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Introduction: Intellectual disability (ID) is frequently associated as a comorbidity in autism
spectrum disorders (ASD). This study investigated a) how similar the heterogeneity in the
cognitive and socio-emotional developmental profiles was for children with ASD and ID,
b) the difference between the subjects’ profiles and those of typically developing children
(TD) matched for developmental levels, c) the skills existing with the lowest and highest
developmental levels, and d) the relationship between developmental profiles in ASD and
the severity of autism, ID, and the overall developmental level.

Participants: The sample was comprised of 119 children (101 boys and 18 girls) who
ranged in chronological age (CA) from 21 months to 14 years (M = 5 years 2 months; SD =
2 years 6 months) with developmental levels lower than 24 months. They came from three
countries (France = 40, Brazil = 40, and Algeria = 39). The control group was comprised
of 40 TD children from these same countries who ranged in CA from 4 to 24 months
(M =1 year 3 months; SD = 5 months). The ASD diagnosis was carried out according
to International Statistical Classification of Diseases and Related Health Problems-10th
Edition (ICD-10), Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text
Revision (DSM-IV-TR), Diagnostic and Statistical Manual of Mental Disorders-5th ed
(DSM-5) criteria and the Childhood Autism Rating Scale (CARS).

Measures: Children were tested using the Social Cognitive Evaluation Battery (SCEB;
Adrien, 2007) by trained psychologists from public and private institutions specialized in
the diagnosis of autism and interventions in this field. The SCEB explores 16 functional
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abilities, in both cognitive and socio-emotional areas, and allows the calculation of domain
and area developmental levels and heterogeneity indices for the global, cognitive, and
socio-emotional areas.

Results: Children with ASD developmental profiles show very high heterogeneity as
opposed to TD children. Regardless of the country of origin, there are similarities between
the heterogeneous cognitive and socio-emotional developmental profiles of the children
with ASD, whose profiles are characterized by lower developmental levels of language
and vocal imitation skills, and a relationship between these developmental heterogeneities
and the degree of severity of autistic symptomatology, intellectual disability, and overall
development level. The implications of this study are presented for clinical assessment
and intervention purposes in ASD and ID.

Keywords: autism spectrum disorder, intellectual disability, Comorbidity, heterogeneities, cognitive and

socioemotional developmental profiles, The Social Cognitive Evaluation Battery

INTRODUCTION

Autistic spectrum disorder (ASD) is characterized by disturbances
in social interaction, communication and repetitive activity
Diagnostic and Statistical Manual of Mental Disorders-5th ed.
(DSM-5) (1). The continuum of autism is identified and diagnosed
by assessing not only the nature of the disorder (including hyper-
and hypo-sensory reactivity) but also its severity. Intellectual
disability (IQ less than 70), previously referred to as “mental
retardation” (2) and with a wide variability in profiles (3) affects
more than half of the children with autism (4, 5) but Christensen
etal. (6) showed that the percentage of children with an intellectual
disability (ID) varied widely across 9 out of 11 geographic areas,
ranging from 20 to 50%, and significantly more girls had ASD
associated with ID (37%) than boys (30%). Using the criteria of
DSM-5, Brown et al. (7) reported IQ prevalence and indicated
that about 40% of the ASD population are likely to present ID.
In the present study, differences and similarities in the cognitive
and socio-emotional developmental profiles of children with ASD
and comorbid ID as compared with those of typical children were
examined across three countries (France, Brazil, and Algeria).
Clinical heterogeneity is a notable characteristic of ASD.
Lombardo et al. (8) noted that this heterogeneity is present
at several levels of analysis such as genetics, neural systems,
cognition, behavior, and development, as well as in clinical
features (e.g., response to treatment, outcome). From a
developmental psychopathology approach, the heterogeneity
in question encompasses different variations between and
within individuals relative to their developmental, cognitive,
and behavioral characteristics. Between individuals with
ASD, developmental heterogeneity may be characterized by
some different developmental trajectories (9) and outcomes
relative to verbal and nonverbal abilities (10) and intellectual
and socio-adaptive development (11). Within individuals,
heterogeneity may be defined at a first level in terms of functional
dysregulation in using mental representation, symbolic play,
social communication, and sensory-motor abilities (12-21).
Moreover, at a second level, heterogeneity is defined by some

atypical differences in developmental stages between several
abilities, explained by the changes in the timing and rates of
infant and child development, corresponding to the unevenness
or developmental heterochrony (22).

This type of heterogeneity was already attested in children
with autism by a large number of studies centered on verbal
and nonverbal communication, sensorimotor, and cognitive
functions profiles, showing evidence of atypical patterns,
discrepancies, and unusual correlates between developmental
levels of various cognitive and socio-communicative skills
(23-28). Moreover, in the intellectual domain, the profiles of
children with autism are usually characterized by a discrepancy
between nonverbal abilities and verbal abilities (NVIQ > VIQ).
This discrepancy lessened with age in children with functional
language and overall cognitive abilities in the mildly impaired
range or above (29). Moreover, it was specifically associated with
a high level of symptoms in the social domain (30) and correlated
to the intensity of autistic symptomatology (31). Most of these
works described this developmental heterogeneity in children
with ASD whose developmental ages were above 2 years of age
(29, 32, 33). However, only a few studies describe the cognitive
and socio-emotional profiles of children with developmental
levels under 2 years of age with a moderate or severe ID. Thiébaut
et al. (34) showed evidence of heterogeneous developmental
cognitive and socio-emotional profiles in these children with
strong inter- and intraindividual variability and developmental
delay contrary to what is observed in children with ID without
ASD (35).

Cross-cultural studies in ASD are still recent and have focused
on different ways of thinking and understanding autism as a
disorder (36, 37) and on the diversity of symptoms, characteristics,
or traits of ASD using screening tools (38-40) and on social
skills interventions (41). The heterogeneity of the developmental
profile of children with ASD across several countries in North
and South America, North Africa, and Europe (42-44) was
pointed out. While no significant differences in overall, cognitive
and socio-emotional development levels between two groups of
young (1 year and 6 months to 3 years of age) and older children
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(8-14 years of age) with ASD from the same countries were
observed, the youngest group of children exhibited a greater
socio-emotional heterogeneity (45). However, the samples of
children in each of the seven countries were small and very
different from one another. Therefore, in this study, using larger
and similar-sized samples of children, we sought to examine
whether the heterogeneity of the cognitive and socio-emotional
developmental profile in children with ASD and comorbid ID
from three countries was different from typical children, had the
same intensity, was independent of the country of origin, and
correlated to the severity of autistic symptomatology and of ID
and the overall developmental level.

METHOD

Participants

The total sample of participants with ASD included 119 children
(101 boys and 18 girls; gender ratio = 5.61:1; mean age = 5 years
3 months, from 1 year 9 months to 14 years of age; SD = 2 years
6 months) from three countries, Brazil, Algeria, and France.
Clinical data were collected for 40 Brazilian children with ASD at
the CARI Psychology and Education Clinic and at the Centro Pré-
Autista, both in the city of Sao Paulo, where children received a
diagnostic assessment and a neuropsychological and developmental
program (46). There were also 39 Algerian children who were
referred by several private and public institutions providing
behavioral, integrative, and psycho-educational interventions
to children with autism. Clinical data for an equivalent sample
of 40 French children with ASD were taken from databases of
different clinical services and used in some previous studies
(34, 42, 47). The French children with ASD were treated in the
Child and Adolescent Psychiatry Department of the University
Hospital Center Bretonneau in Tours, in the Psychology Offices
ESPAS-IDDEES, and in the Child Psychiatry Department of
Sainte Anne Hospital in Paris. As a control group, data from 40
children with typical development (TD) was gathered (Algeria
N =13, Brazil N = 13, and France N = 14) randomly from the same
database. The subjects were recruited from public nurseries and
in the professional or social environment of psychologists. All
the children were assessed in the country where they lived and in
their native language. In an analysis of variance, with four groups
of 40 participants, the probability of detecting an average effect
(48) at the a threshold of 0.05 is 0.98. For a correlational study,
with 40 participants per group, the probability of detecting an
average effect (r = 0.3) at the a threshold of 0.05 is 0.90. Groups
of 40 participants would then seem sufficient to detect an average
effect with reasonable success.

To obtain background information about each participant,
information on age, gender, and diagnostic status (where, when,
and by whom a diagnosis had been made) was used. The diagnosis
for children younger than 3 years (N = 20) was confirmed some
months or years later. All children included in our clinical sample
were diagnosed with autism disorder according to the criteria of
International Statistical Classification of Diseases and Related
Health Problems-10th Edition (ICD-10) (49) and Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition, Text

Revision (DSM-IV) and confirmed as ASD subjects based on
DSM-5 criteria (1) and assessed with the Childhood Autism
Rating Scale (CARS) (51). Intellectual disability (ID) diagnosis
was established from developmental assessments with the Socio-
emotional and Cognitive Evaluation Battery (SCEB) (47) for all
the children, thus avoiding possible variations in the data due to
the use of several different tests. Developmental Quotient (DQ)
was calculated based upon the existence of very high correlations
between the overall scores (not corrected for unreliability) of the
SCEB and the psychomotor development ages calculated with
the Psychomotor Development Scale of Brunet-Lézine Revised
(52), a French adaptation of Gesell developmental scales (53),
which included assessments on postural, verbal, nonverbal, and
sociability domains.

The diagnoses of ASD and ID as a comorbidity were performed
by child psychiatrists and psychologists experienced in ASD and
other neurodevelopmental disorders. Demographic information
of participants is shown in Table 1.

Some differences (two-sided p value) appeared between ASD
groups for chronological age [F(2, 115) = 6.44, p = 0.002]. The
Brazilian group was slightly younger (from 4 to approximately 6
years of age) than the other two groups (from 5 to 14 years of age).

Although the children were recruited from a variety of settings,
the developmental evaluation of each child was organized at the
start for a diagnostic decision or for monitoring his/her evolution
during overall and intensive psycho-educational care. Psychological
evaluations were recorded in a written report. The study was
carried out in accordance with official laws' and standards of
ethics, biomedical, and clinical research in France. In Algeria, it
was done with the University Charter of Ethics and Deontology
of the Algerian Ministry for Higher Education and Research?, and
in Brazil, the study was approved by the National Commission for
Research Ethics (CONEP) under the aegis of the Brazilian Ministry
of Health®. All data were anonymized. Written and informed
consent was obtained from the legal guardians who were assured of
the noninvasive nature of the research and the confidentiality of the
data. Furthermore, the systematic use of video recordings during
evaluations was subject to written consent from the families.

Material

The Childhood Autism Rating Scale (CARS) (51) was rated by
trained psychologists experienced in ASD who carried out the
developmental assessments of the children participating in the
study. Rating was carried out at the end of the examination.

All assessments of the development of children in the study
were performed using the Socio-emotional Cognitive Evaluation
Battery (SCEB) (47), an instrument specifically created for the
examination of preschool and school-aged children with autism
and intellectual disability and recommended by the French High

'Order no 2017-884 of 9 May 2017 modifying some regulatory dispositions
relative to research implying human people. Official Journal of French Republic,
10 May 2017, Text 84 on 396.

2Universitary Ethic and Deontological Chart. Superior Teaching and Research
Ministry, 2010. Algeria.

3Process No. 306.264, National Commission for Research Ethics (CONEP).
Brazilian Ministry of Health, 2015, Brazil.
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TABLE 1 | Chronological age (year-yr and month-mth) in autism spectrum disorder (ASD) groups (N = 119) and typical development group (N = 40).

Chronological age (years and months)

Country Mean SD Min. Max.

Algeria (N = 39) 6 yr, 3 mth 2 yr, 3 mth 2yr, 2 mth 12 yr, 4 mth
Brazil (N = 40) 4 yr, 4 mth. 1yr, 2 mth 2yr, 9th. 6yr, 7 mth
France (N = 40) 5yr, 3 mth 3yr, 3 mth 1yr, 9 mth 14 yr, 0 mth
Total (N = 119: 101 male, 18 female) 5yr, 3 mth 2 yr, 6 mth 1yr, 9 mth 14 yr, 0 mth
Typical development (N = 40) 1yr, 3 mth 5 mth 4 mth 2yr, 0 mth

Health Authority (54, 55). This battery can be used to examine
children who have a developmental level between 4 and 24 months
and to assess both the cognitive area, including seven domains
such as self-image, symbolic play, object-relation schemata,
operational causality, means—ends relations, spatial relations and
object permanence, and the socio-emotional area, including nine
domains such as behavior regulation, social interaction, joint
attention, expressive language, receptive language, vocal imitation,
gesture imitation, affective relations, and emotional expression.
Based on the Piaget and Fisher models of child development (56,
57), this assessment tool determines the developmental level in
each of 16 domains, according to a hierarchical list of items for
each developmental level: level 1 (4-8 months), level 2 (8-12
months), level 3 (12-18 months), and level 4 (18-24 months).

Each item was rated, either as grade 2 (= complete success),
grade 1 (= emergence or relative success with a bit of help and a
demonstration), or grade 0 (= failure in spite of some help and a
demonstration). The developmental level reached by the child in
a domain corresponds to a level in which at least one of the items
among the higher level was graded 1. A developmental level score
from 1 to 4 was determined for each of the 16 domains, and this
provides a developmental profile for each child (Figure 1).

The overall average levels, as well as both cognitive and
socio-emotional development and indices of heterogeneity of
profile for overall, cognitive and socio-emotional domains, were
calculated. These indices corresponded to the mean difference (in
absolute values) between all the level scores (1-4) of each domain
multiplied by 10. They ranged from 0 (no heterogeneity) to 16

RL

JA i

S

BR

oP

SR

ME
0oC

Vi

Sch

FIGURE 1 | Example of a cognitive and socio-emotional developmental profile of a child with autism spectrum disorder (ASD) obtained from the Social Cognitive
Evaluation Battery (SCEB). Legend: The four developmental levels (from 1 to 4) are represented by four concentric circles. Each domain of development is
represented by a radius of the circles. Socio-emotional domains: Behavior Regulation (BR, level 2), Social Interaction (SI, level 2), Joint Attention (JA, level 1),
Expressive Language (EL, level 1), Receptive Language (RL, level 2), Vocal Imitation (VI, level 1), Gestural Imitation (Gl, level 2), Affective Relation (AR, level 2), and
Emotional Expression (EE, level 2). Cognitive domains: Self-Image (SI, level 2), Symbolic Play (SP, level 3), Object relation schemata (Sch, level 2), Operational
Causality (OC, level 3), Means-Ends (ME, level 2), Spatial Relations (SR, level 3), and Object Permanence (OP, level 2).
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(maximum heterogeneity). An example of index calculation is
presented in Table 2.

The transformation of the development level score into a
developmental quotient (DQ) is based here on two empirical
findings, namely, the existence of very high correlations on the
one hand between the scores (not corrected for unreliability)
of the SCEB and those of Brunet-Lézine Revised (52) for both
a sample of children with a diagnosis of ASD [r(91) = 0.87, p
< 0.001] and an international sample of young typical children
[r(71) = 0.90, p < 0.001], and on the other hand, between SCEB
scores and the chronological age observed for a sample of young
typical French children [r(104) = 0.94, p < 0.001] and of young
typical Brazilian children [(20) = 0.70, p < 0.0001] (unpublished
data). As no Algerian children of this study were tested with the
Brunet-Lézine Scale and no typical young Algerian children were
tested with the SCEB, correlations between these variables could
not be calculated. However, as the correlations’ coeflicients for
children with ASD and for international samples of young typical
children were high, it was assumed that these relationships might
be applied to this group of children.

These observations rely on different processes to determine
a developmental quotient from a SCEB overall developmental
score: 1) according to the parameters (slope and intercept) of the
regression equation between the sum of 16 SCEB developmental

scores and the Brunet-Lézine Developmental Age (the equation
is the following: developmental age, DA (in month) = 0.414 x
the sum of the scores on SCEB scales + 2.21) (47) or 2) by
simply rescaling the SCEB scores (level 0-4) on a scale from 0
to 24 months (ratio, 6). The DAs, as defined with the equation
or rescaling, are perfectly correlated. This DA is divided by the
chronological age (CA) in months. The product of this ratio is
then multiplied by 100 to obtain a developmental quotient [DQ =
(DA/CA) x 100]. It is this last possibility that is being applied
in the current study. Thus, Development Quotients are: overall
scores SCEB (0-4) rescaling on 0-24 (months) (DA) divided by
chronological age (CA) and multiplied by 100 (Table 3).

All scores of the SCEB presented appropriate reliability and
validity according to the usual psychometric criteria (34, 47).

The mean sample score of ASD groups on overall level of
development was 2.83 corresponding to the 12-18 months
development stage. On Developmental Quotients, it was 32,
corresponding to severe ID, and on the CARS scale, it was 39.00,
which falls within the “severely autistic” degree (Table 3).

There were no significant differences between the TD and the
ASD groups for number of subjects per gender [x*(1, N =159) =
3.07, p = 0.079], country [x*(2, N = 159) = 0.03, p = 0.985], and
the overall development level score on SCEB [F(1, 157) = 0.94,
p=0.334].

TABLE 2 | An example of the calculation of Heterogeneity Index: for the Cognitive Heterogeneity Index (CHI).

Domains Cognitive OoP SR ME ocC Sch SP Sl Sum of
differences (X)
In absolute
value
Cognitive Levels 2 3 2 3 2 3 2
OP 2 1 0 1 0 1 0 3
SR 3 1 0 1 0 1 3
ME 2 1 0 1 0 2
OoC 3 1 0 1 2
Sch 2 1 0 1
SP 3 1 1
S 2
Total 12
Mean = £ + 21 12+21=057
CHI = MQY x 10 057 x10=5.7

Cognitive, cognitive domains; OF, object permanence; SR, spatial relations; ME, means—ends; OC, operational causality; Sch, object relation schemata; SF, symbolic play;

S, self-image.

TABLE 3 | Mean overall level of development (SCEB) and development quotients and CARS scores of children with ASD by country and of children with typical

development (TD).

Country Overall level of development Development quotients CARS scores

Mean SD Mean SD Mean SD Min Max
Algeria N = 39 2.73 0.91 24.58 7.22 42.56 7,22 30 57
Brazil N = 40 3.1 0.75 38.52 6.08 37.89 6,08 30 56
France N = 40 2.66 0.46 34.24 3.33 36.95 3,33 30 425
Total (ASD) N = 119 2.83 0.75 32.51 6.22 39.11 6.22 30 57
(101 male; 18 female)
TDN =40 2.97 0.88 119.97 14.93 - - - -
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Some differences (two-sided p value) were noticeable between
ASD groups: the CARS score [F(2, 115) = 10.3, p < 0.001], the
developmental quotient [F(2, 115) = 8.9, p < 0.001], and the
overall level of development (SCEB) [F(2, 115) = 4.15, p = 0.02].
There was no significant sex difference for age [F(1, 117) =1.38,p =
0.243], CARS scores [F(1, 117) = 0.31, p = 0.578], overall levels
of development [F(1, 117) = 1.05, p = 0.308], or developmental
quotients [F(1, 117) = 0.85, p = 0.359].

Procedure

Each participant was accompanied by his/her parents to the
medical or psychological clinical service in order to perform
the examination. The child was examined in a single 30-45-min
session in a suitable room by a psychologist experienced with
children presenting ASD and ID and familiar with the SCEB
material. The SCEB was administered in the same naturalistic
manner to all participants, and assessment protocols were
respected at all times. As such, different children had comparable
experiences during testing. There was no strict order for the
presentation of the material, and the examiner chose toys
and objects according to child’s interest. With patience and
determination, he/she captured the child’s attention by showing
the material (one activity at a time) and by inviting the child
to use it. The psychologist interacted with the child by inviting
him/her to make verbal and nonverbal contact with him/her
and to manipulate the test material. He/she observed the child’s
behaviors, including response and initiating interactions, objects
and toy manipulation, vocalizations, words and sentences
of two or more words, facial expressions, imitation, and joint
attention behaviors. Since each child’s assessment session was
videotaped, the examiner was able to review the recordings in
order to rate the items corresponding to the observed behaviors.
Complementary information was obtained from the family or
educators after the examination, in particular for the Emotional
Expression and Affective Relations domains. In fact, these
domains included behaviors mainly expressed in the presence
of parents or teachers, such as “He/she can recognize and
differentiate between his/her parents” or “He/she delights in
provoking the favorite person.”

The study protocol resulted in the establishment of research
agreements with universities and specialized clinical services
for the assessment and/or psycho-educational support of
children with autism. The retrospective data collection from
experienced psychologists, already specifically trained to use
the SCEB instrument, was carried out in France. Concerning
the recruitment and assessment of other children in the
clinical population (in Brazil and Algeria), research university
collaborations were developed in the use of the SCEB in
clinical services in each country. Before we started the study
in Algeria and Brazil, and to control for the cross-cultural
contexts, we ensured that the SCEB was easily usable for all
children regardless of their culture. As a first step, psychologists
from each of these countries assessed a few children with ASD
and then were able to confirm that the SCEB could be easily
and correctly used without adaptation. On the one hand, the
material is very common and familiar to children (toys such

as cars, dolls and blocks...), and on the other hand, the vocal,
verbal (e.g., “give me the car,” “look at pictures,” “show me the
ball”), and nonverbal instructions (e.g., “point to a picture or
an object,” “imitate a gesture of clapping,” “look at the mirror,”
“hide an object under a box”) are simple and very accessible
to and understood by children across these cultures. Moreover,
psychologists were specifically trained (individual and group
seminars directed by the first and last authors) on the use of the
SCEB and continuously supervised throughout the duration
of the research (ratings of SCEB sessions from videotapes).
Double ratings of five Brazilian and five Algerian SCEB
protocols were made by the first author to obtain a complete
interagreement for each (99%). Each of these five protocols
was initially rated respectively by the Brazilian and Algerian
psychologists who had examined the child using the SCEB
in his/her native country’s clinical service. The second rater
(first author) then watched the videotapes and rated the child’s
behaviors independently in the Laboratory of Psychopathology
and Health Processes (Paris). During these double ratings,
the Brazilian or the Algerian psychologist was present during
viewings with instructions to help only for the understanding
of verbal words and sentences the child pronounced. The two
domains of Emotional Expression and Affective Relations could
not be double-rated because their items were mainly rated
through information from parents or teachers. However, the
information was discussed by both psychologists and approved
by the second rater who could then validates the rating of items
and the scoring of developmental levels.

Analysis

Developmental levels on the 16 SCEB scales correspond to
developmental age periods: level 1 (4-8 months), level 2 (8-12
months), level 3 (12-18 months), and level 4 (18-24 months).
Nevertheless, for the present samples, the distributions of the
SCEB scores are not random samples of a Gaussian distribution.
This is not the case with the overall level of development. The
heterogeneity index, CARS score, overall level of development,
Developmental Quotient, and age are continuous variables, and
the Kolmogorov-Smirnov test shows no significant difference
with normal distribution. No outliers were observed that were
more than 3.5 standard deviations away for each group. When
the variables could not be considered as normally distributed
continuous variables, nonparametric tests were used such as the
Spearman rank correlation, the Wilcoxon signed-rank test that is
a nonparametric test equivalent to the dependent ¢-test, and also
the Friedman rank sum test (58). The latter is a nonparametric
alternative to the one-way ANOVA with repeated measures. It
is used to test for differences between repeated measures when
the dependent variable being measured is ordinal. It can also be
used for continuous data that has gone against the assumptions
necessary to run the one-way ANOVA with repeated measures.
Pairwise comparisons were made with probability adjustment
for the number of tests according to the Bonferroni method.
Data analyses were performed with R Development Core
Team Software (59). The comparison of heterogeneity levels of
development profiles between ASD and TD groups uses global,
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cognitive, and socio-emotional heterogeneity indices and is also
based on a more basic level of information. The most detailed
information is obtained, group by group, with the identification
and counting of all significant differences that appear for 120
possible comparisons [(16 x 15)/2] between the scores on the 16
SCEB scales (within-subjects factor). The number of significant
differences (according to an alpha threshold of .05) is then
compared between ASD and TD groups. The identification of the
functions that collect the lowest and the highest scores makes it
possible to search for regularities according to country.
Analysis steps

1. We first tested the hypothesis of differences between ASD and
TD groups on the variability on SCEB scores (within-subjects
factor). We assume that the number of significant differences
between the scores on the 16 scales will be greater for the ASD
groups than for the TD group.

2. We checked for regularity between three ASD groups
regarding development scales that show the lowest and highest
levels. We postulate that some differences will be noticeable in
a few cognitive and socio-emotional domains.

3. We tested the null difference hypothesis between groups from
different countries in mean indices of heterogeneity profiles,
but significant differences are expected between the ASD and
TD groups.

In order to test this assumption, a hypothesis of no difference
in indices of heterogeneity profiles by country was tested using
analysis of variance. There was an overall index of heterogeneity
for everyone. The difference between heterogeneity indices
on the “cognitive” and “socio-emotional” scales was also
computed; a positive value of this difference for a given subject
indicates greater heterogeneity in cognitive aspects than in
socio-emotional aspects. The range of the socio-emotional
and cognitive heterogeneity scales was the same. A difference
between socio-emotional and cognitive heterogeneity is relevant,
and intergroup analysis with a single dependent variable (score
difference) was performed because it is simpler and more
powerful (the difference score reduces intragroup variability)
than an interaction analysis with two dependent variables (within
variable) and an intermediate variable.

4. We tested the hypothesis of no differences between groups
in difference of cognitive and socio-emotional heterogeneity
indices. We expected no significant difference between all the
groups.

5. We checked if there was a relationship among heterogeneity,
chronological age, degree of severity of autism (CARS),
degree of severity of ID (Development Quotient), and
overall level of development. We assumed significant
correlations for ASD groups but no significant relationship
between heterogeneity, chronological age, and overall
level of development for the TD group. It was expected
that correlation coeflicients would be similar according to
nationality for the ASD groups.

6. We tested the hypothesis of a relationship between
heterogeneity indices, each domain’s developmental levels,
and the severity of autistic symptomatology.

RESULTS

Testing the Hypothesis of Differences
Between the ASD and the TD Groups
Corresponding to Differences on the
SCEB Scores (Within-Subjects Factor)

A comparison of differences on the 16 domains SCEB scores was
conducted independently for the four groups. Then, the number
of cases in which a difference was observed was compared
between the groups. Median developmental level scores in
domains on the SCEB for four groups are presented in Figure 2.

The results show significant differences between scores on the
16 SCEB domains for each group, with lower effect for the typical
group [typical: Friedman x*(15, N = 40) = 90.41, p < 0.001;
Algeria: Friedman X2(15, N = 39) = 162.01, p < 0.001; France:
Friedman x*(15, N = 40) = 244.27, p < 0.001; Brazil: Friedman
x*(15, N = 40) = 150.83, p < 0.001].

The results of the pairwise comparisons (n = 120) using the
Wilcoxon signed-rank test with a probability adjustment (for
the number of tests) according to the Bonferroni method are
used to compare the number of significant differences [alpha
(two-sided): 0.05] between the SCEB scores between the groups.
The number of cases in which a difference was observed was
compared between the groups using the x” test (Table 4).

The x* in the table shows significant variations [x” (3, N = 480) =
40.96, p < 0.001]. The main contributions to x> appear with the
typical group, as expected, with a lower number of significant
differences, while the French group showed the highest number
of significant differences. The heterogeneity of profiles is therefore
much more significant for all of the ASD groups than for the TD
group of children.

Testing the Hypothesis of No Differences
Between Developmental Levels in All 16
Domains

The results of the pairwise comparisons (two-tailed probability
of a Z value of Wilcoxon signed-rank test adjusted with the
Bonferroni method) showed some regularity in the three
ASD groups. The lowest average developmental levels were
systematically observed in the Expressive Language and Vocal
Imitation domains. Thus, they differed more significantly (a <
0.05) than other SCEB domains.

— In the Algerian group, Expressive Language differed
significantly from all the other domains except for
Vocal Imitation, Gestural Imitation, and Receptive
Language; Vocal Imitation did not differ from the
Expressive Language and Gestural Imitation domains.

— In the French group, Expressive Language differed
significantly from 7 of the other domains, and Vocal
Imitation differed from 9 of the 15 other domains.

— In the Brazilian group, Expressive Language differed
significantly from 6 of the other domains, and Vocal
Imitation differed from 5 of the 15 other domains.

The domains that showed the highest developmental levels varied
according to the groups, but they always involved the cognitive area,
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FIGURE 2 | Profiles of median developmental level scores (from 1 to 4) in all the 16 cognitive and socio-emotional domains on SCEB, for the three groups and for
French children with ASD as well as the typical development groups from Algeria and Brazil. Legend: Socio-emotional domains: BR, Behavior Regulation, Sl, Social
Interaction, JA, Joint Attention, EL, Expressive Language; RL, Receptive Language; VI, Vocal Imitation; Gl, Gestural Imitation; AR, Affective Relation; EE, Emotional
Expression. Cognitive domains: Sl, Self-Image; SP, Symbolic Play; Sch, Object relation schemata; OC, Operational Causality; ME, Means-Ends; SR, Spatial
Relations; OP, Object Permanence.

TABLE 4 | Size of significant (« = .05) and insignificant differences on 16 SCEB with Means-Ends in the Algerian group (differing significantly

scores by group. from 6 of the other domains), Operational Causality and Spatial

Group n.s. Significant differences  Relations in the French group (differing respectively from 11 of the
other domains), and Spatial Relations also in the Brazilian group

Algeria 82 38 which differed significantly from 11 of the other domains.

X2 components 0.23 0.60

Brazil 83 37

f components 06;4 05317 Testing the Hypothesis of No Differences

rance - -

2 Components 54 914 Between Groups in Mean Indices of

Typical 112 8 Heterogeneity Profiles

X* components 7.52 19.41 ANOVA results on the overall scores of heterogeneity indices

of the four groups (Table 5) showed that there were significant
differences F(3, 155) = 17.9, < 0.001). Pairwise comparisons
using t tests with a p value adjusted with the Bonferroni method

n.s, non-significant.

TABLE 5 | Overall, cognitive, and socio-emotional heterogeneity indices of the three ASD groups and the TD group.

Groups Overall heterogeneity Coghnitive heterogeneity Socio-emotional heterogeneity

Mean SD Mean SD Mean SD
Algeria (n = 39) 10.95 5.59 7.25 5.71 10.65 5.73
Brazil (n = 40) 9.49 2.45 8.07 2.77 9.07 3.63
France (n = 40) 8.25 4.89 7.97 4.37 8.42 6.64
Total ASD group (n = 119) 9.55 4.60 7.7 4.41 9.37 5.51
TD group (n = 40) 4.47 2.74 4.64 2.81 3.76 3.59
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showed differences between each ASD group and the TD group
[Algeria: #(77) = 6.57, p < 0.001; Brazil: #78) = 4.26, p < 0.001;
France: #(78) = 8.63, p < 0.001]. However, the results also showed
a significant difference between the Algerian and the Brazilian
ASD groups [t(77) = 2.29, p = 0.025].

Testing the Hypothesis of No Differences
Between Groups Regarding the Difference
of Cognitive and Socio-Emotional
Heterogeneity Indices

The analysis of variance showed a significant difference between
the groups [F(3, 155) = 4.74, p = 0.003]. Pairwise comparisons
using f tests with p value adjusted with the Bonferroni method
showed a difference only between the Algerian ASD group and
the TD group [t (77) = —3.68, p = 0.002].

Testing the Relationship Between
Heterogeneity, Chronological Age, Degree
of Severity of Autism, Degree of Severity of
Intellectual Disability, and Overall Level of
Development
To estimate thehomogeneity of correlations between heterogeneity
and chronological age, degree of severity of autism, degree of
severity of ID, and overall level of development across groups,
we considered the existence of overlaps between the confidence
intervals (Table 6). The analysis did not indicate significant
differences in correlations except between the French ASD and
TD groups for the overall developmental level and between both
the Algerian and Brazilian ASD and TD groups for the DQ.
Moreover, we noted that heterogeneity indices were not related
to chronological age. However, there is evidence of significant
relationships between developmental profile heterogeneity indices
and both the severity of autistic symptomatology, assessed with
CARS, and overall developmental level assessed with the SCEB
(negative relationship), except for the TD group. There is also a

negative and significant correlation between the degree of severity
of ID (DQ) and the heterogeneity, for the Brazilian group, and a
positive and significant correlation for the TD group.

Testing the Relationship Between
Heterogeneity Indices and Developmental
Levels of Each Domain and the Severity of
Autistic Symptomatology

In Table 7, we can note Spearman’s rank correlations show
that overall heterogeneity links are the closest to verbal skills:
Vocal Imitation, Receptive Language, and Expressive Language
in ASD children. We also observe moderate links between
heterogeneity and these same skills in DT children: Expressive
Language and Vocal Imitation, and the cognitive domain:
Operational Causality.

We also note that the closest links between CARS scores
and SCEB domains occur in verbal skills, Expressive Language,
Receptive Language, and Vocal Imitation, but they do not occur
at all in Spatial Relations and Means-Ends.

DISCUSSION

The present study investigated whether the cognitive and socio-
emotional developmental profile of children presenting ASD
with comorbid ID is different from that of a group of young
typical children. Moreover, we sought to identify the skills that
had the lowest and the highest developmental levels and to
explore whether the heterogeneity of the profiles in children with
ASD is a common characteristic (intraheterogeneity), regardless
of the country of origin (interheterogeneity), but is correlated to
the severity of autistic symptomatology and intellectual disability
and to the overall development level.

Results showed that children with ASD and ID developmental
profiles were heterogeneous as opposed to typical children in all
the developmental heterogeneity indices. Overall, cognitive, and

TABLE 6 | Correlations between heterogeneity, chronological age, degree of severity of autism, degree of severity of intellectual disability, and overall level of

development by groups.

Country Criteria Heterogeneity Adjusted two-sided p values C.l. [0.95] of Pearson r
(Holm’s method)

Pearson r Lower Upper
Algeria Age -0.38 0.064 -0.62 -0.08
Brazil 0.05 1.000 -0.27 0.36
France -0.16 1.000 -0.45 0.16
Typical -0.34 0.103 -0.59 -0.03
Algeria CARS 0.48 0.014 0.19 0.69
Brazil 0.66 <0.0001 0.44 0.80
France 0.46 0.027 0.17 0.67
Algeria Overall level of development -0.80 <0.0001 -0.89 -0.65
Brazil -0.88 <0.0001 -0.93 -0.78
France -0.44 0.036 —0.66 -0.15
Typical -0.20 0.212 -0.48 0.12
Algeria DQ -0.26 0.228 -0.53 0.06
Brazil -0.63 <0.0001 -0.79 -0.40
France 0.02 1.000 -0.29 0.33
Typical 0.44 0.020 0.14 0.66
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TABLE 7 | Spearman’s rank correlations between heterogeneity and overall level of development in the 16 SCEB domains for the ASD and the TD group and CARS

scores for the ASD group.

Heterogeneity (global) CARS scores
ASD TD ASD
Behavior Regulation -0.34™ -0.18 -0.21"
Social Interaction -0.65™ -0.22 -0.40™
Joint Attention -0.58™ -0.16 -0.31™"
Expressive Language -0.79™ -0.48" -0.50™
Receptive Language -0.80™ -0.23 -0.52™
Vocal Imitation -0.85™ -0.54™ -0.43™
Gestural Imitation -0.75™ -0.21 -0.44™
Affective Relation -0.25" -0.11 -0.23"
Emotional Expression -0.49™ -0.05 -0.22"
Self-lmage -0.34" -0.18 -0.25"
Symbolic Play -0.48™ -0.21 -0.22"
Object Relation Schemata -0.51™ -0.22 -0.40™
Operational Causality -0.34™" -0.32 -0.34™"
Means-Ends -0.32™ -0.21 -0.08
Spatial Relations -0.17 -0.10 -0.12
Object Permanence -0.28" -0.23 -0.28"

Two-sided p values: *p < 0.05, **p < 0.01, **p < 0.001.

socio-emotional were significantly higher than in the typical group
of children. These findings confirm Bernard’s results (42) on a larger
group of 119 typical children from seven countries on three continents
(America, Europe, and Africa). In fact, the low heterogeneity mean
indices and the limited differences between developmental levels
of all the cognitive and socio-emotional domains confirm that
children with typical development have a cognitive (60-62) and
social-communicative (63, 64) homogeneous developmental profile.
In children with ASD, atypical developmental patterns were mainly
explained by relative weaknesses and developmental delays in some
abilities such as joint attention, expressive and receptive language,
and symbolic play (23, 25-27, 28, 65).

Moreover, we found a similar cognitive and socio-emotional
development intraheterogeneity in children with ASD and ID
from samples in three different countries but only a few moderate
differences between them that affected mean heterogeneity indices
profiles between the Algerian and Brazilian ASD groups. This
heterogeneity was also evidenced by several differences between
SCEB developmental level scores in ASD that turned out to be
even more numerous in the French group and not only in cognitive
areas but also in socio-emotional areas. Significant differences
were found for Expressive Language (EL) and Vocal Imitation
(VI) median developmental levels, which were the lowest. The EL
and VI median developmental level scores (from 1 to 2.5 = 8-12
months of age) correspond to the prelinguistic phase when the
infant can only imitate his/her own vocal productions and express
monosyllabic (“ba”) and bisyllabic (“tata”) sounds and a few new
sounds and when he/she begins to pronounce one or two words
(“dad” “mum”). Language and vocal imitation deficits may be
related to motor difficulties (66), to early oro-motor anticipation
deficits (67), and to very early atypical vocal productions (68,
69). They may impact social communication (21) and can be
explained by early hypoactivity in language-sensitive superior
temporal cortices implying different outcomes for language,
which is poorer in preschool children with ASD (70). Moreover,

cognitive domains demanding mainly nonverbal actions, such
as using means to reach a goal or establishing causal and spatial
relationships between objects, showed better developmental
levels compared to expressive language and vocal imitation
domains. Thus, these domain-specific developmental strengths
and weaknesses might reflect the developmental heterogeneity
corresponding to the nonverbal and verbal discrepancy noted in
the most intellectually disabled children with ASD presenting the
lowest verbal development levels (31).

In addition, there is evidence of some deficits and delays in
verbal expression, which are also known to be present in toddler
siblings of children with ASD (71). They are predictors of ASD
and later-diagnosed ASD in infants at high risk, even though
the social communication developmental pathways are variable
during the 6-36-month period (72). These linguistic deficits
that were common in children with other neurodevelopmental
disorders without social communication deficits, such as specific
language impairment (73) and intellectual disability with genetic
syndromes (74, 75), might be related to common cerebral
developmental deficits or dysfunctions (70, 76, 77).

Unexpectedly, a positive correlation between heterogeneity and
DQ was observed in the typical group of young children. The typical
children’s mean DQ was superior to the normative benchmark of
100. This may be due to sampling bias given that the recruitment of
typical children was done from among psychologists’ acquaintances.
Thus, for children with the most advanced development in our
sample, there is a developmental heterochrony.

This absence of statistical differences between cognitive and
socio-emotional heterogeneity indices in any of these three ASD
groups shows a pattern across the three countries, although in
the Algerian group, the difference between these indices appears
significantly higher than in the typical group, showing a higher
developmental intraheterogeneity. This could be explained by
a high socio-emotional heterogeneity in this group of children,
being reflected by lower developmental levels in both Expressive
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Language (=1) and Vocal Imitation (=1) domains. In a transcultural
cross-sectional study (39), two samples of autistic children were
compared in two large Arab countries: Egypt (N = 20) and Saudi
Arabia (N = 28). With regard to the behaviors and development of
both groups assessed with Gilliam subscales (78), although there
were significant differences in the stereotypical and developmental
characteristics (Saudi children showing significantly more
stereotypical and lower developmental abilities than Egyptian
children), there was no significant difference between both groups
regarding level of intelligence. Moreover, the Saudi group showed
significantly more severe and profound communication defects as
assessed with the Vineland communication subscale.
Furthermore, overall developmental heterogeneity was positively
correlated with the degree of severity of autism (CARS score)
and negatively correlated with the level of development for all
ASD groups. Thus, the higher the developmental heterogeneity,
the more severe the autistic symptomatology and the lower
the overall developmental level are. A significant relationship
between the degree of severity of ID (DQ) and heterogeneity was
only observed for the Brazilian group. This specific relationship
for the Brazilian group might be explained by intergroup age
differences, the severity of autism, and the level of development,
given that correlations between heterogeneity with ID controlled
by differences in age, severity of autism, and levels of development
were not significant for each group. Thus, these results indicate
that overall developmental heterogeneity was not an effect of
severity of ID but rather a characteristic of the development
of children with ASD. This seems to prove the universality of
this atypical development in children with ASD and comorbid
ID, which is characterized by socio-cognitive developmental
heterogeneity correlated to linguistic function delay, for example,
in expressive and receptive language and vocal imitation.
Furthermore, while this correlation was also noted in typical
children, the link was higher in ASD children and was even more
intense in children with severe autistic symptomatology and with
low levels of development in these language skills. The results
observed in children with ASD and severe ID (25 < DQ < 35), low
developmental levels (4-24 months) and important differences in
chronological age (1 year and 9 months to 14 years) confirm results
obtained in children with ASD without ID by Joseph et al. (30)
and Ankenman et al. (31). In fact, these researchers noted that the
cognitive heterogeneous profile characterized by the discrepancy
between nonverbal > verbal abilities was related to a high level of
autistic symptomatology and that it was higher inlow developmental
level children. Thus, while their manipulations and spatial skills
grow with age, their functional language does not develop, so
the gap between these abilities and intraindividual heterogeneity
increases. In a longitudinal study, Vivanti et al. (79) showed that the
more “autism specific” symptoms young children have, the more at
risk they are of poor cognitive outcome. In addition, Baghdadli et
al. (11) found that the developmental trajectory of socialization and
communication disorders in children with ASD was associated with
the worst outcomes in lower functioning children, with absence of
language abilities, higher severity of autistic symptoms, and lower
levels of cognitive functioning related to objects and to people.
Our result shows that heterogeneity, which is observed at the
individual level, is also found at the normative level. This indicates

that heterogeneity at the individual level is not random and is a true
marker of the development of children with ASD. This heterogeneity
appears to be stable whatever the country of origin. Thus, at the
interheterogeneity level, it was shown that the SCEB function
rankings according to the developmental levels are relatively similar
across cultural groups, as shown by between-group correlations.

This study was essentially empirical, descriptive, and exploratory.
Although psychological assessment with the SCEB is founded
on theoretical and well-known models of cognitive and socio-
emotional development in young children (56, 57) and based on
robust data on cognitive and communicative skills in children with
ASD and ID (23-27), the absence of theoretical models of typical
psychological developmental cross-cultural differences prevented
us from developing psychological and/or social explanations
of potential differences or similarities in children with atypical
development such as those presenting ASD. These differences
and similarities might be explained by more specific variables,
for example, the genetic, biological, cerebral, and developmental
trajectory (10, 11, 70, 76) characterizing each child with ASD.
Further cross-national studies should be carried out on these
variables to investigate the presence and/or absence of differences
and similarities in developmental profiles between children with
ASD from various countries (38, 39).

No great variability in the cognitive and socio-emotional
developmental profiles of children with ASD and ID was found
as a function of their culture of origin. This result confirms the
relevance of comparative and intercountry studies dealing with
neurodevelopmental disorders such as ASD and the development
of assessment instruments adapted both to this clinical subgroup
of children with ASD and severe ID as a comorbidity and to each
country. Some studies have already been carried out on this topic with
the SCEB in other countries, such as Belgium (35) and Italy (80, 81).

Moreover, given that the developmental heterogeneity in
children presenting with ASD, severe ID, and low developmental
levels in expressive language and vocal imitation skills has
been shown to be a major feature across these countries, this
dimension must be assessed and analyzed, mainly to facilitate
the development of early and appropriate interventions that are
focused on these specific disabilities and are based on cognitive
and socio-communicative developmental profiles. It is also
important to involve the parents in early intervention (82-86) in
order to decrease adaptive impairments that are mainly explained
by socio-communicative ASD symptoms severity (87).

AUTHOR’S NOTE

This work was carried out based upon four doctoral theses, from
FA (88), LB (89), M-AB (42), and CM (90).

AUTHOR CONTRIBUTIONS

Supervision and double rating of videotapes: M-AB, J-LA.
Developmental and quantitative diagnostic data collection: M-AB,
CM, MN, AS, FA, MG, RB, KK, NS, LB, LE, YC, CB, FB-B. Study
design: J-LA, M-AB, ET, CM, MC. Data analysis: ET, J-LA, M-AB.
Writing: J-LA, M-AB, ET, KK, MC, CM, JW.

Frontiers in Psychiatry | www.frontiersin.org

11

July 2019 | Volume 10 | Article 508


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

Bernard Paulais et al.

Cognitive, Socio-Emotional Development in ASD

FUNDING

Funds from IDEX of Sorbonne Paris City University making
researchers’ international mobility between France and Brazil
possible (2014-2018).

REFERENCES

1. APA. Diagnostic and Statistical Manual of Mental Disorders. 5th Edn.
Washington, D.C: American Psychiatric Association (2013).

2. Schalock RL, Luckasson RA, Shogren KA, Borthwick-Duffy S, Bradley V,
Buntinx WHE, et al. The renaming of mental retardation: understanding
the change to the term intellectual disability. Intellect Dev Disab (2007)
45(2):116-24. doi: 10.1352/1934-9556(2007)45[116:TROMRU]2.0.CO;2

3. Munson J, Dawson G, Sterling L, Beauchaine T, Zhou A, Koehler E, et al. Evidence
for latent classes of IQ in young children with autism spectrum disorder. Am J
Ment Retard (2008) 113(6):439-52. doi: 10.1352/2008.113:439-452

4. Chakrabarti S, Fombonne E. Pervasive developmental disorders in preschool
children: confirmation of high prevalence. Am J Psychiat (2005) 162(6):1133—
41. doi: 10.1176/appi.ajp.162.6.1133

5. Charman T, Pickles A, Simonoff E, Chandler S, Loucas T, Baird G. IQ in children
with autism spectrum disorders: data from the Special Needs and Autism Project
(SNAP). Psychol Med (2011) 41(3):619-27. doi: 10.1017/S0033291710000991

6. Christensen DL, Baio J, Van Naarden Braun K, Bilder D, Charles ], Constantino
JN, et al. Prevalence and characteristics of autism spectrum disorder among
children aged 8 years—autism and developmental disabilities monitoring
network, 11 sites, United States, 2012. Morb Mortal Wkly Rep Surveill Summ
(2018) 65(13):1-23. doi: 10.15585/mmwr.ss6513al

7. Brown AC, Chouinard PA, Crewther SG. Vision research literature may not
represent the full intellectual range of autism spectrum disorder. Front Hum
Neurosci (2017) 11:57. doi: 10.3389/fnhum.2017.00057

8. Lombardo MV, Lai MC, Baron-Cohen S. Big data approaches to decomposing
heterogeneity across the autism spectrum. Mol Psychiatr (2019). doi:
10.1038/s41380-018-0321-0

9. Fountain C, Winter AS, Bearman PS. Six developmental trajectories
characterize children with autism. Pediatrics (2012) 129(5):1112-20. doi:
10.1542/peds.2011-1601

10. Delehanty AD, Stronach S, Guthrie W, Slate E, Wetherby AM. Verbal and
nonverbal outcomes of toddlers with and without autism spectrum disorder,
language delay, and global developmental delay. Autism Dev Lang Impair
(2018) 3:1-19. doi: 10.1177/2396941518764764

11. Baghdadli A, Assouline B, Soni S, Pernon E, Darrou C, Michelon C, et al.
Developmental trajectories of adaptive behaviors from early childhood to
adolescence in a cohort of 152 children with autism spectrum disorders.
J Autism Dev Disord (2012) 42:1314-25. doi: 10.1007/s10803-011-1357-z

12. Adrien JL, Tanguay P, Barthélémy C, Martineau J, Perrot A, Hameury L,
et al. Autistic children and the object permanence task. Acta Paedopsychiatr
(1993) 56:556-60.

13. Adrien JL, Martineau ], Barthélémy C, Bruneau N, Garreau B, Sauvage D.
Disorders of regulation of cognitive activity in autistic children. ] Autism Dev
Disord (1995) 25(3):249-63. doi: 10.1007/BF02179287

14. Adrien JL, Rossignol N, Martineau J, Roux S, Couturier G, Barthélémy C.
Regulation of cognitive activity and early communication development in
young autistic, mentally retarded and young normal children. Dev Psychobiol
(2001) 39(2):124-36. doi: 10.1002/dev.1036

15. BlancR, Tourrette C, Delétang N, Roux S, Barthélémy C, Adrien JL. Regulation
of symbolic activity and development of communication in children with
autism. Eur Rev Appl Psychol (2000) 50(4):369-81.

16. Blanc R, Adrien JL, Roux S, Barthélémy C. Dysregulation of pretend play and
symbolic communication in children with autism. Autism (2005) 9(3):229-45.
doi: 10.1177/1362361305053253

17. Whitman TL. The development of autism: a self-regulatory perspective.
London: Jessica Kingsley Publishers (2004).

18. Seynhaeve I, Nader-Grosbois N. Sensorimotor development and dysregulation
of activity in young children with autism and with intellectual disabilities.
Res Autism Spect Dis (2008) 2(1):46-59. doi: 10.1016/j.rasd.2007.03.001

ACKNOWLEDGMENTS

We thank Pearson-ECPA France for the SCEB material lent to
partners from Brazil. Revision of English language was carried out
by Maygrett Maher, Béatrice Nicolas, and Jean Margaret Davis.

19. Nader-Grosbois N. Self-regulation, dysregulation, emotion regulation and
their impact on cognitive and socio-emotional abilities in children and
adolescents with autism spectrum disorders. In: Williams T, editor. Autism
Spectrum Disorders: From Genes to Environment. Rijeka, Croatia: Intech
Open access Publishers (2011). p. 243-86.

20. Dowd AM, McGinley JL, Taffe JR, Rinehart NJ. Do planning and visual
integration difficulties underpin motor dysfunction in autism? A kinematic
study of young children with autism. ] Autism Dev Disord (2012) 42:1539-48.
doi: 10.1007/s10803-011-1385-8

21. Hannant P, Cassidy S, Tavassoli T, Mann E. Sensorimotor difficulties are
associated with the severity of autism spectrum conditions. Front Integr
Neurosci (2016) 10:28. doi: 10.3389/fnint.2016.00028

22. Crespi B. Developmental heterochrony and the evolution of autistic
perception, cognition and behavior. BMC Med (2013) 11:119. doi: 10.1186/
1741-7015-11-119

23. Curcio E Sensorimotor functioning and communication in mute autistic
children. J Autism Child Schiz (1978) 8(3):281-92. doi: 10.1007/BF01539631

24. Sigman M, Ungerer JA. Cognitive and language skills in autistic, mentally
retarded, and normal children. Dev Psychol (1984) 20(2):293-302. doi:
10.1037/0012-1649.20.2.293

25. Mundy P, Sigman M, Ungerer J, Sherman T. Nonverbal communication and
play correlates of language development in autistic children. J Autism Dev
Disord (1987) 17(3):349-64. doi: 10.1007/BF01487065

26. Landry SH, Loveland KA. Communication behaviors in autism and
developmental language delay. J Child Psychol Psyc (1988) 29(5):621-34. doi:
10.1111/.1469-7610.1988.tb01884.x

27. Wetherby A, Prutting C. Profiles of communicative and cognitive-social
abilities in autistic children. J Speech Hear Res (1984) 27(3):364-77. doi:
10.1044/jshr.2703.364

28. Wetherby AM, Prizant BM, Hutchinson TA. Communicative, social/
affective, and symbolic profiles of young children with autism and pervasive
developmental disorders. Am ] Speech-Lang Pat (1998) 7:79-91. doi: 10.1044/
1058-0360.0702.79

29. Nowell KP, Schanding GT, Jr., Kanne SM, Goin-Kochel RP. Cognitive
profiles in youth with autism spectrum disorder: an investigation of base rate
discrepancies using the differential ability scales-second edition. J Autism
Dev Disord (2015) 45(7):1978-88. doi: 10.1007/s10803-014-2356-7

30. Joseph RM, Tager-Flusberg H, Lord C. Cognitive profiles and social-
communicative functioning in children with autism spectrum disorder.
J Child Psychol Psyc (2002) 43(6):807-21. doi: 10.1111/1469-7610.00092

31. Ankenman K, Elgin J, Sullivan K, Vincent L, Bernier R. Nonverbal and
verbal cognitive discrepancy profiles in autism spectrum disorders: influence
of age and gender. Am ] Intellect and Dev Disabil (2014) 119(1):84-99. doi:
10.1352/1944-7558-119.1.84

32. Siegel DJ, Minshew NJ, Goldstein G. Wechsler IQ profiles in diagnosis of
high-functioning autism. J Autism Dev Disord (1996) 26(4):389-406. doi:
10.1007/BF02172825

33. Mecca TP, Orsati FT, Coutinho de Macedo E. Non-verbal cognitive profile of
young children with autism spectrum disorders. Psychology (2014) 5:1404-17.
doi: 10.4236/psych.2014.511151

34. Thiébaut E, Adrien JL, Blanc R, Barthélémy C. The Social Cognitive
Evaluation Battery for children with autism: a new tool for the assessment
of cognitive and social development in children with autism spectrum
disorders. Autism Res Treat (2010) 875037. doi: 10.1155/2010/875037

35. Nader-Grosbois N, Seynhaeve 1. Etude des profils multidimensionnels
denfants a déficience intellectuelle et a trouble autistique. In: Adrien J-L,
editor. BECS Pratiques psychologiques et recherches cliniques aupreés denfants
atteints de TED. Brussels: De Boeck (2008). p. 171-91.

36. Kim HU. Autism across cultures: rethinking autism. Disabil Soc (2012)
27(4):535-45. doi: 10.1080/09687599.2012.659463

Frontiers in Psychiatry | www.frontiersin.org

12

July 2019 | Volume 10 | Article 508


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.1352/1934-9556(2007)45[116:TROMRU]2.0.CO;2
https://doi.org/10.1352/2008.113:439-452
https://doi.org/10.1176/appi.ajp.162.6.1133
https://doi.org/10.1017/S0033291710000991
https://doi.org/10.15585/mmwr.ss6513a1
https://doi.org/10.3389/fnhum.2017.00057
https://doi.org/10.1038/s41380-018-0321-0
https://doi.org/10.1542/peds.2011-1601
https://doi.org/10.1177/2396941518764764
https://doi.org/10.1007/s10803-011-1357-z
https://doi.org/10.1007/BF02179287
https://doi.org/10.1002/dev.1036
https://doi.org/10.1177/1362361305053253
https://doi.org/10.1016/j.rasd.2007.03.001
https://doi.org/10.1007/s10803-011-1385-8
https://doi.org/10.3389/fnint.2016.00028
https://doi.org/10.1186/1741-7015-11-119
https://doi.org/10.1186/1741-7015-11-119
https://doi.org/10.1007/BF01539631
https://doi.org/10.1037/0012-1649.20.2.293
https://doi.org/10.1007/BF01487065
https://doi.org/10.1111/j.1469-7610.1988.tb01884.x
https://doi.org/10.1044/jshr.2703.364
https://doi.org/10.1044/1058-0360.0702.79
https://doi.org/10.1044/1058-0360.0702.79
https://doi.org/10.1007/s10803-014-2356-7
https://doi.org/10.1111/1469-7610.00092
https://doi.org/10.1352/1944-7558-119.1.84
https://doi.org/10.1007/BF02172825
https://doi.org/10.4236/psych.2014.511151
https://doi.org/10.1155/2010/875037
https://doi.org/10.1080/09687599.2012.659463

Bernard Paulais et al.

Cognitive, Socio-Emotional Development in ASD

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Norbury CE Sparks A. Difference or disorder? Cultural issues in understanding
neurodevelopmental disorders. Dev Psychol (2013) 49(1):45-58. doi:
10.1037/a0027446

Matson JL, Worley JA, Fodstad JC, Chung KM, Suh D, Jhin HK, et al. A
multinational study examining the cross-cultural differences in reported
symptoms of autism spectrum disorders: Israel, South Korea, the United
Kingdom, and the United States of America. Res Autism Spect Dis (2011)
5(4):1598-604. doi: 10.1016/j.rasd.2011.03.007

Hussein H, Tahal GR, Almanasef A. Characteristics of autism spectrum
disorders in a sample of Egyptian and Saudi patients: transcultural cross-
sectional study. Child Adol Psych Men (2011) 5:34. doi: 10.1186/1753-2000-5-34
Carruthers S, Kinnaird E, Rudra A, Smith P, Allison C, Auyeung B, et al. A
cross-cultural study of autistic traits across India, Japan and the UK. Mol
Autism (2018) 9:52. doi: 10.1186/s13229-018-0235-3

Davenport M, Mazurek M, Brown A, McCollom E. A systematic review
of cultural considerations and adaptation of social skills interventions for
individuals with autism spectrum disorder. Res Autism Spect Dis (2018)
52:23-33. doi: 10.1016/j.rasd.2018.05.003

Bernard MA (2015). International study of cognitive and socio-emotional
development of children with autism spectrum disorder, with the Socio-
emotional and Cognitive Evaluation Battery (SCEB). Dissertation thesis.
Paris: University Paris Descartes Sorbonne Paris City, France.

Bernard MA, De la Iglesia Gutierrez M, Olivar Parra JS, Thiébaut E, Kaye K,
Contejean Y, et al. Cognitive and socio-emotional developmental assessment
of children with autism from France, Belgium, Canada, Brazil, Spain,
Greece and Algeria with the Social Cognitive Evaluation Battery (SCEB):
a comparative analysis. In: Book of Abstracts of Ist International Congress
of Clinical and Health Psychology with Children and Adolescents. Spain:
Ediciones Piramide (2015). p. p.143.

Bernard MA, Thiébaut E, Mazetto C, Nassif MC, de Souza MTCC,
Nader-Grosbois N, et al. Lhétérogénéité du développement cognitif et
socio-émotionnel denfants atteints d’autisme en lien avec la sévérité des
troubles. Neuropsychiatr Enfance Adolesc (2016) 64:376-82. doi: 10.1016/j.
neurenf.2016.05.002

Adrien JL, Bernard MA, Thiébaut E, Gattegno MP, Blanc R, Kaye K, et al.
Profils de développement dans le Trouble du Spectre Autistique (TSA), avec
ou sans déficience intellectuelle sévére. Implications pour Iévaluation et
lintervention. (Developmental profiles in Autism Spectrum Disorder (ASD)
children with and without severe intellectual deficiency. Implications for
assessment and intervention). Devenir (2016) 28(3):255-72. doi: 10.3917/
dev.164.0255

Nassif MC. Inovagbes em Psicologia Clinica—O Programa Abrangente
Neurodesenvolvimental (PA.N). Rio de Janeiro: Editora Atheneu, Brésil
(2017).

Adrien JL. Manuel de la Batterie d’Evaluation Cognitive et Socio-émotionnelle
(BECS). Paris: Pearson France-ECPA (2007).

Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
Hillsdale, NJ: Erlbaum (1988).

WHO. The ICD-10 classification of mental and behavioural disorders: Clinical
descriptions and diagnostic guidelines. Geneva: World Health Organization
(1992).

APA. Diagnostic and Statistical Manual of Mental Disorders. Text Revision,
4th Edn. Washington, D.C: American Psychiatric Association (2000).
Schopler E, Reichler R, Renner B. The Childhood Autism Rating Scale (CARS).
Los Angeles: Western Psychological Services (1988), adaptation frangaise, B.
Rogé, 1989, Echelle dévaluation de l'autisme infantil), Issy-les-Moulineaux:
Editions d’Application Psychotechnique (EAP).

Brunet O, Lézine 1. Echelle de développement psychomoteur de la premiére
enfance. Montreuil: Pearson France-ECPA (2001).

Gesell A, Amatruda CS. Developmental diagnosis. Normal and abnormal
child development: clinical methods and pediatric applications. New York: P.B.
Hoeber (1947).

HAS, Haute Autorité de Santé/High Health Authority. Service des bonnes
pratiques professionnelles, Autisme et autres troubles envahissants du
développement. Etat des connaissances. (2010),http://www.has-sante.fr/portail/
jems/c_935617/fr/autisme-et-autres-troubles-envahissants-du-developpement.
Service of good Professional practices. Autism and pervasive developmental
disorders. State of knowledges. Accessed January 2010. www.has-sante.fr.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

HAS, Haute Autorité de Santé/High Health Authority, (2018). Trouble du
spectre de lautisme. Signes d’alerte, repérage, diagnostic et évaluation chez
lenfant et I'adolescent. Argumentaire scientifique. Autism spectrum disorder.
Alarm signs, identification signs, diagnosis and assessment in children and
adolescent. Scientific Argumentary. February 2018. www.has-sante.fr.

Piaget J. La naissance de lintelligence chez lenfant. 9th edition. Neuchatel:
Delachaux et Niestlé (1977).

Fischer KWA. theory of cognitive development: the control and
construction of hierarchies of skills. Psychol Rev (1980) 87(6):477-531. doi:
10.1037/0033-295X.87.6.477

Friedman M. The use of ranks to avoid the assumption of normality implicit
in the analysis of variance. ] Am Stat Assoc (1937) 32(200):675-701. doi:
10.1080/01621459.1937.10503522

R Development Core Team, (2008). R: A language and environment for
statistical computing. R Foundation for Statistical Computing, Vienna,
Austria. ISBN 3-900051-07-0, URL http://www.R-project.org.

Uzgiris IC, Hunt JMV. Assessment in infancy: ordinal scales of psychological
development. Urbana: University of Illinois Press (1975).

Nader-Grosbois N. Le développement cognitif et communicatif précoce (Early
cognitive and communicative development). Bruxelles: De Boeck Supérieur
(2006). doi: 10.3917/dbu.nader.2006.01

Nader-Grosbois N. Les Echelles dévaluation du développement cognitif
précoce EEDCP. (Assessment scales of early cognitive development). Manuel
illustré dadministration (Illustrated manual for scoring). Louvain, Belgium:
UCL, Presses Universitaires de Louvain (2009).

Seibert JM, Hogan AE, Mundy PC. Assessing interactional competencies: the
early social communication scales. Inf Mental Hith ] (1982) 3(4):244-58. doi:
10.1002/1097-0355(198224)3:4<244::AID-IMHJ2280030406>3.0.CO;2-R
Guidetti M, Tourette C. An original tool to assess communicative
competencies in young children. The ESCS. Eur Rev Appl Psychol (1992)
42(3):185-92.

Thiemann-Bourque K, Johnson LK, Bra NC. Similarities in functional play
and differences in symbolic play of children with autism spectrum disorder.
Am ] Intellect (2019) 124(1):77-91. doi: 10.1352/1944-7558-124.1.77

Page ], Boucher J. Motor impairments in children with autistic disorder. Child
Lang Teach The (1998) 14(13):233-59. doi: 10.1191/026565998673400901
Brisson ], Serres J, Warreyn P, Foussier S, Adrien JL. Motor anticipation
failure in infants with autism: a retrospective analysis of feeding situations.
Autism (2012) 16(4):420-29. doi: 10.1177/1362361311423385

Brisson J, Martel K, Serres J, Sirois S, Adrien JL. Acoustic analysis of vocal/
verbal productions of infants later diagnosed with autism and their mother.
Inf Mental Hith ] (2014) 35(3):285-95. doi: 10.1002/imhj.21442

English MS, Tenenbaum EJ, Levine TP, Lester BM, Sheinkopf SJ. Perception
of cry characteristics in 1-month-old infants later diagnosed with autism
spectrum disorder. J Autism Dev Disord (2019) 49(3):834-44. doi: 10.1007/
s10803-018-3788-2

Lombardo MV, Pierce K, Eyler LT, Barnes CC, Ahrens-Barbeau C, Solso S,
et al. Different functional neural substrates for good and poor language outcome
in autism. Neuron (2015) 86(2):567-77. doi: 10.1016/j.neuron.2015.03.023
Marrus N, Hall LP, Paterson SJ, Elison JT, Wolff JJ, Swanson MR, et al.
Language delay aggregates in toddler siblings of children with autism
spectrum disorder. J Neurodev Disord (2018) 10:29. doi: 10.1186/
s11689-018-9247-8

Franchini M, Duku E, Armstrong V, Brian ], Bryson SE, Garon N, et al.
Variability in verbal and nonverbal communication in infants at risk for
autism spectrum disorder: predictors and outcomes. J Autism Dev Disord
(2018) 48(10):3417-31. doi: 10.1007/s10803-018-3607-9

Kjelgaard MM, Tager-Flusberg H. An investigation of language impairment
in autism: implications for genetic subgroups. Lang Cognitive Proc (2001)
16(2-3):287-308. doi: 10.1080/01690960042000058

Carvey JS, May Bernhardt B. Communicative acts of a child with Rubinstein-
Taybi syndrome during early communicative development. Child Lang Teach
The (2009) 25(2):172-90. doi: 10.1177/0265659009102976

Roberts JER, Price J, Malkin C. Language and communication development
in Down syndrome. Ment Retard Dev D R (2007) 13(1):26-35. doi: 10.1002/
mrdd.20136

Hodge SM, Makris N, Kennedy DN, Caviness VS, Howard J, McGrath L,
et al. Cerebellum, language, and cognition in autism and specific language

Frontiers in Psychiatry | www.frontiersin.org

13

July 2019 | Volume 10 | Article 508


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.1037/a0027446
https://doi.org/10.1016/j.rasd.2011.03.007
https://doi.org/10.1186/1753-2000-5-34
https://doi.org/10.1186/s13229-018-0235-3
https://doi.org/10.1016/j.rasd.2018.05.003
https://doi.org/10.1016/j.neurenf.2016.05.002
https://doi.org/10.1016/j.neurenf.2016.05.002
https://doi.org/10.3917/dev.164.0255
https://doi.org/10.3917/dev.164.0255
http://www.has-sante.fr/portail/jcms/c_935617/fr/autisme-et-autres-troubles-envahissants-du-developpement
http://www.has-sante.fr/portail/jcms/c_935617/fr/autisme-et-autres-troubles-envahissants-du-developpement
www.has-sante.fr
www.has-sante.fr
https://doi.org/10.1037/0033-295X.87.6.477
https://doi.org/10.1080/01621459.1937.10503522
http://www.R-project.org
https://doi.org/10.3917/dbu.nader.2006.01
https://doi.org/10.1002/1097-0355(198224)3:4
https://doi.org/10.1352/1944-7558-124.1.77
https://doi.org/10.1191/026565998673400901
https://doi.org/10.1177/1362361311423385
https://doi.org/10.1002/imhj.21442
https://doi.org/10.1007/s10803-018-3788-2
https://doi.org/10.1007/s10803-018-3788-2
https://doi.org/10.1016/j.neuron.2015.03.023
https://doi.org/10.1186/s11689-018-9247-8
https://doi.org/10.1186/s11689-018-9247-8
https://doi.org/10.1007/s10803-018-3607-9
https://doi.org/10.1080/01690960042000058
https://doi.org/10.1177/0265659009102976
https://doi.org/10.1002/mrdd.20136
https://doi.org/10.1002/mrdd.20136

Bernard Paulais et al.

Cognitive, Socio-Emotional Development in ASD

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

impairment. | Autism Dev Disord (2010) 40(3):300-16. doi: 10.1007/
510803-009-0872-7

Menghini D, Costanzo F, Vicari S. Relationship between brain and cognitive
processes in Down syndrome. Behav Genet (2011) 41(3):381-93. doi:
10.1007/s10519-011-9448-3

Abdelrahman ME, Hasan MKA. Gilliam Autism Rating Scale Arabic version.
Cairo: Dar El-Sahab Press (2004).

Vivanti G, Barbaro ], Hudry K, Dissanayake C, Prior M. Intellectual
development in autism spectrum disorders: new insights from longitudinal
studies. Front Hum Neurosci (2013) 7:354. doi: 10.3389/fnhum.2013.00354
Nardini C, Monti A, Pieraccin C, Guerrieri C (2006). La “Batteria di
valutazione Cognitivo-Sociale (B.E.C.S)., un ulteriore strumento di
valutazione nei bambini con disturbo pervasivo dello sviluppo” Atti del
XXIII Congresso Nazionale SINPIA, Abano Terme. 25-28 ottobre 2006.
Pieraccini C, Monti A, Nardini C, Armellini M, Ongaro S, Centini G,
et al. (2009). Ados and Becs in early diagnosis of children with pervasive
developmental disorders. Abstract in Acts of International Conference on
Innovative Research in Autism (pp)., Tours, France.

Aldred C, Green J, Adams C. A new social communication Intervention
for children with autism: pilot randomised controlled treatment study
suggesting effectiveness. J Child Psychol Psyc (2004) 45(8):1420-30. doi:
10.1111/j.1469-7610.2004.00338.x

Dawson G, Rogers SJ, Smith M, Munson J, Winter J, Greenson J, et al.
Randomized controlled trial of the Early Start Denver Model: a relationship-
based developmental and behavioral intervention for toddlers with autism
spectrum disorders: effects on IQ, adaptive behavior and autism diagnosis.
Pediatrics (2010) 125(1):17-23. doi: 10.1542/peds.2009-0958

Estes A, Munson ], Rogers S], Greenson ], Winter ], Dawson G. Long-term
outcomes of early intervention in 6-year-old children with autism spectrum
disorder. ] Am Acad Child Adolesc Psychiatry (2015) 54(7):580-87. doi:
10.1016/j.jaac.2015.04.005

Schreibman L, Dawson G, Stahmer AC, Landa R, Rogers SJ, McGee GG,
et al. Naturalistic developmental behavioral interventions: empirically
validated treatments for autism spectrum disorder. J Autism Dev Disord
(2015) 45(8):2411-28. doi: 10.1007/s10803-015-2407-8

Pickles A, Le Couteur A, Leadbitter K, Salomone E, Cole-Fletcher R, Tobin
H, et al. Parent-mediated social communication therapy for young

children with autism (PACT): long-term follow-up of a randomised
controlled trial. The Lancet (2016) 388(10059):2501-09. doi: 10.1016/
S0140-6736(16)31229-6

Tillmann J, San José Caceres A, Chatham CH, Crawley D, Holt R, Oakley B,
et al. Investigating the factors underlying adaptive functioning in autism in
the EU-AIMS Longitudinal European Autism Project. Autism Res (2019)
12(4):645-57. doi: 10.1002/aur.2081

Aiad F (2014). Assessment of cognitive and socio-emotional development in
Algerian children with ASD. Dissertation thesis. Blida, University Ali Lounici,
El-Affroun Blida City, Algeria.

Belal L (2015). Study of the developmental trajectories of children with autism
spectrum disorder and followed by integrative therapy. Study done on a sample
of 20 children with autism spectrum disorder with the Socio-emotional and
Cognitive Evaluation Battery (SCEB) and the children autism rating scale
(CARS). Dissertation thesis (2016). Tlemcen, University Abou Baker
Belkaid, Tlemcen, Algeria.

Mazetto CTM (2015). A crianga com autismo: trajetorias desenvolvimentais
atipicas & luz da teoria piagetiana da equilibracao. The child with autism:
atypical developmental trajectories in light of Piaget’s equilibration theory. Tese
de Doutorado. Sao Paulo (SP): Universidade de Sao Paulo.

87.

88.

89.

90.

Conflict of Interest Statement: J-LA is the author of the SCEB edited in the
Pearson France-ECPA.

The remaining 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 © 2019 Bernard Paulais, Mazetto, Thiébaut, Nassif, Costa Coelho
De Souza, Stefani, Blanc, Gattegno, Aiad, Sam, Belal, Fekih, Kaye, Contejean,
Wendland, Barthélémy, Bonnet-Brilhault and Adrien. 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

14

July 2019 | Volume 10 | Article 508


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.1007/s10803-009-0872-7
https://doi.org/10.1007/s10803-009-0872-7
https://doi.org/10.1007/s10519-011-9448-3
https://doi.org/10.3389/fnhum.2013.00354
https://doi.org/10.1111/j.1469-7610.2004.00338.x
https://doi.org/10.1542/peds.2009-0958
https://doi.org/10.1016/j.jaac.2015.04.005
https://doi.org/10.1007/s10803-015-2407-8
https://doi.org/10.1016/S0140-6736(16)31229-6
https://doi.org/10.1016/S0140-6736(16)31229-6
https://doi.org/10.1002/aur.2081
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Heterogeneities in Cognitive and Socio-Emotional Development in Children With Autism Spectrum Disorder and Severe Intellectual Disability as a Comorbidity

	Introduction

	Method

	Participants

	Material

	Procedure

	Analysis


	Results

	Testing the Hypothesis of Differences Between the ASD and the TD Groups Corresponding to Differences on the SCEB Scores (Within-Subjects Factor)

	Testing the Hypothesis of No Differences Between Developmental Levels in All 16 Domains

	Testing the Hypothesis of No Differences Between Groups in Mean Indices of Heterogeneity Profiles

	Testing the Hypothesis of No Differences Between Groups Regarding the Difference of Cognitive and Socio-Emotional Heterogeneity Indices

	Testing the Relationship Between Heterogeneity, Chronological Age, Degree of Severity of Autism, Degree of Severity of Intellectual Disability, and Overall Level of Development

	Testing the Relationship Between Heterogeneity Indices and Developmental Levels of Each Domain and the Severity of Autistic Symptomatology


	Discussion

	Author’s Note

	Author Contributions

	Funding

	Acknowledgments

	References



