) found no
gender differences in treatment outcomes for SST, whereas
Sung et al. (16) reported that men benefited more from
vocational rehabilitation.

The predominance of males in research samples may induce
gender-related biases affecting the development of psychosocial
interventions (18). Two recent systematic reviews have reported a
large predominance of males in studies on cognitive remediation
or social skills training [up to 100% in some studies (8, 19)].
Similar proportions have been reported in studies targeting social
skills in dating contexts (20, 21). Autistic women report more

unmet needs with respect to their mental health concerns and
vocational services (21, 22) and report a higher risk of sexual
abuse (×2.2) (23, 24). Gender variance has been associated with
higher depression and reduced well-being in autistic women (25).
It could be associated with the higher risk of sexual abuse (25).
Reproductive and parenting issues, which may be more salient
in women with ASD than in men, remain underinvestigated
(26, 27).

The objectives of the present paper were: (i) to review the
needs for care of autistic women in romantic relationships
and reproductive health; (ii) to review the existing psychosocial
treatments in these domains; and (iii) to evaluate the strengths
and limitations of the current body of evidence to guide
future research.

MATERIALS AND METHODS

A stepwise systematic literature review (PRISMA guidelines)
(28) was conducted by searching PubMed, MEDLINE, and
PsycINFO for published peer-reviewed papers using the
following keywords: “sexu∗” OR “romantic relationship” OR
“intimate relationship” OR “parent∗” OR “reproductive health”
OR “mother∗” OR “pregn∗” AND “women” OR “gender
diverse” OR “transgender” OR “non-binary” AND “autism”
NOT “valproate” NOT “22q11.” No time restriction was set.
Only published papers in English or French were included
in the review. The reference list of seven literature reviews
on sexuality and autism were screened for additional relevant
articles. To be included in this review, the articles had to
meet all of the following criteria: (a) have a main focus on
women’s outcomes; (b) concern a diagnosis of autism spectrum
disorder; (c) report on romantic relationships or parenting; and
(d) use a quantitative, qualitative, or mixed-methods design.
The first author applied the eligibility criteria and screened
the records to select the included studies. The last author
reviewed each decision. Disputed items were solved through
discussion and by reading the paper in detail to reach a final
decision. For each study, we extracted the following information:
general information (author, year of publication, country, design,
population considered, setting, total number of participants,
and mean age or age range), outcome measure (scale), the
main findings, and the variables relating to quality assessment.
Quality assessment was performed using the Mixed Methods
Appraisal Tool (MMAT) (29). This tool comprises five sets of
criteria for: (a) qualitative, (b) randomized controlled trials, (c)
non-randomized trials, (d) descriptive studies, and (e) mixed-
methods studies. For the mixed-methods studies, raters assess
the qualitative set, the quantitative set, and the mixed-methods
set. An overall quality score (low, moderate, high, or very high)

Frontiers in Psychiatry | www.frontiersin.org 2 April 2021 | Volume 12 | Article 630029165

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Dubreucq and Dubreucq Psychosocial Treatment for Autistic Women

was determined based on adequacy in the corresponding set
of criteria.

RESULTS

Our search on January 13, 2021 found 672 articles on PubMed
and 187 on PsycINFO. After manually removing all duplicates,
there were 450 remaining references. Based on their titles and
abstracts, 404 papers were excluded for lack of relevance. Most
of these articles focused on other populations (e.g., parents of
children or adolescents with autism, healthcare professionals,
other neurodevelopmental conditions, and autistic traits in the
general public) or other topics (e.g., biological sex differences,
physical health, and vocational function). Our search strategy
yielded 46 full-text articles. After conducting a full-text analysis
of all these papers and excluding those that did not meet
the inclusion criteria, we ended up with 27 relevant papers
(Figure 1).

The 27 papers included were characterized by the
heterogeneity of their samples, methods, and reported outcomes.
Most papers reported on romantic relationships (n = 22, 81.4%)
and used a quantitative design (n = 16, 59.3%). Ten studies
were qualitative and one was mixed methods. Most studies used
cross-sectional designs (n = 21, 77.8%). Six studies reported on
interventions (22.2%). Two studies were a randomized controlled
trials (RCTs) and four studies used quasi-experimental or non-
controlled designs. Eleven studies were conducted in North
America (40.8%), nine in Europe (33.3%), and seven in Australia
(25.9%). Most studies included adult participants (n = 22,
81.5%). One study included only adolescents (3.7%) and two
studies had mixed samples (7.4%). Three studies (11.1%)
included both parents and ASD participants. Of the studies using
a quantitative or a mixed-methods design, most reported on
sexuality-related outcomes (e.g., sexual desire, sexual awareness,
sexual well-being, and sexual assertiveness; n = 10, 62.5%).
One study reported on social skills in the context of dating (21)
and one on general social skills (30). Two quantitative studies
used self-reported assessments for parenting-related outcomes
(27, 31). The quality ratings of the included studies obtained
using MMAT ranged from low to moderate. The results are
shown in Table 1.

Romantic/Intimate Relationships
Loneliness, negative self-perceptions, self-stigma, sensory
sensitivity, and impaired social communication related to
dating situations have been identified as barriers to romantic
relationships in ASD (33). Women with ASD may face unique
challenges in their adolescence and during the transition to
adulthood, such as decrypting dating situations (e.g., judging
subtle social cues in dating situations such as flirting, aggression,
or coercion) and adopting assertive behaviors in intimate
relationships (34). Compared with non-autistic women, autistic
women have less sexual interest, but had more experiences and
received more unwanted sexual advances (24, 35, 36). They
report lower sexual well-being and have an increased risk of
sexual abuse (24, 34, 37). Engagement in sexual behaviors to
reduce social exclusion and alcohol use to reduce social anxiety

could increase the risk of victimization in women with ASD
(24, 32, 34).

This risk might be higher for non-binary or transgender
autistic women who may also face unique challenges in romantic
relationships (e.g., relating to the intersection of ASD and the
gender identity stigma) (25, 33, 38). Bargiela et al. (34) and
Kanfiszer et al. (32) reported that, after being diagnosed with
ASD, autistic women needed to reframe past negative experiences
and to discuss gender-related social roles and expectations.
Compared with typically developing women and autistic men,
autistic women expressed less desire to live with a partner
(32, 39, 40). Those living with a typically developing partner
reported social and communications challenges, but also to have
resources to deal with them (41). Marital satisfaction was higher
for autistic women living with an autistic partner (40). Support
from healthcare and social professionals was often described
as inadequate (41). Table 2 presents the characteristics of the
included studies on romantic relationships.

Four interventions addressed romantic relationships in
women with ASD. One was a general SST program including
social skills in dating (Program for the Education and
Enrichment of Relationship Skills, PEERS) (15) and the
other a social skills in dating program (Ready for Love)
(21). Two programs were psychosexual trainings for autistic
adolescents [socio-sexual training (43) and Tackling Teenage
(17)]. Participants in these interventions were mostly male
(>75%) (15, 17, 21). McVey et al. (15) and Visser et al. (17)
reported no gender differences in treatment effects for PEERS
and Tackling Teenage. One SST intervention was designed for
autistic female adolescents (the Girls Night Out model) (30),
but did not address dating or romantic relationships. Two
qualitative studies assessed stakeholders’ needs to design new
interventions (38, 44). Common factors to these interventions
were the emphasis put on: (i) group-based interventions to
receive support from other participants; (ii) peer support; (iii)
discussions about gender variance and gender-related social
roles and expectations; iv) improving social cognition and social
skills; and v) interventions supporting the relatives (38, 43, 44).
Descriptions of the interventions are shown on Table 3.

Reproductive Health/Parenting
To date, a few qualitative studies and two quantitative studies
have investigated the experiences of motherhood in ASD.
Kanfiszer et al. (32) reported that some autistic women
identified motherhood as a potential trigger of stress more
than a rewarding experience and reported to have “no
maternal instinct.” In a sample comparing the experiences
of 355 mothers with ASD with those of 132 non-autistic
mothers, Pohl et al. (27) have found that autistic mothers
had an increased frequency of perinatal depression. Although
most autistic mothers described parenting as a rewarding
experience, they were more prone than non-autistic mothers
to find it also challenging and isolating (27). Autistic mothers
were more likely to report parenting difficulties (e.g., with
household responsibilities or with the multitasking demands
of parenting) and to be dissatisfied with service provision
during perinatal care (e.g., feeling judged in their parenting

Frontiers in Psychiatry | www.frontiersin.org 3 April 2021 | Volume 12 | Article 630029166

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Dubreucq and Dubreucq Psychosocial Treatment for Autistic Women

FIGURE 1 | Review process (PRISMA flow diagram).

abilities) (27, 46, 47). They described stressful and negative
experiences in communicating with healthcare professionals and
social workers about their child (27, 46, 47). Some women
reported to have concealed their diagnosis to providers to avoid
stigmatizing behaviors and child protective services implications
(46, 47). Other factors associated with negative experiences in
perinatal care included uncertain and stressful environment
and sensory sensitivity (46–48). Sundelin et al. (31) have
reported that, compared to children of non-autistic mothers,
those of autistic mothers had poorer obstetrical and neonatal
outcomes (e.g., pre-term birth, preeclampsia, and cesarean
delivery). Table 4 shows the characteristics of the included
studies on parenting.

According to Pohl et al. (27), autistic mothers were dissatisfied
of the support they received during perinatal care and felt
that they should be offered extra support because of their
autism. Gardner et al. (46), Rogers et al. (47), and Pohl et al.
(27) reported a need for clear and accurate information about
normal pregnancy, potential complications, delivery, and post-
partum care. To our knowledge, no published studies described
interventions to improve reproductive health outcomes and
to support parenting in autistic mothers. In the FondaMental
Advanced Center of Expertise for ASD (FACE-ASD) of Grenoble,

consultation with a trained midwife has been added to the
diagnosis and functional assessment. The objectives were: (i) to
assess the desire to become a parent; (ii) to answer questions
relating to ASD, pregnancy, and perinatal health outcomes (e.g.,
concerns about passing on ASD to their child, information
about the stay in the maternity ward, cesarean section, circadian
rhythms, and lactation); (iii) to propose strengths-based case
management and a shared recovery-oriented action plan to
improve well-being and pregnancy-related outcomes; (iv) to
provide individual and/or family psychoeducation; and (v) to
improve the communication with perinatal health professionals
and social workers. Actions addressing mothers and their
partners’ needs or aiming to improve knowledge of perinatal
health professionals about ASD and to reduce ASD-related
stigma could be provided during the perinatal period (i.e.,
from preconception to 1 year after childbirth). A group-based
program on reproductive health and parenting issues for women
with ASD and their partners was also developed. It includes
three 2-h sessions during which participants and facilitators
discuss issues related to reproductive health and parenting (e.g.,
concerns about heredity or communication with healthcare
professionals). A detailed description of these actions is presented
in Table 5.
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TABLE 1 | Research characteristics of the 27 studies included in the review.

Studies about reproductive

health/parenting (N = 6)

Studies about romantic

relationships and sexuality

(N = 22)

Total (N = 27a)

Type of study

Quantitative study 2 (33.3%) 14 (63.6%) 16 (59.3%)

Qualitative study/case study 4 (66.7%) 7 (31.8%) 10 (37.0%)

Mixed method 0 (0%) 1 (4.6%) 1 (3.7%)

Design

Cross-sectional 6 (100%) 16 (72.7%) 21 (77.8%)

Longitudinal 0 (0%) 6 (27.3%) 6 (22.2%)

Interventions 0 (0%) 6 (27.3%) 6 (22.2%)

RCT 0 (0%) 2 (9.0%) 2 (7.4%)

Quasi-experimental 0 (0%) 1 (4.6%) 1 (3.7%)

Uncontrolled 0 (0%) 3 (13.6%) 3 (11.1%)

Geographical area

North America 2 (33.3%) 9 (40.9%) 11 (40.8%)

Europa 3 (50%) 7 (31.8%) 9 (33.3%)

Australia 1 (16.7%) 6 (27.3%) 7 (25.9%)

Proportion of women

100% 6 (100%) 6 (27.3%) 11 (40.8%)

>50% 0 (0%) 6 (27.3%) 6 (22.2%)

<50% 0 (0%) 7 (31.8%) 7 (25.9%)

NR 0 (0%) 3 (13.6%) 3 (11.1%)

Age of participants

<18 0 (0%) 1 (4.6%) 1 (3.7%)

>18 5 (83.3%) 18 (81.8%) 22 (81.5%)

Studies included people less 18 0 (0%) 2 (9.0%) 2 (7.4%)

NR 1 (16.7%) 1 (4.6%) 2 (7.4%)

Quality of the studies

* 3 (50%) 3 (13.6%) 6 (22.2%)

** 2 (33.3%) 11 (50%) 12 (44.5%)

*** 1 (16.7%) 8 (36.4%) 9 (33.3%)

**** 0 (0%) 0 (0%) 0 (0%)

aThe total is not equal to the sum of the numbers in each category because one article (32) was included in both categories (romantic relationships/reproductive health). *means low

quality, **means moderate quality, ***means high quality, ****means very high quality.

DISCUSSION

Main Findings
Altogether, the results of this systematic review may be
summarized as follows: (i) women report several unmet needs in
the domains of romantic relationships and reproductive health;
(ii) psychosocial treatment addressing skills related to romantic
relationships remains underdeveloped and is often inadequate
to women’s needs for care; (iii) research on reproductive health
and parenting in autistic mothers is almost inexistent, and there
is a lack of interventions supporting future mothers or mothers
with ASD; and (iv) stigma reduction could improve women’s
outcomes in romantic relationships and reproductive health.

Interpretation of the Results
Access to Adequate Healthcare
While there are few gender differences in the pattern of service
utilization, women report more unmet needs and more negative

experiences with healthcare providers and social workers (22, 27).
Compared with autistic men and typically developing women,
women with ASD report more often comorbid physical health
conditions (e.g., polycystic ovary syndrome, 7.8 vs. 3.5% in
the general population) (49) and less utilization of women’s
health services (OR = 0.59, 95% CI = 0.48–0.72) (50). The
barriers to accessing adequate healthcare include providers’
lack of knowledge and dedicated training regarding autistic
women’ needs for care and the lack of specific services for
adults with ASD (22, 49, 50). Although it has been proposed
that autistic women’s lower access to women’s health services
could be explained by less frequent sexual experiences (50),
several studies have reported the opposite (23, 24, 34). A higher
motivation to engage in social relationships, a higher desire to fit
in social contexts and to meet gender-related social expectations,
preference for opposite-sex friendships, and increased use of
camouflage strategies are characteristics often associated with
female gender (32, 34, 51, 52).
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TABLE 2 | Included studies reporting on romantic relationships/sexuality in autistic women.

References Country Design Intervention Sample participant

details

Sample size

description Diagnostic

criteria

Scale Outcomes/findings Quality

Quantitative studies

Bejerot and

Eriksson (35)

Sweden Cross-

sectional

No ASD group: 50 adults

with intelligence within

the normal range (26

males and 24 females)

Control group: 53

typically developing

controls (28 males and

25 females)

Age: 20–47

- Swedish modification of the

Bem Sex Role Inventory

- Questions on sexuality and

gender designed for the

purpose of the study

- Higher gender variance and

proportion of people

reporting to have no

experience of romantic

relationships in the ASD

group

- Lower libido in the

ASD group

**

Busch (36) USA Cross-

sectional

No N = 248 women with

ASD (professional

diagnosis or

self-identified)

N = 179 women without

ASD

Mean age:

ASD group: 23.2 (18–30)

Control group: 21.8

(18–30)

- Sexual History

Questionnaire (SHQ)

- Sexual Desire Inventory

(SDI)

- Sexual Experience

Questionnaire (SEQ)

(adapted 19-item version)

- Sexual Satisfaction Scale

for Women (SSSW)

- Sexual Awareness

Questionnaire (SAQ)

- Participants with ASD

reported less sexual desire,

fewer sexual behaviors, and

less sexual awareness than

those without ASD

- Comparable sexual

satisfaction in the ASD and

control group

***

Byers et al.

(37)

Canada

and USA

Cross-

sectional

No N = 141 (56 men and 85

women) with HFA/AS

(professional diagnosis)

60% in romantic

relationship

Mean age 39.6 (21–73)

- Global Measure of Sexual

Satisfaction (GMSEX)

- Self-Esteem Subscale of the

Sexuality Scale

- Hurlbert Index of Sexual

Assertiveness

- Sexual Arousability and

Sexual Anxiety Inventory

- Sexual Desire Inventory

- Sexual Activity

Questionnaire

- Sexual Functioning

Questionnaire

- Sexual Knowledge

Questionnaire.

- Sexual Cognitions

Checklist (SCC)

Less ASD symptoms are

associated with greater sexual

well-being for autistic men

**

Corona et al.

(42)

USA Uncontrolled Yes. Six-2h

sessions

over the

course of 3

months.

N = 8 adolescent with

ASD (2 females and 6

males)

+one parent for each

adolescent (six mothers,

two fathers)

Mean age of

adolescents: 13.4

(12–16)

- Sexual Behavior Scale

(SBS)

- Adolescent Knowledge

Questionnaire

- Parent Questionnaire

- Parent

Satisfaction Questionnaire

- Higher number of

sexuality-related topics

discussed between parents

and adolescents at

post-treatment

- No difference in the comfort

felt when discussing these

topics at post-treatment

*

Cunningham

et al. (21)

USA Quasi-

experimental

Relationship

Enhancement

(RE) “Ready

for Love”

RE-ASD group N = 19

(16 males and 3 females)

RE group N = 19 (14

males and 5 females)

Age>18 (76.3% between

18 and 29)

- Dating and Assertion

Questionnaire (DAQ)

- EQ

- SRS

- Improved parent-report

social responsiveness in

both groups

- No significant difference in

treatment effectiveness

between the two groups

**

(Continued)
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TABLE 2 | Continued

References Country Design Intervention Sample participant

details

Sample size

description Diagnostic

criteria

Scale Outcomes/findings Quality

Georges and

Stokes (25)

Australia Cross-

sectional

ASD group: N = 309

(219 females and 90

males)

Control group: N = 261

(158 females and 103

males)

Mean age

ASD group: 31.01

Control group: 30.20

- Sell Scale of Sexual

Orientation

- Gender - Identity/ Gender -

Dysphoria

- Questionnaire for

Adolescents and Adults

(GIDYQ-AA)

- Depression, Anxiety, and

Stress Scale-21 (DASS-21)

- Personal Well-being

Index scale

- Higher psychiatric

comorbidities and reduced

well-being in autistic

individuals compared to

typically developing controls

- Higher psychiatric

comorbidities and reduced

well-being in gender variant

autistic individuals compared

to other autistic participants

***

Hénault (43) Canada Uncontrolled Psychosexual

program

NR - Australian Scale for

Asperger’s Syndrome

- Aberrant Behavior Checkist

- Friendship Skills

Observation Checklist

- Inventaire du

fonctionnement sexuel

de Derogatis

Improvement in skills related to

friendships and intimacy

*

Jamison et

Schuttler (30)

USA Uncontrolled The Girls

Night Out

Model

N = 33 adolescents

females (28 with ASD, 2

with learning disability, 3

with learning disability

and significant social

impairment)

N = 22 parents

Mean age: 15.97 (14–19)

- Social Skill Improvement

System (SSIS)

- Self Perception Profile for

Adolescents (SPPA)

- Youth Quality of

Life-Research Version

(YQoL-R)

- satisfaction data from

parents, participants,

and peers.

- Improvements in

self-reported social

competence, self-reported

internalizing symptoms and

quality of life

- No significant improvements

following intervention on the

parent-report social

competence scale

**

McVey (15) USA Randomized

controlled

trial

PEERS

(sixteen

1.5h-

session)

N = 177 HFA (27 females

and 150 males)

Experimental group: N =

88

Control group: N = 89

Age > 18

- SRS parent

- SSIS-RS (variant of SSRS)

- Empathy quotient

- LSAS (social anxiety)

- TYASSK: social knowledge

- SELSA loneliness scale

No gender differences in

treatment effectiveness

***

Pecora et al.

(24)

Australia Cross-

sectional

No ASD group: N = 231

(135 females and 96

males) (self-reported

formal diagnosis of HFA

or AS)

Control group: N = 227

(161 females and 66

males)

Mean age:

ASD group: 25.13

Control group: 22.16

Sexual Behavior Scale:

Version 3 (SBS-III)

- Less sexual interest but more

sexual experiences in autistic

women compared to

non-autistic women

- More autistic women

reported engaging in sexual

behaviors that were later

regretted, unwanted, or

receiving unwanted

sexual advances

***

Pecora et al.

(45)

Australia Cross-

sectional

No ASD group: N = 134

autistic females

Control group: N = 161

females

Mean age:

ASD group: 26.2 (18–56)

Control group: 22.0

(18–48)

Sexual Behavior Scale-III

(SBS-III)

- Higher gender variance and

non-heterosexual orientation

in autistic women

- More negative sexual

experiences in autistic

homosexual women

compared to heterosexual

autistic women

- More unwanted sexual

experiences in autistic

homosexual women

compared to

non-autistic women

***

(Continued)
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TABLE 2 | Continued

References Country Design Intervention Sample participant

details

Sample size

description Diagnostic

criteria

Scale Outcomes/findings Quality

Strunz et al.

(40)

Germany Cross-

sectional

No N = 229 high-functioning

adults with ASD

(professional diagnosis)

(137 females and 92

males)

Three groups:

Currently in relationship,

History of relationship

Never been in

relationship

Mean age: 34.9

(18, 20–41, 43, 46–62)

- Need for Social Support

subscale of the Berlin Social

Support Scales

- Personal Distress subscale

of the Interpersonal

Reactivity Index (IRI)

- Dyadic Adjustment Scale

(DAS)

- Original questionnaire items

that assessed the desire for

romantic relationships and

the reasons for not being in

a romantic relationship

- 73% indicated romantic

relationship experience and

only 7% had no desire to be

in a romantic relationship.

- Higher marital satisfaction in

people whose partner was

also on the ASD spectrum

- Reasons for being single:

tiredness (65%), fear of not

meeting the partner’s

expectations (61%) and not

knowing how to meet

someone (57%)

**

Turner et al.

(63)

Germany Cross-

sectional

No ASD group: N = 96 (40

females and 56 males)

(professional diagnosis)

Control group: N = 96

(39 females and 57

males)

Mean age:

ASD group: 39.2

Control group: 37.9

- International Index of

Erectile Function (IIEF)

- Female Sexual Function

Index (FSFI)

- Sexual Inhibition/Sexual

Excitation Scales-Short

Form (SIS/SES-SF)

- Higher sexual dysfunctions

and reduced libido and less

sexual satisfaction in autistic

women compared to

non-autistic women

- No difference in sexual

satisfaction between autistic

men and autistic women

***

Visser et al.

(17)

Netherlands Longitudinal

randomized

controlled

trial

Yes

(Tackling

Teenage

psychosexual

training

program) 18

weekly

individual

sessions

Intervention group: N =

95 (73 males and 25

females)

Waiting-list control

condition: N = 94 (79

males and 15 females)

Full IQ ≥ 85

Mean age:

Intervention group: 14.4

(12.1–18.8)

Control condition: 14.5

(12.0–18.5)

- Sex Problems scale of the

Child Behavior Checklist

(CBCL)

- Self-report and a

parent-reported scale

measuring specific

ASD-related inappropriate

sexual behavior

- Improvements in

psychosexual knowledge at

post-treatment

- Higher treatment effects for

younger adolescents

- No gender differences in

treatment effectiveness

***

Qualitative studies

Bargiela et al.

(34)

UK Qualitative No N = 14 women with ASD

(formal diagnosis)

IQ>70

Age: 26.7 (22–30)

NA - Four main themes including

“passive to assertive” et

“forging an identity as a

woman with ASD”

- High incidence of sexual

abuse (9 of 14 participants)

- Difficulties to “read” other

people’s intentions, and

struggle to understand if a

man was just being friendly

or was sexually attracted to

them.

- Experiences of peer rejection

resulted in higher desire for

social acceptance and thus

increased risk of sexual

abuse

- Some reported not having

known that they could say

“no” when they had wanted

to refuse sex or other

people’s advances. Others

reported that they had not

known how to say “no” or

how to leave a situation until

it was too late

(Continued)

Frontiers in Psychiatry | www.frontiersin.org 8 April 2021 | Volume 12 | Article 630029171

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Dubreucq and Dubreucq Psychosocial Treatment for Autistic Women

TABLE 2 | Continued

References Country Design Intervention Sample participant

details

Sample size

description Diagnostic

criteria

Scale Outcomes/findings Quality

- Women do not readily

identify to gender-related

stereotypes and report a

sense of loss of identity when

trying to meet gender-related

social expectations

**

Barnett et al.

(64)

USA Qualitative No N = 24 adults with ASD

(13 with a feminine

identity, 6 with a

masculine identity and 5

gender queer or

androgynous)

(self-identifies as ASD)

Mean age: 37 (18–61)

/ - High frequency of gender

variance and

non-heterosexual orientation

- Concerns: courtship

difficulties, sensory

sensitivity, difficulties in

understanding non-verbal

communication, difficulties in

showing romantic interest,

inappropriate sex education

experiences

- Strategies: using sensory

barriers; planning when and

how to have sex; negotiating

alternatives to sexual scripts

predicated on non-disabled

experience; and practicing

explicit and

intentional communication.

*

Dubreucq

et al. (44)

France Qualitative Yes N = 7 women with ASD

(professional diagnosis)

Mean age: 37.7 (25–52)

/ - Autistic women reported not

to readily identify with

gendered social norms, roles

and expectations

- Autistic women reported the

need to forge an integrated

identity as women with ASD

- Challenges in romantic

relationships/sexuality: fear

to attract unwanted sexual

attention (e.g., sending

involuntarily non-verbal cues

of seduction during social

interactions); decoding

dating contexts in general

and when personally

involved; knowing what is

**

acceptable or not in romantic

relationships; learning how to

cope with dating

situations/unwanted sexual

attention; prevention of

sexual abuse

Kanfiszer

et al. (32)

UK Multi-stage

narrative

analysis

No N = 7 women with ASD

(professional diagnosis)

Age: 20–59

/ - Autistic women do not

readily identify to

gender-related social norms,

roles and expectations

- High frequency of sexual

abuse (difficulty to know how

to say no to an

unwanted relation)

**

(Continued)
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TABLE 2 | Continued

References Country Design Intervention Sample participant

details

Sample size

description Diagnostic

criteria

Scale Outcomes/findings Quality

Sala et al. (33) Australia Qualitative No ASD group: N = 31 (14

females, 10 males and 7

“non-binary”)

Control group: N = 26

(20 females, 5 males and

1 “non-binary”)

Mean age:

ASD group: 32.29

(19–54)

Control group: 33.1

(20–57)

/ - Most of the enablers/barriers

of intimacy were common to

both groups

- ASD-specific barriers

included anticipated stigma,

self-stigma, uncertainty

about relationships

and communication.

***

Smith et al.

(41)

Australia Qualitative No N = 13 persons in

neurodiverse relationship

Age: 25–>65

/ - Challenges in neurodiverse

relationships:

communication, difficulties in

reading and interpreting

emotions

- Facilitators: strengths-based

roles of each partner; care

and support for each other

- Inadequacy of the existing

counseling service provision

**

Strang et al.

(38)

USA Qualitative Yes Autistic/neurodiverse

gender-diverse

(A/ND-GD) youth with

gender dysphoria and

ASD or social

communication disorder

(N = 31)

Mean age: 15.92 (12–19)

Parents of A/ND-GD

youth (30 mothers and

16 fathers) (N = 46)

/ - Priorities for adolescents:

importance of connecting

with other gender diverse

youth; experiencing a range

of gender-diverse role

models to make gender

exploration and/or gender

affirmation more concrete

- Priority for parents: the need

for ASD- related supports for

their children (e.g., social

skills training) as well as

provision of an ASD-friendly

environment that fosters

exploration of a range of

gender expressions/options.

***

Mixed method

Baldwin and

Costley (39)

Australia Cross-

sectional

Mixed-

methods

No N = 282 (82 females and

200 males) with HFA

(Professional diagnosis)

IQ>70

Mean age:

Women group: 32.7

(18–64)

Men group: 33.2 (18–70)

- 28 items divided across six

main sections, namely, (1)

health and well-being, (2)

education, (3) employment,

(4) social and community

activities, (5) support needs

and (6) future aspirations.

- 56% of those not already in a

relationship included “dating

and relationships” as one of

the areas in which they

would like more support.

- 19% of these people listed

marriage or a relationship as

one of their top three hopes

and aspirations for the future.

- Females were significantly

less likely (19%) than males

(40%) to list marriage or a

romantic relationship as one

of their top three hopes and

aspirations for the future

**

AS, Asperger syndrome; ASD, autism syndrome disorder; HFA, high-functioning autism; IQ, intellectual quotient; NA, not applicable; NR, not reported. *means low quality, **means

moderate quality, ***means high quality, ****means very high quality.
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TABLE 3 | Interventions targeting romantic relationships/sexuality.

Name of the

intervention

Type of intervention Public Topics Main results

PEERS® for Young Adults

(Program for the

Education and Enrichment

of Relational Skill)

(15)

16 –session

Group-based Social

Skills Training

Adults with ASD

(>18 years old)

1. Trading Information and Starting Conversations

2. Trading Information and Maintaining

Conversations

3. Finding a Source of Friends

4. Electronic Communication

5. Appropriate Use of Humor

6. Entering Group Conversations

7. Exiting Conversations

8. Get-Togethers

9. Dating Etiquette I: Letting Someone Know You

Like Them

10. Dating Etiquette II: Asking Someone on a Date

11. Dating Etiquette III: Going on Dates

12. Dating Etiquette IV: Dating Do’s and Don’t

13. Handling Disagreements

14. Handling Direct Bullying

15. Handling Indirect Bullying

16. Moving Forward and Graduation

No gender differences in

treatment effectiveness

“Ready for Love”

(Relationship

Enhancement/RE-ASD)

(21)

Eight 2-h weekly group

sessions

Dating social

skills program

Adults with ASD

(>18 years old)

How to flirt, assessing if someone likes you, and

asking someone out on a date

- Improved parent-report social

responsiveness in both groups

- No significant difference in

treatment effectiveness

between the two groups

Girls Night Out Model

(30)

12–16 2-h weekly group

SST sessions

Adolescents females

with ASD and peers

without ASD

- No session on dating social skills

- Content related to social interaction, self-care

skills, self-determination and leisure activities

Improvements in self-reported

social competence, self-reported

internalizing symptoms and

quality of life

No significant improvements

following intervention on the

parent-report social

competence scale

Tackling Teenage

psychosexual training

program

(17)

18 weekly individual

sessions

Psychosexual trainings

for autistic adolescents

Adolescents with

ASD and their

parents

Discussing puberty, appearances, first impressions,

physical and emotional developments in

adolescence, friendships, falling in love and dating,

sexuality and sex (e.g., sexual orientation,

masturbation, and intercourse), pregnancy, setting

and respecting boundaries and safe internet use

Improvements in psychosexual

knowledge at post-treatment

Higher treatment effects for

younger adolescents

No gender differences in

treatment effectiveness

Asperger’s syndrome and

sexuality

(43)

12 weekly group-

sessions

Psychosexual trainings

for autistic adolescents

Adolescents or

adults with

high-functioning

autism

Love and friendship

Sexual intercourse and other behaviors

Emotions

Sexual diseases and prevention

Sexual orientation

Alcohol, drugs and sexuality

Sexual abuse and inappropriate behaviors

Theory of mind, communication and intimacy

Improvement in skills related to

friendships and intimacy

Program about sexuality

and relationships

(42)

Six 2-h weekly group

sessions

Adolescents with

ASD and their

parents

Discussing puberty, intimacy, hygiene, relationships,

dating, sexuality and sex (e.g., sexual orientation,

masturbation, and intercourse), preventing abuse

Higher number of

sexuality-related topics discussed

between parents and adolescents

at post-treatment

No difference in the comfort felt

when discussing these topics

at post-treatment

Strang et al. (38) Qualitative study

assessing parent and

adolescents’ needs to

design new interventions

Gender diverse

autistic adolescents

Need for group-based sessions:

- How to deal with issues specific to gender diverse

adolescents

- Support gender expression/style

- Provide gender-diverse role models and gender

exploration opportunities

- Provide opportunities for group members to chat

during the group

- Improve executive function and social skills

- Learn how to notice and avoid risky situations

Need for group-based sessions for relatives too

/

(Continued)
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TABLE 3 | Continued

Name of the

intervention

Type of intervention Public Topics Main results

Dubreucq et al. (44) Qualitative study

assessing autistic

women’ needs to design

new interventions

Eight 2-h weekly

group sessions

Adults women with

ASD

Need to discuss gender-related social norms, roles,

expectations and pressures

Need to discuss gender variance and to forge an

integrated identity as a woman with ASD

Need to learn about: non-verbal cues of

seduction/disinterest, how to avoid unwanted

attention, decoding dating contexts and reading the

other’s intentions, what is acceptable or not in a

relationship; taking stock on one’s strengths and

limitations; how to deal with dating contexts; how to

deal with unwanted attention/risky situations

/

Camouflaging, Stigma, and Personal Identity:

Implications for Psychiatric Rehabilitation
Qualitative research reported that women found social
relationships challenging and felt exhaustion or identity
loss feelings when using camouflage strategies (32, 34, 51).
Camouflaging refers to the use of conscious or unconscious
strategies to minimize or mask autistic characteristics during
a social interaction (1). Reasons for camouflaging include
the desire to fit in a non-autistic world, anticipated stigma,
concerns about the impression made when not camouflaging,
and self-stigma (53). Cooper et al. (3) have reported that
autistic women identified less with their gender group and had
lower in-group value (i.e., one’s perception of his own group)
compared to autistic men and typically developing women. Hull
et al. (1) have found an increased use of camouflage strategies
in non-binary autistic individuals and women compared to
autistic men. The negative effects of camouflaging strategies
on psychiatric symptoms (i.e., higher psychological distress,
anxiety, and depression) (53) might be more pronounced in this
population (1).

SST is a group-based intervention that encompasses a set
of behavioral strategies for teaching new skills based on social
learning theory (54). Compensation strategies refer to the
use of alternative cognitive routes to compensate for ASD-
related social-cognitive difficulties (e.g., impairments in theory
of mind) (55). They have been associated with higher verbal
abilities, preserved executive function, and improved social
skills, but also poorer mental health (56, 57). Although it has
been proposed that compensation could be an adaptive coping
strategy contributing to SST effectiveness on social skills, it may
partially overlap with camouflaging (1, 56). SST could increase
the use of camouflage strategies and indirectly contribute to
increased psychological distress and suicidal ideation (1, 4,
58). To our knowledge, existing SST interventions do not
address the distinction between compensation and camouflaging
and their respective consequences on treatment outcomes and
mental health. Future programs should address this distinction
to improve compensation while reducing camouflaging (56,
57). SST also carries the risk of reinforcing common gender
stereotypes about how a person should act in a given sociocultural
context (4, 59). The inclusion of gender-sensitive content (e.g.,

discussing gender variance and gender-related social roles,
norms, and expectations) in SST programs could prevent the
internalization of gender social norms and improve treatment
effectiveness in autistic women and gender-diverse individuals
(4, 38).

Camouflaging has been related to secrecy coping and could
be used to avoid the stigma of being labeled with ASD (60).
Experienced stigma, anticipated stigma, and self-stigma were
identified as barriers to intimacy in ASD (33). This concurs with
findings in serious mental illness where self-stigma has been
associated with reduced capacity for intimacy and more negative
parenting experiences (61). Self-stigma has been found to affect
one in five people with ASD (7, 62). It has been associated with
poorer recovery-related outcomes (i.e., reduced self-esteem and
well-being and higher depression and suicide risk) (7). Gender-
diverse autistic individuals are confronted with multiple sources
of stigma (e.g., intersection of ASD and gender identity stigma)
and may be at particular risk of self-stigma (33). Future research
should further investigate perceived stigma, experienced stigma,
anticipated stigma, and self-stigma in gender-diverse autistic
individuals. Self-stigma reduction [e.g., narrative enhancement
and cognitive therapy (65) or peer-delivered interventions (61)]
might improve the clinical and functional outcomes in autistic
women, although this remains to be investigated. A longitudinal
examination is needed to investigate the potential relationships
between camouflage strategies, stigma-related issues, capacity for
intimacy, and parenting experiences.

Cage and Troxell-Whitman (53) have found that autistic
women were more likely than men to endorse “conventional
reasons” for camouflaging (e.g., fitting in university or work
contexts). Nagib and Wilton (66) have reported that gender-
related assumptions about stereotypical jobs to which they should
aspire limited autistic women in their vocational insertions. This
might contribute to the lower satisfaction and benefits from
vocational support services in autistic women compared with
men (16, 22). Future research should investigate whether the
integration of gender-sensitive content (i.e., taking into account
gender variance and discussing gender-related sociocultural
norms, roles, and expectations) in psychiatric rehabilitation (e.g.,
in cognitive behavior therapy) and vocational support services
improves treatment outcomes or not.
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TABLE 4 | Included studies reporting on reproductive health/parenting in women with autism.

Quantitative studies

References Country Design Intervention Samples Scale Outcomes/findings Quality

Pohl et al. (27) UK Cross-

sectional

No ASD group: N = 355

autistic mothers

(professional diagnosis

and self-identified as

autistic)

Control group: N = 132

non-autistic mothers

/ Compared to non-autistic mothers, autistic mothers

reported: higher frequency of perinatal depression,

higher parenting difficulties (e.g., multi-tasking or

household responsibilities), more stressful

interactions with professionals, more feelings of

being misunderstood by professionals, more worries

about others judging their parenting and less support

in parenting. Motherhood was described more

frequently as an isolating experience and less often

as a rewarding experience

**

Mean age:

ASD group: 42.7

Control group: 44.6

Most of autistic mothers reported however mothering

as a rewarding experience

Sundelin et al.

(31)

Sweden Nationwide

population-

based cohort

study

No ASD group: N = 2,198

births to 1,382 women

with autism

Control group: N =

877,742 births to 503,846

women never diagnosed

with autism

Women with autism were at increased risk of preterm

birth. Maternal autism was also associated with an

increased risk of elective cesarean delivery and

preeclampsia

***

Donovan (48) USA Qualitative No N = 24 women with ASD

Age: NR

/ Three main themes: Having Difficulty

Communicating, Feeling Stressed in an Uncertain

Environment, and Being an Autistic Mother

Challenges: difficulty to communicate with

professionals, feelings of being misunderstood (e.g.,

pain when facial expression was not in adequacy

with their internal feelings), fear of child protective

services involvement; need for more time before

answering and for explicit communication

*

Gardner et al.

(46)

USA Qualitative No N = 8 women with ASD

Mean age: 39 (27–52)

/ Four major themes: Processing Sensations, Needing

to Have Control, Walking in the Dark, and

Motherhood on My Own Terms

- Pre-natal needs: taking into account sensory

sensitivity; need for direct answers and clear

information

- Delivery: sensory sensitivity and need for having

control on the situation

- Post-natal period: feelings of being judged in their

parenting by professionals

*

Kanfiszer et al.

(32)

UK Qualitative No N = 7 women with ASD

(professional diagnosis)

Age: 20–59

/ Motherhood perceived as a “daunting” and stressful

experience; diagnosis helpful in reframing past

experiences for those who chose not to have

children; the “daunting” nature of motherhood is a

barrier to start a family.

**

Rogers et al.

(47)

Australia Case study No N = 1 woman with ASD

(professional diagnosis)

Age: 26 years-old

/ Difficulties to communicate with professionals

Sensory sensitivity

Feeling of being judged in mothering ability

*

*means low quality, **means moderate quality, ***means high quality, ****means very high quality.

Reproductive Health and Psychiatric Rehabilitation
Compared to non-autistic mothers, autistic mothers had higher
risks of perinatal depression and poorer obstetrical and neonatal
outcomes (27, 31). Clinical implications from qualitative research
included a need for clear and accurate information (e.g.,
about normal pregnancy, potential complications, delivery,
and post-partum care), for stigma reduction (e.g., reducing
the feeling of being judged by perinatal health providers),
and for improved self-agency and empowerment (27, 46, 47).
Awareness actions toward women’s health professionals could

improve their understanding of autistic women’s needs (e.g.,
heightened sensory processing and medical examinations) and
reduce the stigma associated with autism (27, 46, 47). Strategic
disclosure programs result in people making empowered
decisions about whether to disclose their diagnosis or not (67). A
strengths-based case management by a trained midwife, shared
decision-making, and shared action plans during the perinatal
period (i.e., from preconception to 1 year after childbirth)
could improve self-agency, empowerment, and maternal and
children’s outcomes (68–70). Future studies should investigate
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TABLE 5 | Example of interventions to support autistic women in reproductive health (FondaMental Advanced Center of Expertise for ASD (FACE-ASD) center of

Grenoble).

Individual interventions Group-based interventions

Interventions toward

women with ASD

Assessment by a trained midwife

- Physical health

- Reproductive health history and needs for care

- History of childhood/domestic abuse

- Conception of gender social norms, roles,

expectations and pressures (e.g., gender

variance, desire to become mother or not,

centrality of mothering…)

- Fears about becoming mother (e.g., fears about

pregnancy, delivery or post-partum care, being

an autistic mother, communication with

healthcare and childcare professionals, etc…)

Strengths-based case-management from

preconception to post-partum care by a

trained midwife

- Assess strengths/Building on strengths

- Answer to questions relating to ASD, pregnancy

and perinatal health outcomes (e.g., concerns

about passing on ASD to their child, information

about the stay in the maternity ward, cesarean

section, circadian rhythms and lactation, fear of

being judged by others on mothering, prevention

of perinatal depression)

- Shared strengths-based action plan to improve

well-being and pregnancy-related outcomes

- Making empowered decisions about whether to

disclose or not the diagnosis of ASD

- Working on how to communicate with perinatal

health professionals and social workers

- Coping with stigma

- Getting support

Four-session group-based psychoeducation:

- Factors influencing decision-making about

becoming mother or not

- ASD and perinatal outcomes

- Getting support

- Making empowered decisions about disclosure

Interventions toward

perinatal professionals

- Facilitate the communication between the

mother and perinatal health professionals

- Provide support to help professionals to meet

ASD-related needs for care

- Reducing stigma

- Prevent unnecessary child protective

services involvement

- Awareness and training actions: ASD and perinatal

outcomes, screening of perinatal depression,

ASD-related needs for care in the maternity ward

(e.g., reducing sensory sensitivity issues and

improving communication with autistic mothers),

stigma-related issues, ASD and parenting

the potential effectiveness of these interventions in ASD.
In other conditions such as serious mental illness, mothers
report concerns about passing on their condition to their
children (71). This might also be the case for autistic mothers,
although this should be further investigated. Psychoeducation
and family psychoeducation (e.g., ASD and pregnancy-related
outcomes, heredity, risk factors for perinatal depression and
how to deal with them, early detection, and intervention
of ASD in children) provided during the perinatal period
could prevent perinatal depression and improve maternal and
children’s outcomes.

Psychiatric rehabilitation interventions on reproductive
health should also discuss the centrality of motherhood for
autistic women (or, in contrast, their self-reported “absence of
maternal instinct”) (32) and its impact on a person’s sense of
personal identity.

Gender Differences in Treatment Effectiveness:

Implications for Designing Interventions
Among the psychosocial interventions addressing romantic
relationships or reproductive health in autistic people, no gender
differences were reported on treatment outcomes after SST or
psychosexual training (15, 17). Although it has been proposed
that autistic women and men had similar needs for care and
could benefit from the same interventions (15), autistic women
may face unique challenges when subjective aspects (e.g., impact
of gender-related social norms, roles, and expectations on a
person’s sense of identity) (32, 34) and specific domains (e.g.,
romantic relationships and reproductive health) (24, 26, 27, 34,
45) are considered.

While recent epidemiological studies have found lower male-
to-female ratios than previously reported (18), the predominance
of males in research samples could have affected both the
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development and the evaluation of psychosocial treatments
(18, 19). It can be hypothesized that men, presumed to have
poorer social function, are all referred to psychosocial treatment,
whereas only the women with severe social communication
impairments are referred (19). Another hypothesis could be
that existing interventions (mostly developed in male samples)
do not meet the unique needs for care of women and
gender-diverse individuals (e.g., discussing gender variance
and gender-related social norms, roles, and expectations,
prevention of sexual abuse, and reproductive health) (4, 26,
44). The development of strengths-based, gender-sensitive (i.e.,
taking into account gender variance, autistic people’s lived
experience, and women’s needs for care) interventions addressing
romantic relationships and reproductive health is needed
(4, 13).

LIMITATIONS

There are some limitations to this review due to the heterogeneity
in samples, in the methods, scales, interventions, and the
reported outcomes. Few studies reported longitudinal outcomes,
and only a small number of psychosocial treatments addressed
romantic relationships or reproductive health from the
perspective of autistic women or autistic gender-diverse
individuals. The low–moderate quality of the included studies
is also a limitation. This review excluded studies where women’s
outcomes in specific domains (i.e., romantic relationships
and reproductive health) were not the main focus, which
means that some needs for care in other domains (e.g.,
vocational function or leisure activities) might have been
overlooked. However, by focusing on these domains using
a broad definition of female gender (i.e., cisgender and
gender-diverse individuals), this review provides a more
accurate understanding of this population’s needs for care
relating to psychosocial treatments. The underreporting
of negative or non-significant results due to publication
bias from this review might have limited the accuracy of
the synthesis.

In short, gender may influence a person’s needs for care
and treatment outcomes in autistic people, but this remains
underinvestigated. Psychosocial treatments addressing romantic
relationships or reproductive health remain underdeveloped
and are often inadequate for women’s and gender-diverse
individuals’ needs for care. High-quality research taking into
account the perspectives and lived experiences of autistic women
and gender-diverse individuals relating to their needs for care
in romantic relationships and reproductive health is needed
to guide the development of new interventions. Adopting a
woman’s health lens during the care of autistic women (e.g.,
with an evaluation and interventions by a trained midwife or by
integrating gender-sensitive content in psychosocial treatments)
might improve their access to physical healthcare services and to
adequate support from perinatal services. This remains, however,
to be investigated.
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The ability to recognize and express emotions from facial expressions are essential for

successful social interactions. Facial Emotion Recognition (FER) and Facial Emotion

Expressions (FEEs), both of which seem to be impaired in Autism Spectrum Disorders

(ASD) and contribute to socio-communicative difficulties, participate in the diagnostic

criteria for ASD. Only a few studies have focused on FEEs processing and the rare

behavioral studies of FEEs in ASD have yielded mixed results. Here, we review studies

comparing the production of FEEs between participants with ASD and non-ASD

control subjects, with a particular focus on the use of automatic facial expression

analysis software. A systematic literature search in accordance with the PRISMA

statement identified 20 reports published up to August 2020 concerning the use of new

technologies to evaluate both spontaneous and voluntary FEEs in participants with ASD.

Overall, the results highlight the importance of considering socio-demographic factors

and psychiatric co-morbidities which may explain the previous inconsistent findings,

particularly regarding quantitative data on spontaneous facial expressions. There is also

reported evidence for an inadequacy of FEEs in individuals with ASD in relation to

expected emotion, with a lower quality and coordination of facial muscular movements.

Spatial and kinematic approaches to characterizing the synchrony, symmetry and

complexity of facial muscle movements thus offer clues to identifying and exploring

promising new diagnostic targets. These findings have allowed hypothesizing that there

may be mismatches between mental representations and the production of FEEs

themselves in ASD. Such considerations are in line with the Facial Feedback Hypothesis

deficit in ASD as part of the BrokenMirror Theory, with the results suggesting impairments

of neural sensory-motor systems involved in processing emotional information and

ensuring embodied representations of emotions, which are the basis of human empathy.

In conclusion, new technologies are promising tools for evaluating the production of FEEs

in individuals with ASD, and controlled studies involving larger samples of patients and

where possible confounding factors are considered, should be conducted in order to

better understand and counter the difficulties in global emotional processing in ASD.

Keywords: autism (ASD), facial expression, emotion, new technologies, automatic facial expression analysis
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INTRODUCTION

Non-verbal information extracted from facial expressions are

crucial components of social functioning and impairments to

such behavior have a strong impact on social interactions, since

facial expressions provide a window to internal emotional state

and are key to successful communication and social inclusion.

In the general population, it is largely recognized that reciprocity

and synchrony in facial expression production has an important

social function and that atypical facial expressions are correlated

with weaker social skills (1). Autism Spectrum Disorders (ASD)
are neurodevelopmental disorders characterized by difficulties
with social communication and interaction associated with
stereotyped and repetitive behaviors, restricted interest and
sensory abnormalities, according to the DSM-V (2). In ASD,
the deficit observed in social skills represents one of the major
and persistent characteristics of ASD’s core symptoms and
includes impairments in social and/or emotional reciprocity
and in the use and understanding of verbal and non-verbal
communication. These in turn lead to difficulties in modulating
and maintaining adapted social behaviors, even in individuals
with High Functioning Autism (HFA) who often struggle in
social settings because of difficulty in interpreting and producing
facial expressions. Therefore, Facial Emotion Recognition (FER)
has been a topic of interest in autism research for more than
three decades, although studies have generally documented
mixed results that have failed to provide a consensus on these
impairments in both children and adults with ASD (3). In
addition to the deficit in FER (4), a deficit in the production
of FEEs, which is part of non-verbal communication, is also a
frequently reported symptom in ASD. FEEs are often perceived
as awkward or atypical and are judged as clinically relevant
measures in the Autism Diagnostic Observation Schedule
- Second Edition (ADOS-2) (5) or the Autism Diagnostic
Interview - Revised (ADI-R) (6), which are the most commonly
used tools in the ASD diagnosis process.

The production of facial expressions has been proposed to
be linked to a specific neural network corresponding to the
Mirror Neuron System (MNS) that in humans includes the
pre-motor cortex, the inferior parietal and frontal lobes and
their interactions with the limbic system, the insula and the
anterior cingulate cortex. In non-ASD individuals, this network
is activated during the execution of a motor action as well as
during the observation of amotor action performed by others (7).
Evidence forMNS impairments in ASDhas been taken to support
the hypothesis that the MNS plays a role in higher order socio-
cognitive functions that help us to understand another person’s
perspective and inner states, such as action understanding, theory
of mind, emotion simulation and empathy (7, 8). Accordingly,
it has been suggested that deficits in the production of FEEs
may be related to a MNS dysfunction, particularly in ASD,
in line with the general MNS dysfunction theory: the broken
mirror theory (BMT) in ASD (9). However, despite the appealing
simplicity of the BMT, evidence supporting the hypothesis is
mixed, with a recent review distinguishing three variants of the
BMT that highlight contradictory results in imitation, simulation
and emotion recognition tasks (10). A MNS dysfunction limited

to specific stimuli could better explain the abnormal modulation
of social cues (10).

Related to the embodiment theory, the facial feedback
hypothesis suggests that in non-ASD individuals, the experience
of emotions is affected by feedback from facial muscle activation
(11). Stel et al. demonstrated that automatic or voluntary
facial expressions, modulated by holding a pen between the
teeth, influenced corresponding emotions compared to non-
pen holding in controls, while adolescents with ASD remained
emotionally unaffected. The authors concluded that the facial
feedback mechanism worked differently for individuals with
ASD (12). Moreover, previous results reported that disrupting
sensory feedback from the facial region of the somatosensory
cortex using Transcranial Magnetic Stimulation (TMS) impaired
the discrimination of facial expressions, but not the recognition
of facial identity (13). Together, these studies suggest that
perception and motor production may be linked through a
common use of the motor system, in line with the perception-
action coupling system theory. Similarly, it is recognized
that people with ASD may also present atypical mental
representations of their emotional experiences (14). A deficit
in the perception-action coupling could, in ASD, partly explain
both impairments: in sensory mental representations of emotion
andmotor programming of facial expression. The sensory-motor
process plays an important role in the mentalization of one’s
internal states and intentions.

When engaged in a social interaction, typically developing
individuals fail to interpret the facial expression of people with
ASD (15), with difficulties to identify and discriminate the
emotion expressed (e.g., not being able to discern a sad face from
an angry face) (16). Furthermore, unfamiliar interlocutors judge
individuals with ASD less favorably on the basis of their non-
verbal cues, and are therefore less likely to engage in a social
relationship because of an impression of “weirdness” (17). As
a result, people with ASD are more likely to be judged more
unfavorably by non-ASD peers, they develop less friendships and
are more vulnerable to bullying, especially at school (18).

However, results concerning FEEs in ASD remain highly
variable among traditional studies, without the use of new
technology, partly due to both task and participant characteristic
factors such as age and intellectual functioning (19). In addition,
several clinical dimensional traits impact the production of
FEEs, such as alexithymia [which involves difficulties in
recognizing and distinguishing between different emotions and
body sensations, difficulties in expressing emotions, lack of
imagination or fantasy life, and thoughts focused on external
rather than internal experiences (20)] (21), or depressive
symptoms (22). Moreover, facial expressions have been studied
through the employment of different tools. The Facial Action
Coding System (FACS) (23), which was developed by Ekman in
1976, is the most frequently used tool in traditional research on
FEEs. The FACS is a human rated system for objectively scoring
facial expressions in terms of elemental movements, called action
units (AUs), which correspond approximately to individual facial
muscle movements. FACS provides a comprehensive description
of facial expressions, imparting a greater specificity and diversity
than emotion categories. Facial electromyography (EMG) is
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another commonly used method that is proposed to measure
selective facial muscle contractions during facial expression.

These conventional techniques have several disadvantages in
addition to a lack of reliability. The FACS has been widely
used for research on emotions, however it involves manual
human coding and is therefore less reliable and objective.
Moreover, it is likely to be difficult to apply to dynamic
facial expressions. Particularly, human coding involves time and
training requirements and above all cannot be used in real time or
in an ecological social environment. EMG recordings are mainly
limited to the two groups of muscles responsible for frowning
(corrugator supercilii) and smiling (zygomaticus major) and does
not allow detailed analysis of all regions of the human face.
EMG analysis is also invasive and the required use of markers
on the face can interfere with the natural facial expression
of emotion. However, recent advances in automated facial
expression recognition technology has opened new possibilities
for the objective measurement of facial expressions, with both
qualitative and quantitative advantages.

New technologies can be defined as the use of mechanical
or electromechanical procedures that increase productivity
and reduce or eliminate manual operations or operations
performed by older technologies (24). They include mobile
phones, video recording equipment, robotics, computers etc.
The interest for the analysis of FEEs is multiple (25). First,
the advent of automated facial expression analysis software and
resultant reductions in analysis time allows researchers to obtain
larger samples of individuals with ASD and collect in-depth
information through real-time analysis of multiple and complex
relevant characteristics. Second, the data obtained are recorded
automatically, which makes distinguishing differences between
participant groups more objective than those obtained with
human observers and raters. Then, compared to studies based on
human coders, it has been reported that automated FEE analysis
were able to achieve high test–retest reliability across healthy,
non-ASD participants (26).

The present systematic review therefore aims to report
recent research using new technology based on automated facial
expression recognition systems that allow a more objective and
detailed characterization of quantitative and qualitative deficits
of FEEs in individuals with ASD.

MATERIALS AND METHODS

This review focuses on the use of automated facial recognition
technology to analyze facial expression in ASD subjects. We have
not included either studies that examined only facial emotional
recognition (FER) or other non-affective facial processing, nor
studies based on observer rating of facial expressions or EMG
monitoring (so called “traditional studies or literature”), but
rather have focused uniquely on the automated evaluation of
emotional facial expressions based on new technologies. This
review is in accordance with the Preferred Reporting Items for
Systematic Reviews andMeta-analyses (PRISMA) statement (27).

The data bases used were: PubMed database for medical
sciences, the IEEE Xplore database for new technologies,
computer science and engineering, and the Web of Science

database using a combination of the following MESH terms or
keywords: (asd OR Autism OR Asperger) AND (facial OR face)
AND (emotion OR emotion expression OR emotion recognition
OR expression OR production) AND (software OR technology
OR comput∗ OR automat∗ OR technology-based intervention).
A manual search was also performed by checking the list
of References of the studies included in this review. Articles
reporting experimental and clinical studies, literature reviews or
meta-analyses were considered.

To be included in the systematic review, studies also had to
meet the following criteria:

- the diagnosis of ASD must have been made formally by
a specialist using the diagnostic criteria of the DSM-IV,
DSM-IV-TR, DSM-V, or the International Classification of
Diseases 10th Edition ICD-10 or ICD-11 to allow maximum
generalizability to current practice,

- specification of the age or age category (child/adult) of the
participants included.,

- specification of the type of stimuli used and the method of
facial expression analysis,

- comparative studies that included a control group of
participants without ASD

- studies written in English and published in scientific journals
until August 2020.

In a first instance, 1,749 relevant results were found. After
exclusion of duplicates (n = 660), the titles and abstracts of
the remaining 1,089 articles were analyzed according to the
above criteria.

Initially, two of this review’s authors (KB, AA) evaluated the
title and abstract of the selected articles to determine whether
they met the inclusion and exclusion criteria. One thousand
thirty-six articles were subsequently excluded and 53 were
read in full. The studies selected from this first analysis were
independently examined by the two authors, who read the full
text. A further 33 articles were excluded because (1) they did not
consider facial expression but recognition of emotion (n = 15),
(2) they did not include a specific group of individuals without
ASD (n = 5), (3) they included a number < 3 of subjects with
ASD or were a case study (n = 1), (4) they were not an original
study or a literature review or meta-analysis (n = 5), (5) they
did not involve new technologies (n= 4), (6) the methodological
description or description of the study population was too limited
to ensure comparability with other studies (n = 3). Ultimately,
20 articles were included in our literature review. The associated
flow chart is presented in Figure 1.

Each variable related to participant parameters, the methods
used and the study results as presented in Table 1 for clinical
studies and in Table 2 for reviews and meta-analysis. Participant
parameters included were group size, age, gender, intellectual
functioning, and method of ASD clinical assessment method.
Methods of facial expression analysis included the type of
stimulus provided (see Figure 2 for a description), the type
of measurement, and the type of expression (spontaneous or
voluntary). Additional scales used were identified and a summary
of the results was made. The quality of each study was evaluated
using the score proposed by Bond et al. (45) that allowed
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FIGURE 1 | Flow diagram.

classifying methodologies into three categories: high (score 5–
7), medium (3–4) or low (0–2) quality (see Table 1 and detailed
quality score in Supplementary Material).

RESULTS

Analysis of Spontaneous Facial
Expressions of Emotions
A recent meta-analytical review reported that autistic individuals
display spontaneous facial expressions less frequently and for a

shorter duration than in non-autistic individuals. Furthermore,
they are less accurate and lower in quality (19). Only 7 studies
were found to focus specifically on spontaneous FEEs in ASD
using new technology.

Quantitative Analysis of Spontaneous FEEs in a

Non-social Situation

Spontaneous facial expressions in people with ASD have been
evaluated by designing various experimental conditions that are
considered to provoke emotion, such as watching videos with
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TABLE 1 | Parameter details in original studies.

Name N (ASD/

control)

Gender

(% males)

Age (mean ASD/

control)

Diagnostic

method

Cognitive

level

Stimuli Measure Skills

assessed

Scales Quality

score

Results

Bangerter

et al. (25)

124/41 75/65.85% Children > 6 years

old and adults

(14.97 ±

8.19/16.27 ±

13.18)

ASD

(ADOS-2)

IQ >

60 (KBIT-2)

99.25 ± 19.25

Funny videos

(America’s

funniest home

videos’ library)

Automatic

facial analysis

software

FACET (FACS)

Spontaneous

expression of

Joy

SRS-2

ABC

ABI

High Lower expression of joy in ASD group

(p < 0.05). Correlation between the

activation of AU12 and ABI impulsivity

and hypersensitivity. Distinction

between 2 subgroups:

hypo-expressive (correlation with

ABC social withdrawal) and

hyper-expressive (correlation with ABI

impulsivity)

Capriola-Hall

et al. (28)

20/20 90/70% Children 9–12

years old

(10.20/10.81)

ASD

(ADOS-2)

No intellectual

deficit (WASI-II)

100.55/118.15

Dynamic

human faces

and cartoons,

emotional

scene with

audio

Automatic

facial analysis

software FEET

(Kinect

VT-KFER)

Voluntary

expression of

joy, anger, fear,

neutral

High Differences in FEE accuracy (p =

0.008), mainly with human faces (p <

0.05). More errors in the ASD group

for low-intensity cartoons and

high-intensity human faces.

Convergence between human and

computer coding (p < 0.001)

Del Coco

et al. (29)

5/5 No data Children 4–6 years

old (5.5 ± 1.3)

ASD

(ADOS-2)

Development

quotient

between 92

and 42 (mean

70) (GMDS)

Videos from

cartoons

Automatic

computer

analysis

Spontaneous

expression of

joy, fear,

sadness

Low Higher facial expression complexity in

the control group both overall and

when the upper and lower face are

analyzed separately.

More intra-group similarity than

inter-group similarity.

Statistics of data were not provided.

Grossard

et al. (30)

36/157 75/52% Children 6–12

years old 8.8

±1.8/8.4 ± 1.4

ASD (ADOS

and/or

ADI-R)

WISC-IV 92.5

(±17.5)

Verbal request

- Dynamic

Avatar faces

Automatic

facial analysis

algorithm

(random forest

classifier)

Voluntary

expression of

joy, sadness,

anger, neutral

ADI-R

sub-scores

High More ambiguous expressions in

subjects with ASD requiring

consideration of more facial markers.

Anger confused with joy more

frequently in the ASD group.

Guha et al.

(31)

24/21 No data Children 9–14

years old

ASD No data Dynamic

human faces

(Mind reading

corpus)

Facial Motion

Capture

Voluntary

expression of

joy, sadness,

anger, fear,

surprise,

disgust

Medium Difference between groups (p =

0.024), mostly for fear, disgust and

sadness, especially in the eye area.

Less facial symmetry, less variation in

intensity.

Guha et al.

(32)

20/19 90/95% Children 9–14

years old 12.90 ±

3.19 /12.67 ±

2.34

ASD (ADOS) HFA (Lieter-

3/PPVT-4)

106.35 ±

15.38/108.74

± 11.93

Dynamic

human faces

(Mind Reading

corpus)

Facial Motion

Capture

(FACS)

Voluntary

expression of

joy, sadness,

anger, fear,

surprise,

disgust

Medium Less complexity of facial movements

in the ASD group mainly from the eye

area.

Significant differences in joy, sadness,

disgust (p < 0.05) mainly because of

the eye area

Landowska

et al. (33)

11/8 No data Children ASD ? Interactions

with a robot

Automatic

facial analysis

software Face

Reader (FACS)

Spontaneous

expression of

joy, sadness,

anger, fear,

surprise,

disgust

Low Less expression of sadness (p =

0.002) and disgust (p = 0.01) in the

ASD group during evaluation.
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TABLE 1 | Continued

Name N (ASD/

control)

Gender

(% males)

Age (mean ASD/

control)

Diagnostic

method

Cognitive

level

Stimuli Measure Skills

assessed

Scales Quality

score

Results

Manfredonia

et al. (34)

144/41 77.8/65.9% Children and

adults 6–63 years

old (14.6 ±

7.8/16.3 ± 13.18)

ASD (ADOS) IQ >

60 (KBIT-2)

99.2 (±19.6)

Written request Automatic

facial analysis

software

FACET (FACS)

Voluntary

expression of

joy, sadness,

anger, fear,

surprise,

disgust

ABI

SRS-2

High Difference in the use of joy, fear,

surprise and disgust AUs (p < 0.05),

but not sadness and anger AUs.

Negative correlation between some

FEEs and SRS and ABI social

communication subscores (mainly <

13 years)

Metallinou

et al. (35)

21/16 No data Children 9–14

years old

ASD HFA Dynamic

human faces

Facial Motion

Capture

Voluntary

expression of

joy

Medium More asynchronous movements

between the different face regions

and more variability and inaccuracy at

the lower face in ASD children

Owada et al.

(36)

18/17 100/100% Adults 18–55

years old (32.2 ±

7/29.6 ± 4.3)

ASD (ADI-R

and ADOS)

> 80 (WAIS)

105.8 ± 10.9

Semi-structured

interview

(ADOS)

Automatic

facial analysis

software Face

Reader Noldus

(FACS)

Spontaneous

expression of

joy, sadness,

anger, fear,

surprise,

disgust, neutral

ADOS

WHOQ-OL

GAF

AQ

STAY-A

CESD

Medium More neutrality and less joy in the AD

group with less variability (p < 0.05).

Correlation between neutrality and

higher ADOS social reciprocity

subscore (p = 0.042).

Samad et al.

(37)

8/8 No data Children and

young adults 7–20

years old (13 ±

4.4/16 ± 4.1)

ASD No data Static faces of

3D avatars

Facial imaging

sensor 3D

Spontaneous

expression of

joy, sadness,

anger, fear,

surprise,

disgust

Low Asymmetrical facial muscle activation

in ASD subjects compared to control

group

Trevisan

et al. (38)

17/17 76/76% Children (10.21 ±

1.78/8.97 ± 1.30)

ASD (ADI-R

and ADOS)

HFA (WASI

vocabulary and

matrix subtests)

Emotional

videos

Automatic

facial analysis

software

FACET (FACS)

Spontaneous

expression:

Positive (joy),

negative:

(sadness,

anger, fear,

surprise,

disgust) neutral

AQ

CAM

Medium Negative correlation between

alexithymia (CAM) and negative FEEs

(p = 0.03), positive correlation with

neutrality (p = 0.012) but not with

positive FEE. No correlation between

FEE and autistic symptoms (AQ).

Difference in FEE scores between

ASD and controls only for neutrality (p

= 0.024) from univariate analysis.

Wieckowski

et al. (39)

20/20 90/70% Children 9–12

years old

ASD

(ADOS-2)

HFA (WASI-II)

100.55/118.15

Dynamic

cartoon and

human faces

Photo of

emotional

scene without

face with audio

Automatic

facial analysis

software

FEET (Kinect)

Voluntary

expression of

Joy, anger, fear,

neutral

NEPSY-II High Children with ASD expressed

accurate but more atypical FEE than

controls in all conditions.

Positive correlation between FEE on

verbal request only and FER in the

ASD group (p = 0.01), but not the

control group.

(Continued)
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emotional content (46), free play in children (47), using auditory
(48) or olfactory (49) stimuli, or during social interaction (50).
Studies using the FACS method, EMG or subjective human
measures reported that subjects with ASD expressed less frequent
and shorter FEEs (47, 51, 52).

The study conducted by Trevisan et al. (38) aimed to analyze
automatically the quantity of spontaneous facial expressions
in children with ASD using the FACS-based FACET software.
In response to videos with emotional content without social
interaction, the FEEs of 17 children with high functioning
autism (HFA) were compared to 17 controls matched in gender
and intellectual functioning. Comparisons between groups
with and without ASD found differences in the production
of FEEs only for neutrality (pη2

= 0.15, p = 0.024) but
not for either positive or negative expressions. ASD children
expressed more “neutral faces” than their typical peers. In
addition, alexithymia scores were measured using the CAM scale
(Children’s Alexithymia Measure) and correlation analyses were
performed with FEEs scores using covariates such as age, gender,
intellectual functioning and ASD severity [Autism Spectrum
Quotient (AQ)]. It was found that only alexithymia scores were
predictive of the variance of spontaneous FEEs scores (p < 0.001,
R2 = 0.346). The authors suggested that the rarer spontaneous
facial expressions leading to more “neutral” facial expressions
in children with ASD described clinically, was more related
to concomitant alexithymia than to ASD feature severity, as
proposed in a previous literature review of studies without using
automated facial recognition technology (53). Alexithymia may
therefore be partly responsible for deficits in both FER (54) and
FEEs in ASD.

This independency of spontaneous facial expression
production from ASD traits was partly replicated in a second
study with a larger sample of participants conducted by
Bangerter et al. (25) using the same FACET software. This
study focused on the expression of joy (action units 6 and
12) in response to humorous videos in a sample of adults and
children with ASD. One hundred and twenty-four subjects with
ASD with an intellectual quotient (IQ) > 60 and 41 subjects
without ASD were included. The authors identified an “over-
reactive” ASD subgroup that statistically presented more facial
expressions of joy than the control group (p < 0.01, r = 0.31)
and an “hypo-reactive” subgroup that statistically presented
fewer facial expressions of joy than the control group (p <

0.01, r = 0.31) (p < 0.001, r = – 0.36). No differences were
found between the two subgroups in terms of IQ, severity of
autistic symptoms (as measured by ADOS-2) or social skills (as
measured by SRS-2), but the “hyper-reactive” subgroup differed
from the “hypo-reactive” subgroup by a significantly higher
ABI impulsivity score (p < 0.05, r = 0.21), while the hypo-
reactive group was associated with higher social withdrawal
according to the results of the Aberrant Behavior Checklist
ABC (p < 0.01, r = −0.3). Consequently, the authors suggested
that internalizing and externalizing symptoms associated with
ASD and especially emotional regulation impairments may
be more involved in spontaneous FEE deficits than autistic
traits, as suggested in a previous study without the use of facial
recognition technology (55).
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TABLE 2 | Relevant reviews and meta-analyses.

Review/meta-

analysis

Objective Number of studies

about FEE in ASD

included

Results Commentaries

Davies et al. (22) Review and meta-analysis

of spontaneous FEE

assessment in

non-psychotic psychiatric

disorders

6 out of 39

(including 0 using

new technologies)

- Alterations of FEEs in included psychiatric disorders, except for

anxiety disorders (depression, eating disorders).

- Studies looking at ASD partially confirm the overall decrease in

spontaneous facial expression in this group.

Review on FEEs, but is

not focused on ASD or

new technologies

Deutsch et al. (42) Review of FEE assessment

in people with ASD and

neurobiological and clinical

implications

2 Using new

technologies

- Addresses the neurobiological, neuroanatomical and

pathophysiological mechanisms potentially involved in ASD

emotion-processing abnormalities.

- Production of FERs discussed in an interventional section

involving the use of new technologies.

Key considerations

around recognition of

FEEs and visual

scanning in ASD

Keating et al. (43) Review of FEE and FER

assessment in people with

ASD

17 of which 1 used

new technologies

- Differences in FEEs are found between typically developing

people and people with ASD, with less frequent expressions

which are judged to be lower in quality by evaluators without

ASD.

- It seems that alexithymia can contribute to these differences in

emotion expressions.

Few studies using new

technologies included

Trevisan et al. (19) Meta-analysis of studies

about FEE assessment in

ASD

39 out of 39

(including 1 using

new technologies)

Participants with ASD produce FEEs less often and for less time.

Involuntary mimicry and voluntary imitations are more often

inaccurate.

FEEs are also considered to be lower in quality and less precise.

However, emotions are not expressed less intensely, and

spontaneous reaction times are not slower.

Includes all methods of

FEE analysis

Vivanti et Hamilton

(44)

Review of imitation abilities

assessment in ASD

- Evaluation of motor imitation skills: body, manual,

language, facial.

- This review suggests that most people with ASD have more

difficulty in imitating unfamiliar actions and without a clear goal.

In addition, imitation performance appears to be less good as

social demands increase.

Reviews imitation data

but not just FEEs, does

not address the use of

new technologies

ASD, Autism Spectrum Disorder; FEE, Facial Emotion Expression; FER, Facial Emotion Recognition.

Quantitative Analysis of Spontaneous FEEs in Social

Interactions

In social interactions, it is often reported that individuals with
ASD fail to orient their facial expressions toward their partners
and have less communicative intentions. It is also frequently
claimed that children with ASD tend to exhibit facial expressions
less frequently in a social interaction, while other reports have
suggested that these facial expressions would be less socially
congruent, i.e., less appropriate to the social context. Several
studies using observer ratings found that compared to a control
group, children with ASD were less likely to express FEEs
oriented to their mothers or other adults during interactions
(39, 56, 57).

A study by Owada et al. (36) tested the use of automated
emotional facial recognition technology during social
interactions as part of the ASD diagnosis process. The
amount of basic FEEs of 18 Japanese adult males with HFA
were compared to a group of 17 non-ASD adults matched
for age, gender, parental socioeconomic level, and intellectual
functioning. Their spontaneous facial expressions were recorded
with the FACS-based Face Reader software during a semi-
structured social interaction situation extracted from the ADOS
employed specifically in this study. More facial expressions of
neutrality (d = 1.02, p = 0.005) and less facial expressions of

joy (d = −0.78, p = 0.038) were reported in the ASD group
compared to the control group. There was also less variability
in the quantity of these two expressions during the transition
periods between tasks in the ASD group (p = 0.03). This study
therefore suggested a reduced facial expressiveness in social
interactions, reproducing the results previously reported during
a non-social situation. However, the emotional inner states and
clinical characteristics of individuals were not accounted for in
this study.

Beside these results, spontaneous expressions during an
interaction between children with ASD and a robot were
also evaluated by Landowska et al. (33) with the same Face
Reader software. Interactions with a robot are supposed to
be less complex and alarming than human interactions, and
therefore more easily accepted by children with ASD (58).
The basic facial expressions of 11 children with ASD and
8 controls were monitored to assess the amount of facial
expressions recognized as valid by the software according
to FACS during an interaction with the robot. The results
indicated that the children with ASD expressed significantly
less sadness (p = 0.002) and disgust (p = 0.01) compared
to children without ASD, but the quality of the methodology
in this study was considered to be low and the results
need replicating.
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FIGURE 2 | Description of the different types of stimuli used in facial expression analysis study methodologies.

Taken together, the above findings are in favor of a greater
neutrality of spontaneous facial expressions, corresponding to the
clinical “amimia of the face” described in individuals with ASD in
response to non-social and social environment. This spontaneous
amimia seems to be partly more related to inner emotional states
or the personal ability to identify these states rather than to the
severity of ASD features.

Qualitative Analysis of Spontaneous FEEs

Studies that have evaluated the quality of spontaneous FEEs
with traditional non-automated methods have found a decrease
in the quality or precision of FEEs in subjects with ASD,
leading to the notion that autistic and non-autistic faces may
“speak a different language” when conveying emotion. In other
words, a mismatch was suggested to occur between the emotion
spontaneously produced by subjects with ASD and the emotion
corresponding to the same situation that would be expressed
by a subject without ASD. In line with this interpretation,
numerous studies have reported that autistic individuals produce
spontaneous expressions that are perceived as lower in quality,
and rated as odd, stilted, or mechanical by non-autistic observers
and experimenters (59–61). This would explain the feeling of
strangeness or ambiguity reported by non-autistic individuals
when interacting with an ASD peer. Although there is evidence

that autistic and non-autistic individuals exhibit expressive
differences, research has not yet identified what specifically is
different about these facial expressions.

Several researchers have hypothesized that the final
arrangement of facial features may have spatial differences
between expressions produced by autistic and non-autistic
individuals (e.g., one group might open their mouth further
when smiling to express happiness). One can also ask whether
there might be intergroup kinematic differences (e.g., when
expressing happiness, one group might break into a smile more
quickly or more briefly). Although autistic and non-autistic
facial expressions could, in principle, differ in terms of spatial
or kinematic features, to the best of our knowledge, traditional
studies with human raters or EMG paradigms have not yet
specifically aimed to assess the contributions of these two factors.

Our review of new technology literature found only one
pilot study from Del Coco et al. published in 2017 that used a
computer-based analysis of spontaneous facial expressions of joy,
fear and sadness in 5 pre-school children with ASD compared
to 5 age- and gender-matched controls in response to cartoon
videos (29). The different action units mobilized during viewing
were analyzed using a complex algorithm developed by the
authors. The data were collected with a spatial analysis approach,
in terms of “global mobilization” on one hand, and “hemi
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part of the face mobilization” on the other (i.e., separating the
upper and the lower part of the face) to compare the activation
of the eye and mouth areas in both autistic and non-autistic
individuals. The study concluded that non-ASD children express
more complexity (calculated computationally with the average
entropy) in the mobilization of their facial muscles in both the
eye and mouth areas, compared to children with ASD, regardless
of the emotion produced.

It was reported that facial expressions of individuals with ASD
during a social interaction would also be less socially congruent,
i.e., appropriate to the social context. To date, however, there
is no study computing FEE quality during social interactions
that reported consistent, non-subjective and accurate results.
To our knowledge, no research based on new technologies has
focused attention on the possible spatial and kinematic expressive
differences between ASD and non-ASD individuals during a
social interaction.

Automatic Facial Mimicry Analysis

The implicit, automatic and subconscious phenomenon of facial
muscle activation in reaction to the observation of an emotional
face is called “facial mimicry.” This spontaneous facial behavior
corresponds to an involuntary reproduction of interlocutor
FEEs and is part of the global emotional contagion existing
between partners during social interactions. It is supposed to
facilitate both sharing and understanding of emotional signals
(62). Studies of involuntary facial mimicry in ASD have mainly
used electromyography. These have shown a delay (63) or a
lower expression intensity (12), with undifferentiated muscle
activation, when different types of emotions (anger or joy) are
expressed (64, 65) or atypical and incongruent facial expression
occurs in response to a presented stimulus (9, 66) in ASD
individuals compared to TD peers.

According to our literature review, one pilot study, conducted
by Samad et al. (37), used non-invasive 3D facial imaging
technology to measure automatic facial mimicry in response to
static Avatar faces presented on a computer screen. These authors
proposed a new computer vision and data mining approach that
was developed from curve-based geometric features of 3D facial
data in order to discern the changes in facial muscle activations
during mimicry. The program captured spatial information
about the face that enabled detecting and quantifying subtle
changes in facial expression based on the activation of different
facial muscles. Eight participants with ASD and 8 controls aged
7 to 20 were included. In the group with ASD compared to
the control group, a significant increase (p = 0.049) in the
activation of the right levator anguli oris (lip elevator) muscle
and a decreasing tendency (p = 0.059) in the activation of the
left levator anguli oris were found to occur. These results should
be interpreted with caution, however, because of the small size
of the monitored sample, although the authors also noted an
asymmetrical activation of the facial muscles of subjects with
ASD that may contribute to the impression of oddity often
reported during a social interaction. 3D imaging technology has
the advantage of detecting facial muscle movements in a more
detailed and subtle way. However, the analysis conducted in this

study was on a static image of the participant and did not address
dynamic aspects of FEEs.

Whereas, the phenomenon of facial mimicry is well-
documented in non-ASD subjects, traditional studies without
the use of new technologies that reported reduced mimicry
in children and adults with ASD did not use paradigms
based on “real time” social interactions or in ecological social
contexts. This was due in part to a lack of the capability to
measure dynamic facial expressions throughout the course of
an interaction. On the other hand, automated facial analysis
via new technologies provides a rapid, efficient and objective
method for measuring in natural contexts the facial expressions
and their coordination produced by participant partners during
such interactions.

In 2020, Zampella et al. used computer-assisted automatic
detection of FEEs to analyze more specifically the coordination of
facial emotions during reciprocal social interaction (40). Twenty
children with HFA and 16 matched controls participated in
spontaneous conversations with their mothers and with non-
familiar adults. Time-synchronized videos were analyzed, and
the emotion of joy was recorded by the Open Face software
for each of the interlocutors as well as the coordination of the
child’s expression of joy with that of the adult. Both child and
adult partners exhibited less positive facial expressions during
conversations when the younger participant had ASD compared
with the same situation when the child participant did not
have ASD (p = 0.02). Children with ASD also manifested a
less effective coordination of facial expressions over the course
of conversations (p = 0.04). The diminished coordination in
ASD participants significantly predicted scores on measures of
social skills, adaptive social skills, and empathy (Interpersonal
Reactivity Index IRI, p = 0.02). The authors suggested that
the weaker effective coordination and in particular the reduced
smiling ability in children with ASD also affected the responses of
the social partner, in particular when it was a stranger, therefore
highlighting the impact of this interpersonal process in the
success of social interaction. Moreover, these findings suggested
that facial emotional reciprocity is linked to socio-emotional
characteristics in ASD and suggests a promising novel method
for the automatedmonitoring of facial expressions and emotional
reciprocity during natural interactions.

Relationship Between Spontaneous FEE Production

and Social Functioning in ASD

Research using traditional analytical paradigms have provided
substantial evidence that spontaneous FEE capabilities are closely
linked to successful social functioning (1), and have been
reported as abnormal in frequency, duration and quality in
individuals with ASD, whether performing social interaction
tasks or not. Task-related factors (e.g., intensity, type of emotions
or stimuli: statics or dynamics) and participant characteristics
were reported to strongly influence facial expressions skills in
both conditions: with and without social interaction (56).

Literature based on the use of new technologies has reported
reduced spontaneous FEEs in tasks without social interactions
and concluded that the deficits were related to clinical participant
characteristics that were not linked to ASD symptoms. These
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studies reported a qualitative and quantitative atypicality of FEEs
that can be specified and detailed in ASD, in both spatial and
kinematic aspects. This atypicality of autistic FEEs is associated
with a greater expression of neutrality and asynchrony in facial
expressions, which was also reported to occur during social
interactions with a resultant impact on the latter’ success.

It is possible that these atypical facial expressions are judged
more negatively by an interlocutor and hinders the course of a
social interaction or even the creation of social bonds, thereby
worsening social experiences. In the study of Owada et al.
(36), the intensity of the expression of neutrality was positively
correlated with the reciprocal social interaction sub-score of the
ADOS (ρ = 0.48, p = 0.042). This association in turn suggested
that in ASD, a reduction in facial expressivity is associated with
a deficit in reciprocity in social interaction skills. In the same
idea, Zampella et al. reported significant correlations between
poorer interaction coordination of FEEs in children with ASD
during interactions and social reciprocity skills assessed by the
SRS-2 score (p = 0.02) as well as in socio-adaptive skills assessed
by the Vineland-II score (p = 0.001) (40). These correlations
were maintained after adjusting for facial expressions intensity,
indicating a relationship that is not only related to an overall
reduction in facial expressivity in children with ASD. Their
results further suggested that facial emotional coordination is an
important process with implications for broader socio-emotional
functioning in individuals with ASD and particularly for the
reciprocity in social functioning. Deficits in spontaneous facial
expression in people with ASD could thus be a major component
of their deficit in reciprocity in social communication and
interaction (19).

Analysis of Voluntary Facial Expression of
Emotions
Studies of voluntary FEEs usually separate facial imitation
(according to a model: photo, video, interlocutor) and the
production of FEEs in response to verbal or written requests, with
the latter involving the use of one’s own mental representations
of each emotion. Previous studies on the developmental course
of imitation skills in children with ASD reported mixed
evidences for imitation impairments in children (67), although
a preserved production of voluntary FEEs, particularly in adults
was observed, in contrast to the impairments in spontaneous
facial expressions (9, 19, 63). The authors then suggested that
voluntary facial expression imitation skills may improve with age
in ASD, due to social experiences. According to our review of
studies using new technologies, eight studies of voluntary FEE
production have been identified.

Voluntary Facial Imitation

Facial imitation is the ability to reproduce the facial expression
presented by another in a model. In most traditional studies
including adults and children with ASD, FEEs were described
as less “natural” or more “mechanical” or “weird” than the FEEs
of individuals without ASD, although FEEs of autistics’ were still
recognizable by observers (15, 59, 68). ASD individuals had more
difficulty in reproducing FEEs if the stimulus was dynamic (67),
and no deficit was reported when ASD individuals were asked to

imitate pictures of static emotional faces (9). The quality of the
FEEs were also reported to be better in adults than in children
with ASD (69).

Capriola-Hall et al. (28) using automated methods analyzed
voluntary FEEs production in children with ASD in response
to several types of dynamic stimuli. The FEET (Facial Emotion
Expression Training) software used aimed at analyzing facial
information in 3D using the Kinect system and automated facial
emotion recognition was conducted in real-time to provide
immediate corrective feedback. Three different types of stimuli
were used, involving 3 “levels”: videos of “cartoon faces” (level
1), videos of “human faces” (level 2) and finally, scenes without
face, but eliciting emotion in participants (level 3). For each
type of stimulus, the participant was instructed to imitate “With
your face, show what I am feeling,” to produce the expected
emotion. The authors hypothesized that, depending on the
different type of stimulus, children with ASD produce less
accurate FEEs compared to their TD peers. An overall difference
in the production of FEEs was found between both groups with
and without ASD (p = 0.008). Children with ASD produced
facial emotions more often classified as “error” than the control
group. This difference (p < 0.05) was mainly observed when
the stimuli were human faces, implying that people with ASD
had more difficulties in reproducing dynamic real human faces,
which are more complex than cartoon representations. However,
the quality of the FEEs was not assessed in this study and
none of the clinical characteristics were considered to adjust
the results.

The same software and method (FEET) were used in a higher
quality study conducted by Wiekowski et al. (39) among 20
children with HFA compared with 20 controls aged from 9
to 12 and included a procedure with human observers/raters
to determine “proof of concept” of this interactive computer-
assisted program. This study’s aim was to analyze both facial
emotion recognition (FER) scores (assessed with the NEPSY-II
Facial Affect Recognition Test) and voluntary FEE productions,
then to compare the two skills in ASD. The authors reported
“atypical”- but “recognizable” - FEEs, in children with ASD for
both cartoon and human stimuli. When comparing automated
evaluation of FEE accuracy between groups, it was found that
children with ASD were as accurate as their peers when they were
asked to produce a specific, named emotion (p = 0.54, partial
η
2
= 0.01). Children with ASD were also comparable to their

TD peers when expressing emotions in response to both types
of stimuli: a cartoon (p = 0.27, partial η

2
= 0.03) or a human

face (p = 0.59, partial η2
= 0.01). Children with ASD seemed to

be less accurate at expressing an expected emotion in response to
a scene without faces when the emotion was neither labeled nor
modeled, although the difference was not significant (p = 0.09,
partial η2

= 0.08). The authors concluded that FEEs production
appeared to have deteriorated in children with ASD when facial
stimuli were removed, or when the cues were less obvious. In
addition, on the basis of raters’ measures, the authors reported
a group difference in atypicality of FEEs, since the ASD group
appeared to displaymore atypicality in expression across all levels
of the stimulus presentations (p < 0.01). However, even though
emotion recognition scores were lower in the group of children
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with ASD as expected, no relationship was found between FER
score and facial imitation scores.

Voluntary Emotional Facial Production on Request

Several conventional studies have suggested that individuals
with ASD produce better voluntary FEEs when using an
external model than on request, i.e., based on internal/mental
representations (69, 70). Similarly, FEEs were less accurate when
children with ASD were asked to display a facial expression
without visual feedback, than with a mirror (71), thus providing
evidence indicating that individuals with ASD rely on rule-based
strategy when perceiving facial expression of emotions (72). In
the absence of faces, children with ASD are no longer able to rely
on such a rule-based strategy for emotional perception, resulting
in a lowered accuracy (15, 59, 61, 68).

In 2019, Manfredonia et al. conducted a study including a
large sample of both children and adults with HFA to evaluate
their ability to produce FEEs specifically in response to a written
request that did not involve a model (34). The FACET automatic
facial expression analysis software was used to measure the
quality of basic FEEs in 144 participants with ASD compared
with 41 non-ASD participants. The activation of the two most
representative Action Units (AU) for each emotion was recorded.
Statistical analyses found significant differences (p < 0.05)
between groups in the use of AU 12 (which mainly involves the
expression of joy), AU 5 (mainly involved in fear and surprise),
and AU 9 (involved in the expression of disgust). It should be
noted, however, that the software’s treatment of such a small
number of action units could not accurately reflect either the
accuracy of the FEEs or the quality itself, although potential
atypicality or abnormality in voluntary activation of global facial
muscle in ASD could be revealed.

Quality of Voluntary FEEs in ASD: What Is Atypical?

Traditional observer-based studies have failed to identify specific
differences in autistic FEEs from the norm and the characteristics
of FEEs responsible of the “atypicality” perceived by observers.
However, through the use of new technology for motion capture
with facial markers, Metallinou et al. (35) investigated more
precisely the atypicality of autistic FEEs. Specifically, this study
focused on the global synchronization of facial movements (35)
through a facial imitation task with dynamic human faces in
21 children with HFA and 16 non-ASD children. The stimuli
used were human faces expressing basic emotions taken from
the Mind Reading Corpus, a video database for facial expression
recognition training. The activation of a facial region, that can
be measured by the intensity of movement that a given region
undergoes during a facial expression, was analyzed and compared
between the two groups. The results indicated a significantly
reduced synchronization of motion between the upper and lower
regions of the face (p < 0.05), and between each left/right
hemiface in individuals with ASD (mouth: p = 0.02, eyebrow: p
= 0.01) compared to non-ASD children. In this study, moreover,
children with ASD were found to express rougher facial and head
movements and especially in the lower face regions compared to
typically developing (TD) children (p< 0.02). Complex statistical
analysis also reported that children with ASD display a wider

variability in motion intensity across facial regions compared
to their TD peers, leading to idiosyncratic facial gestures that
were mostly for complex expressions, such as the manifestation
of joy.

These results were partly replicated in 2015 and then in 2018
by Guha et al. using motion capture analysis with the same
stimuli (video clips of the six basic emotions) in a facial imitation
task (31, 32). The 2015 study included 24 children with HFA and
21 controls (31). Facial Motion Capture software analyzed the
whole face and eight facial sub-regions. As expected, the ASD
group exhibited less efficient imitations than the control group
(p = 0.024), especially for sadness, fear and disgust. The results
also indicated differences (p < 0.001) in dynamic facial motions
between the two groups, arising primarily from movements
of the eyes. In addition, the symmetry between the right and
left regions tended to be less, although this difference was not
statistically significant (p = 0.055). Participants with ASD also
produced less variability across facial regions in terms of strength
of activation, leading to the conclusion that ASD subjects appear
to have a less complex underlying mechanism generating facial
expressions than their TD peers. This lack of complexity could
at least partially explain the idiosyncratic facial motions in ASD,
as perceived by TD observers. The overall differences were found
to be more pronounced for negatively valenced emotions (fear,
disgust, sadness), which are more likely to induce a higher
perception of atypicality by observers.

In 2018 (32), the same authors questioned the clinical
characteristics of their sample (20 Children with ASD and 19
TD children) and so to ensure a better group homogeneity they
verified that each of the children included did not have cognitive
and language disabilities, nor neurological, psychiatric or genetic
co-morbidities. Differences between groups remained significant
for the expressions of joy, sadness and disgust (p < 0.05), again
observed specifically in the eye region, which exhibited most
variability and complexity in the control group. The authors
interpreted these findings in the context of the “eye avoidance”
symptom that has been widely reported as an ASD clinical
feature. They hypothesized that children with ASDmay be unable
to produce complex movements in the eye region, partly because
of the lack of experience in perceiving and processing complex
dynamic information from this region.

In 2019, Zane et al. also used Facial Motion Capture
technology and the same stimuli to describe features concerning
the intensity of facial expressions of emotions in individuals with
ASD (41). Global facial muscle activations were recorded and
subsequently analyzed using statistical growth curve analysis,
in two groups of 19 children and adolescents with HFA and
their TD peers, matched for age, gender, and verbal and non-
verbal IQ. The authors tested whether the expression sub-type
or clinical group could predict the patterns of muscle activation
recorded. However, significant data were not found, and analysis
failed to establish inter-group differences in terms of intensity
of the FEEs produced. Contrary to previous findings, a higher
variability in global muscle activations was reported in children
with ASD compared to their non-ASD peers (p < 0.0001).
Furthermore, in direct contrast to the control TD group where
the pattern of facial muscle movement was positively correlated
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with the valence of the imitated emotion, valence provided no
indication of the activation pattern of the facial muscles in the
ASD group.

Significantly also, a detailed analysis of global facial motion
shape showed exaggerated peaks or short apexes in the motion
pattern of the ASD group, suggesting the occurrence of extreme
changes in facial configuration, marked by frequent, brief spurts
of large displacement, which were not observed in TD facial
expressions. The authors concluded that individuals with ASD
had “rougher” FEEs than their peers without ASD. Short periods
of large amplitude motion may then be one of the characteristics
of idiosyncratic autistic facial expressions and could contribute to
negative observer judgments of facial expression quality in ASD.

From the findings of Metallinou, Guha and Zane, it could
be concluded that the patterns of facial activation by individuals
with ASD are more abrupt and desynchronized, involving more
peaks of motion while those of the control group are more subtle
and variable, implying greater complexity. It should be noted,
however, that a major limitation of motion capture technology
relates to the use of facial markers that can inhibit or interact with
voluntary facial expressions.

Grossard et al. (30) proposed a non-invasive method for
characterizing facial movements during FEE production in
a large sample of 37 children with ASD and 157 typically
developing children aged from 6 to 12 year old, when
performing various tasks (e.g., imitation of a dynamic Avatar
face and production on verbal request), while controlling several
potentially confusing variables. The latter included age, sex,
intellectual functioning, cultural background and the emotion
subtypes (joy, sadness, anger or neutral). The automated emotion
recognition processing involved the tracking and pre-processing
of 49 facial landmarks that encoded geometric deformations
of the face. The facial landmarks selected corresponded to
strategic points such as the mouth, corners of the eyes and
nose tip. The automated tracking of these landmarks and
analysis (measurement of distances between markers and their
orientation) generated a set of features that were distinguishable
from geometric (spatial distances between markers) and
appearance ones (gradients of marker orientation). A learning
machine approach using Random forest (RF) classifiers was
then applied.

When training and testing were performed on ASD children,
the model proposal led to a poorer performance than in TD
children. The FEEs produced by children with ASD were
reported to be more ambiguous than those of TD children,
and according to the algorithm, TD and ASD individuals did
not perform similarly, except for the expression of joy. For the
latter, the RF classifier needed more facial landmarks to achieve
the best classification in children with ASD compared to TD
children, in particular for the mouth area. This requirement was
related to a hypo-activation and a higher degree of variance
in motion production recorded in the eye area of children
with ASD. Consequently, the algorithm essentially used the
mouth to identify joy in this group, which was then categorized
along with the control group, although the apparent autistic
features involved less activations of the eye area muscles and a
greater asymmetry. Resolving this issue therefore requires more

information (via additional markers) to ensure unambiguous
feature extraction and classification.

In addition, the algorithm had further difficulties in
distinguishing between positive and negative expressions and
confused anger and joy, classifying anger as joy more frequently
in children with ASD, indicating that they had difficulties in
producing FEEs with clear emotional cues, leading to ambiguity.
The authors highlighted the lack of a significant effect of age or
gender, but there was a significant effect of IQ on the quality of
children FEE productions. Children with ASD and a lower IQ
produced less accurate FEEs than those with a normal IQ, in
accordance with previous findings (19).

Consequences for Social Functioning

Negative correlations were found by Wieckowski et al. between
face activation during the voluntary production of FEEs (number
and type of AUs) and socio-communicative impairments, as
assessed by social communication sub-scores of SRS-2 and ABI,
after adjustment for age and IQ, which was especially relevant
in the case of the youngest sample participants (<13 years
old) (39). The authors advocated for early specific interventions
targeting an improvement of the voluntary production of FEEs
in young individuals with ASD, which could potentially impact
their subsequent development of social and communication
skills. However, caution should be taken when interpreting these
findings, that have not been replicated from now and because
null results may get unreported by other authors, the link
between altered FEE and social deficit in ASD should be studied
more specifically.

DISCUSSION

The Relevance of New Technology to
Research on FEEs in ASD
The idea that people with ASD spontaneously express less
frequent FEEs and of lower quality than their TD peers is widely
accepted, and many screening and diagnostics tools for ASD
include the items: “range of facial expression” or “inappropriate
facial expressions,” as one of the early signs of ASD (e.g., the Social
Communication Questionnaire, Modified Checklist for Autism
in Toddlers, Childhood Autism Rating Scale, Autism Diagnostic
Interview). In the line of Owada et al. (36) protocol, who tested
the use of automated emotional facial recognition technology
during social interactions extracted from the ADOS protocol,
automated assessment of FEE algorithms could improve the
(early) detection of ASD and be part of standardized diagnosis
protocols for children (during social interactions between young
children and clinicians extracted from the ADOS protocol
for Children and toddlers, or during free interaction sessions
between young children with alert signs of ASD, for example).
This more automatic assessment is not supposed to confirm
diagnosis but could be an interesting tool to integrate into the
protocols for a more standardized and quantitative diagnosis
process. It is specifically interesting in young children presenting
in clinical center before the age of 5 years with various symptoms
of delay or deviance in general development, communication
and language, social interaction, attention and activity level,
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usually signaling an underlying neurodevelopmental disorder.
New technology could participate to the effort of differentiate
ASD, ADHD or complex and mixed NDDs, as facial expressions
impairments (in contrary to facial recognition) seems to be
unaffected in ADHD (73). Furthermore, it is important to
promote future studies to assess the specific value of automated
FEE analysis and to directly compare the accuracy of using
manual human coding and computer-assisted analysis in early
stage of screening process, in infants with high risk of ASD
(siblings), as identification of potential prodromal symptoms
of ASD.

However, research using new technologies aiming to more
specifically characterize atypical autistic FEEs have reported
quantitative and qualitative differences. Such approaches have
found that individuals with ASD spontaneously manifest more
neutral expressions (36, 38) and less expressions of joy (25, 36)
than non-ASD subjects. This is consistent with the results from
traditional FEEs studies, with the idea that people with ASD
display less facial expressions than their peers, described as
“amimia” in clinical reports (19). However, studies using new
technology have highlighted factors that potentially influence
spontaneous FEE productions in ASD individuals, specifically
including symptoms of alexithymia (38), depression (22), and
impulsivity (40), in addition to traditional factors such as
age and IQ that have been usually reported in earlier studies
(19). Alexithymia is characterized by difficulties in identifying,
expressing, and naming emotions. Recent evidence suggests that,
among both autistic and non-autistic populations, alexithymia
may be implicated in a decrease in production of facial
expressions. Approximately 50% of the autistic population
experiences co-occurring alexithymia (56) compared to 14%
of the non-ASD population (56), which is in line with the
“alexithymia hypothesis” that postulates that most difficulties
in emotion processing in ASD are caused by co-occurring
alexithymia, rather than ASD itself (53). These results are
also consistent with findings reported in populations without
ASD (74).

Moreover, the literature based on the use of new technologies
suggests that although a reduction in spontaneous FEE seems
to be related to non-ASD clinical characteristics, a qualitative
atypicality of FEEs can be identified and detailed in ASD
concerning both spatial and kinematic aspects. More precisely,
spontaneous FEEs in autistic individuals were found to be less
complex (29), more asymmetrical (37) and less coordinated with
interlocutor expressions (40). These qualitative characteristics
are in part responsible for the judgment of ambiguity or oddity
frequently reported by non-ASD observers and seems to worsen
specifically the reciprocity component of social interaction,
although these findings were obtained from relatively small
samples. Future research is therefore needed to more fully
characterize the spatial and kinematic expressive differences
between ASD and non-ASD individuals in order to better train
clinicians to “read” autistic facial expressions and to facilitate
more successful social interactions early in development.

Data in the traditional literature reported that voluntary FEEs
are less congruent with expected emotions or considered as less
natural and odder (19) in ASD. Using computer-based emotion

recognition approaches, more recent studies have objectively
demonstrated FEE atypicality during various tasks such as facial
imitation (28, 30, 39) or facial production without a model
(34) in children with ASD. Thus far, however, research on
FEE production in ASD has been almost exclusively being
oriented to group comparisons between individuals with and
without ASD, but the mechanisms and characteristics of FEEs
that contributing to the observer’s judgment of abnormality,
atypicality or ambiguity have received less attention. Facial
Motion Capture technologies have led to advances in the
description of spatial and kinematic characteristics of atypical
FEEs, revealing an asynchrony (31, 35) and a decreased degree of
complexity of facial muscle activations in individuals with ASD
(35, 41), particularly significant in the eye area (31, 32). This is
consistent with the “eye contact avoidance hypothesis,” whereby
children with ASDmake rarer eye contact compared to TD peers,
and therefore experience limited access to the “good model” of
FEEs. The specific role of the eye region in the screening strategy
on human faces has been mainly documented in TD individuals
and concerns all domains of face recognition (e.g., emotions,
gender or familiarity recognition) as well as its strong implication
in ASD recognition impairments (75, 76). In light of these recent
results, therefore, the eye avoidance hypothesis has provided
a plausible explanation, not only for face recognition deficits
(77, 78) but also for facial emotional production abnormalities
in ASD.

Recent findings have also highlighted the role of specific
action units such as AU 12, AU 5, and AU 9 in the judgment
of ambiguity or the specificity of the emotion of joy, which is
responsible for a high level of variability in the corresponding
production of FEEs in children with ASD (34). New approaches
based on the global and local analysis of facial motion have
reported exaggerated peaks or short apexes in patterns of
facial activation that lead to more abrupt and desynchronized
expressions. These extreme changes in facial configuration,
marked by frequent, brief spurts over large distances and mostly
observed in the eye area, seem to be closely involved in the
idiosyncrasy of autistic FEEs. These new results were replicated
by Grossard et al. (30) with a mixed approach that included
human raters and an innovative computerized method based
on machine learning. The findings supported the hypothesis
that people with ASD do not share a specific way to produce
FEEs, but produce numerous variable patterns that account for
the difficulty of non-ASD observers to recognize autistic facial
expressions (15).

This variability in facial motion in ASD is consistent with a
body of current literature that indicates a high heterogeneity in
the general movement and motor profiles of individuals with
ASD (79), suggesting that they move quite differently from both
non-autistic individuals and other individuals with ASD. An
interpretation of movement (either facial or global) can only
be formulated when our interaction partner is someone who
usually moves in a similar way to ourselves. Thus, movement
interpretation and the resulting social interaction in autistic-
autistic peers may not be any better than between autistic
and non-ASD peers. This suggests that the “social deficits”
in individuals with ASD could reflect, or be a consequence
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of, a mismatch in movement profiles between ASD and non-
ASD (or other ASD) individuals (43). The “non-consistency”
in facial motion of individuals with ASD therefore prevents the
interlocutor from inferring emotional states and intentions on
the basis of FEEs during social interactions.

In line with these findings, some authors have argued that
impairments in voluntary FEEs in ASD indicates a degree of
dysfunction in the sensorimotor processing that allows the
coupling between perception and action. This coupling underlies
embodied representations of emotions, the mechanistic basis of
empathy in humans that relies on the human mirror neuron
system (MNS) (10, 62). The human MNS is defined as a network
of brain regions which are active both when participants perform
an action and when they observe another person performing the
same action (7). From numerous fMRI studies using emotional
stimuli, the dominant theory of MNS function is based on a
direct-matching model in which observed actions are directly
mapped onto the observers own motor system (80). This broader
mirror neuron network incorporates the somatosensory and
premotor cortex and possibly the anterior insula [for a review
see Hamilton (10)]. A dysfunction of the MNS may be a causal
factor in poor social cognition in ASD and is commonly called the
broken mirror theory (BMT) of autism. The simulation version
of the broken mirror theory derives from the idea that the MNS
provides the basis for simulating other people. Such simulation
could apply to actions, but also to emotions and mental states.
The second version of the BMT, called the chaining version, is a
more subtle hypothesis based solely on the idea that some mirror
neurons represent action chains or sequences, and suggests that
the comprehension and production of action and emotional
expression sequences is abnormal in ASD (81). Automated
assessment of voluntary FEEs in ASD has provided new evidence
for abnormality in the sequence of muscle activation (spatial and
kinematic chain motion dysfunctions) (31, 32, 35) and for an
impact on interlocutor behavior during social interaction. This
is in line with both versions of the BMT in ASD, even though
over two decades of research the broken mirror theory of autism
is still debated.

Until now, FMRI studies that have examined mirroring
responses to emotional stimuli in ASD on the basis of emotional
facial viewing tasks, have provided a mixed picture, with some
results suggesting a clear deficit (82), whereas others have shown
normal responses under neutral or instructed task conditions
(83). Group differences emerged in brain regions associated
with theory of mind, but not in the inferior frontal cortex,
the core component of the human MNS. In particular, both
autistic and non-autistic participants engaged the inferior frontal
gyrus (IFG) of the left hemisphere when instructed to attend to
their own emotions, and the authors concluded that participants
with ASD can engage their MNS when the task requires latter.
The chaining broken mirror theory claims that these simple
actions do not require chaining, whereas the production and
comprehension of more complex action sequences, such as facial
emotion, does require chaining which would be abnormal in
ASD. Evidence relevant to the chaining theory can also be found
in studies of motor control and action understanding. Individuals
with autism often present comorbid dyspraxia or other motor

control difficulties (84, 85), and these could be accounted for
by difficulties in action chaining. Together, these findings from
cognitive neuroscience and psychology suggest that perceptual
systems for facial expression recognition are linked with motor as
well as somatosensory feedback systems, with motor production
playing an important role in the development of perceptual
recognition abilities (86, 87).

Some hypothesized that atypical FEEs could also be
attributable to global neuromuscular dysfunctions (i.e., not just
facial muscle coordination problem) as evidences of muscles
tones abnormalities in ASD were reported in the literature
(88), or directly linked to face recognition deficit and/or global
Biological Motion (BM) perception impairment in ASD, in line
with the Mirror Neuron System (MNS) impairment theory in
ASD. This hypothesis is in accordance to various studies that
reported reduced ability in extracting social information from
global Biological Motion, in ASD (89, 90). More recent results of
a meta-analysis on global motion perception in ASD reported as
well overall differences betweenASD and non-ASD individuals in
global motion processing with a general decreased performance
in detecting or recognizing global motion patterns in perception
paradigms including social but also non-social stimuli (91).
Future studies, in line with Yeung et al. (92) should focus on
relation between FEE, Facial Emotion Recognition (FER), global
facial perception (part of BM) and global motion perception.

New Technology for Clinical Practice
Advances in automated facial expression recognition technology
should open new avenues toward clinical interventions that
target these deficits. The development of such interventions
based on facial expression production would be further enhanced
by extending expression recognition technology to provide
real-time feedback from to a subject’s own facial expressions.
On the basis of recent findings using this new technology,
evidence suggests that practice with expression production may
not only influence production itself, but may also influence
perception due to possible associations between recognition
and motor production, as illustrated by rare previous results
obtained in non-ASD children (93, 94). Only a few studies
have focused on the relationship between learning in facial
motor production and learning in facial expression perception,
challenging the hypothesis that motor production contributes
to perceptual improvement. Further work is now necessary to
test the perception-action learning and action chaining theories.
Advances in these areas will lead to a better understanding of
what is really different about action systems in autism, which
in turn should lead to more productive interventions that
help individuals with autism to imitate and interact with the
social world.

Overall, this review highlights the finding that automated
facial expression analysis has an efficiency equivalent to human
observation rating or EMG measurements (28, 30) while being
more objective, precise and less consuming in time, material,
and human constraints. This has direct implications in clinical
practice through this technology’s potential participation with
FEE computer-based analysis in the ASD diagnosis process, in
line with Owada’s approach (36).
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ASD is an heterogeneous condition, with significant risks
of added co-morbidities (95) that in call for individualization
both in the initial evaluation process and in terms of socio-
emotional supports. Additionally, a voluntary adaptation of facial
expressions is reported to be frequently used in daily life by
individuals with ASD, mainly in subjects without intellectual
deficits and females (96). Self-training of their own voluntary
FEEs is reported to be a strategy for compensating (“social
camouflage”) for associated socio-communicational deficits.
However, this requires significant effort, which could be at the
origin of increased stress levels and higher levels of anxiety in
subjects with ASD (97).

From our literature review, it is evident that machine learning
technology may provide promising advances to individualized
care (30), and offer a promising tool to support the learning
process related to emotion production and correction. The
inclusion of individualized computer feedback could be part of a
global support strategy that could be proposed as early as possible
to children with ASD, in order to diminish stress and emotional
co-morbidity in later adulthood (95).

In addition, until recently, studies on the field seemed “to
ignore the fact that social interactions are exactly that, an
interaction between individuals,” as reported by Keating, in his
recent review (43). This review focused on the “bidirectional”
approach to evaluate social interactions that leads to a
consideration of both sides of the interaction and discussed the
small amount of research investigating non-ASD individuals’
recognition of autistic expressions of emotion. Evidences that
non-ASD individuals shown difficulties in recognizing ASD facial
expressions are recent and rare (15, 59), but as proposed by
some authors (43, 98) as social interaction is bi-directional,
non-ADS individuals’ recognition of autistic expressions may
contribute to social interaction deficit and could be a target
for future interventions. 3D sensor cameras such as Microsoft
KinectTM and the newer Intel RealSenseTM received recently,
much attention due to its advantages in capturing fine-grained
skeleton and facial landmark data in contexts closer to real-
life, providing motion facial data for more accurate analysis
(35) than human observers (98). Some new recent findings and
a pilot study proposed the integration of a naturalistic multi-
sensory environment through the use of portable technologies
including automatic facial expression recognition to help non-
ASD individuals to read the emotions of children with ASD
(99). Authors focused on training individuals without ASD to
recognize the expressions posed by 6 children with ASD, with
the use of a Kinect camera and the programmable and portable
RealSense camera when viewing cartoons. More research, which
formally uses a control group in their statistical comparisons, is
necessary to develop this interesting approach.

Limitations of the Review
Even though there is consensual interest in the use of new
technologies for research on individuals with ASD, this review
has highlighted the current limited number of studies, which
have mostly been pilot studies or with small sample sizes.
Moreover, the methodologies and tools employed in these studies
were highly heterogeneous, with results rarely replicated and

the quality relatively low (low or medium scores for 66% of
the studies), making the conclusions difficult to generalize. It is
therefore necessary to replicate these results with larger samples,
including matched control groups (in terms of age, IQ, gender
and alexithymia). However, the increasing number of studies,
mostly published in the last 2 years, suggests that new valid
proposals and data will emerge in the near future.

In addition, future studies need to consider participant
characteristics factors. First, intellectual functioning has not been
consistently assessed, with studies to date having mostly included
individuals with high functioning autism only. Accordingly, the
majority of the findings reviewed may not be generalizable to
individuals with ID. Secondly, as widely reported and relative
to the neurodevelopmental aspect of ASD, age is a factor that
strongly influences the ability to produce FEE (19). Studies have
often chosen to include only children or adults, but it would be
instructive to conduct longitudinal studies to better address the
developmental course of FEE skills and capability. Furthermore,
gender differences in emotional expression have been reported
in typically developing children (100) and the effect of gender
on autistic symptomatology is an issue raised by many authors
(101), and is therefore a factor which also needs to be considered
in studies of FEEs in individuals with ASD. Moreover, only a few
studies considered symptoms of depression, alexithymia, level of
empathy and emotional regulation abilities, despite an impact
of these participant characteristics on FEEs (22, 25, 38, 40).
Thus, the identification of subgroups of individuals with ASD,
as proposed in recent studies using automatic FEE detection
(25, 41), may help to explain some of the conflicting findings
in the traditional literature. The inherent heterogeneity of ASD
and expression of autistic symptoms, including the idiosyncratic
production of FEEs, must be taken into account to better
interpret the results of clinical research.

Moreover, most studies in the field of new technologies have
focused on the technological development of software rather than
on their clinical application, and have tended to be reported in
journals specializing in computer science or engineering, which
perhaps does not promote accessibility to the wider experimental
research and clinical community. Although several recent studies
have found that individuals with ASD display a good acceptance
and interest in technology-based interventions (102), there is
still little proof of concept, and only a few researchers have
tested their approaches and the efficacy of computer-based FEE
training on social and perceptual clinical functions. Translational
approachesmust also be further developed to convince clinicians,
and promising tools should be tested using methodologies that
are accepted by both clinicians and researchers alike, so that they
can be more widely applied.

Limitations in the Use of New Technology
The use of new technologies to analyze the production of FEEs in
people with ASD is a promising avenue, both in terms of gaining
fundamental neurobiological knowledge of emotion processing
and also in the study of learning and plasticity in perception
and production systems. Such innovative technology could
contribute not only to potential new therapeutic approaches to
support social impairments in ASD, but also to train and support
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caregivers and clinicians to “read the language” of autistic facial
expressions that might be lead to a reduction in bidirectional
socio-communicative difficulties.

Nevertheless, the ethical question of computer and robotic
usage arises in the field of health care, particularly regarding
automated facial recognition. The protection of private data
represents a challenge in the health field and more particularly
when data requiring subject identification is involved, as
with facial recognition measures (103). Consequently, the
employment of these approaches requires special attention to be
paid to ensuring patient information confidentiality and consent,
as well as the implementation of rigorous procedures to ensure
the security of computerized health data storage.

CONCLUSION

Most research focusing on facial emotion processing in ASD
has emphasized facial emotion recognition differences, and only
a few studies have addressed features of the actual production
of FEEs in individuals with ASD, despite its major role in
social functioning (1, 12). Most traditional studies conducted
over the past few decades have agreed that ASD individuals
exhibit more atypical or less frequent spontaneous and voluntary
FEEs (19). Recent studies using new technologies have proposed
advances in the categorization and description of “what is
abnormal” in autistic FEEs, through spatial and kinematic
computer-based analytical approaches. Current results indicate
(i) that participant characteristics are strongly implicated in
spontaneous FEE production, as age, IQ, but also symptoms of
alexithymia depression, and impulsivity (ii) that asynchrony and
deficits in eye region activation could be specifically involved
in the abnormal production of voluntary FEEs and feelings
of “strange faces” in non-ASD individuals, contributing to

deficit in social reciprocity, (iii) that atypical FEEs may be
attributable or linked to global Face Recognition deficit and/or
global Biological Motion (BM) perception impairment in ASD
as well as sensorimotor processing impairments in line with the
Mirror Neuron System (MNS) impairment theory in ASD. Some
new recent findings based on portable technologies that permit
the integration of a naturalistic multi-sensory environment
recording, including automatic facial expression recognition,
are promising tool to address the issue of FEEs impairments
in ASD, in a global, bidirectional approach that leads to a
consideration of both sides of the interaction to explore also how
non-ASD individuals may be trained to the ASD atypical affective
expressions recognition.
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People with autism spectrum disorder (ASD) exhibit atypicality in various domains

of behavior. Previous psychophysiological studies have revealed an atypical pattern

of autonomic nervous system (ANS) activation induced by psychosocial stimulation.

Thus, it might be feasible to develop a novel assessment tool to evaluate the risk

of ASD by measuring ANS activation in response to emotional stimulation. The

present study investigated whether people with ASD could be automatically classified

from neurotypical adults based solely on physiological data obtained by the recently

introduced non-contact measurement of pulse wave. We video-recorded faces of adult

males with and without ASD while watching emotion-inducing video clips. Features

reflective of ANS activation were extracted from the temporal fluctuation of facial skin

coloration and entered into a machine-learning algorithm. Though the performance was

modest, the gradient boosting classifier succeeded in classifying people with and without

ASD, which indicates that facial skin color fluctuation contains information useful for

detecting people with ASD. Taking into consideration the fact that the current study

recruited only high-functioning adults who have relatively mild symptoms and probably

developed some compensatory strategies, ASD screening by non-contact measurement

of pulse wave could be a promising assessment tool to evaluate ASD risk.

Keywords: ASD, autonomic nervous system, emotion, non-contactmeasurement, digital phenotyping, pulsewave,

color

INTRODUCTION

Autism spectrum disorder (ASD) is a group of closely related developmental disabilities
characterized by a collection of symptoms including persistent deficits in social communication
and reciprocal interaction, repetitive behavior, and restricted interest (1). Although genetics is
considered to play major role in the development of ASD, despite years of effort by researchers,
the exact cause of ASD still remains elusive (2). As such, there exists no definitive cure for ASD.
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Public awareness of ASD has risen significantly in recent
years (3), but several surveys suggest the possibility that a
significant portion of the ASD population remains undiagnosed
(4). Importantly, some of them remain undiagnosed well into
adulthood and experience great distress due to failure in
adaptation to occupational and social environments (5–7). The
difficulty in detecting ASD risk in adults is attributable to several
causes. First, adults with milder cases of ASD can sometimes
compensate for their atypicality to some degree by adjusting
their behavior with deliberate effort. Second, misdiagnosis
is prone to be made because of the comorbidity of other
psychiatric conditions.

One promising way to reduce the number of undiagnosed
adults with ASD is to develop a supplementary assessment tool
for ASD. The currently accepted protocol for ASD diagnosis
requires hours of interviews and assessment by clinicians and is
quite labor-intensive. Such strict protocols are relevant from the
perspective of suppressing overdiagnosis of ASD. At the same
time, it is also necessary to establish a convenient and handy
assessment tool for primary screening to broadly catch those who
“might” have ASD.

Recent studies on digital phenotyping (8) have pointed to
the potential of semiautomated quantification of behavioral
phenotypes in the primary screening of ASD. In these
studies, behavioral features of people with ASD were captured
by information technology, such as video analysis of facial
movement by computer vision (9–11) and bodily movement
analysis using cost-effective sensors [Kinect sensors and touch
sensors implemented in tablet computers; (12, 13)]. Some
studies have entered the extracted features into machine
learning and succeeded in classifying ASD and neurotypical
counterparts (11–13).

Classical theories of ASD have claimed that atypicality in
emotional function causes ASD-like behaviors (14, 15). Although
not in its original form, some of these theories have gained
support from studies showing poor performance in emotion
recognition (16, 17) and atypical patterns of neural activation and
morphology in emotion-associated regions such as the amygdala
(14, 18). In addition to atypical development of emotion-related
neural regions, a number of studies indicate that people with
ASD, especially pediatric patients, show poor ability of emotional
regulation (19) as can be seen in occurrences of sudden burst
of emotion, so-called “meltdown.” Taken together, people with
ASD have atypicality in both the induction of emotion and
emotional regulation, which leads to an atypical pattern of
emotional responses.

Taking such atypical emotional responses in ASD people
into consideration, measurement of emotional response
might be useful in screening adults with ASD. Emotional
response can be objectively quantified by measuring the
activation of the autonomic nervous system (ANS), which
comprises the sympathetic and parasympathetic nervous system.
Psychophysiological studies have linked the relative increase of
sympathetic over the parasympathetic nervous system to a high
arousal state (20). In addition, several studies have found atypical
patterns of ANS activation in people with ASD, especially in
response to social situations. For example, studies have revealed

reduced sympathetic activation in adults with ASD in response
to social interaction (21) and psychosocial stress (22). Similar
atypicality has also been observed in pediatric samples (23),
although the exact pattern of atypicality differs among studies
(24, 25). Previous studies on ANS activation in people with ASD
also revealed increased heart rate and reduced respiratory sinus
arrhythmia during rest (26, 27) and sleep (28) in individuals
with ASD.

Currently, measurement using a polygraph system is deemed
the gold standard for ANS activity measurement. However,
polygraph systems are relatively expensive and thus difficult to
introduce in many facilities. In addition, attachment of sensors
onto the skin surface makes people with ASD, especially those
with hypersensitivity to tactile stimulation (29), uncomfortable.
A recently introduced method of non-contact measurement
of pulse waves (30, 31), an index of ANS activation, could
be an alternative technique to a polygraph. In this method,
the timing of the pulse wave is detected by analyzing a slight
change in facial skin coloration. Immediately after cardiac
pulsation, arterial blood rich in fresh-red oxygenated hemoglobin
circulates through the blood vessels. Hemoglobin pigmentation
on the skin surface is slightly intensified synchronously with
this event. The temporal interval between neighboring peaks of
pigmentation intensity reveals the balance between sympathetic
and parasympathetic nervous system activations (32, 33) and,
thus, certain aspects of emotional response.

The present study examined whether this non-contact
measurement of ANS activation is assistive in distinguishing
between neurotypical adults and adults with ASD. We extracted
features reflective of ANS activation from video-recorded
images of the participant’s face while experiencing film-induced
emotions (34, 35). These features were fed to machine-
learning algorithms to ascertain whether pulse waves extracted
from video-recorded images contain enough information to
distinguish ASD adults from neurotypical ones. We focused on
the phasic change of ANS activation during emotion-inducing
film viewing from baseline.

METHOD

Participants
A total of 21 typically developed (TD) adult males (M = 31.7
years old; SD = 6.03) and 17 adult males with ASD (M = 31.5
years old; SD= 5.2) participated in the present study after giving
written informed consent. We excluded female participants so as
not to increase variance in responses in the ASD group because
previous studies have found phenotypic differences between
males and females with ASD (36, 37). The TD participants
were recruited by word of mouth and recruitment agency.
They had no ties or relations with the ASD participants. The
average age did not differ significantly between the ASD and
TD groups, t(36) = 0.07, p = 0.94. All participants with ASD
were referred to Showa University Hospital by physicians from
other clinics. The inclusion criteria of the present study were
as follows: males, Wechsler Adult Intelligence Scale-III, full
intelligence ≥70 (high functioning evaluated by WAIS), and a
formal diagnosis of ASD based on DSM-5 (1). The exclusion
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criteria were comorbid personality disorders. Three of them had
a comorbidity of mood disorders. Out of 17 ASD participants,
nine were on medication (antidepressant, n = 5; anxiolytic,
n = 4; soporific, n = 3; antipsychotic, n = 4; anticonvulsant,
n= 3). None was taking behavioral therapy. A psychiatrist made
a diagnosis according to the diagnostic criteria of the DSM-
5 for ASD based on a consensus among a team comprised of
experienced psychiatrists and a clinical psychologist who carried
out clinical interviews. All participants satisfied the Autism
Diagnostic Observation Schedule diagnostic criteria at the time
of the interview (M = 11.4, SD = 2.8). The diagnosis was
reconfirmed after at least a 2-month follow-up period. The
protocol of this research was approved by the ethical committees
of the Graduate School of Biomedical Sciences in Nagasaki
University and the Graduate School of Engineering in Chiba
University, according to the Declaration of Helsinki.

Apparatus and Stimuli
The stimuli included six video clips with lengths of about 1.5–
4.5min intended to induce happy, sad, fearful, and neutral
emotional states. These video clips were taken from a TV show
or films to induce these emotional states, the details of which
are described in Table 1. Four of the video clips depicted social
interactions among several people. Two more video clips, that
is, popular line drawing animation and a video clip of factory
machines without human figures, were included in the stimulus
set because previous studies have indicated that some people
with ASD are prone to show interest in these contents (38, 39).
Due to the scarcity of studies on emotion induction by films
in Japanese samples, a new set of emotion-inducing films was
created for the present study. We first screened Asian films
(most of them, Japanese ones) that seemed suitable for emotion
induction. Scenes including graphic content and violence were
avoided so as not to elicit shock from the participants. Then,
a small pilot study was carried out in which our lab members
(one female and five males) evaluated 13 Asian films1 intended
to induce sad (two films), fear (three films), happy (two films),
and neutral (two films) emotions and twomachine factory scenes
(two films). Based on the selectivity and intensity of emotional
state evaluation, we chose the six films summarized in Table 1.

The participants viewed a 19-inch monitor with their head
stabilized on a chin rest. Their faces were lit up using two
fluorescent lights. The viewing distance was 75 cm. An LED light
located near the participant’s chin lit up at the start and the end
of each video clip. The participants’ faces and the LED lights
were recorded by an RGB camera (situated between the monitor
and the chin rest) for industrial use (ARGO Corporation, Suita,
Osaka, Japan). A picture of the experimental setup is shown in
Figure 1A.

1The 13 films tested included “Lullaby of Narayama (1983)” (sad), “Dark Water

(Japanese Version, 2002)” (fear), “A Tale of Two Sisters (2003)” (fear), “Gottu-Ee-

Kanji (Japanese TV comedy show)” (an episode other than the one used in the

experiment; happy), and “Maboroshi (1995)” (neutral) and a video of machine

factory (other than the one used in the experiment) in addition to six clips selected.

Procedure
Face Movie Recording

At the start of each trial, a black background was shown for
40 s. Then, a video clip was presented. The video clip included
10 s presentation of a brief explanation about the context of the
scene. The participants were instructed to view the video clip
without overt movement quietly. Immediately after the end of
the video clip, seven track bars with 11 tics were presented on
the screen. The participants’ task was to answer their emotional
states, that is, the levels of happiness, anger, sadness, fear, disgust,
unpleasantness, and arousal, using the track bar. After the
completion of the subjective evaluation of emotional state, the
next trial started. Six video clips were separated into three blocks
with interblock rest intervals. The order of the video clips was
determined randomly.

Self-Administered Questionnaires

After the completion of the facial movie recording, the
participants answered a battery of self-administered paper-
and-pencil questionnaires in front of the experimenter. The
questionnaires included Japanese translations of the IRI
[Interpersonal Reactivity Index; (40)] and TAS-20 [The 20-item
Toronto Alexithymia Scale; (41)]. The IRI measures empathic
tendencies, and it comprises four subscales: perspective-taking,
fantasy, empathic concern, and personal distress (42), while
TAS measures the level of difficulty in identifying feelings,
difficulty in describing feelings, and externally oriented thinking
(41, 43).

Image Processing
Recorded movies of the participants’ faces were analyzed
offline according to the algorithm described by Fukunishi
et al. (31, 44). The skin color of the small facial region
near the cheekbone was analyzed. First, skin coloration in
each frame was separated into hemoglobin pigmentation,
melanin pigmentation, and shade information by
independent component analysis (45). Because shade
information is separated from hemoglobin intensity, the
intensity of hemoglobin pigmentation can be assessed
independently of lighting condition. Then, the temporal
fluctuation of hemoglobin intensity across video frames
was analyzed.

The temporal course of hemoglobin pigmentation intensity
shows pulsatile fluctuation as shown in Figure 1B. From the
temporal course of hemoglobin pigmentation fluctuation, 20
indices of ANS activation were computed for each video clip
for each participant. The details of the extracted indices are
summarized in Table 2. These indices were measured during
30 s baseline just before video clip presentation and during
video clip viewing. We used Kubios-HRV software (46) for
computing some of the indices. The phasic change in these
indices from baseline was calculated by subtracting index values
during baseline from those during video clip viewing. Thus, six
change-from-baseline values were obtained for each of the 20
indices, yielding a total of 120 features for machine learning.
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TABLE 1 | Detailed descriptions of scenes in stimulus video clips.

Clip Film title Scene description

Happy Gottu Ee Kanji (Japanese

TV comedy show)

A female police officer expresses her intention to resign from the police force, but her boss refuses to accept

the resignation. Their colleagues dressed in flamboyant costumes make a fuss of the situation.

Fear The EYE (1995) A female takes an elevator. She sees an old man in the elevator, but his image is not captured in the security

camera. As the elevator ascends, the man, floating on the floor, moves toward the female.

Sad A Cicada of the Eighth Day

(2011)

A female fugitive is trying to escape an island by ferry with a hostage child, whom she brought up as her

daughter. After realizing that they are surrounded by police officers, she tells the child to leave. Police officers

arrest her and the child cries out for her.

Neutral A Scene at the Sea (1991) A couple boards a bus, but the driver cautions the man not to bring a surfboard into the bus. The bus leaves

and the female keeps watching his boyfriend, who is standing in the bus stop with his surfboard, through the

window of the bus.

Line drawing animation Pendulum (2014) A pendulum clock is drawn as a motif. Together with the pendulum swing, the animation shows snippets of

the life of a couple. When the couple reaches the end of their life, the husband tries to reverse the swing of

the pendulum, but the wife gently stops him. All the objects and people are drawn in a thick black line on a

white background in this animation.

Machine factory None This video describes the movements of various factory machines and mechanical tools. No images of

humans are included.

FIGURE 1 | (A) A picture of experimental setting taken during preparation. The man in the picture is one of the authors, not a participant. During the actual experiment,

participant held a keypad with their head stabilized on a chin rest. (B) Typical pattern of pulsatile fluctuation in hemoglobin intensity recorded from one ASD participant.

Group Classification by Machine Learning
To ascertain whether participants with and without ASD can
be automatically classified by 120 features reflective of ANS

activation obtained by non-contact measurement, data were

analyzed using a supervised machine-learning algorithm. First,
120 features were standardized and then compressed to principal

components (PCs) by principal component analysis (PCA).
Then, the scores of PCs were fed into a gradient boosting
(GB) classifier. GB is one of the ensemble learning algorithms,

which is known to show good prediction performance and
generalizability, i.e., the ability of the classifier to predict the
class of unknown data, over the other types of machine

learning algorithms in many classification problems. In ensemble

learning, a set of weak predictors with limited prediction ability is
created, instead of a single strong predictor with high prediction
ability. Then, the final prediction is made by aggregating the
predictions of these weak predictors. Intuitively, in GB, weak
predictors are added sequentially to the decision trees so that the
addition of a new predictor gradually minimizes the discrepancy
between observed data and prediction. There are two popular
ensemble learning algorithms, GB and random forest. Though
random forest excels at generalizability in some cases, GB

can show superior performance when its hyperparameters are
tuned appropriately.

The GB classifier was cross-validated by a leave-one-out
procedure. Specifically, data from one participant were used
as the unknown test data, and the data of the remaining 37
participants were used to train the classifier. After training, the
classifier predicted which group, i.e., TD or ASD, the unknown
test data belonged to. The performance indicators, i.e., accuracy,
sensitivity, specificity, precision, and F1 score, were calculated
according to the formula below after repeating this procedure 38
times by using the data of every participant as test data.

Accuracy =
TP+ TN

TP+ FP+ TN+ FN

Sensitivity =
TP

TP+ FN

Specificity =
TN

TN+ FP

Precision =
TP

TP+ FP

F1 Score =
2× Sensitivity× Precision

Sensitivity+ Precision
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TABLE 2 | Summary of extracted ANS activation indices.

Index no. Description

1 LF/HF by the FFT spectrum: ratio between LF (0.04–0.15Hz) and

HF (0.15–0.4Hz) band power evaluated by Fourier transformation

(FFT)

2 LF/HF by the AR spectrum: ratio between LF and HF band power

evaluated by autocorrelation (AR)

3 Normalized LF power by FFT: LF band power normalized by total

power minus very low frequency (VLF) band power evaluated by

FFT

4 Normalized HF power by FFT: HF band power normalized by total

power minus very low frequency (VLF) band power evaluated by

FFT

5 Normalized LF power by the AR spectrum: LF band power

normalized by total power minus very low frequency (VLF) band

power evaluated by AR

6 Normalized HF power by the AR spectrum: HF band power

normalized by total power minus very low frequency (VLF) band

power evaluated by AR

7 Relative LF power against total power by the FFT spectrum: ratio

between LF band power and total power evaluated by FFT

8 Relative HF power against total power by the FFT spectrum: ratio

between HF band power and total power evaluated by FFT

9 Relative LF power against total power by the AR spectrum: ratio

between LF band power and total power evaluated by AR

10 Relative HF power against total power by the AR spectrum: ratio

between HF band power and total power evaluated by AR

11 Mean of RRI: mean of RR interval

12 Mean of HR: mean heart rate

13 RMSSD: root mean square of differences of successive RR

intervals

14 pNN50: number of successive RR intervals that differ more than

50ms divided by the total number of RR intervals

15 HRV triangular index: area covered by RR interval histogram

divided by the height of the histogram

16 TINN: bottom width of RR interval histogram

17 SD1 of Poincaré plot: standard deviation of data points along the

line of identity of an ellipsoid approximating the Poincaré plot (a

scatter plot with n-th RR interval as horizontal axis and n + 1-th

RR interval as vertical axis)

18 SD2 of Poincaré plot: standard deviation of data points in the

direction perpendicular to the line of identity of an ellipsoid

approximating the Poincaré plot

19 Ratio between SD1 and SD2: ratio between SD1 and SD2 in the

Poincaré plot

20 Mean of hemoglobin intensity: mean pixel value of hemoglobin

image

The definitions summarized above are partly taken from the site of Kubios

software (https://www.kubios.com/downloads/Kubios_HRV_Users_Guide.pdf).

FFT, Fourier transformation; LF, low frequency; HF, high frequency; AR, autoregression;

RRI, RR interval; HR, heart rate; RMSSD, root mean square of successive differences

between heartbeats; pNN50, percentage of neighboring NN intervals (interval between

normal heartbeats) that differ from each other by more than 50ms; HRV, heart rate

variability; TINN, triangular interpolation of RR intervals; SD, standard deviation.

where TP (true positive), FP (false positive), TN (true negative),
and FN (false negative) represent the frequencies with which
the ASD participant was correctly identified as ASD, the
TD participant was misclassified as ASD, the TD participant
was correctly classified as TD, and the ASD participant was
misclassified as TD, respectively.

To obtain a robust estimate of performance, we repeated this
process 20 times by changing the random number seed.

Basic Emotion Classification by Machine
Learning
Among the six video clips, happy, fear, sad, and neutral
clips are intended to induce a particular emotional state. In
order to examine whether these four clips induced differential
physiological states in ASD and neurotypical adults, a GB
classifier was trained to discriminate these four clips based on
the 20 ANS indices. The features were first compressed by PCA,
and then the GB classifier was trained for the TD and ASD
groups separately.

In the ASD group, there were emotional category (4) ×

participant (17) = 68 data. In the leave-one-out procedure,
one of the 68 data was treated as unknown test data and the
GB classifier was trained on the basis of the remaining 67
data. Accuracy rate and confusion matrix were computed after
repeating this procedure 68 times using every one of the 68 data
as the test data. Accuracy and confusion matrix were computed
in the TD group according to essentially the same procedure
using emotional category (4) × participant (21) = 84 data.
Computation of accuracy and confusion matrix was repeated 20
times by changing the random seed.

In the next step of analysis, we tested whether emotional
states are less clearly differentiated in ASD than TD participants
(47). If this hypothesis is correct, the pairwise similarities among
physiological responses induced by the four emotion-inducing
clips should be higher in the ASD group than in the TD group.
To examine this possibility, the cosine similarity of physiological
states induced by the four video clips was calculated based on
the confusion matrices. The cosine similarity between emotion
j and emotion k, CSjk, is computed according to the following
formula where Nij represents the frequency with which emotion
j was classified as emotion i (happy, fear, sad, neutral).

CSjk =

∑4
i=1 Nij × Nik√∑4

i=1 N
2
ij ×

√∑4
i=1 N

2
ik

Statistical Analysis
Subjective ratings of emotional states were entered into an
analysis of variance (ANOVA) with the between-participant
factor of group (2; TD, ASD) and the within-participant factors
of clip (6; happy, fear, sad, neutral, line drawing, machine)
and emotional state (7; happiness, anger, fear, sadness, disgust,
surprise, unpleasantness, arousal). When an interaction reached
significance, simple main effect analysis was conducted to clarify
its source.

In leave-one-out, the GB classifier gives the probability
estimate that the test data belong to the ASD class. In the present
study, leave-one-out cross-validation was repeated 20 times,
yielding 20 probability values for each participant. We tested
whether the average probabilities assigned to ASD participants
were higher than those assigned to TD participants as expected
by the Mann–Whitney U-test. The chi-squared test was used to
examine if the proportions of participants classified into the ASD
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group differed between the ASD and TD groups. It was tested
whether the mean accuracy of classification was significantly
above chance (50%) by two-tailed t-test.

Group difference in subscores of IRI and TAS-20 was tested
by two-tailed t-tests. To see if these traits are associated with
classification results by the GB classifier, Spearman’s rank-order
correlation was tested between averaged probabilities and the
scores of IRI and TAS-20.

RESULTS

Group Difference in Subjective Emotional
States
Themean and standard deviation of the subjective ratings in each
condition are shown in Figure 2.

The ANOVA revealed significant main effects of clip,
F(5, 180) = 14.53, p < 0.0001, η2p = 0.29, and emotional state,

F(6, 216) = 30.53, p < 0.0001, η2p = 0.46. There were also
significant interactions between group and emotional state,
F(6, 216) = 4.08, p < 0.001, η2p = 0.10, and between clip and

emotional state, F(30, 1,080) = 35.04, p < 0.0001, η2p = 0.49.
All these main effects and interactions were further qualified
by a significant three-way interaction between group, clip, and
emotional state, F(30, 1,080) = 1.56, p = 0.028, η2p = 0.042. No
other effects reached significance, Fs < 1.0, ps > 0.4. In order to
clarify the source of the significant three-way interaction, two-
way ANOVA with the between-participant factor of group (2)
and within-participant factor of emotional state (7) was carried
out for each clip.

Happy Clip

The ANOVA revealed a significant main effect of emotional
state, F(6, 216) = 59.67, p < 0.0001, η2p = 0.62, and a significant
interaction between group and emotional state, F(6, 216) = 4.48,
p = 0.0003, η2p = 0.11. The main effect of group failed to reach

significance, F(1, 36) = 0.03, p = 0.85, η2p < 0.001. Simple main
effect analysis revealed significantly higher “happy” rating in TD
than in the ASD group, F(1, 36) = 5.72, p = 0.02, η2p = 0.14.
People with ASD also gave higher “unpleasantness” ratings than
TD people, F(1, 36) = 4.87, p = 0.034, η2p = 0.12. A simple main
effect of group failed to reach significance in the other emotional
states, Fs < 3.4, ps > 0.07.

Fear Clip

The main effect of emotional state reached significance,
F(6, 216) = 36.34, p < 0.0001, η2p = 0.50. The main effect of group

failed to reach significance, F(1, 36) = 0.39, p = 0.53, η2p = 0.01.
The interaction between group and emotional state failed to reach
significance either, F(6, 216) = 1.88, p= 0.086, η2p = 0.05.

Neutral Clip

The main effect of emotional state reached significance,
F(6, 216) = 13.43, p < 0.0001, η2p = 0.27. Neither the main effect of

group, F(1, 36) = 0.20, p = 0.66, η2p = 0.006, nor the interaction
between group and emotional state, F(6, 216) = 0.29, p = 0.94,
η2p = 0.01, reached significance.

Sad Clip

The main effect of emotional state, F(6, 216) = 36.45, p < 0.0001,
η2p = 0.50, and the interaction between group and emotional state

reached significance, F(6, 216) = 3.36, p= 0.0035, η2p = 0.085. The
main effect of group failed to reach significance, F(1, 36) = 0.93,
p = 0.34, η2p = 0.025. Simple main effect analysis revealed a
significantly higher “fear” rating in the ASD than in the TD
group, F(1, 36) = 9.12, p = 0.005, η2p = 0.20. A simple main
effect of group reached significance for no other emotional state,
Fs < 1.9, ps > 0.17.

Line Drawing Animation

The main effect of emotional state reached significance,
F(6, 216) = 34.37, p < 0.0001, η2p = 0.49. This main effect
was qualified by a significant interaction between group and
emotional state, F(6, 216) = 2.62, p = 0.018, η2p = 0.07. The
main effect of group failed to reach significance, F(1, 36) = 0.06,
p= 0.80, η2p = 0.002. Simple main effects of group failed to reach
significance, Fs < 3.5, ps > 0.07.

Machine Factory Clip

Only the main effect of emotional state was significant,
F(6, 216) = 22.34, p < 0.0001, η2p = 0.38. Neither the main

effect of group, F(1, 36) = 0.61, p = 0.45, η2p = 0.017, nor
the interaction between group and emotional state reached
significance, F(6, 216) = 0.095, p= 0.99, η2p = 0.003.

Automatic Group Classification
We first tested whether the performance of the GB classifier
was dependent on the number of PCs used as features. Thus,
GB classifiers were trained and tested by using scores of 1–
10 PCs as features. The PCs were entered into the classifier
in descending order of the amount of variance explained. For
example, when the number of PCs was two, the PCs with the first
and second largest variance explained were used as the features.
The performance of GB classifiers was compared by the accuracy
and F1 score as performance indicator. The classifier showed its
best performance when the number of PCs was eight.

The Mann–Whitney U-test revealed a significantly higher
probability of being classified into ASD by the classifier in the
ASD than in the TD group, U = 117, p = 0.037. When the
threshold was set to 0.5, 13 out of 17 (76.4%) ASD participants
and 8 out of 21 (38.1%) TD participants were classified into
the ASD group. The proportions of participants classified into
the ASD group differed significantly between the ASD and TD
groups, χ2

(
1)= 5.59, p= 0.018.

Mean accuracy across 20 repetitions of cross-validation was
0.68 (SD = 0.015). Accuracy was significantly higher than
chance (0.5), t(19) = 54.46, p < 0.001. Averages of sensitivity,
specificity, precision, and F1 score were 0.76 (SD = 0.021), 0.63
(SD= 0.021), 0.63 (SD= 0.016), and 0.68 (SD= 0.015).

Feature importance of each PC is shown in Figure 3. As can
be seen in this figure, the fourth and sixth PCs contributed most
to the classification followed by the first and second PCs. For
completeness, we compared scores of the eight PCs between the
ASD and TD groups. No group difference was found, ts < 1.7, ps
> 0.10.
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FIGURE 2 | Subjective rating of each emotional state given to each of the six video clips in the ASD (left) and TD (right) groups. The center of the radar chart is zero,

and the outermost point of each axis is eight. The thick line and the width of the shaded area along each axis represent mean and standard deviation, respectively.

FIGURE 3 | Mean feature importance of the right PCs used as features in

group classification by GB classifier. PCn is the PC that explained the n-th

largest amount of variance.

Relationship Between Classification
Results and Scores of IRI and TAS-20
The average and standard deviations of IRI and TAS-20 are
summarized in Table 3. Two ASD participants failed to complete
TAS-20. In IRI, adults with ASD showed lower perspective-
taking and higher personal distress scores than their neurotypical
counterparts. The results also revealed a higher score in every
factor of TAS-20 in the ASD than in the TD group.

The results of correlation coefficients between questionnaire
results and the probabilities of being classified as ASD assigned

by the GB classifier are summarized in Table 4. After significance
threshold correction by Bonferroni’s procedure, there was no
significant correlation.

Automatic Classification of Emotional
States Within Each Group
The performance of the GB classifier was dependent on the
number of PCs. Thus, we evaluated the performance of the GB
classifier by changing the number of PCs in the same manner
as described above. In the TD groups, the best performance was
achieved when the number of PCs was six, while one in the ASD
group. Thus, the number of PCs was set to these values.

The averaged accuracy was 0.34 in the TD group and 0.31 in
the ASD group. The confusion matrix for each group is shown
in Table 5 together with the hit rate, i.e., the probability that the
classifier made a correct classification of each emotion.

The cosine similarities between each pair of emotional states
are listed in Table 6. As can be seen in this table, cosine
similarities between happy and neutral, and between happy
and sad, were relatively low compared with the other pairwise
combinations in both ASD and TD groups.

DISCUSSION

Recent advances in image processing technology have enabled the
quantification of ANS activation by non-contact measurement of
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TABLE 3 | Mean and standard deviation of IRI and TAS-20 scores in each group, and the results of group comparison of each score by two-tailed t-test.

IRI TAS-20

Perspective-

taking

Empathic

concern

Fantasy Personal

distress

Difficulty in identifying

feelings

Difficulty in describing

feelings

Externally

oriented thinking

ASD (N = 17) 18.0* 19.8 18.6 21.7** 19** 16.1* 21.7**

(3.7) (3.6) (3.8) (4.3) (6.4) (4.0) (4.2)

TD (N = 21) 21.3 20.4 19.6 15.4 12.1 13.0 17.8

(4.5) (3.7) (3.8) (3.8) (3.8) (3.6) (4.3)

t-value −2.43 −0.5 −0.75 4.79 4.03 2.4 2.75

df 36 36 36 36 34 34 34

p 0.02 0.618 0.46 <0.001 <0.001 0.022 0.009

In parenthesis are the standard deviations.

*p < 0.05; **p < 0.01.

TABLE 4 | Spearman’s rank-order correlation coefficients between averaged probability and scores of IRI and TAS-20.

IRI TAS-20

Perspective-

taking

Empathic

concern

Fantasy Personal

distress

Difficulty in identifying

feelings

Difficulty in describing

feelings

Externally oriented

thinking

All Rho −0.20 0.08 0.14 0.08 0.18 0.20 0.23

p-value 0.236 0.634 0.414 0.643 0.287 0.235 0.182

ASD (N = 17) Rho −0.38 0.27 0.19 −0.11 −0.34 −0.25 0.54

p-value 0.132 0.304 0.474 0.669 0.213 0.362 0.038

TD (N = 21) Rho 0.13 −0.01 0.29 0.02 0.28 0.44 −0.10

p-value 0.581 0.971 0.209 0.937 0.211 0.046 0.673

TABLE 5 | Confusion matrix of emotion categorization in each group.

Group Clip Prediction Hit rate (%)

Happy Fear Neutral Sad

ASD (N = 17) Happy 3 8 2 4 17.6

Fear 6 6 3 2 35.3

Neutral 4 4 7 2 23.5

Sad 5 2 5 5 29.4

TD (N = 21) Happy 10 4 2 5 47.6

Fear 5.1 6.9 4.4 4.6 24.3

Neutral 4.8 2.6 6.85 6.75 22.9

Sad 4.8 2.85 8.25 5.1 22.9

The number in each cell represents averaged frequency. Hit rates are also shown in

the rightmost column. The numbers along the diagonal line (bold) represent averaged

frequency of hit.

pulse waves from images of the skin surface (30, 31, 44). Here, we
used this technology to measure ANS activity in adults with ASD
in response to six types of video clips.

At the behavioral level, ASD people gave lower “happy”
rating (for happy clip) and higher “fear” (for sad clip) and
“unpleasant” (for happy clip) ratings than TD people. The
overall pattern indicates a stronger negativity bias in emotional
reactions to video clips in ASD individuals. Anxiety disorder is

TABLE 6 | Mean cosine similarity between emotional states in each group.

Happy Fearful Neutral Sad

ASD Happy 1 0.9 0.74 0.71

Fearful 1 0.86 0.82

Neutral 1 0.89

Sad 1

TD Happy 1 0.85 0.79 0.75

Fearful 1 0.87 0.85

Neutral 1 0.97

Sad 1

The number in each cell represents averaged cosine similarity.

a common comorbidity of ASD (24, 48) and sometimes leads to
misdiagnosis of patients with mood disorders as ASD (7). The
present finding of negativity bias in individuals with ASD is in
line with this clinical observation. At the same time, the present
results tell nothing about the cause of this bias. This could be due
to hyperactivation in neural centers of emotion induction, such
as the amygdala and anterior cingulate cortex (49), or the atypical
interpretation of the physiological state induced by video clips.

We tried a semiautomatic classification of TD andASD groups
by submitting the features reflective of ANS activation into a
gradient boosting classifier. The classifier succeeded in classifying
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unknown participants into either the TD or ASD group above
the chance level. Furthermore, the probability of belonging to
the ASD group estimated by the best performance classifier
was significantly higher in the ASD group than in the TD
group, which further supports the proposition that non-contact
measurement of pulse waves captures atypical responses useful
for classifying ASD from TD adults.

At the same time, we have to point out that our success
was only modest. Although the accuracy rate was significantly
above chance, the values of performance indicators were far
from being acceptable for practical use. The relatively poor
performance of the classifier is not surprising considering the fact
that we focused on a single facet of peripheral nervous system
activation, i.e., pulse wave. Needless to say, faces covey abundant
information, and some of the previous studies on digital
phenotyping of ASD made efficient use of facial information
in automatic discrimination of ASD and TD samples (10,
11, 50). Thus, a combination of the other sources of facial
information together with non-contact measurement of pulse
waves might lead to the establishment of a classifier with better
prediction performance.

The relatively low performance of our classifier is also
attributable to heterogeneity in ASD participants. It is now well-
acknowledged that people with ASD are a heterogeneous group
and the symptomatic profiles differ greatly among patients (51).
This observation gained further support from the emerging
view that each symptom of ASD derives from a different set of
etiological factors (52, 53). Given this, it is highly possible that
participants in our ASD group had heterogeneous characteristics,
which might have yielded a variance in ANS responses to
emotional clips. Of particular relevance to the present study, it
is possible that participants with hypersensitivity to visual and
auditory stimulation might have shown different responses to
the video clips from those without hypersensitivity in the present
study. Unfortunately, the sample size of the present study is not
large enough to examine the effects of symptomatic heterogeneity
on physiological responses to emotional clips. This point is surely
an important topic for future study.

The results of self-administered questionnaires revealed lower
perspective-taking in ASD. Considering that the vicarious
experience of the characters’ emotion is at the core of emotional
experience in film viewing, one might conceive that a lower
tendency of perspective-taking might explain a different pattern
of ANS activation in ASD compared with TD participants.
However, the results of correlation analysis do not support this
view; correlation analyses did not show a reliable association
between IRI scores and averaged probability belonging to the
ASD group generated by the classifier. All of the three scores
measured by TAS-20 were higher in the ASD group, which
is consistent with the reported strong alexithymic tendency in
ASD (54).

The classification results of basic emotional states revealed
comparable accuracy in the classification of four emotional states
by gradient boosting classifier in the TD and ASD groups. The
averaged accuracy rate of classification across all the emotional
categories was numerically low in the ASD than in the TD group,
but this is probably because the sample size of adults with ASD

was smaller than that of TD adults; the classifier for ASD was
disadvantaged due to the smaller size of the training dataset.
In both ASD and TD groups, cosine similarity was high for
the combination between happy and fear, but was relatively low
for the combinations of happy and two low arousal emotions
(neutral, sad). This indicates that indices extracted from pulse
wave are sensitive to arousal level, consistent with previous
studies that show the association between arousal state and ANS
activation (20). Interestingly, hit rate for happy emotion was
drastically lower in the ASD than in the TD group. Actually,
the pattern of ANS activation induced by the happy clip was
more likely to be confused with that induced by the fearful
clip in the ASD than in the TD group. This might indicate a
less clear differentiation of emotional state in ASD (47). This
finding also dovetails with the proposal that people with ASD
show atypical pattern of activation in fear-related neural circuits
(18, 55) by emotional stimulation. However, definitive conclusion
awaits further empirical studies. An alternative explanation
for this result is that the film set used in the present study
was not optimized to induce discrete emotional states in ASD
participants. Given the prevalent use of films for emotion
induction (34, 56) in TD population, it is desirable to establish
a standardized set of emotion-inducing films suitable for people
with ASD.

The present study showed the potential of non-contact ANS
measurement in the automatic classification of adult males
with and without ASD. The number of studies reporting the
successful application of affordable non-contact measurement to
digital phenotyping of atypical behavior in ASD has increased
recently (8, 11–13). Combined with these previously established
methodologies, the current technique could serve as an
assessment tool to screen hitherto undiagnosed or misdiagnosed
adults with ASD (5–7). However, there are several limitations
that qualify our conclusion. First, many of the relevant studies,
including the current one, fail to include participants with other
psychiatric conditions, and as such, it remains uncertain whether
non-contact measurement of pulse wave can discriminate ASD
from patients with other psychiatric conditions. Second, the
present study recruited only adult males with and without
ASD. Thus, it is unclear whether the current technology could
contribute to the classification of females or pediatric samples
with ASD from their neurotypical counterparts. Third, the
distribution of ASD and TD people in the present study does not
mirror the prevalence of ASD in the population. The prevalence
of ASD among males is estimated to be around 1 in 50–60
(57), though the reported number varies widely among studies.
Given the relatively low prevalence rate, the sensitivity/specificity
of our classifier is unclear when it is applied to actual clinical
settings. Fourth, we used a video camera with a 30-Hz frame rate
for cost-effectiveness. The use of a low frame rate might have
made the estimation of some of the ANS activation indicators
somewhat unreliable. In other words, the performance of the
classifier might be improved by integrating video cameras with
a higher frame rate. Considering these, it would be desirable
to test the reliability of the current technique by recruiting a
more diverse population and using more suitable equipment in
future studies.
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Improving social cognition and social skills is a challenge faced by individuals with

Autism Spectrum Disorder without Intellectual Disability at any age. This process is

particularly critical during late adolescence (15–18 years), a developmental phase

generally characterized by rich social experiences that usually foster the development

of friendships. Nevertheless, for youth with ASD, lingering difficulties in social cognition

often hinder their ability to generate responses considered socially appropriated. These

social deficits can contribute to isolation that has a detrimental effect on mental health. In

adulthood, deficits of social skills are strongly associated with an overall lack of support,

characterized by a failure to integrate into the labor market, a high unemployment

rate, social isolation, and a higher suicide rate. In clinical settings, social skills groups

are well-established therapeutic means to improve social cognition and social skills.

Nevertheless, these interventions vary greatly regarding their objectives, contents and

duration. Moreover, few have been validated and replicated by research. Our aim is to

bring certain perspectives to a type of intervention that are widely used in care settings.

After reviewing its positive aspects for increasing social cognition, and its limitations,

we will discuss strategies to facilitate the generalization of social skills in an ecological

context. In particular, we will base our reflection on our clinical experience and on

our current project to adapt the PEERS© model for adolescents into French. We will

consider the current trend of involving parents as “social coaches” to generalize the social

knowledge acquired in the social skills groups.

Keywords: Autism Spectrum Disorder without intellectual disability, adolescents, parents, evidence-based

interventions, social skills groups

INTRODUCTION

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by social
communication deficits with the presence of stereotypical behaviors, sensory atypicalities, and
restricted interests. The clinical presentations of ASD are heterogeneous, with various levels
of intellectual and motor functioning and verbal skills (1). ASD is often associated with
comorbid disorders such as anxiety or ADHD that have a significant impact on a person’s
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functioning and, consequently, on their quality of life (2–4).
ASD’s prevalence globally increases and is now estimated at
18.5/1,000 (i.e., 1/54) in children of 8 years of age in the
United States (5, 6).

In the case of individuals with ASD without intellectual
disabilities (ID), it appears that improving social skills has
long been considered as a main challenge throughout their
development, particularly during adolescence and the transition
to adulthood (7). Indeed, this critical period is characterized
by a phase generally rich in social experiences that foster
the development of friendly relationships with peers (8–10).
These naturally learned behaviors and attitudes contribute to
acceptance by peers and usually avoid marginalization. For
adolescents with ASD without ID, difficulties often persist in
social communication. This includes, for example, proposing
topics for discussion or repetitive conversations based on their
specific interests not always shared by peers (11, 12). Difficulties
in the acquisition of social skills in ASD have been linked to
deficits in social cognition. Based on the cognitive and emotional
processes that underlie the understanding and prediction of
others’ behaviors, social cognition is a concept that encompasses
several skills, ranging from basic recognition of emotions tomore
complex processes such as perspective taking, also known as
theory of mind (12–14). These cognitive, affective, and behavioral
skills form the basis of social skills and thus social behavior.
Deficits in social cognition impact social skills and interfere with
the production of responses considered socially appropriate. In
a neurotypical world, these social challenges are, at any age,
an isolating and exclusion factor from peers (15). Rejection
also affects ASD youth’s mental health and is a risk factor for
developing depression or anxiety disorders (7, 10, 16). These
difficulties continue in the access to employment in adulthood
(17, 18). Social relationships remain a major factor in job
rejection and a source of stress for workers with autism (19).
Deficit of social skills are accompanied by an overall lack of
support characterized by a failure to integrate into the labor
market and a high unemployment rate (17, 19, 20). In fact, studies
on adults with ASD without ID report psychiatric co-morbidities
and increased social isolation with a higher suicide rate for this
population (21).

In recent years, researchers and clinicians have focused on
the development of interventions aimed at supporting youth
with ASD without ID to better understand social situations and
respond with appropriate social behaviors (22). To this end,
over the past two decades, social skills groups emerged as a
natural attempt to extend learning in an individual setting by
grouping participants with common difficulties. Nevertheless,
this common practice in health care settings has led to very
variable support in terms of objectives, content and duration.
For adolescents, the contribution of parents or other significant
caregivers as “social coaches” and generalization agents was
considered later (23, 24). Moreover, perceptions about people
with autism are changing. Under a new vision of neurodiversity,
their differences are beginning to be increasingly recognized as
strengths rather than the sum of social deficits. We need then
to look at these groups with new perspectives. The feedbacks of
people with autism and their families appear to be an essential

prerequisite for improving and redefine them. In this paper, our
objective is, first of all, to review the elements validating the
effectiveness of social skills groups and the limits to consider. We
will then discuss on the active contribution of parents. Finally, we
will conclude on new reflexions on these groups to best meet the
current needs and expectations of young people with ASD.

SOCIAL SKILLS GROUPS FOR
ADOLESCENTS: KNOWN BENEFITS AND
LIMITATIONS

First, how a social intervention can be considered “efficient”? In
social skill group, we speak of effectiveness, when the objectives
of acquiring new social skills are achieved (e.g., the adolescent
can start and follow a reciprocal conversation with peers).
Generalization refers to new skills that are reused appropriately
outside the group in more natural contexts. One of the most
important benefits of participating in a social skill group is the
improvement of social knowledge and the quality of friendship
relationships (25). Then, participation in a social skill group
can also bring benefits in terms of improved emotional skills
and social communication (26). Young people would have more
opportunities to spend time with friends and would demonstrate
a reduction in inappropriate social behaviors in favor of more
adapted social behaviors (7, 27). Finally, this type of intervention
is generally appreciated by participants for the sense of belonging
and mutual support that the group provides in experiencing
positive social interactions in a secure setting (28). Despite
their popularity in clinical settings, the overall benefits of these
interventions remain modest, with a small number of meta-
analyses reporting improvements in social skills with average
overall effect sizes (25, 29). In addition, a significant portion
of validation studies has focused on evidence-based practices
for preschool-age children and elementary school-age children
(15, 30). Only a minority of the randomized controlled trials
(RCT) identified in the most recent meta-analyses targeted social
skills groups for adolescents (25, 29).

It is important to recognize that social skills are complex,
context-related, and therefore subject to variation among
different informants who observe change and on the instruments
used to measure it (29, 31, 32). Most of the measures gathered
in the literature are based on pre- and post-test questionnaires
filled out by parents, adolescents, and in some cases by teachers
and external observers (33). A high level of variability is then
encountered in the results. The parental questionnaires most
commonly used in programs are the Social Responsiveness Scale
(SRS) and the Social Skills Rating System (SSRS) (34). The meta-
analysis by Gates et al. (29) highlights a significant self-reported
effect among youth in the overall improvement of their skills
while parents do not report the same progress. This discrepancy
in outcomes can be attributed to adolescents’ bias to overestimate
their skills (35). This effect would be enhanced by their sense
of satisfaction after group participation (29, 33). In addition, the
authors call for caution on outcomes. Indeed, a distinction must
be drawn between “social knowledge” and “social performance,”
two measures that are often analyzed conjointly (35, 36). When
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this distinction is taken into account, the results indicate a
significant improvement in social knowledge among adolescents,
but no benefits in terms of overall social performance (25, 29, 37).

Some other limitations about the social skills groups’
effectiveness study must also be taken into account. Social
skills groups are also heterogeneous in terms of curriculum
content. Some intervention formats present the content and the
behaviors to be adopted with a structured didactic approach
and behavior rehearsals, designed as “social knowledge training,”
while others, known as “social performance training” will
rather focus into the experimentation of positive exchanges,
where the skills are implicitly taught (29, 33, 38). Of the
25 manualized interventions identified by Hall et al. (39),
only five programs offer an effectiveness study and only three
consider generalization aspects. This is the case of Skillstreaming
(40) aimed at teaching emotional and prosocial skills for
adolescent with common social needs, Social Competence
Intervention, a curriculum that combines cognitive-behavioral
and applied behavior analysis principals to enhance specific
social competences (27) and Program for the Education and

Enrichment of Relational Skills, (PEERS©) which focuses on
improving friendship for Adolescents with ASD without ID (41).
This latter program, with the most research published, will be
discussed below.

For adolescents with ASD without ID, transferring
new knowledge of social rules into various contexts and
maintaining it over time remains a challenge (29, 37, 42). To
date, few studies include follow-up measures for groups of
adolescents with ASD without ID (24), especially since research
findings are inconsistent in measuring generalization and skill
maintenance (43).

INVOLVEMENT OF PARENTS AS COACHES
AND GENERALIZATION AGENTS

Clinicians observe that one of the most recurring requests from
parents of adolescents with ASD without ID is precisely to
target social skills work. They are very often worried about the
social gap between their child and peers. Indeed, the differences
experienced by adolescents can lead to a drop in self-esteem,
anxiety, and depressive symptoms or manipulating conducts for
the young person’s social entourage (e.g., bullying). A recent
review has identified the most effective components to generalize
the skills acquired through participation in a social skills group
(44). It appears that the individualization of objectives and
the constant links with the adolescent’s natural environment
are precisely significant predictors of the effectiveness of these
interventions. The presence of typical peers, the regular practice
of the skills learned alongside them and the active involvement
of parents also help to improve their effectiveness. Indeed, social
skills groups that include groups of parents are those that obtain
the most promising results with larger effect sizes (32).

For this reason, some programs involve parents as active

support agents in the intervention. This is the case of PEERS©,
that our team has translated into French and is currently
experimenting in a French-speaking context (French-speaking

Switzerland) with adolescents with ASD without ID aged 15–

18. PEERS© is based on the joint involvement of adolescents
and their parents with the common goal of learning and
developing friendships (41). It emerges as one of the most
research-validated manualized programs that has been replicated
in different cultural backgrounds with a durability of these
gains over time (39). Indeed, follow-up measures over 1–5 years
have shown that social skills were maintained and improved,
including social responsiveness, better social knowledge, and a
higher level of social reciprocity with an increased number of
get together with peers (24, 45). The maintenance of its effects
could be explained by the participation of the parents who would
have acted as agents of reinforcement and generalization of
the acquired knowledge (24). This program includes 14 weekly
90-min social skills training sessions for adolescents with ASD
without ID, while their parents attend parallel coaching sessions
to teach them how to help their child to generalize these skills.
In small groups (6–8 participants), the teaching of adolescents is
based on learning practical rules governing social codes and skills
that are ecologically valid, i.e., applicable in different contexts
of adolescents’ daily lives (e.g., developing friendships, knowing
the rules of reciprocal communication, the etiquette of social
networks and electronic communications, dealing with conflict
and rejection, etc.). It is complemented by demonstrations of
appropriate or bad social behavior models (video-modeling),
role-playing and exercises for which adolescents receive feedback
from facilitators and peers. The youth are given small homework
assignments, which present gradual challenges to practice and
generalize what they have learned between sessions. These
cognitive-behavioral components are the ones that have been
mainly found to be the most effective way to improve social skills
(25, 46, 47).

During this time, parents work together on the same
topic as their child. Another facilitator begins by talking with
them about their child’s successes and challenges related to
the previous session, raising any difficulties in completing
homework assignments, and finding new ways to accomplish
them successfully. These sessions are not seen here as classic
support sessions such as a support group because their objective
is clearly to provide parents with tools related to a social
theme (e.g., finding an appropriate group of friends, and
managing rumors). Nevertheless, the atmosphere is generally
warm between parents who share their experiences and are
invited to propose solutions to the other participants. At the end
of each session, teenagers and parents meet to agree on their roles
and tasks for the next session. Outside of the sessions, parents
take over to support the homework assigned to their child in
order to repeat these teachings in a natural social context and to
continue to generalize the skills discussed.

PEERS© combines a didactic approach and social rehearsal.
Its originality lies particularly in the involvement of parents.
It appears that general participation in a psychoeducational
parenting skills training program has a positive impact on their
children’s development as well as on their own well-being (48).

In the PEERS© model, their involvement can give them a sense
of control over the difficulties they face and reduce significantly

their stress (49). PEERS© has been validated and replicated in
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other cultural backgrounds as Israel or Asian countries (50–
53). In Europe, a Dutch team is currently conducting a RCT to
compare their results with those of an active control group (54).
At this stage, our experience remains very modest but our goal is
to adapt it in a francophone RCT. Nevertheless, our preliminary
observations are in line with results of larger samples, particularly
in terms of increasing knowledge of social conventions. Overall,
adolescents and their parents shared positive experiences with the
program and the relevance of the new skills learned. As Mirzaei
et al. (44) point out, active parental involvement thus brings an
added value between what is learned in the rather limited context
of the social skills group and the adolescent’s life with peers and
family in his or her daily life. The fact that parents are equipped
and have access to the same lessons and content as their children,
allows them to go beyond what is taught in a 14-session program.

GOING FURTHER: PERSPECTIVES

With 20 years of hindsight in the field of social skills groups,
researchers, and clinicians in all countries are now facing several
observations but also questions to ensure that this type of
intervention continues to gain in effectiveness. We will end
here by addressing some practical aspects and raising more
general questions.

First of all, due to the complexity of social skills, the
characteristics of each participant and the variability of the
available outcomes, themeasurement of the effectiveness of social
skills programs still needs to be improved. While self-report
questionnaires remain an effective measure for improvements
in social knowledge (32), more refined tools are needed to
objectively measure adolescents’ progress, especially since the
questionnaires used have not been developed to specifically
assess social skill groups (33). A valuable measure would be
the involvement in programs of trained blind observers who
could thus assess the ability of the participants to generalize their
learning in different ecological settings (33, 55). However, access
to and training of these observers involves a significant financial
and time investment (24). In a recent study, Keifer et al. (31)
support the importance of using different types of measures to
observe changes in social cognition and social behavior. They
point out that the general concept of social cognition needs
to be further decomposed with the less studied measure of
implicit social cognition defined by “processes that are fast,
spontaneous, and primarily unconscious” (56). Yet, it is precisely
these processes that would predict outcomes on social awareness
and are observed through changes in young people’s social
behavior. The authors combined electrophysiological measures
with other types of data such as the number of creative solutions
proposed or the reaction time taken to solve a problematic social
situation. Keifer et al. (31) recommend that it is therefore crucial
that implicit social cognition be targeted by future interventions
but also better measured as a marker of change in social skills.

Second, adolescents’ motivation to participate in this type of
program is an important question and may differ from their
parents’ motivation. Parents see or anticipate their children’s
difficulties, while teens do not necessarily see the benefits and

claim their right to a certain social singularity. Their reticence
is often explained by years of negative experiences that have
led them to withdraw from the social world or to apprehend it
through internalized or externalized disorders. It is important
that adolescents feel fully free to accept or refuse to participate
in a group despite certain well-intentioned pressures from those
around them. Here, the fact that their parents are actively
involved and block this time to support them in a concrete
way may be a facilitating factor. Joint participation in the group
can then be more easily accepted as a joint attempt to find
solutions rather than another “extra-curricular” activity that rests
solely on the adolescent’s shoulders. It should be emphasized
that this transition period to adulthood is often accompanied
by a high level of anxiety experienced at the academic level
(revisions, exams and preparation for team work) in addition
to being associated with all the decisive questions of school and
career orientation.

These questions about motivation and improvement of the
effectiveness social skills groups finally lead us to take a step
back and ask about the social objectives targeted solutions that
we propose to try to overcome the “core deficits” of ASD.
At present, the questions of camouflage, defined as behaviors
used to hide or mask “autistic” aspects of one’s personality, and
social compensation strategies are more and more reported by
adolescents and adults with ASD, who very generally name the
exhaustion that the application of social rules engenders on their
mental health (57). More than ever, it is a matter of working with
autistic individuals themselves to determine their expectations,
their needs and jointly establish the best tools to best navigate
the complexities of the social world while recognizing their
singularity and the right to neurodiversity. Bottema-Beutel et al.
(37) thus warn of the risk that participation in a social skills group
restricts the authenticity of its participants without diminishing
the risks of stigmatization.

In a recent editorial on the issue of camouflage, Fombonne
(58) “note[s] incidentally that most behaviors discussed in
camouflage commentaries are precisely those skills that are
actively targeted for scaffolding in social skill treatment
interventions” (p.737). This perspective on the issue of teaching
neurotypical social rules leads to the idea of continuing to
improve the quality of our social skills groups by tailoring its
objectives to the particular needs of its participants (27, 44). One
proposal would be to revisit the experiences of those who have
participated in these groups. In this way, qualitative research
could clarify in greater detail how their participation met their
needs or if group participation had contributed to feeling more
stigmatized and anxious.

These ideas of close partnership have been taken up
in different countries such as the United Kingdom, which
encourages people with ASD to be active and paid consultants
to help clinical teams to adapt medical interventions to their
particular needs (59). In the social skills groups, participating
youth and their parents could then become consultants whose
experience would be valuable in improving the design of these
groups, identifying the components that have been most helpful
to them and the variables that remain impediments. Their
subsequent participation as “mentors” and their testimonials
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about their progress after participating in such a group could also
be a form of mentoring that would encourage their younger peers
and their parents.

To conclude, social skills groups constantly lead us to question
our tools. More broadly, they also lead us to reflect on our
social rules, the behaviors defined by the group as socially
appropriate and those that, on the contrary, are a source of
rejection. We must then discuss together the bases governing life
in the community in order to facilitate exchanges and to better
understand behaviors that autistic and neurotypical people may
each consider as “bizarre.” What are the social rules considered

indispensable by all and which “battles” should we prioritize? On
which rules should society be more tolerant and inclusive? These
are all ethical questions that deserve to be tackled together and
should guide the foundations of the implementation of future
social skills groups.
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Children with autism spectrum disorder (ASD) exhibit abnormal visual attention, such

as diminished attention to eyes and enhanced attention to high-autism-interest objects.

We tested whether high-autism-interest objects would modulate the attention to eyes in

boys with ASD and typically developing (TD) boys. Twenty-two ASD and 22 TD children

were presented simultaneously with human eyes and high/low-autism-interest objects

(HAI/LAI) while their eye movements were recorded. We found that visual preference for

eyes was influenced by competing objects in children with and without ASD. Specifically,

both children with and without ASD showed reduced overall and first looking preference

when eyes were paired with HAI objects relative to LAI objects. Children with ASD also

showed reduced sustained viewing preference to the eyes after first looking at the eyes

and late looking preference to the eyes after first looking at the objects in the HAI condition

than the LAI condition, but these effects were absent in the TD group. Our study not only

helps us understand some factors that impact attention to eyes, but also has implications

for interventions aiming at improving eye contact in children with ASD.

Keywords: autism spectrum disorder, eye-avoidance, circumscribed interests, visual attention, eye movement

INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by two main
core symptoms—social communication deficits and restricted interests and repetitive behaviors
(1). Most previous work has focused on one of these two symptoms, while only a few studies have
focused on the relation between these two core symptoms (2). Of these studies, some found an
intrinsic link between social communication deficits and repetitive behaviors (3–6), while others
claimed independence of the two symptoms (7–9). Considering that there are distinctive subtypes
of social communication deficits and repetitive behaviors in ASD, the question that whether the
two core symptoms are related is not clear (10). The current study aims to explore this relationship
in children with ASD using eye movements, viewed from the visual attention point.

The two core symptoms of ASD may be reflected in the visual looking time. For instance, along
with socio-communicational deficits, many eye-tracking studies have explored whether people with
ASD look less at eyes than typically developing (TD) people. Although findings from these studies
are mixed (11–13), a recent meta-analysis of eye-tracking studies found a significant reduction in
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attention to eyes in individuals with ASD than TD people
(14). On the other hand, people with ASD are found to be
interested in certain types of objects, referenced to circumscribed
interests (CI), or high-autism-interest (HAI) stimuli (e.g.,
vehicles, computers, and repetitive movements) (14–17). These
stimuli have been found to attract visual attention (15, 16,
18), activate neural reward circuitry (19), and induce pleasure
responses (20) in people with ASD. Based on these findings, HAI
objects are proposed to negatively affect the social development
of people with ASD by occupying their visual attention and
depriving them of sufficient social interaction experiences (16,
21). However, the relationship between visual attention to eyes,
which plays an essential role in social interaction, and visual
attention to HAI objects has received almost no empirical
attention. From both theoretical and practical perspectives, there
are significant implications of knowing whether attention to
eyes in people with ASD would be improved if some factors
are manipulated, such as presenting HAI or low-autism-interest
(LAI) objects. Therefore, the current study aimed to investigate
howHAI objects wouldmodulate the attention to eyes in children
with ASD.

In order to examine this modulation effect, we used the
preferential looking paradigm by pairing human eyes with two
types of competing stimuli, that is HAI or LAI objects, to explore
visual preferences for eye region in children with and without
ASD. Some studies have already used a similar paradigm to
study the modulation effect of competing non-social objects on
social stimuli like faces [e.g., (15, 16)]. However, this has been
achieved via a less fine distinction between the early and late
attentional components. As a result, it remains unclear whether
the modulation effect is due to the consistent impacts over time
or from local effects confined to particular times.

Our study expected that including HAI objects would increase
the general interest level to this type of object and reduce the
total looking time to eyes in children with ASD. This overall
eye-preference index could reflect some combinations of initial
orienting to and subsequent maintenance with stimuli, as well
as looking time after initial orienting. In order to separate these
components, we calculated prioritization index, sustained index,
and late eye-preference index (see Data Analysis section for
details) to test whether the influence of HAI on the attention
to eyes was mainly driven by different mechanisms of attention.
Rather than focusing simply on which object receives the greater
amount of viewing time, the prioritization index indicates which
object receives attentional priority in the scene. In daily life,
the social meaning of eyes should be perceived very rapidly.
Therefore, prioritizing for processing eyes is helpful for a
successful social interaction. Additionally, the sustained index
examines a sustained viewing time in the initial detection of an
object. This index can reflect a general interest in an object. If
people are interested in an object, they examine it longer after
looking at it. Finally, the late eye-preference index examines
total eye-looking time after first looking at or initial orienting
to objects, but not total eye-looking across time. It may reflect a
late attentional component, which is less likely to be influenced
by low-level stimulus properties than an early component like
prioritization index (see detailed discussions in the Discussion

TABLE 1 | Characteristics of the participants.

ASD (N = 22) TD (N = 22) t

M SD M SD

Age (years) 7.01 1.32 7.51 0.65 −1.59

Full Scale IQ† 100.95 17.29 96.41 10.50 1.05

ADOS Total Severity 8.86 1.39 – – –

SA Severity‡ 8.73 1.42 – – –

RRB Severity§ 8.27 0.94 – – –

ADI-R – – –

Social Interaction 22.09 5.18 – – –

Communication 17.73 4.43 – – –

RRB 9.09 2.02 – – –

D Scale¶ 3.45 1.22

† IQ was measured using the Chinese abbreviated version of Wechsler Intelligence Scale

for Preschool and Primary Children-Forth Edition (26), or Chinese abbreviated version of

Wechsler Intelligence Scale for Children-Forth Edition (27); ‡SA Severity = ADOS Social

Affect Severity; §RRB Severity = ADOS Restricted, Repetitive Behavior Severity; SA and

RRB Severity were calculated according to Gotham et al. (28); ¶D Scale is abnormality of

development evident at/before 36 months.

section). Therefore, this late eye-preference index is better than
the overall eye-preference index to reflect top-down attention to
the eyes.

METHOD

Participants
After excluding children with ASD who had a low IQ (IQ<70,
measured by Wechsler Intelligence Scale), 22 high-functioning
boys with ASD and 22 age and IQ-matched TD boys from China
were included in the current study. Sample size was determined
by availability and was greater than or equal to that of other
studies using a similar paradigm [e.g., (15, 16, 22)]. Furthermore,
when we opted for a moderate effect size (η2

p = 0.06), 0.8 power,
an alpha of 0.05, and 0.5 as correlation among repeated measures
to perform power analysis by using G∗Power software (23), a
total sample of at least 34 individuals is required by a repeated
measures analysis of variance (ANOVA) with Group (ASD and
TD) as the between-subjects factor, and Condition (HAI and LAI)
as the within-subjects factor.

We recruited boys only in our study to control for gender
differences in interest in objects (22). The children with ASD
were all previously diagnosed by professional pediatricians in
licensed hospitals according to the criteria of ASD in DSM-V
(1), and were further confirmed by using the Autism Diagnostic
Observation Schedule [ADOS; (24)] and the Autism Diagnostic
Interview-Revised [ADI-R; (25)]. The TD children were recruited
from a typical primary school, and the teachers and parents
reported no concern about any potential developmental or
psychiatric disorder. All participants had normal or corrected
to normal vision with no color-blindness. Table 1 shows the
participants’ characteristics.

This research was conducted according to the ethical
standards laid down in the 1964 Declaration of Helsinki and was
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FIGURE 1 | Sample stimuli in the HAI condition.

approved by the Ethical Committee of the sponsoring university.
We obtained all of the children’s oral consent and their parents’
written consent before the onset of the experiment.

Materials
The stimuli consisted of 24 images depicting the eye region
cropped from different faces displaying fear expressions, which
were extracted from the NimStim Face Stimulus Set (29), a free
and widely used database [e.g., (30, 31)]. Fearful eyes were used
as stimuli, given previous evidence that eye avoidance in ASDwas
most likely to occur when scanning threatening facial expressions
(18). HAI object images included 12 different cars, and LAI
object images included 12 different vegetables (15, 16). There

were a total of 24 trials presented on a 21
′′

monitor. In each
trial, one eye image was randomly paired with one HAI or one
LAI image, resulting in 12 paired eyes and HAI object images
(HAI condition), and 12 paired eyes and LAI object images (LAI
condition) (Figure 1). The allocation (left/right) of stimuli within
a trial was counterbalanced. Each image subtended a visual angle
of 12×4◦ to the children.

Procedure
Children sat ∼60 cm away from a monitor. Eye movements
were recorded by a Tobii Pro X3-120 eye tracker (Tobiitech
Technology, Stockholm, Sweden; sampling rate: 120Hz) during
the whole experiment. Before the formal experiment, children
were asked to pass a five-point calibration procedure. The
calibration process was repeated when necessary until both eyes
achieved good mapping on all five test positions (smaller than 1◦

visual angle).
In each trial, an attention-getter (a cartoon character

subtending a visual angle of 4×4◦) was first presented in the
center of the screen, which disappeared when children’s gaze
was detected within the cued region. Then, one of the 24 paired
images was presented for 3,000ms, and children were asked to
view it freely. The stimuli were presented in a randomized order
with the constraint that the same condition and same eye position
could not occur more than three in a row.

Data Analysis
Data Preprocessing

Trials with more than 30% missing gaze data (i.e., low-quality
data defined as validity codes > 1 from Tobii raw data) were
considered unreliable and excluded from the analysis [e.g., (32)]
to ensure the quality of data, which was stricter than some
previous studies (33, 34). Missing gaze data that had a gap
shorter than 75ms in the other trials were filled in using
linear interpolation based on the last valid sample before the
missing gap and the first valid sample after the gap. Average
gaze positions of the left and right eyes were used to calculate
fixations based on I-VT fixation filter (35) with the following
parameters settings: (1) the velocity threshold was set at 30◦/s;
(2) Fixations close spatially and temporally (<0.5◦,<75ms) were
merged to prevent longer fixations from being separated into
shorter fixations because of data loss or noise; (3) Fixations
shorter than 60ms were discarded. Areas of interest (AOIs)
were defined around the eyes and objects. In our analysis plan,
trials would be further discarded if no fixations were detected
in the two AOIs. However, no trials were discarded according
to this criterion. The valid trial number was similar for the
ASD (M = 22.50, SD = 2.44) and TD (M = 23.55, SD = 1.47)
groups, p > 0.05.

Main Eye Movement Indices

Preliminary analysis revealed that the ASD group (M = 1.52 s,
SD = 0.48 s) looked less at the two AOIs than the TD group
(M = 2.07 s, SD = 0.52 s), t(42) = −3.62, p = 0.001, Cohen’s d
= 1.09. Thus, in our primary analysis, in order to quantify the
overall visual preference to the eye image relative to the object
image, we converted total fixation data into proportion data.
Using proportion data was also consistent with previous studies
using the preferential looking paradigm (15–17). We calculated
the overall eye-preference index, defined as the proportional
total looking time on the eye AOI against the total looking
time on both the eye and object AOIs. A well-above-chance
level (50%) eye-preference index represents an overall looking
preference for the eyes over the objects. We further calculated
a prioritization index—frequencies of the first look at the eyes
against the total valid trials as an initial orienting component
of attention. A well-above-chance level of prioritization index
represents a first preference for the eyes over the objects. Besides,
we calculated the sustained index. First, we calculated the sum
of the duration of all fixations of the first entry to the eye
or object AOI, until a child shifted attention away from the
AOI (sustained duration). The sustained index is defined as
sustained duration on the eye AOI against the sum of sustained
duration on the eye and object AOIs. This index represents
maintaining of engagement with eyes after initial orientation
relative to the object. Finally, the late eye-preference index was
very similar to the overall eye-preference index. It was calculated
as the proportional total looking time on the eye AOI against
the total looking time on both the eye and object AOIs after
first looking at an object AOI, but not the whole trial duration.
The calculation of these eye movement indices can be referred to
Holmqvis et al. (36).
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RESULTS

Overall Eye-Preference Index
A 2 (Group: ASD and TD) × 2 (Condition: HAI and LAI)
repeated measures ANOVA was conducted. Only the main effect
of Condition was significant, F(1,42) = 13.05, p = 0.001, η

2
p

= 0.24. Both groups showed decreased attention to eyes when
HAI objects were present compared to when LAI objects were
present (Figure 2A). The main effect of Group and the Group
× Condition interaction effect were all not significant, F(1,42)
= 0.54, p = 0.466, η

2
p = 0.013, and F(1,42) = 0.02, p = 0.876,

η
2
p < 0.001, respectively.
We also compared the eye-preference index to the chance level

by using a one-sample t-test with Bonferroni correction (alpha
level = 0.0125 for four times comparison). Children with ASD
showed a decreased looking preference for the eyes over the HAI
objects, t(21) = −3.03, p = 0.006, Cohen’s d = 0.65, but not LAI
objects, t(21) = −1.13, p = 0.272, Cohen’s d = 0.24. TD children
showed no significant results, t(21) =−1.45, p= 0.162, Cohen’s d
= 0.31, and t(21) = −0.12, p = 0.907, Cohen’s d = 0.03, for HAI
and LAI objects, respectively.

Prioritization Index
Like the eye-preference index, only the main effect of Condition
was significant, F(1,42) = 8.65, p= 0.005, η2

p = 0.171. Both groups
showed a reduction in the first preference for the eyes when
HAI objects were present compared to when LAI objects were
present (Figure 2B). The main effect of Group and the Group
× Condition interaction effects were all not significant, F(1,42) =
0.07, p = 0.787, η2

p = 0.002, and F(1,42) = 0.74, p = 0.395, η2
p =

0.017, respectively.
We then compared the prioritization index to the chance level,

and found that both groups showed a decreased first looking
preference for the eyes over the HAI objects, t(21) = −3.80, p =

0.001, Cohen’s d = 0.81, and t(21) = −3.70, p = 0.001, Cohen’s
d = 0.79, for the ASD and TD groups respectively, but not LAI
objects, t(21) = −2.36, p = 0.028, Cohen’s d = 0.50, and t(21)
= −1.42, p = 0.171, Cohen’s d = 0.30, for the ASD and TD
groups, respectively.

Sustained Index
A 2 (Group: ASD and TD) × 2 (Condition: HAI and LAI)
repeated measures ANOVA was conducted. Note that one TD
child’s first looks were all directed to the object in the HAI
condition, thus the sustained index in the HAI condition was
not available for this child. The main effect of Group was not
significant, F(1,41) = 0.17, p = 0.680, η2

p = 0.004. The main effect

of Condition was significant, F(1,41) = 7.90, p = 0.008, η
2
p =

0.162. Importantly, the Group×Condition interaction was also
significant, F(1,41) = 7.22, p = 0.010, η

2
p = 0.150. Simple effect

analysis revealed that children with ASD had lower sustained
index in the HAI condition than that in the LAI condition, F(1,41)
= 15.48, p < 0.001, η

2
p = 0.274, but TD children had a similar

sustained index in the HAI and LAI conditions, F(1,41) = 0.01, p
= 0.931, η2

p < 0.001 (Figure 2C).

Late Eye-Preference Index
A 2 (Group: ASD and TD) × 2 (Condition: HAI and LAI)
repeated measures ANOVA was conducted. Note that one ASD
child and one TD child did not look at the eye and object AOIs
after initial orientation to the object in the LAI or HAI condition.
Thus, the late eye-preference index was not available for these two
children. The main effect of Group was not significant, F(1,40)
= 0.01, p = 0.930, η

2
p < 0.001. The main effect of Condition

was marginally significant, F(1,40) = 3.81, p = 0.058, η
2
p =

0.087. Importantly, the Group × Condition interaction effect
was significant, F(1,40) = 4.55, p = 0.039, η

2
p = 0.102. Simple

effect analysis revealed that children with ASD had lower late
eye-preference index in the HAI condition than that in the LAI
condition, F(1,40) = 8.35, p = 0.006, η

2
p = 0.173, while TD

children had a similar late eye-preference index in the HAI and
LAI conditions, F(1,40) = 0.02, p= 0.898, η2

p < 0.001 (Figure 2D).

Correlations Between Autism Symptoms
and Eye Movement Indices
We correlated the ADOS total severity of children with ASD with
the main eye-movement indices. No significant correlations were
found, all ps > 0.05.

DISCUSSION

The primary aim of the present study was to test whether
attention to eyes in children with ASD depended on the type of
competing non-social stimuli (HAI vs. LAI objects) that were also
present. Using the preferential looking paradigm, we revealed
that attention to eyes was influenced by competing objects in
both children with ASD and TD children, such that a decreased
visual preference for the eyes when they were paired with HAI
objects compared to LAI objects was observed. However, the
modulation effects were different for the two groups in the early
and late attention.

First, we found a reduced overall preference for the eyes when
eyes were paired with HAI objects relative to LAI objects in both
children with ASD and TD children. Second, with regard to the
early and late attentional components, it was observed that all
groups showed an initial higher probability of attending to the
eyes when LAI objects were presented than High objects. After
first initiating to the eyes, children with ASD showed higher
sustained viewing preference to the eyes when LAI objects were
presented, whereas this effect was absent in the TD group. After
first looking at the objects, children with ASD were also more
likely to show a higher probability of attending to the eyes
when LAI objects were presented. In contrast, this trend was not
significant for TD children.

These findings suggested that attention to eyes was somewhat
contextually dependent in children with ASD, so that presence
of HAI relative to LAI objects would reduce the relative salience
of eyes to a greater degree. There are two types of salience
that will attract social attention (37). One is social salience,
which will drive the top-down volitional attention. The other
one is physical salience (e.g., color, contrast, and motion),
which will reflexively trigger the attention in a bottom-up
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FIGURE 2 | Eye movement results. (A) Overall eye-preference index; (B) Prioritization Index; (C) Sustained index; (D) Late eye-preference index. Dashed lines

represent the chance level and error bars represent standard error.

way. In general, we may expect physical salience to primarily
influence initial orienting to eyes, whereas top-down control
will dominate the late attention phase [e.g., (38)]. In the
current study, low-level stimulus properties (e.g., contrast,
color, luminance, shape, and size) were not controlled across
different objects (i.e., HAI and LAI objects), like many previous
studies (15, 16, 22). Thus, it is difficult to conclude whether
the object content alone or content and low-level physical
properties best explains the modulation effect of CI on initial
attention to eyes. However, late attention, especially the late eye-
preference index, is more likely to reflect children’s motivation
or interest in viewing the eyes because the physical salience
of objects may lose its control in guiding attention in the late
phase after viewing the objects. Furthermore, if the physical
salience of objects plays a role in biasing the attention in
the late phase, we would expect the non-social objects to
modulate the late eye-preference index in TD children like
the results of the prioritization index. Together, our study
implies that HAI objects can occupy visual attention in both
early and late attention phases, therefore depriving visual
experiences with eyes in children with ASD. Future studies with
a sophisticated design could further test the contribution of
bottom-up and top-down attention to eyes. Greater care should

also be taken to control the low-level stimulus properties in
the future.

Our data from the TD group indicated that the modulation
effects of CI on attention to the eyes were not specific to
children with ASD—TD children also showed some similar
effects. Previous studies presenting a single face or a face
embedded in a social context have found that children with
ASD always showed less eye-looking time than TD children
(39, 40). In contrast to these studies, we only included
eye regions to control other facial features’ impact on eye-
preference. Besides, we only used one type of emotion
(fear) in eyes, which removed social salience conveyed by
human expression. These manipulations might significantly
reduce the social significance of the eyes, resulting in a
reduced motivation to process the eyes in TD children and
thus the absence of group differences in the eye preference.
Another possibility is that we only included one competing
object to pair with the eyes, whereas in previous studies,
multiple competitive objects [e.g., mouth and nose within
a face, or toys and body within a social scene; (39, 40)]
were present, which may exacerbate the eye avoidance in
children with ASD. Finally, the chosen HAI objects (i.e.,
cars) might also be highly attractive to TD boys, which
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reduced the group difference. Future studies exploring how
the attention to eyes in girls might be modulated by CI
are recommended.

The modulation of HAI objects on gaze behavior is still
informative for future clinical research and the development of
interventions focusing on improving eye contact in ASDs. A
number of interventions have tried to enhance the attention
of individuals with ASD for socially relevant elements in a
scene (41–43). Our study, from another perspective, suggests
that in an intervention situation, making the non-social objects
less salient could be used to increase social preference as a
complementary approach. The presence of LAI objects could
increase ASD children’s propensity to look at the eyes first,
heighten their interest in maintaining engagement with eyes
after first looking at them, and improve their late looking
preference to the eyes after first looking at the objects. However,
it should be noted that we only used fearful eyes as stimuli,
which was a limitation of our study. In reality, we usually
look at a child in a non-fearful way. These settings could
limit the generalizability of the current findigns. Thus, the
implications for intervention should be taken with care, and
future studies should test the generality of our findings to
other expressions.

Another limitation in our study is that HAI objects we
chose for children with ASD might also be interesting to TD
children. Usually, HAI objects in ASD tend to be less attractive
to TD children and are often idiosyncratic. Future studies using
idiosyncratic HAI objects can replicate and extend our results.

In conclusion, we found that visual preference for eyes is
influenced by competing objects in children with ASD—visual
preference for eyes was reduced when HAI objects were present
compared to when LAI objects were present. Our study not only
helps us understand some factors that impact attention to eyes
but also has implications for interventions aiming at improving
eye contact in children with ASD.
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Amultitude of research on facial emotion recognition (FER) in Autism Spectrum Disorders

(ASD) have been published since several years. However, these studies have mainly

used static high intensity stimuli, including adult and/or children facial emotions. This

current study investigated FER in children with ASD using an innovative task, composed

of a combination of static (114 pictures) and dynamic (36 videos) subtests, including

children, adolescent, and adult male and female faces, with high, medium, and low

intensity of basic facial emotions, and neutral expression. The ASD group consisted of

45 Tunisian verbal children, and the control group consisted of 117 tunisian typically

developing children. Both groups were aged 7–12 years. After adjusting for sex, age,

mental age, and school grade, the ASD group scored lower than controls on all tests

except for the recognition of happiness and fear in the static subtest, and the recognition

of happiness, fear, and sadness in the dynamic subtest (p ≥ 0.05). In the ASD group,

the total score of both the static and the dynamic subtest were positively correlated

with the school grade (p < 0.001), but not with age, or mental age. Children with ASD

performed better in recognizing facial emotions in children than in adults and adolescents

on videos and photos (p < 0.001). Impairments in FER would have negative impact

on the child’s social development. Thus, the creation of new intervention instruments

aiming to improve emotion recognition strategies at an early stage to individuals with

ASD seems fundamental.
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INTRODUCTION

Facial expressions of emotion convey non-verbal cues for
interferences with others. They allow us to understand
motivations and intentions of others. Consequently, they are
considered as one of the foundations of social interaction (1).

Over the decades since the 1970s, psychological studies have
established that there were six universal basic emotions: sadness,
disgust, anger, surprise, happiness, and fear (2–4). Izard (5)
suggested that, at the age of six, typically developing individuals
are able to recognize several facial emotional expressions, while
other studies mentioned that this ability is only totally developed
before adolescence (6–8). However, the aptitude to accurately
identify emotions is not distributed uniformly across children
and may negatively impact social interactions.

Autism spectrum disorders (ASD) are “neurodevelopmental
disorders characterized by early-onset qualitative impairments
in social interaction, verbal and non-verbal communication,
associated with restricted and repetitive interests and behaviors”
(9). As social cognition is particularly implicated in ASD, a large
number of research have examined facial emotion recognition
(FER) in this population over the last decades (10, 11). Recent
research in ASD have shown that the ability to recognize facial
emotion in children with ASD is not always associated with
their intelligence (12, 13), contrarily to NT individuals in whom
performance IQ could predict emotion recognition performance
in children (14).

Several studies have focused on the assessment of basic
emotions as they are primitive and universal reactions to outside
stimuli and do not depend on cognitive processing or cultural
environment. Even though there is some debate concerning
the capacity of subjects with ASD to identify the basic facial
emotions, there is more evidence to suggest that impairments
of FER are constantly present in ASD (15–22). Recent literature
reviews have shown important FER impairments in individuals
with ASD (13, 23). Yet, several other studies did not replicate
the same findings. This discrepancy was explained by different
hypotheses. Indeed, some researchers suggested that FER in
individuals with ASD is emotion-type-specific only manifesting
for negative emotions such as fear (24, 25) and sadness (26).
Other studies showed that these discrepant results may be
explained by the use of tasks that lacked sensitivity to detect
group differences. Lerner et al. (27) suggested that greater
impairments in facial emotion recognition are present when
adult facial expressions are presented to children with ASD,
as opposed to child facial expressions. This hypothesis was
supported by the study of Hauschild, indicating that adolescents,
independently of ASD diagnostic status or severity of troubles
had greater FER performance for child compared to adult
faces. His findings suggested that “face processing abilities of
adolescents with ASD may be influenced by experience with
specific categories of stimuli, similar to their typically developing
peers” (28). Therefore, we hypothesized that children with ASD
would show greater performance in recognizing facial emotions
of individuals having the same age range and that the assessment
of facial emotion recognition could vary according to the age
range of the model presented to the child.

The very mixed results on emotion recognition difficulties in
ASD were also explained by “the use of very simplistic stimuli,
i.e., “100% expression” or “full blown,” which may produce
ceiling effects” (29–31). In fact, it was recently suggested that
“individuals with ASD perceive exaggerated emotional facial
expressions as being more representative of real-life emotions
andmore realistic” (32). Therefore, theymay showmore emotion
recognition difficulties for low intensity facial expressions as
subtle facial expressions afford less emotional cues to the observer
(33). In the study of Wong et al. (34), “low intensity emotions”
had also been associated with more important impairments
in FER, particularly with negative emotions. Subtle or “low
intensity” facial expressions are frequently observed in daily life.
Even if children with ASD often show good performance in FER
in laboratory setting, they are likely to have difficulties in the
recognition of subtle facial expressions in real life. Indeed, it is
possible that the lack of impairment of FER in individuals with
ASD in some studies is explained by the abnormal processing
of facial emotions, using high intensity of stimuli. In accordance
with some authors, we suggested that difficult tasks with different
intensity of facial emotions are needed to highlight emotion
recognition difficulties in ASD (24, 35, 36).

We also suggested that the assessment of FER in individuals
with ASD using videos or dynamic stimuli would show better
performance. Our hypothesis was based on several research. In
the study of Harwood et al. (37), authors have found that the
use of “moving faces” to assess FER among individuals with
intellectual disability may facilitate facial affect recognition, in
comparison to static stimuli. Concerning typically developing
individuals, “dynamic displays” were better recognized than
“static displays” and judged as being more realistic and intense”
(38). In the study of Ambadar et al. (39), dynamic stimuli had
facilitated the recognition of subtle facial expressions. In the
neuroimaging research, differential patterns of brain activation
in response to dynamic in comparison with static facial emotions
have been identified (40). As naturally facial emotions are
intrinsically dynamic, authors suggested that dynamic stimuli
may have a better ecological validity than static stimuli, as
they may activate richer neuronal, automatic, and behavioral
consequences than static stimuli (40, 41).

It is also important to note that, to date, only a few studies
investigating emotion recognition in people with ASD have
included an assessment of neutral facial expressions (25, 36, 42).
Neutral facial expressions are frequent and important in everyday
life and could represent a source of confusion for individuals
with ASD.

Additionally, only a few studies on misinterpretation of
emotions have used a combination of static and dynamic test,
including images and videos, and, to the best of our knowledge,
none has used tests including a combination of children,
adolescent and adult facial expressions with different levels of
intensity of facial emotions.

Therefore, and in order to better understand FER
impairments in ASD that could conduct us to the creation
of intervention tools, we chose to use an innovating task
that takes into account all of the aforementioned limitations
of previous studies. The current study is unique in that we
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used a recently developed and validated test, composed of a
combination of static (pictures) and dynamic (videos) subtests,
including children, adolescent, and adult faces, with high,
medium, and low intensity of basic facial emotions, and neutral
facial expression.

We hypothesized that:

(1) ASD group would show deficits in FER compared to control,
expected mainly for negative emotions

(2) Performance in FER would vary according to the intensity of
facial expression, with greatest deficits at lower intensities

(3) Deficits in the FER would be predominant in one
type of support (video or pictures) with some suggestion
that ASD group might show greatest performances with
dynamic support, rather than with static images, with better
performance in the identification of children’s facial emotions.

MATERIALS AND METHODS

Participants
Data in our study were collected from children with ASD
and neurotypical children (NT) and all included children were
attending ordinary schools. Participants in the clinic sample
were recruited from the Department of Child and Adolescent
Psychiatry in Razi Hospital, Tunis, Tunisia. The sample consisted
of 45 Tunisian verbal children, aged 7–12 years (mean age =

9.26, sex ratio = 6.5), diagnosed with autism spectrum disorder,
according to the Diagnostic and Statistical Manuel of mental
disorders- fifth edition (DSM-5) criteria, after a full assessment
by a child psychiatrist. This diagnosis was confirmed by a
trained rater who administered the AutismDiagnostic Interview-
Revised (ADI-R) (43) (Mean scores were: social interaction =

13,60 ± 1.64; verbal communication = 15,09 ± 3,44; restricted
and stereotyped behavior= 5.7± 1.25).

The control group (neurotypical or NT children) was
recruited from several primary schools and consisted of 117
Tunisian typically developing children, aged 7–12 years (mean
age 9.22, sex ratio = 0.88). They had no history of psychiatric
disease, neurodevelopmental disorder, and no family history
of autism spectrum disorder. Children were assessed with the
Mini International Neuropsychiatric Interview for Children and
Adolescents (MINI-KID) (44) and those who had a present or a
past psychiatric disorder were not included in the study.

All cases in both groups had a performance IQ >80. The
fixed IQ cutoff was chosen so that to avoid the effects of deficits
in receptive language and to select verbal children with ASD,
who could be able to respond reliably to the test. Mental age
was measured by The Tunisian version of the Differential scales
of intellectual efficiency (EDEI)-A in its reduced form: the
scale I “Vocabulary B” for verbal intelligence and the scale IV
“categorical analysis” for non-verbal intelligence (45).

Exclusion criteria for both groups included: intellectual
disability, a history of a traumatic brain injury, or seizure
disorders, neurological or sensory deficits, substance use
disorders that could affect children’s cognitive functioning and
children’s performance during the test.

All the parents of selected children were invited to take part in
the study, and provided written informed consent. The present
study adhered to the tenets of the Declaration of Helsinki (2000).

Measures
The REF task is a Tunisian validated and computerized
test. It consists on a downloadable application on Android,
developed by child psychiatrists and psychologists working in
the Department of Child and Adolescent Psychiatry in Razi
Hospital (Tunis, Tunisia). It is a part of a Tunisian battery for
the assessment of social cognition (non-verbal and verbal theory
of mind, empathy, and FER).

The REF task is an innovating test, having good psychometric
properties (in review in the journal Frontiers in Psychology, 15
jan 2021, Taamallah, A., Halayem, S., Rajhi, O., Ghazzai, M.,
Moussa, A., Touati, M., et al. Validation of the Tunisian test for
facial emotion recognition: study in children from 7 to 12 years).

The test consists of a combination of a static and a dynamic
subtest. The static subtest includes 114 photographs of actors
mimicking six basic emotions (happiness, disgust, fear, surprise,
sadness, and anger) and neutral expression with three levels
of intensity of facial emotions for the six basic emotions: low,
medium, and high.

The dynamic subtest includes 36 videos with actorsmimicking
six basic emotions.

There were three male and three female actors having three
age ranges: children, adolescents, and adults. Each actor displayed
the six basic emotions, as well as a neutral face. The task includes
photos and videos with an equal number of faces for each gender,
age range, emotions type, as well as an equal number of intensities
for each facial emotion in the static subtest. The duration of each
video varied between 3 and 5 s with facial expression moving
from neutral facial expression to the basic emotion proposed.

The test items were coded according to Ekman’s “Facial Action
Coding System” (FACS) method, comparing each photograph
to that of neutrality. Depending on the FACS system, facial
muscle contractions are coded in units of action (AUs). The
nomenclature includes 46 AUs identified by a number. For
example, AU1 corresponds to the “inner brow raiser.” For
happiness, the units of action involved are AU6 (cheek raiser),
AU12 (lip corner puller), and AU 25 (lips part). The intensity
of the emotion depends on the number of AUs and the intensity
of the contraction (46, 47). A professional photograph made the
photos and the videos, and the recording sessions took place in a
theater club.

The interface was made up of two parts: the upper part
displayed the photo or video, and the lower part displayed seven
choices corresponding to the seven emotions (six basic emotions
and neutrality) written in Tunisian Arabic dialect (Figure 1).

Stimuli are presented in a random and pre-established order
and the whole face was displayed each time. For videos, and after
the clip is played, the static image of the final intensity remains
on the screen until the forced choice is made.

The distance between the child and the screen was set as
40 cm. Children were provided with standardized instructions
and supervised by a trained- researcher. Before initiating the
assessment, all participants (NT children and children with ASD)
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FIGURE 1 | Interface of the REF task.

were invited to read the seven choices of facial expressions
(happiness, disgust, fear, surprise, sadness, and anger) to confirm
that they could correctly recognize them. Then, children were
asked to view each face and to identify and select the facial
emotion that corresponds to each photo or video.

For all participants, we started by presenting the static part of
the test, then the dynamic one.

During the task, each proposed facial expression with the
proposals remains on the screen 15 s. After this time and when
the children were not able to select his choice, the next stimuli
were presented. Once a response is chosen for a given face,
participants are not able to revise it, and the next proposal of
facial emotion is presented.

The duration of the test varied between 20 and 40min
depending on the child’s performance and his response time.

Data Analysis
Statistical analysis was performed using the Statistical Package
for the Social Science (SPSS) version 26 for Windows. For

descriptive statistics, we calculated the mean and the standard
deviation for each of our continuous variables. For each of
the continuous variables, normality was checked using Shapiro-
Wilk’s test. Indeed, according to the central limit theorem, a
sampling distribution in samples larger than 30 tends to be
normal, regardless of the shape of the data (48).

With large enough sample sizes (>30 or 40), the violation of
the normality assumption should not cause major problems (4);
this implies that we can use parametric procedures even when the
data are not normally distributed.

To compare the sex distribution between groups, we used
Pearson’s Chi-square. To compare age, mental age, and school
grade between the ASD group and the control group, we used
Student’s t-test for independent samples. To compare subscores
within the same groups, we used the paired-samples t-test.

To examine the associations between the total scores for each
of the static and dynamic subtests and age, mental age, and school
grade, we used non-parametric Spearman’s correlations.

To compare FER between ASD children and NT children,
controlling for the effects of covariates (age, gender, mental age,
and school grade) on emotion recognition scores, we chose to
compare each of the subscale scores between groups using a
separate univariate analysis of covariance (ANCOVA), and we
adjusted the p-values to account for multiple comparisons. Since
the number of subscores would make for too many dependent
variables, it was more logical to run multiple separate univariate
ANCOVA analyses than one single multivariate analysis of
covariance (MANCOVA) analysis. Effect size was estimated using
partial eta squares (η2). We checked for variance homogeneity
using the Levene’s test and for linearity and homogeneity of
regression slopes using scatterplots (plotting each of the FER
subscores as separate dependent variables against the each of
covariates, for each subgroup).

Holm-Bonferroni’s correction was applied in case of
multiple comparisons.

A significance level of p = 0.05 was applied for all
statistical tests.

RESULTS

Table 1 summarizes the general characteristics of the ASD group
(n = 45) in comparison with the NT group (n = 117). While the
mean age was comparable between groups, the ASD groups had
a higher proportion of males, a lower mental age, and tended to
have fewer years of study.

In the ASD group, we found that the total score of the static
subtest was positively correlated with school grade (rho = 0.404,
p = 0.009), but not with age, or mental age. Similarly, the total
score of the dynamic subtest was positively correlated with school
grade (rho = 0.394, p = 0.012), but not with age or mental age.
Both total scores for the static and dynamic subtests did not differ
significantly between genders.

In the NT group, we found that the total score of the static
subtest was positively correlated with age, mental age, and school
grade (rho = 0.374, rho = 0.376, and rho = 0.394.; p < 0.001 for
each correlation). Similarly, the total score of the dynamic subtest
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TABLE 1 | General characteristics of the autism spectrum disorder group vs. the neurotypical group.

ASD group NT Group p

n = 45 n = 117

Sex, n (%) Male 39 (86.7%) 55 (47.0%) <0.001

Female 6 (13.3%) 62 (53.0%)

Age, m ± SD 9.6 ± 1.5 9.2 ± 1.5 0.218

EDEI- Verbal mental age, m ± SD 8.7 ± 1.2 9.9 ± 0.9 <0.001

EDEI- Non verbal mental age, m ± SD 9.9 ± 2 10.9 ± 2.5

EDEI- Mental age, m ± SD 9.3 ± 1.6 10.4 ± 1.7

School grade, m ± SD 2.9 ± 1.4 3.5 ± 1.4 0.024

ASD, Autism spectrum disorder; NT, Neurotypical.

m, mean; SD, standard deviation; EDEI, The Differential Scales of Intellectual Efficiency.

was positively correlated with age, mental age, and school grade
(rho = 0.414, rho = 0.318, and rho = 0.434.; p < 0.001 for each
correlation). Both total scores for the static and dynamic subtests
did not differ significantly between genders.

After adjusting for sex, age, mental age, and years of study,
the ASD group scored lower than controls on all tests except for
the identification of fear and happiness in the static subtest, and
the identification of happiness, fear, and sadness in the dynamic
subtest (Table 2).

Out of the different six basic emotions, both groups (ASD
and NT) scored best in identifying happiness on photos as
well as in videos (p < 0.001 when compared with any of the
other emotions).

In the ASD group, there was no significant differences in FER
scores based on the actor’s gender for photos, but scores were
higher in the video tests when the actor was female (10.33± 3.89
vs. 8.65± 3.57, p < 0.001).

It was also easier for individuals with ASD to accurately
identify facial emotions in children than in adolescents on photos
and videos (17.17 ± 7.07 vs. 15.48 ± 6.79, p = 0.004; and
7.16 ± 2.69 vs. 5.70 ± 2.46, p < 0.001, respectively). However,
identifying facial emotions were easier in children than in adults
in videos (7.16 ± 2.69 vs. 6.12 ± 2.44, p < 0.001), but not
on photos.

ASD children had more difficulties recognizing low-intensity
than medium-intensity emotions (14.19 ± 6.80 vs. 15.60 ± 6.51,
p < 0.001) and exhibited more problems identifying medium-
intensity than high-intensity emotions (15.60 ± 6.51 vs. 17.50 ±
7.08, p=< 0.001).

DISCUSSION

Difficulty in FER is one of the most frequently identified social-
cognitive impairments in individuals with autism spectrum
disorder (23). However, it is still unclear if all facial emotions
are equally impaired or whether recognition of some emotions
could be impaired to a lesser extent or spared (13). In the present
study, significant impairments in the FER performances were
observed. After adjusting for sex, age, mental age, and years
of study, children with ASD have shown impairment in the
identification of anger, disgust, surprise, sadness, and neutral

expressions. However, the recognition of fear and happiness
didn’t vary between the two groups. In addition, happiness was
the easiest facial emotion to recognize for ASD and NT children.

In neurological terms, several studies have suggested that
the processing of fear and negative emotions was linked to
the amygdala functioning (49–54). Therefore, atypical function
of the amygdala in autism spectrum conditions could lead to
poor identification of negative emotions (55–57), which is partly
compatible with our findings. Additionally, “dysfunction of the
amygdala in autism could be the cause of a lack of orienting to
the eyes in a face” (58, 59). This hypothesis has been mentioned
in several studies that have found that individuals with ASD focus
more on the lower part (i.e., the mouth), than the upper part
(e.g., the eyes) of the face in identifying facial emotions (26, 60–
64). In fact, individuals with ASD may find it less complicated to
identify happiness, as focusing of the lower part of the face could
be sufficient to recognize this emotion (65, 66).

Concerning the recognition of surprise, Baron-Cohen et al.
(67) have suggested that specific impairment in recognition
of surprise could be explained by impairment in the theory
of mind in individuals with autism. In fact, the only basic
emotion that needs judgment of another person’s mental state
is surprise. Consequently, if there is impairment in mental state
judgments in autism, recognition of surprise would be altered
(67). Thereby, further research studying the link between FER
(specially surprise) and theory of mind is needed.

Recent studies have shown that other social and emotional
dysfunctions in ASD, such as such as alexithymia (68), poorer
social skills (69), living skills (70), social motivation for peer
interaction (71–73), communication (74), and social functioning
(75) may negatively impact FER. In our study, we didn’t
study these impairments due to the lack of contextualized and
adapted tools.

From another point of view, impairment in FER for children
with ASD could also be explained by the limited time for answer
since they were not given ample time to respond. Several research
reported that people with autism might be slower in recognizing
facial emotion and can accurately recognize basic emotions, with
no difference in performance between autistic and neurotypical
people when they are given enough time to select their choice
[e.g., (29, 76–78)].
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TABLE 2 | One-way analysis of covariance comparing performances in facial emotion recognition in children with autism spectrum disorder vs. neurotypical children,

controlling for sex, age, mental age, and years of study.

Static subtest Dynamic subtest

Fa pa η
2 Fa pa η

2

Total score 57.207 0.000 0.300 29.984 0.000 0.195

Score per emotion type Anger 20.805 0.000 0.099 22.711 0.000 0.156

Disgust 23.083 0.000 0.174 28.198 0.000 0.162

Happiness 1.212 0.448 0.021 1.495 0.448 0.006

Fear 3.525 0.189 0.018 4.140 0.176 0.033

Surprise 47.614 0.000 0.286 10.659 0.009 0.053

Sadness 17.108 0.000 0.125 5.666 0.095 0.050

Neutral 10.341 0.012 0.086 51.204 0.000 0.271

Score per gender of the actors Male 41.858 0.000 0.246 38.132 0.000 0.217

Female 61.113 0.000 0.300 12.084 0.008 0.081

Pictures per age range of the actors Children 34.978 0.000 0.307 11.109 0.000 0.132

Adolescents 62.240 0.000 0.213 18.637 0.008 0.069

Adults 40.810 0.000 0.239 38.959 0.000 0.207

Pictures per emotion’s intensity Low 53.118 0.000 0.280

Medium 46.313 0.000 0.257

High 45.153 0.000 0.255

aAdjusted for sex, age, mental age, and years of study.

p-values were adjusted for multiple comparison using Holm-Bonferroni’s method.

Furthermore, these impairments may be due to the fact
that individuals with ASD need more environmental or verbal
contents, to identify accurately the facial emotion. Understanding
emotions usually requires multi-sensory processing based on
speech prosody and body and facial gestures (79–81).

Our study did not show a significant effect of age on FER
performances in children with ASD and the accuracy of the
FER was not positively associated with mental age. A recent
meta-analysis, comparing FER in three age ranges (children,
adolescents, and adults) has shown that “ASD was associated
with deficits in FER across multiple expressions, and that these
deficits were more pronounced in adults than in adolescents than
in children and cannot be accounted for by intelligence” (12). The
age range of our clinical sample (7–12 years) and the fact that we
did not include adolescents and adults could explain our findings
since younger subjects (children) with ASD seem to have better
performances in FER than older subjects with ASD (adolescents
and adults).

We also found that performances in FER (the total score of
both static and dynamic subtest) were positively correlated with
school grade in both groups. Our findings are in part consistent
with those of Feinman and Entwisle. In their study, FER were
assessed for children attending school and the study showed
that FER increased significantly with each grade but leveled off
between 8 and 11 years (82). These findings could be explained
by the positive impact of the duration of social contact with peers
that may improve emotion recognition and social skills for NT
children and children with ASD.

In the present research, we used a combination of a static
and a dynamic support. As the dynamic support could add
ecological validity to the test compared with static support (40,

41), we hypothesized that children with ASD might show greater
performance in dynamic subtest rather than static subtest. The
ASD group performed worse than the NT sample in the static
and dynamic subtest, with sadness being the only emotion that
was better identified using the dynamic subtest, in comparison
with the static subset. The dynamic subtest did not appear to
improve FER considerably for children with ASD, in comparison
with static stimuli. Thereby, our research did not support our
hypothesis suggesting broad advantages associated with the use
of dynamic stimuli. Our findings are consistent with those of
Enticott et al. (83). Gepner et al. (84) suggested that children with
ASD might show less impairments with slow dynamic displays
of facial expressions. Studing FER in dynamic and realistic
situations will be interesting for future research.

In both groups, we noticed a better FER of children’s faces
compared to those of adolescents and adults. Our findings are
consistent of those of Lerner et al. (27), suggesting that more
impairments in facial emotion recognition are found when adult
facial expressions are presented to children with ASD, compared
to child facial expressions. Thereby, the recognition of the same
facial emotions, seen on age-peer faces could be better for both
NT and ASD groups. Scherf et al. (85) suggested that “the own-
age bias in face recognition, representing superior recognition
abilities for faces of a similar age to the viewer, may emerge as a
result of social reorientation toward peers during late-childhood
and early-adolescence”. One recent study reported that healthy
adolescents were more accurate in the recognition of the identity
of individual faces having their age than the identity of adult
faces. These findings suggested that FER performance could be
moderated by the age range of facial stimuli (86). In contrast,
Vetter et al. (87), suggested a lack of this moderating effect (for
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adolescents) in FER and reported similar accuracy in FER of
adult and adolescent facial expressions in healthy adolescents.
Thus, it seems possible that specifically children with ASD could
exhibit greater difficulties identifying the facial emotions of
people having different age ranges than their own, compared to
adolescents and adults with ASD, and that the age of facial stimuli
may moderate facial emotion perception for children with ASD.
Thereby, further studies including and comparing facial stimuli
of different age groups are needed in order to better specify the
impact of the age range of facial stimuli on FER accuracy in
individuals with ASD.

Performances on FER in the ASD group did not vary
according to the gender of the actors in the static subtest, with a
better performance in identifying facial emotions of female actors
in the dynamic subtest. Our results may suggest that gender could
affect the accuracy of FER in individuals with ASD with better
performance in identifying facial emotions of female faces.

To date, none of all published studies has used pictures and
videos of individuals of three age groups and different genders
and none of them has compared performances on FER according
to age and gender faces.

In our study, we assessed REF using three levels of facial
emotion’s intensity in the static subtest. For all intensities
of emotions, the ASD group has shown worse performances
compared to the NT sample. We also noticed that both groups
were more accurate in identifying “high intensity” or “fully
expressed” facial emotions with increasing difficulties at lower
intensities. Our findings are in part consistent with previous
recent findings: Wingenbach et al. (33), used a dynamic test with
three levels of intensity of facial emotion and found that the ASD
group had impairments in FER at low intensity, with greatest
performance in identifying facial emotions at higher intensity.

Song and Hakoda (25) used morphing sequences of facial
expressions with different intensities varying from 10 to 90% to
study diminished sensitivity for FER recognition in children with
autism spectrum disorder (14 ASD and 17 NT). They reported
that the ASD group had higher thresholds than NT individuals
for the recognition of facial emotions. In fact, at high intensities
of facial emotions (e.g., 100%), all of the children with autism
spectrum disorder were able to recognize facial expressions with
the same accuracy of controls. However, as the facial emotions
decreased in intensity, the FER accuracy in the ASD group was
altered at a higher rate than that of the NT group. Authors
suggested that people with autism spectrum disorder do not
have a general, but a selective impairment in the recognition
of basic emotions, limited to subtle and low intensity facial
emotions and that they might use a compensatory mechanism
that could help them to decode only high intensity facial emotion
information (25). The differences between our results and those
of the previously cited studies may be explained by the difference
in power. Our study included a larger population, and thus had a
better power to detect differences.

Limitations
Despite the several strengths of the present study, several
limitations need to be acknowledged. The limited number of
female participants in the clinical sample did not allow us to
perform significant statistical analyses of sex differences. In fact,

a gender effect in the recognition of some facial emotion has
been reported in neutrotypical individuals in a recent study (14).
Furthermore, our ASD sample only consisted of children and
our results might not be generalizable to adolescents and adults
with ASD.

In addition, the large difference in sample size between the
ASD group and the NT group is another limitation which may
induce difficulties in constructing and interpreting the ANCOVA
models. This difference in sample sizes can explained by the
fact that the population of neurotypical children was used for
the validation of the tool and that the recruitment of verbal
children with ASD, verbal, attending school and having normal
intelligence was more difficult than that of the control group. To
ensure the assumptions of the ANCOVA tests are met despite
the different sample sizes, we checked for variance homogeneity
using the Levene’s test and for linearity and homogeneity of
regression slopes using scatterplots (plotting each of the FER
subscores as separate dependent variables against the each of
covariates, for each subgroup).

Finally, we did not match the two groups by gender or IQ.
We included age, gender and mental age as covariates in the
ANCOVA analyses to control for their potential effects on FER
scores. The choice of not matching groups by IQ was also based
on the results of two recent meta-analyses that have shown that
IQ had no impact on FER performances in children with ASD
(12, 13). We did not match the controls to the ASD cases by
gender, since previous studies did not show that gender was
independently associated with performance in FER tasks (83).

CONCLUSION

Our study supports the findings that children with ASD have
difficulties in FER. The ASD group has shown impairment in
the recognition of all facial emotions except happiness and fear,
with less pronounced difficulties for higher intensities of facial
emotions and in the recognition of children facial emotions,
compared to adolescents and adults’ facial emotions. To the
best of our knowledge, our study is the first one that used a
test composed of a combination of static and dynamic subtests,
including children, adolescent, and adult faces of males and
females with high, low, and medium intensities of basic facial
emotions, and neutral facial expression. Impairment in FER
associated to ASD would have important negative impact in
children’s development, education, and social integration. Thus,
it seems necessary to create new intervention instruments aiming
to improve emotion recognition strategies in children with ASD
at an early stage of development.
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Background: Deficit in social communication is a core feature in Autism Spectrum

Disorder but remains poorly assessed in classical clinical practice, especially in adult

populations. This gap between needs and practice is partly due to a lack of standardized

evaluation tools. The multicentric Research group in psychiatry GDR3557 (Institut de

Psychiatrie) developed a new battery for social cognitive evaluation named “ClaCoS,”

which allows testing the main components of social cognition: Emotion Recognition,

Theory of Mind, Attributional Style, and Social Perception and Knowledge. It further

provides an assessment of subjective complaints in social cognition.

Methods: We compared the social cognition abilities of 45 adults with Autism Spectrum

Disorder without intellectual disability and 45 neurotypically developed volunteers using

the “ClaCoS” battery, in order to determine its relevance in the evaluation of social

cognition impairments in autism. A correlational approach allowed us to test the links

between subjective complaints and objectively measured impairments for the different

components of social cognition.

Results: As expected, the Autism Spectrum Disorder group showed deficits

in all four components of social cognition. Moreover, they reported greater

subjective complaints than controls regarding their social abilities, correlated to the

neuropsychological assessments.

Conclusion: The “ClaCoS” battery is an interesting tool allowing to assess social

impairments in autism and to specify the altered components, for a better adjustment

of tailored social cognition training programs. Our results further suggest that people
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with Autism Spectrum Disorder have a good social cognitive insight, i.e., awareness into

social cognitive functioning, and may thus benefit from social cognitive training tools.

Keywords: Autism Spectrum Disorder, adults, social cognition, assessment, subjective complaints

INTRODUCTION

Social Cognition in Autism Spectrum
Disorder
Autism Spectrum Disorder (ASD) is a neurodevelopmental
disorder characterized by deficits in social functioning
and restricted, repetitive patterns of behavior, interests, or
activities (1).

Individuals with ASD experience daily challenges with social
function, which frequently impact negatively their relationships
and access to education or employment. Typically, children and
adults with ASD encounter difficulties to understand other’s
emotional states or intentions. This may lead to inappropriate
behaviors in social situations. Thus, despite good intellectual
abilities, high functioning adults with ASDmay ask inappropriate
questions, act oddly and are therefore vulnerable to bullying
and isolation. These difficulties have been linked to well-
documented deficits in social cognition in ASD (2). Social
cognition refers to the cognitive processes (i.e., emotional
processing, interpretation, mentalizing. . . ) which allow us to
adapt our responses according to different social situations, in
a flexible manner (3). The heterogeneity of ASD population
explains that some people on the spectrum may lack very
basic social skills [emotion perception, difficulty to make eye
contact. . . ; e.g. (4, 5)] while others are mainly impaired at higher
cognitive levels [mentalizing, understanding jokes, or sarcasm. . . ;
e.g. (6, 7)].

Research on social cognition in ASD has essentially focused
on emotional processing (i.e., identification of emotions from
different cues, including facial expression) and theory of mind
(i.e., ToM; ability to mentalize other’s mental states which
allow us to make inferences on their intentions, beliefs, and
knowledge), showing alterations in both processes (8, 9).
More precisely, considerable evidence suggested deficits in
the discrimination and recognition of basic emotional facial
expressions [(10–13); for reviews, see (14, 15)]. However,
several studies failed to show poorer recognition of emotions
in ASD, especially when considering adolescents or adults
without intellectual disability, although daily life difficulties
were still encountered e.g. (16–21). The type of stimuli used
may explain this discrepancy: deficits in the recognition of
emotional expressions are more consistently observed when
facial emotional processing is made more difficult by the
use of complex or subtle emotions (different intensities,
dynamic faces. . . ) compared to the presentation of more basic
stimuli (static faces, basic emotional expressions, only high
intensity. . . ) [(10–13); for a review, see (14)]. In particular, studies
manipulating the levels of emotional intensity reported lower
emotional recognition abilities in children and adults with ASD
without intellectual disability. These alterations appear more
strongly when using mild affective expressions (22–27).

An influential theory considering social dysfunction in ASD
puts forward an alteration of ToM [Mindblindness theory, (6)].
ToM deficits in ASD have been widely supported although
results in the literature remain controversial [for a meta-analysis,
see (28)]. Numerous studies show a delayed or incomplete
development for ToM in children with ASD e.g. (8, 29).
Moreover, better performance of children with ASD in ToM
tasks has been associated with better social competence (30).
The results are less consistent when considering high functioning
adults with ASD (31, 32). ToM deficits in this population are
best revealed by tasks which mirror the demands of real life
social exchanges, such as “implicit” ToM tasks, tasks which
consider response times or generally more ecological tasks (33,
34). This suggests that adults with ASD succeed in classical
evaluations of ToM by using compensatory strategies to infer
other people’s mental state (35). This is in line with functional
neuroimaging studies, which show that adults with ASD activate
different brain regions when solving theory-of-mind tasks (36).
However, these strategies may not be efficient enough in everyday
life situations, which require to instantly understand other’s
intentions or feelings and to respond accordingly in a timely
manner (37).

Moreover, social cognitive deficits in ASD could be a
consequence of an atypical sensory processing. Indeed, a great
number of studies using eye-tracking have shown different visual
exploration in this population, with fewer gaze directed toward
social comparatively to non-social elements [(38, 39); for meta-
analyses, see (40, 41)]. Moreover, children and adults with
ASD benefit less than neurotypical controls from supportive
contextual cues in order to recognize emotional expressions
(42, 43). These observationsmay be explained by a lack of interest
for social information (44). It could also be linked to the bias
toward local vs. global information (45, 46). This results in a
difficulty to perceive visual elements as a whole, even more so
when considering complex visual scenes. As a consequence, ASD
individuals do not sufficiently process the salient visual features
which are needed in order to understand typical social situations.
Altogether, these results are consistent with deficits in social
perception in ASD, although this term is not commonly used in
this field of research.

The alterations in the perception and understanding of social
situations may lead to misinterpretations and in some adults with
ASD to attribution biases. Research in this domain is scarce.
Nevertheless, the few studies conducted showed no self-blaming
pattern but rather healthy and normal self-serving attributions
(47–49). Blackshaw et al. (47) suggest that paranoid symptoms,
clinically observed in some adolescents and adults with ASD,
may be a consequence of their confusion in understanding subtle
social interactions and social rules. This disability could be linked
to a deficit in ToM and in social perception. It may also stem from
past traumatic experiences such as bullying.
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Social Cognition Evaluation in ASD
Most tools developed for neuropsychological evaluation of
Emotional Processing present static photographs of highly
expressive emotional expressions (e.g., Ekman Face Test) and
often fail to show any impairment in ASD adults without
intellectual disability (14). Indeed, it has been suggested that these
adults have developed explicit cognitive, language-mediated or
perceptual compensatory strategies. These strategies allow them
to succeed in such classical neuropsychological evaluations of
emotional perception (17, 35, 50). This further stresses the
relevance of using more sensitive and ecological tools in order
to assess emotional perception in this specific population.

Concerning Theory of Mind, the most classical tasks (i.e., false
belief tasks; strange stories tasks. . . ) do not sufficiently target
subtle impairments encountered by adults with ASD without
intellectual disability and especially in those with good verbal
skills (7, 34, 51–53). These traditional tests either present static
images or are based on verbal descriptions of social situations and
may be solved by the use of a deductive rather than a spontaneous
strategy (35, 37). Interestingly, some more ecological tasks have
been developed in order to assess subtle ToM difficulties (33, 54).
Among these, the MASC test has proven sensitive to reveal
ToM alterations in adolescents and adults with ASD (55–60). It
consists in the presentation of a short movie picturing a typical
social situation (i.e., a Saturday night dinner with four young
adults), thus providing a better ecological validity. Furthermore,
it allows detecting hyper- or hypo-mentalizing tendencies, in
addition to general ToM alterations.

To our knowledge there are very few standardized evaluation
tools allowing the assessment of social perception deficits in
ASD, and none of these have been standardized in French
language. For instance, the Social Perception subtest from the
Advanced Clinical Solution has been used to reveal such deficits
in adolescents and adults with ASD (61), but is available only in
English (62).

Similarly, only few standardized questionnaires have been
developed in order to evaluate attribution biases (63). These
questionnaires show some limitations, such as presenting
few ambiguous situations with strong social cognitive biases.
Moreover, they generally target paranoia and persecutory
delusion rather than more general social cognitive biases. The
latter might be observed in ASD but are rarely considered in
clinical practice.

The “ClaCoS” Battery: A New Tool for
Social Cognition Evaluation
Deficits in social cognition are observed in several psychiatric
conditions other than ASD (schizophrenia, ADHD, bipolar
disorder, anorexia. . . ), and have been linked to functional
outcome [e.g., (64–67); for reviews see (68, 69)]. In the field
of schizophrenia, several programs which target specific social
cognition deficits have shown significant improvements in real-
world outcome. This raises an important issue concerning the
assessment of social cognition in order to apply the most
adapted treatment for each patient. To reach that goal, a
group of experts have sought to specify the definition of social

cognition in order to improve its assessment in clinical practice
[the SCOPE project: Social Cognition Psychometric Evaluation;
(70)]. They considered social cognition as a heterogeneous
construct which includes several dimensions. Pinkham (70),
in accordance with Green (71, 72), proposed four main core
domains: [1] Emotion processing (i.e., identification of emotions
from different cues, including facial expression); [2] Social
perception (i.e., decoding and interpreting social cues by taking
into account the social context) and social knowledge (i.e.,
knowledge of social rules, roles, and goals); [3] Theory of
mind (i.e., ToM; ability to mentalize other’s mental state which
allow us to make inferences on their intentions, beliefs and
knowledge); [4] Attributional style (positive or negative inference
of events). Although these different dimensions are considered
and assessed separately for both theoretical and practical reasons,
they may not be independent from each other but rather partially
overlapping (73).

Only few validated and standardized tools are available
in French language for the clinical assessment of social
cognition in adults (74). In this context, the multicentric
Research group in psychiatry GDR3557- Institut de Psychiatrie
(www.institutdepsychiatrie.org) developed a new battery for
social cognition evaluation named “ClaCoS,” which offers
the advantage of exploring all four dimensions of social
cognition identified by the SCOPE project. It further includes
an evaluation of subjective complaints in these same four
dimensions, which allows a comparison between subjective
complaints in social functioning and objective evaluation. This
social cognition battery has primarily a functional purpose,
as it provides a singular profile of the patient’s strengths and
weaknesses in social cognition. This can further lead to an
adjustment of tailored social cognition training programs. This
battery can also be used in clinical practice, in line with a
transnosographic view of social cognition deficits in different
psychiatric conditions. Moreover, the “ClaCoS” battery includes
ecological tools which could be of interest to assess subtle
social cognition deficits encountered by adults with ASD without
intellectual disability.

The aim of the present study was to examine the relevance
of the “ClaCoS” battery for the assessment of social cognition
in adults with ASD without intellectual disability compared
to control typical developing subjects. Based on the existing
literature, we expected the ASD group to be less efficient
than the controls on the neuropsychological evaluation of all
dimensions of social cognition, and in particular emotional
perception, social perception and theory of mind. Concerning
attributional style, this hypothesis could be more uncertain, as
previous studies showed no difference between ASD and controls
(75). Nevertheless, we predicted some differences in light of the
paranoid symptoms which are clinically observed in some adults
with ASD. Self-insight is typically considered to be altered in ASD
(53). However, research on self-knowledge in ASD is sparse and
yields mixed results, with some reports of preserved self-insight
(76). By examining the links between subjective complaints and
objectively measured impairments in the different components of
social cognition, we wished to evaluate the self-consciousness of
ASD adults with respect to their deficits in social functioning.
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MATERIALS AND METHODS

The study was carried out in accordance with the Declaration of
Helsinki and approved by the local Ethics Committee (CPP Lyon-
Sud Est IV, no. 15/041; ANSM, no. 2015-A00580-49). Written
informed consent to take part in the study was obtained from
all participants. The control subjects were paid 30 euros for
their participation.

Participants
All participants were enrolled in a multisite study assessing
social cognition in adults with autism and schizophrenia with
the “ClaCoS” Battery. This study was conducted in three sites
in France: Child Psychiatry Department specialized in autism,
University Hospital of Tours, in Tours; Hospital Le Vinatier in
Lyon and Groupe Hospitalier Universitaire Paris, Psychiatry and
Neuroscience in Paris.

Participants with ASD without intellectual disability (n =

45), aged from 18 to 48 years were locally recruited and tested
in Tours (n = 20), and Paris (n = 25). They were diagnosed
by expert clinicians according to DSM-5 criteria (1) and using
the Autism Diagnostic Observation Schedule, Second Edition
[ADOS-2; (77)] and/or the Autism Diagnostic Interview-Revised
[ADI-R; (78)]. All but three participants with ASD were screened
with the ADI interview. The ADOS-2 was administered to
twenty-two participants, including the three participants for
which the ADI scores could not be obtained. ASD participants
were either not under medication or on a stable medication
regimen for a minimum of 1 month.

Typical developing adults (n = 45), aged from 18 to 50 years
were recruited from the local community in Tours (n = 8), Paris
(n = 5) and Lyon (n = 32). They were screened for the absence
of any neuropsychiatric disorder using the MINI [International
Neuropsychiatric Interview (79)].

Exclusion criteria for both groups included: [1] the presence
or history of neurological disorders affecting brain function, [2]
the presence of severe visual or hearing impairments interfering
with assessment, [3] the absence of French language proficiency
or important reading difficulties and [4] an abuse of substance in
the past month (tobacco excluded).

The control participants were selected from a larger dataset
(n = 200) to match the ASD population in terms of gender,
age and education. The demographic and clinical characteristics
of both groups are shown in Table 1. Verbal and Performance
Intelligence quotients (IQ) were assessed in the ASD group by
the Wechsler Adult Intelligence Scale-Fourth Edition [WAIS-IV;
(80)] (Table 1).

Social Cognitive Measures
All participants were tested in a silent room by an experienced
neuropsychologist and placed, for computerized tests, at 23
inches from a 15-inch computer screen. They underwent a
full assessment with the “ClaCoS” battery, developed by the
multicentric Research group in psychiatry GDR3557 [for a more
detailed presentation of each test, see (81)]. This new battery
for social cognition evaluation included the following tests
(Figure 1):

TABLE 1 | Participants characteristics.

Patients with ASD Controls (N = 45) p

N Mean (SD) Mean (SD)

Age (years) 45 27.7 (7.9) 27.6 (7.8) 0.968

Gender (F:M) 45 10:35 9:36 0.796

Education (years) 45 13.0 (2.4) 13.3 (1.7) 0.693

ADOS-2 (social

interactions

+communication)

22 12.6 (4.6) – NA

ADI (social interactions) 42 18.8 (7.9) – NA

ADI (verbal

communication)

42 13.1 (5.3) – NA

Verbal IQ 45 117 (18) – NA

Performance IQ 45 103 (18) – NA

Empathy quotient 40 24.7 (10.5) 39.1 (10.4) <0.001

Rey tangled lines test

Time (ms) 44 9.8 (3.9) 7.9 (2.5) 0.004

Number of errors 44 1.0 (1.8) 0.6 (1.1) 0.691

Cancellation task

Time (ms) 44 101.9 (47.2) 78.5 (24.8) 0.005

Number of errors 44 0.5 (0.9) 0.2 (0.5) 0.224

Non-parametric Mann-Whitney or χ
2 tests were used to test group differences.

Self-Assessment of Social Cognition Impairments

(ACSo)
The ACSo (82) is a self-administered questionnaire allowing
to assess the subjective complaints of patients suffering from
difficulties in the field of social cognition. Social cognition
complaints are explored considering 4 dimensions: emotional
perception, social perception and knowledge, theory of mind and
attributional style. This allows the computation of 5 scores: a total
score and 4 sub-scores corresponding to each domain.

Emotion Processing—Facial Emotion Recognition

Test (TREF)
The TREF (83) assesses the ability to recognize five out of the six
basic and universal emotions (happiness, anger, sadness, fear, and
disgust). In addition, faces expressing contempt are presented,
instead of surprise, as this more complex social emotion is of
interest when considering psychiatric populations. Each emotion
is presented with nine levels of intensity from 20 to 100%.
The participants were asked to name the emotion expressed
from the photos, using a forced choice among the six possible
responses. This assessment provides an overall percentage of
correct emotion recognition (global score) and for each emotion
(score per emotion). Moreover, the level of intensity (global
and per emotion) necessary for recognizing emotions with
certainty was computed (recognition threshold). In this study,
we specifically analyzed the global and per emotion percentage
of correct recognition and recognition thresholds.

Social Perception and Knowledge—PerSo (GDR

3557)
The PerSo measures the perception of social situations, using
pictures taken from the material “ColorCards—Social behavior.”
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FIGURE 1 | Tests constituting the “ClaCoS” battery.

Participants completed 3 successive tasks. First, they were asked
to list all the elements perceived in the picture, providing a
global “fluency score.” Then, they were instructed to explain the
social situation freely, leading to a “non-indexed interpretation
score.” Indexed questions were then proposed if some of
the expected elements were missing (main character; location;
interactions), resulting in an “indexed interpretation score.” A
“total interpretation score” was then computed by adding the
“non-indexed” and “indexed” interpretation scores. Finally, the
participants were asked to extract a social rule that could be
related to the card, producing a “social knowledge score.”

Theory of Mind (ToM)—Mental States

Attribution—Movie for the Assessment of Social

Cognition (MASC)
The MASC test [(55); French Translation (58)] is a video-based
task measuring ToM abilities. It is a 15-min movie featuring
four people meeting on a Saturday evening. The movie is
regularly interrupted by a screen displaying a question referring
to the actors’ mental states (emotions or feelings, thoughts and
intentions). Four scores are rated: a total score (correct “ToM”
responses) and 3 scores according to error types: a “less ToM”
score (“undermentalization” answers), a “no ToM” score (literal
answers, with no mentalization), and finally an “excessive ToM”
score (over interpretative response).

Attributional Style—Ambiguous Intentions and

Hostility Questionnaire-Short Version (AIHQ-S)
AIHQ-S measures attributional biases from ambiguous social
situations [AIHQ-S, Adapted From Combs et al. (63); French
Version by Angelard et al. in Preparation]. The participants
were instructed to read each situation and to picture themselves
in these situations. They were then asked to answer several
questions to measure three scores: [1] a hostility bias (HB),
reflecting how hostile they rated the other’s actions toward

themselves; [2] an attribution of responsibility score which is
the average of three ratings from Likert scales: an intentionality
score—IS (whether the person acted on purpose); an anger
score—AS (how angry it would make them feel) and a blame
score—BS (how much they would blame the other person); [3]
an aggression bias (AB) corresponding to the level of aggression
in their response.

In addition, empathy was assessed using the Empathy
Quotient questionnaire [EQ, (84)]. The Rey Tangled Lines Test
(85) and a cancellation task (86) were also included as control
measures of visual discrimination and visuo-spatial attention
abilities. Due to technical reasons, data from the EQ was not
recorded for five ASD participants and from both the Rey tangled
lines test and the cancellation task for one ASD participant. All
control participants completed these three additional tasks.

Statistical Analysis
Statistical analyses were performed using STATISTICA v13.3
software (TIBICO R©). For a better uniformity across the
different analyses, non-parametric statistics were chosen, as
there was a violation of the assumption of homogeneity of
variance on some measures, according to the Levene’s test.
The Mann-Whitney non parametric U test was used for group
comparisons. ANCOVAs were performed in order to control the
effect of potential confounding variables. Relationships between
subjective complaints and the neuropsychological measures were
assessed with Spearman correlation analyses, considering the
entire sample (ASD + controls). These were performed between
each of the sub scores of the ACSo and the score obtained on the
neuropsychological assessment of the corresponding dimension
of social cognition (emotional perception, social perception
and knowledge, theory of mind or attributional style), only
when significant group comparisons were observed. Bonferonni
correction for multiple analysis was applied.
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RESULTS

Demographic and Clinical Characteristics
The ASD and control groups did not differ in terms of age,
gender or education level (Table 1). As expected, ASD individuals
showed lower empathy scores compared to matched controls.
They were also slower on both visuo-spatial and attentional tests,
while their accuracy was similar to the control group.

Comparative Results of Social Cognition
Assessments in Adults With ASD and
Controls
Self-Assessment of Social Cognition Impairments

(ACSo)
The total score as well as all four sub-scores (emotional
perception, social perception and knowledge, theory of mind and
attributional style) were higher in adults with ASD compared to
controls (all p < 0.001; Table 2).

Facial Emotion Recognition (TREF)
Adults with ASD required a higher threshold in order
to correctly recognize emotional facial expressions from
photographs (adjusted p = 0.035; Table 2). Moreover, a smaller
recognition accuracy was observed with a trend in the ASD group
compared to the controls (adjusted p = 0.077). This was found
on the overall scores of correct recognition and recognition
threshold but not when considering each emotion separately.

Social Perception and Knowledge (PerSo)
Adults with ASD were less efficient than control participants
on the assessments of both the fluency and the interpretation
of the social situation (Table 2). They listed fewer visual details
from the perceptual scenes (fluency score; adjusted p = 0.004).
Furthermore, the interpretation score was significantly lower in
the ASD group compared to the controls when considering the
indexed interpretation (adjusted p = 0.015) and with a trend for
the total interpretation (adjusted p= 0.060).

Theory of Mind (MASC)
The total score (correct “ToM” answers) was higher in controls
than in adults with ASD (adjusted p < 0.001; Table 2). More
precisely, adults with ASD produced significantly more “no
ToM” (adjusted p = 0.028) and “excessive ToM” (adjusted
p = 0.032) answers compared to controls. No difference
was found between adults with ASD and controls for the
“less ToM” answer.

Attributional Style (AIHQ-S)
No difference was found between adults with ASD and
controls for the hostility bias (Table 2). A significantly higher
intentionality score (adjusted p = 0.026) was observed for
adults with ASD compared to the controls, resulting in a trend
for a greater attribution of responsibility score in the ASD
group (adjusted p = 0.062). ASD and controls did not differ
on the anger nor on the blame score. Moreover, the ASD
participants showed a lower aggression bias than the controls
(adjusted p= 0.023).

All differences previously reported between the ASD and
controls remained significant after controlling for visuospatial
discrimination and attentional abilities (all F > 6.20; p < 0.05).

Relationship Between Subjective
Complaints and Social Cognition
Assessments
Correlations were performed between the scores of each
dimension of the ACSo and the results on the test designed
to assess social cognitive impairments on the corresponding
dimension of social cognition. This allowed us to examine the
relationship between the participant’s subjective complaints in
specific domains of social cognition and the actual impairments
measured through the neuropsychological assessment (Figure 2).

Facial Emotion Recognition (Relationship Between

ACSo- Emotional Perception and TREF)
Subjective complaint concerning emotional perception (ACSo)
was positively correlated with the emotion recognition threshold
(TREF threshold; r = 0.255, p= 0.015). Thus, greater complaints
concerning emotional perception were associated with overall
higher thresholds needed in order to correctly recognize
emotional facial expressions.

Social Perception and Knowledge (Relationship

Between ACSo- Social Perception & PerSo)
Subjective complaint concerning social perception and
knowledge (ACSo) was negatively correlated with the
interpretation score (PerSo indexed interpretation score: r
= −0.279, p = 0.008, adjusted p = 0.015). Subjective complaint
concerning social perception and knowledge (ACSo) was not
correlated with the fluency score (PerSo fluency, r = −0.115, p
= 0.280).

Theory of Mind (Relationship Between ACSo- Theory

of Mind and MASC)
Subjective complaint concerning theory of mind (ACSo) was
negatively correlated with the total score (MASC; r=−0.386, p<

0.001, adjusted p < 0.001). Moreover, it was positively correlated
with the “no ToM”(r = 0.253, p= 0.016, adjusted p= 0.048) and
with a trend to “excessive ToM” (r = 0.243, p= 0.021, adjusted p
= 0.063) answers. The larger the complaint, the smaller the total
score and the greater the “no ToM” and “excessive ToM” answers.

Attributional Style (Relationship Between ACSo-

Attributional Style and AIHQ-S)
Subjective complaint concerning attributional style (ACSo) was
positively correlated with the intentionality score (r = 0.445,
p < 0.001, adjusted p < 0.001). Thus, larger complaints were
associated with a higher attribution of the other’s responsibility.
No significant correlation was observed between subjective
complaint concerning attributional style and the aggression bias
(r =−0.061, p= 0.568).
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TABLE 2 | Scores from the “ClaCoS” battery in adults with ASD and controls.

ASD (N = 45) Controls (N = 45) U p Adjusted p

Mean (SD) Mean (SD)

Self-assessment of social cognition impairments (ACSo)

Total score 24.24 (8.0) 9.6 (5.1) 158.5 <0.001 <0.001

Emotional perception 3.5 (1.7) 1.3 (1.2) 293.0 <0.001 <0.001

Social perception and knowledge 6.4 (2.7) 2.5 (1.9) 262.0 <0.001 <0.001

Theory of mind 6.8 (2.4) 2.8 (1.7) 187.5 <0.001 <0.001

Attributional style 4.9 (2.8) 1.6 (1.4) 295.5 <0.001 <0.001

TREF-Facial emotion recognition

% Of correct recognition 65.7 (10.2) 70.6 (6.4) 699.5 0.011 0.077

Happiness 87.2 (11.5) 91.1 (8.7) 925.0 0.468 3.276

Anger 61.1 (27.4) 68.1 (18.9) 909.5 0.406 2.842

Sadness 69.1 (19.6) 72.1 (19.2) 969.0 0.727 5.089

Fear 78.7 (15.7) 83.7 (13.5) 888.5 0.311 2.177

Disgust 57.7 (14.9) 62.2 (12.2) 933.5 0.522 3.654

Contempt 40.3 (21.9) 46.4 (17.9) 788.5 0.070 0.490

Recognition threshold 53.3 (9.9) 48.3 (6.6) 662.0 0.005 0.035

Happiness 32.3 (11.6) 29.4 (10.0) 886.5 0.291 2.037

Anger 58.6 (25.0) 50.2 (17.9) 800.5 0.086 0.602

Sadness 53.0 (18.9) 48.8 (16.8) 878.5 0.278 1.946

Fear 43.1 (16.0) 36.9 (14.6) 764.0 0.045 0.315

Disgust 58.1 (12.8) 55.0 (11.5) 858.5 0.206 1.442

Contempt 72.4 (17.8) 69.8 (13.6) 888.0 0.313 2.191

PerSo-Social perception and knowledge

Fluency score 80.4 (36.9) 106.0 (31.7) 595.0 <0.001 0.004

Interpretation (total score) 19.2 (3.2) 20.9 (2.5) 703.0 0.012 0.060

Non-indexed interpretation 9.0 (2.0) 9.9 (1.7) 774.0 0.052 0.260

Indexed interpretation 10.2 (1.4) 11.0 (1.1) 660.5 0.003 0.015

Social knowledge score 4.8 (2.0) 5.6 (1.8) 770.5 0.048 0.240

MASC-theory of mind

Total score 26.3 (5.4) 31.8 (3.6) 507.5 <0.001 <0.001

Error types

Excessive ToM 7.2 (2.8) 5.1 (2.5) 688.0 0.008 0.032

Less ToM 7.7 (3.4) 6.1 (3.4) 808.5 0.098 0.392

No ToM 3.7 (2.1) 2.0 (1.7) 683.0 0.007 0.028

AIHQ-S-Attributional style

Hostility bias 1.9 (0.7) 1.7 (0.6) 864.5 0.230 1.382

Attribution of responsibility score 2.8 (0.7) 2.4 (0.6) 694.0 0.010 0.062

Intentionality score-IS 3.1 (1.0) 2.6 (0.7) 659.5 0.004 0.026

Anger score- AS 2.3 (0.8) 2.1 (0.6) 811.5 0.104 0.626

Blame score- BS 2.8 (0.9) 2.5 (0.7) 771.0 0.051 0.307

Agression bias-AB 1.4 (0.4) 1.6 (0.4) 658.5 0.004 0.023

Results of Mann-Whitney non parametric tests used for groups comparisons (statistical values U, p and adjusted p-values after Bonferonni correction for multiple analysis). Significant

effects are highlighted in gray.

DISCUSSION

The main goal of our study was to evaluate the relevance of

the “ClaCoS” battery for the assessment of social cognition

impairments in adults with ASD without intellectual disability.
We further examined the links between subjective complaints

and objectively measured impairments on the different
components of social cognition. Overall, adults with ASD
reported greater subjective complaints than controls in each
of the four areas explored by the ACSo. They also showed
deficits on all of the neuropsychological tests from the “ClaCoS”
battery, which explored the same four main components of
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FIGURE 2 | Main correlations between subjective complaints and social cognition assessments for each of the four domains. Results of Spearman correlations are

reported (statistical values r and adjusted p after Bonferonni correction for multiple analysis). (A) Emotional perception complaint plotted against the recognition

threshold of the TREF. (B) Social perception and knowledge complaint plotted against the indexed interpretation score of the PerSo. (C) Theory of mind complaint

plotted against the total score of the Masc. (D) Attributional style complaint plotted against the intentionality score of the AIHQ-S. The solid lines represent the linear

regressions.

social cognition: emotional perception, social perception and
knowledge, theory of mind and attributional style (70, 81).
Moreover, each of the four sub-scores of the ACSo were
correlated with the performance on the corresponding social
cognitive assessment.

Differences Between ASD and Controls on
Objective Evaluations
Adults with ASD were impaired in all four domains of social
cognition assessed by the “ClaCoS” battery. Deficits in emotional
perception and theory of mind are classically reported in ASD,
while social perception and attributional style are less frequently
explored. In particular, deficits in emotional perception and
theory of mind constitute core features of ASD and are crucial
clinical signs examined in the process of diagnosing ASD (1).
However, classical social cognition tests often fail to show such
deficits in adults with ASD without intellectual disability, due
to a lack of sensitivity in this specific population [(7, 35, 51,
52); for a meta-analysis, see (15)]. Our results thus confirm
that more challenging and ecological tests presenting either
subtle expressions (i.e., the TREF) or ecologically valid and

dynamic stimuli (i.e., the MASC) are particularly interesting
tools in order to assess emotional perception and theory
of mind impairments, respectively, in ASD adults without
intellectual disability.

Using the TREF, in the ASD group compared to the controls,
we observed a higher global recognition threshold and a trend for
a lesser overall percentage of correct emotion recognition. Thus,
the recognition threshold seems to be a more relevant measure in
order to uncover impairments on emotional recognition in this
population. Our result is consistent with an extensive amount
of researches showing impairments on emotional processing in
ASD [(9); for a meta-analysis, see (15)]. Moreover, this was
observed as a global effect and was not related to a specific
emotion. Taken together our results support the hypothesis of
a broad impairment of emotion recognition in individuals with
ASD [for a review, see (14)].

Adults with ASD showed lower scores at the PerSo
compared to controls, suggesting impaired social perception.
More precisely, they reported fewer visual elements from the
social scenes (fluency score) and were less accurate in their
interpretation of the depicted social situations. The difference
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between groups on the number of visual elements reported
does not seem to be exclusively linked to slower overall
visuospatial or attentional abilities in ASD. Indeed, it remained
significant when controlling for such effect of visual attention.
It could rather reflect slower overall cognitive processing or
more specifically slower verbal elaboration required in this task.
It could also reflect a well-described lack of generation of
new ideas (87–89). Concerning the interpretation scores, the
indexed interpretation was significantly different between the
two groups and this difference was observed with a trend for
the total interpretation. This suggests that adults with ASD
respond similarly as the typical developing controls when asked
to freely describe the depicted social situation from pictures.
However, they were less facilitated by the indexed question
compared to controls, in line with a recent meta-analysis (40).
Altogether, our study shows difficulties in the ASD group,
in the identification of the main contextual visual elements
which allow to understand social situations (i.e., location; main
characters and interactions between these characters as well as
emotions expressed). Although the term “social perception” is
not common in the field of ASD research, eye-tracking studies
reveal impaired attention toward social compared to non-social
visual stimuli [(38, 39); for meta-analyses, see (40, 41)]. The
lack of visual processing, and binding of the salient social
and non-social contextual elements are likely to contribute to
difficulties encountered by ASD individuals in understanding
and thus adjusting to social situations. Nevertheless, the ASD
individuals were able to identify social rules which suggests
an absence of a general deficit in social knowledge per se.
Indeed, ASD individuals may learn social rules, although in
a somewhat rigid manner. However, they often encounter
greater difficulties to conveniently apply these rules in everyday
life (90). Hence, the PerSo constitutes an interesting tool
to assess social perception and knowledge in ASD. To our
knowledge, the PerSo is the only existing standardized tool
that examines this component of social cognition, at least in
French language.

As expected, we observed an impaired theory of mind (ToM),
in line with previous studies showing that the MASC test
is sensitive to reveal subtle ToM alterations in adults with
ASD, without intellectual disability (55–60). Interestingly, our
study shows two main types of errors in the ASD group
compared to controls: greater “Excessive ToM” and “No ToM.”
Previous studies showed that ASD individuals made these
types of errors more frequently than controls (“Excessive
ToM,” “Less-ToM,” and “No ToM”) (56–58). Moreover, these
studies reported inconsistent findings, with either prominent
over-mentalizing (excess) or under-mentalizing (less) errors,
while concrete cognition (No) was systematically less frequent,
in accordance with our study. The absence of difference
between groups on the “Less ToM” errors in the present
study and more generally the discrepancy across studies may
depend upon sociodemographic specificities (e.g., education
level, age, gender. . . ). Our study supports the hypothesis of
two different types of ToM impairments in ASD, with either
an overmentalizing or an undermentalizing tendency (58). The
concept of hyper- and hypo-mentalization has been introduced

in schizophrenia research (91), some authors suggesting the
existence of a continuum from hypo- to hyper- ToM, across
different psychiatric illnesses (92). Further studies including
patients with other psychiatric disorders such as schizophrenia
are needed in order to test this hypothesis. This approach fits
with a transnosographic view of common symptomatic profiles
between patients with ASD and schizophrenia.

To date, there are very few studies focusing on attribution
biases in ASD. This component of social cognition is rarely
explored in clinical practice. The studiesmainly focused on causal
attribution (internal vs. external) and showed no differences
on attributional style between ASD adolescents and adults
compared to neurotypical individuals (47–49, 75). However, the
present study specifically considers hostility and aggression biases
as well as the different sub-dimensions leading to attribution
of responsibility. Our results revealed higher attribution of
responsibility (specific to the intentionality of other’s actions)
and lower aggression bias in the ASD group compared to
controls, while no difference was observed on the hostility bias.
Thus, adults with ASD without intellectual disability tend to
consider other’s actions as being more surely intentional in
ambiguous social situations but mostly do not show paranoid
ideas. They don’t perceive other’s actions in these ambiguous
situations as particularly hostile toward themselves, do not
experience more anger and do not blame others more than
the controls do. They further tend to respond in a passive
way, as illustrated by the lower aggression bias compared
to controls. These results are consistent with the clinical
observations of rigid thought and tendency to systemize in
ASD individuals, which may explain the higher attribution
of intentionality score (93). The AIHQ-S thus seems an
interesting tool to help clinicians to separate ASD from
other psychiatric disorders, particularly schizophrenia. Indeed,
these two conditions can be difficult to distinguish in adult
patients, with a risk of misdiagnosis (94). Paranoid ideations
in ASD and in schizophrenia are a consequence of different
mechanisms. Persecutory delusions are commonly seen in people
with schizophrenia. However, paranoïd ideations observed in
adults with ASD are generally linked to the negative social
experiences (e.g., being teased, bullied, or rejected), or to
the specific cognitive style of this population (rigid thought,
focusing on details, alteration in ToM or in social perception)
(47, 48). This can lead to interpretation biases, generally
associated with behavioral reactions of avoidance and social
isolation rather than with overtly aggressive behaviors (75). The
“ClaCoS” should however be used with caution for purposes
of differential diagnosis, in light of the frequent comorbid
psychiatric conditions associated with ASD [e.g., ADHD, bipolar
disorder, anxiety disorder. . . ; for a review, see (95)]. Future
studies including data of other population of patients are required
in this perspective.

Links Between Subjective and Objective
Evaluations
An interesting feature of the “ClaCoS” is the assessment of
patients’ subjective complaints in daily life in the field of
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social cognition. To our knowledge, the ACSo is the first
transnosographic scale examining this question. Our results
suggest that adults with ASD without intellectual disability are
able to express complaints from a self-report questionnaire.
This short scale seems to constitute an interesting media
which may help ASD adults to express the challenges they
encounter in social situations, especially for those having
difficulties in verbal expression or initiation. Interestingly, there
was an association between subjective complaints and objective
measures obtained from the neuropsychological assessment in
all four domains of social cognition. These results tend to
support the relevance of each neuropsychological test of the
“ClaCoS” battery to assess the specific domain of social cognition
which impacts the participant’s everyday social functioning.
They further suggest that ASD adults are aware of their
social difficulties in different areas, in line with their good
insight and metacognitive abilities (76, 96). In the validation
study of the ACSo, Graux et al. (82) did not observe any
correlation between objective and subjective assessments of
social cognition components (emotional perception and theory
of mind), suggesting an altered “social cognitive insight” in
adults with psychiatric disorders. However, in a transnosographic
perspective, statistical analyses were performed in patients with
different diagnoses, including a majority of participants with
schizophrenia and a limited number of participants with ASD.

Control Analyses and Limitations
It seems unlikely that our effects were mediated by socio-
demographic factors, as the groups were matched according to
age, gender, and educational level. Moreover, the ASD group had
good intellectual and very efficient language abilities, as revealed
by their IQ measures, suggesting that the deficits observed in
the evaluation of social cognition are unlikely to be linked to
poorer intellectual or verbal abilities. Note however that we
could not fully control the impact of verbal and performance
IQ, as these were not recorded in control participants. Although
the ASD participants were slower on both visuo-spatial and
attentional tests, they correctly processed the visual information.
They were sufficiently engaged in the task but needed more
processing time, consistently with previous observations (97, 98).
Furthermore, all group differences remained significant when
controlling for visual attention. Thus, the lower performances
on social cognition tests in the ASD group cannot be
exclusively explained by slower visuo-spatial attention and
exploration abilities.

Our results should nevertheless be interpreted with several
limitations. Although our population was larger than most
studies considering the assessment of social cognition in ASD,
it remains of a moderate sample size. Future studies including
larger groups are needed in order to replicate these findings.
In particular, the correlations reported here were of medium
effect size (Cohen criterion) and thus have to be taken with
caution. Moreover, the ASD participants had average or over-
average Intellectual Quotients. Their verbal IQ was in average
higher than the performance IQ. Future studies are required

to evaluate whether these results can be generalized to ASD
individuals with lower verbal or general intellectual abilities.
More generally, the links between neurocognitive and social
cognitive performance remains to be explored. The addition of
other validated tools for social cognition evaluation could also
be interesting as external validation of the tests constituting
the “ClaCoS” battery. Furthermore, the use of clinical tools
allowing the assessment of hyper- and hypo-mentalization in
ASD could allow the identification of different clinical profiles,
in line with the transnosographic view of psychiatric illnesses.
Further studies including larger sample size and different
clinical profiles are needed in order to confirm and extend the
present results.

CONCLUSION

The “ClaCoS” is a functional evaluation battery of the
four main dimensions of social cognition which may be
altered in different psychiatric conditions, consistent with a
transnosographic perspective. To our knowledge, “ClaCoS”
is the only existing social cognitive battery including a
subjective evaluation of the individual’s impairment, as well
as an assessment of attributional style. As a whole, the
current study suggests that performance on the “ClaCoS”
battery accurately reflects everyday life difficulties of adults
with ASD. It seems to be a well-suited tool to help uncover
alterations in specific domains of social cognition in this
population. This allows the selection of the most appropriate
therapeutic program according to each patient’s functional
profile: from the most basic perceptual processes to higher
level metacognition abilities. Our study shows that ASD adults
without intellectual disability have a good self-awareness of
their impairments in different domains of social cognition
which can lead to the specific challenges they encounter with
social functioning in everyday life situation. Self-assessment
helps to involve and motivate patients to participate in
cognitive remediation therapy (99) and the effectiveness of
these therapies relies in part on the patients’ awareness of
their disorders. Thus, our results are a good prognostic
indicator for the engagement of ASD individuals in cognitive
remediation programs. The “ClaCoS” battery further provides
interesting new elements which may be contributive in a
diagnostic procedure, alongside the classical tools and clinical
evaluations, in a dimensional and lifelong evolving perspective
of ASD.
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