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Abstract

According to current accounts of social cognition, the emergence of verbal and non-verbal components of social percep-
tion might rely on the acquisition of different cognitive abilities. These components might be differently sensitive to the
pattern of neuropsychological impairments in congenital neurodevelopmental disorders. Here, we explored the associa-
tion between social and non-social cognitive domains by administering subtests of the NEPSY-II battery to 92 patients
with Intellectual and Developmental Disability (IDD). Regardless the level of intellectual functioning and presence of
congenital brain malformations, results revealed that visuospatial skills predicted emotion recognition and verbal compo-
nent of Theory of Mind, whereas imitation predicted the non-verbal one. Future interventions might focus on spatial and
sensorimotor abilities to boost the development of social cognition in IDD.

Keywords Intellectual and developmental disability - NEPSY-II - Theory of mind - Social Perception - Visuospatial

abilities - Imitation

Social cognition refers to a complex collection of different
psychological processes that allow an individual to infer
others’ mental thoughts, feelings, intentions and to interpret
others’ behaviors and emotions, thus ultimately support-
ing social interactions (Beer & Ochsner, 2006). In the last
decades, two theories about how we infer others’ mental
states have gained major interest: Theory-Theory (TT) and
Simulation-Theory (ST).
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TT accounts were firstly proposed to explain social cog-
nition deficits shown by persons with Autism Spectrum Dis-
orders (ASD) (Baron-Cohen et al., 1985). These accounts
assume that persons with ASD lack of a set of mental con-
cepts and governing principles to represent others’ mental
states (Gopnik & Wellman, 1992; Malle, 2005), namely a
theory of mind (ToM; (Premack & Woodruff, 1978)). In
these accounts a critical role is played by metacognition,
that is the ability to reflect upon our mental states and to
share them with others as well as to make a correct repre-
sentational model of the physical and social world (Frith &
Frith, 2012). Neuroimaging research has highlighted a corti-
cal network involved in making inferences about one’s own
and others’ mental states, which has been called Mentalizing
System (MS; (Frith & Frith, 2003; Koster-Hale et al., 2017).
The main components of this system are the temporo-pari-
etal junction (TPJ; (Frith & Frith, 2006; Amodio & Frith,
2006), the posterior end of the superior temporal sulcus
(pSTS), and the dorsal sub-region of the medial prefrontal
cortex (dmPFC; Amodio & Frith 2006). The main function
of TPJ would consist in the ability to represent the world
from different perspectives (Mai et al., 2016), the pSTS
would be involved in the processing of dynamic facial and
bodily stimuli (Grossman et al., 2005), while the prefrontal
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cortex would subtend the ability to plan for the future and to
predict what a person is going to think (Overwalle, 2009).

ST accounts propose that we refer to our internal states to
understand others, by simulating their cognitive, emotional
and behavioral states (Davies et al., 2010; Gordon, 1986).
The discovery of mirror neurons, which are activated dur-
ing both action execution and action observation (Rizzolatti
& Craighero, 2004), provided a direct neurobiological basis
for these simulation processes. Research in monkeys (for a
review, see Casile 2013) and, using different methodologies,
in humans (for reviews, see Avenanti et al., 2013; Caspers
et al., 2010; Fadiga et al., 2005; Molenberghs et al., 2012;
Urgesi et al., 2014) has provided evidence of shared acti-
vations for one’s own and others’ actions in a wide Action
Observation Network (AON) including premotor, parietal
and temporal cortical areas, but also subcortical and cer-
ebellar regions. These mirror-like activations have been
integrated in an embodied cognition framework (Barsalou,
2009; Gallese, 2007; Gallese & Goldman, 1998; Gallese &
Sinigaglia, 2011; Schmidt et al., 2021). Indeed, by simulat-
ing others’ actions into the observer’s motor system, people
might rely on their own bodily states to represent and under-
stand others’ mental states and feelings in a pre-reflective,
embodied way.

While the theoretical controversial between TT and ST
might sound obsolete (Apperly, 2008), there is large agree-
ment that social cognitive processes are underpinned by
both the MS and AON neurocognitive systems (Adolphs,
2009; Schurz et al., 2020), which allow for, respectively, a
fast, mostly implicit perceptual processing of social stimuli
and slower, explicit reflective cognitive operations (Frith
& Frith, 2007; Meinhardt-Injac et al., 2018). Although the
AON may support the MS in understanding others’ men-
tal states (Isoda, 2016; Overwalle, 2009), the two systems
can operate independently by each other (Jacob & Jean-
nerod, 2005) and follow diverse developmental trajectories
(Apperly & Butterfill, 2009). Furthermore, within a neuro-
developmental perspective of social cognition (Happé &
Frith, 2014), the emergence of these systems might depend
on the acquisition of different, interdependent cognitive and
sensorimotor abilities.

With regards to the explicit, higher-level components of
social cognition described in TT accounts, most literature
investigated associations of social cognition with executive
functions and language development (Carlson & White,
2013). There is evidence that the association between exec-
utive functions and ToM arises early and becomes stron-
ger in typical development (Bock et al., 2015; Carlson et
al., 2015; Carlson & Moses, 2001; Marcovitch et al., 2015;
Sodian & Kristen-Antonow, 2015). Studies on atypical
development confirmed this association by showing that
impairments in executive functions affected social cognition
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by disrupting metacognitive processes (Leung et al., 2016;
Mary et al., 2016). In a similar vein, the development of
language and social cognition is tightly intertwined from
infancy to childhood (Brooks & Meltzoff, 2015). Indeed,
early language abilities seem to predict later acquisition of
social skills during infancy (Astington & Jenkins, 1999) and
language impairments affect ToM abilities (Farrant et al.,
2006; Spanoudis, 2016).

Nevertheless, a crucial prerequisite to gain ToM is the
ability to represent others’ visual perspective (Kampis et
al., 2017). While understanding whether an individual can
see an object (level-1 perspective taking) was reported to
emerge early in infancy (Luo & Johnson, 2009; Sodian &
Thoermer, 2004), a more refined ability to represent zow an
individual sees an object (level-2 perspective taking) seems
to develop later and would allow one to assume other else’s
point of view (Flavell et al., 1981; Moll et al., 2012; Kes-
sler & Rutherford, 2010). Studies on atypical development
documented that individuals with ASD may show a specific
impairment in the more-refined level-2 perspective taking,
and this deficit could be associated with lower ToM abili-
ties (Hamilton et al., 2009). Importantly, the performance
of ASD individuals in perspective taking tasks was docu-
mented to be strictly associated with the ability to operate
mental spatial rotations (Pearson et al., 2016). In a similar
vein, research on Williams syndrome, a condition involving
important deficits in visual-spatial abilities (Atkinson et al.,
1997, 2001), reported deficits in visual perspective taking,
which could underlie abnormalities in social behavior often
reported in this syndrome (Broadbent et al., 2014; Hirai et
al., 2013). All in all, these findings suggest that, at least in
conditions of atypical development, impairments in visuo-
spatial abilities might affect the development of perspective
taking, with major impact on ToM abilities (Kampis et al.,
2017).

As what concerns the implicit processing of social stim-
uli allowed by the AON in ST accounts, infant research has
supported an early relationship between motor abilities and
diverse levels of social cognitive processing (Brandone,
2015). For example, Ambrosini and colleagues (2013)
documented that 8- and 10-month-old infants correctly
interpreted goal-related actions only when they were able
to perform such actions. Research in conditions of atypi-
cal development has primarily focused on ASD and Devel-
opmental Coordination Disorder (DCD; Leonard & Hill
2014). For the former, there is agreement that sensorimo-
tor difficulties contribute to core social behavior deficits
(Hannant et al., 2016; Ohara et al., 2019). In a similar vein,
poor motor control seems to affect social and emotional
abilities in preschool- and school-age children with DCD
(Leonard, 2016; Piek et al., 2008). Within this framework,
a critical role has been attributed to imitation, as it could
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underlie the development of high-level socio-cognitive and
socio-emotional processes through the experience that the
others are ‘like me’ (Meltzoff, 2007; Meltzoff & Decety,
2003). Accordingly, Kenny and colleagues (2016) reported
that, in school-age children, imitation was closely related
to action understanding. Tough, neither imitation nor motor
skills were associated with ToM abilities. This suggests that
imitation might have a major role for the development of
low-level (non-verbal) motor cognition processes in early
infancy, but not for the development of higher-level (verbal)
social cognitive processes involved in ToM, at least in con-
ditions of typical development.

Still, in conditions of atypical development due to
genetic syndrome or congenital brain defects, early motor
impairments could interfere with the later development of
social cognitive abilities (Houwen et al., 2016; Leonard &
Hill, 2014; Ritterband-Rosenbaum et al., 2019). Indeed, it
has been shown that motor skills are stronger predictors of
cognitive and language development in children with intel-
lectual and developmental disabilities (IDD) than in those
with typical development (Houwen et al., 2016). Children
with IDD show limitations in cognitive and adaptive func-
tioning, including social skills (American Psychiatric Asso-
ciation, 2013) (Baurain & Nader-Grosbois, 2013). Previous
studies on development of social skills in children with
diagnosis of IDD reported not only delays in both implicit
and explicit components of social processing as compared
to age- matched controls, but also a different pattern of links
between social abilities as compared with IQ-matched con-
trols, pointing to an altered (and not only delayed) develop-
ment of social abilities in IDD (Baurain & Nader-Grosbois,
2013). However, whether specific motor or cognitive abili-
ties could differently account for diverse components of
social cognition in IDD is still to be elucidated.

Moreover, to assess motor, cognitive and social abilities,
previous studies mostly adopted tasks of different testing
batteries, which were standardized on different samples.
This cannot control for the interindividual variations of the
developmental curve of each cognitive domain (Russell,
E., Russell S & Hill B., 2005), leading to an uncontrollable
amount of variability to the findings that poses important
limitations to their interpretations. The introduction of the
multi-domain neuropsychological battery NEPSY-II (Kork-
man et al., 2007) allowed us to overcome this issue, since all
subtests were standardized on the same sample of children
aged 3-16 years. Furthermore, NEPSY-II includes social
perception subtests as a separate domain, with specific sub-
tests assessing both the explicit (i.e., verbal ToM subtest)
and implicit (i.e., non-verbal ToM subtest; affect recogni-
tion) components. This battery has been widely adopted to
investigate the neuropsychological profile in typical devel-
opment and in different clinical populations (epilepsy by

Zilli et al., 2015; fetal alcohol spectrum disorder by Ras-
mussen et al., 2013; anorexia nervosa by Calderoni et al.,
2013; preterm born children with spastic diplegia by Di
Lieto et al., 2017; ASD by Narzisi et al., 2013, and Barron-
Linnankoski et al., 2015).

Considering these premises, we selected NEPSY-II sub-
tests assessing attention, sensorimotor and visuospatial
cognitive domains to investigate whether and how basic
motor and cognitive abilities could explain performance
at social perception subtests in children with IDD. The
sample included non-progressive congenital conditions
due to either genetic syndromes or unknown etiology and
was further divided into four groups according to MRI data
reporting, respectively, absence or presence of brain mal-
formations affecting infratentorial, supratentorial structures
or both. This way, we verified whether and how congenital
malformations of different portions of the brain might affect
the developmental links between social cognition and other
cognitive abilities in children with IDD. We also considered
the full-scale intelligent quotient (FSIQ) in our analyses to
control for effects of general cognitive functioning.

We anticipated that, according to TT accounts, perfor-
mance in the subtests assessing the ability to operate on
visual-spatial representations would predict the scores
obtained in the verbal part of the ToM subtest. Conversely,
according to ST accounts, we expected that performance
in the sensorimotor domain should correlate with the abil-
ity to mentally recognize others’ intentions and emotions,
thus predicting performance at the non-verbal part of the
ToM subtest and at the affect recognition subtest. As what
concerns the presence and site of brain malformations, we
expected that sensorimotor impairments mostly affected the
performance in social perception subtests in infratentorial
patients, since subcortical areas and particularly the cere-
bellum have been shown to play a prominent role in both
motor control and social cognition (Butti, Corti, et al., 2020;
Oldrati et al., 2021; Tavano et al., 2007; Urgesi et al., 2021).

Materials and methods
Participants

Ninety-two children and adolescents (72 males) with a
diagnosis of IDD were recruited at the Child Neuropsychia-
try and Neurorehabilitation Unit of the Scientific Institute,
IRCCS E. Medea. Inclusion criteria were: (i) age between
4 and 16 years, (ii) presence of learning disability and/
or neurocognitive disorders due to non-progressive, con-
genital conditions. Exclusion criteria were: (i) primary
acquired brain lesions, (ii) primary diagnosis of ASD,
child psychosis or other psychopathologic disorders, (iii)
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severe sensorial and motor deficits that could interfere with
NEPSY-II administration. All patients received imaging and
clinical consultations before recruitment, while genetic test-
ing was performed only when a specific diagnosis was sus-
pected in according to the clinical features of each patient.
A genetic origin was identified in 15% of the no-malforma-
tion patients, 25% of the infratentorial patients, 30% of the
supratentorial patients, and 50% of the infra-supratentorial
patients. For each participant, the FSIQ derived from the
age-corresponding Wechsler Intelligence Scale (Wechsler,
2002, 2003) was obtained through chart review; index scores
were not available. The interval between the IQ assessment
and the administration of NEPSY-II subtests was no lon-
ger than twelve months. Participants were assigned by an
expert pediatric neuropsychiatrist (CG or RR) to four dif-
ferent groups (Infratentorial-IF, Supratentorial-ST, Infra-
Supratentorial-IST, and No Malformation-NM) according
to the malformation presence and location revealed by
T1-weighted and T2-weighted images obtained during RM
exam. One NM patient received a secondary diagnosis of
ASD and another NM patient received a secondary diag-
nosis of developmental Coordination Disorder. All children
and adolescents recruited in the study attended schools; in
keeping with Italian school system regulations, children with
IDD attend to the same public or private schools with their
neuro-typical peers, but the support of a specifically trained
teacher is provided and they follow their own individual-
ized educational program within the class. All participants
and their parents were informed about aims of the study and
parents were asked to sign a written informed consent. The
procedures were approved by the local Ethics Committee
of the Scientific Institute (IRCCS) E. Medea (Prot. N.34/18
— CE) and were in accordance with the Helsinki Declara-
tion guidelines. A resume of demographic/clinical features
of the four groups is reported in Table 1 (see Supplementary
Information for a detailed description of clinical features
and family information). (Table 1)

Table 1 Demographic and clinical information of the four groups.
Age and FSIQ data are reported as mean (SD).

No Infratentorial Supra- Infra-
Malformation tento- supra
rial
Demographic
information
N 25:7 19:6 16:4 11:3
(male:female)
Age (years) 8.4 (3) 11.3(3) 11.4 9.8
3.1 3
Clinical
information
FSIQ 71 (16) 71 (25) 67 (17) 68 (17)

Legend: FSIQ=Full-Scale Intelligent Quotient.
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Neuropsychological Assessment

All patients recruited in this study at the period of the neuro-
psychological assessment were hospitalized in our structure
for rehabilitative interventions and routine clinical checks.
Participants’ competences in four cognitive domains (atten-
tion, sensorimotor functioning, visuospatial processing and
social perception) were assessed by seven selected subtests
of the Italian NEPSY-II version (Korkman et al., 2011). The
subtests were selected from the 33 NESY-II subtests to cover
these 4 cognitive domains and to be indicated to all children
aged 5-16 yo with motor and speech deficits; subtests that
require full speech functionality were excluded. A trained
psychologist with specific expertise in neuropsychological
assessment (EF or NB) administered the NEPSY-II subtests
in a silent room. All participants were tested individually in
two separate sessions, each lasting approximately 45 min to
prevent fatigue. The interval between sessions was less than
10 days.

A short description of the selected NEPSY-II subtests
divided for each neuropsychological domain is provided
below (for further details please see (Korkman et al., 2011;
Urgesi et al.,, 2011). In the Supplementary Material is
reported an example of each subtests’ item.

Attention:

Visual Attention (VA): In this matching task, 3—4 yo chil-
dren have to identify the figures identical to the given tar-
get (i.e., rabbit) on an A3 sheet displaying both distractors
and targets in rows. Older children and adolescents (5-16
yo) are required to scan a page containing rows of different
faces and to mark targets (i.e., a girl with a sad facial expres-
sion, and a boy with a happy facial expression) among simi-
lar distractors. Children must solve the task within 180 s.
The subtest score is calculated by subtracting the number of
false alarms to the number of hits.

Sensorimotor functioning:

Fingertip Tapping (FT): In this task, the child must repeat a
series of finger movements demonstrated by the examiner.
This subtest has two parts, each one completed with the
dominant and non-dominant hand. In the first part, the child
taps the tip of the index finger on the tip of the thumb. The
examiner records the amount of time employed to produce
20 repetitions of the movement. In the second part, the child
repeats a sequence of finger taps on the tip of the thumb pro-
gressing from the index to the little finger. The subtest score
is the total amount of time spent by the child to produce the
two parts with the dominant and non-dominant hand.
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Manual Motor Sequences (MMS): In this task, the child
imitates and repeats for five times a sequence of unimanual
or bimanual gestures demonstrated by the examiner. The
subtest score is the sum of the number of times in which the
child correctly imitates each sequence.

Imitating Hands Position (IH): In this task, the child cop-
ies meaningful or meaningless hand and finger gestures
demonstrated by the examiner, with both the dominant and
non-dominant hand. The subtest score is the number of posi-
tions correctly copied with either hand.

Visuospatial processing:

Block construction (BC): In this task, the child has to use
blocks to reproduce models provided by the examiner or
to construct 3D representation of bi-dimensional drawings.
Each item must be accomplished within 60 s. A correct
response is scored 2 when the child employs less than 20 s
to build the construction, 1 point when the amount of time
spent to build the construction is between 21 and 60 s, and 0
when the construction is incorrect or the child spends more
than 60 s to solve task. The subtest score is the sum of all
item scores.

Social perception:

Affect Recognition (AR): Depending on their age, partici-
pants must: decide whether or not two photographs depict

Table 2 MEAN (SD) Standard-scores of each group at the NEPSY-II
subtests

No Infraten- Supra- Infra-  Between-
Malfor- torial tentorial supra Group
mation (n=25) (n=20) (n=14) ANOVA
(n=33) df (3, 88)
Visual 5.1 39(73) 3.6 1.3 F=1.09,
Attention 6.1 6.8) (7.9) p=0.358,
1,’=0.036
Finger 8.4 9.4(52) 10.1(4) 9.7(2) F=1.18,
Tapping- (2.0) p=0.321,
Manual motor np2= 0.039
sequences
Imitating hand 5.3 2.5 34 1.6 F=0.76,
position 6.7) (11.2) (7.1) (10.1) p=0.521,
n,’=0.025
Block 8.4 6.9 (5) 6.2 6.4 F=1.45,
constructions  (3.6) (3.8) 4.3) p=0.234,
n,’=0.047
Affect 6.3 5.8(59) 52 3.6 F=1.11,
recognition 4.7 (3.8) 3.8) p=0.351,
n,’=0.036
Theory of 6.5(5) 59(.6) 58 4.4 F=0.50,
Mind - verbal 5.4) (6.5) p=0.684,
1,=0.017

Theory of Mind 8.1 (2.8) 6.5(4.1) 8.5(3.8) 5.6 (4.4) F=2.56,
— non-verbal p=0.06,
n,°=0.08

faces with a similar affect; select a pair of pictures with
similar affect from a sample of three or four photographs;
select one of the four photographs that depicts similar affect
as a target photograph at the top of the page. In the last part
of the task, the child has to memorize a target emotional
face shown for 5 s, and then to select, from a sample of six
photographs, a pair of pictures with similar affect as the face
previously shown. The subtest score is the sum of correct
responses.

Theory of Mind (ToM): This subtest consists of two
parts that investigate verbal and non-verbal social abilities,
respectively. During the verbal part (ToM A), the child is
provided with short stories or illustrations of some social
situations and then asked questions that require knowledge
of another individual’s point of view to solve the task. In
the contextual, non-verbal part (ToM B), the child is shown
an illustration depicting a social context in which the pro-
tagonist’s face is hidden. The child must select a photograph
from four options that depict the appropriate emotion of the
protagonist in the illustration. The subtest score for each
part is the sum of correctly responded items.

Data Analysis

Raw scores at NEPSY-II subtests were transformed into
standard scores (mean =10, SD =3) with respect to norma-
tive values for the corresponding chronological age of the
Italian normative sample (Urgesi et al., 2011), avoiding the
approximation of the low and high extremes that is usually
employed in normative standardization tables. Since the
Finger tapping and Manual motor sequences subtests are
administered to children of different ages and both assess
the ability to maintain and repeat a motor program, we cal-
culated an aggregate score (FI-MMS) by computing the
mean of the standard scores obtained in the two subtests.
We first tested, with factorial Analyses of Variance
(ANOVA) models, for age and IQ, or chi square test, for
gender, whether the four groups of IDD patients were
equally distributed for demographic and clinical variables.
Since gender was not uniform in our sample, with more boys
(N=72) than girls (N=20) across the four groups, prelimi-
narily we ran two-tailed Student’s t- tests (two-tailed) for
each NEPSY-II subtest with gender as independent variable,
collapsing the four groups of patients. Then, with the aim to
check for differences between the clinical groups, the scores
obtained at the NEPSY-II subtests (VA, IH, FT-MMS, BC,
AR, ToM verbal, ToM, non-verbal) were entered in a Mul-
tivariate ANOVA (MANOVA) with Group as between-sub-
ject factor. Follow-up univariate factorial ANOVAs were
also run for each variable. Standard Multiple Linear Regres-
sion Models were then used to identify the relative contribu-
tion of specific predictors to the performance obtained at the
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social perception subtests. In detail, VA, IH, FT-MMS, BC
subtest, FSIQ and Group were entered as predictors, while
the scores obtained at the AR subtest and at the verbal and
non-verbal ToM parts were entered as dependent variables
in three separate models. The Group predictor was coded 0
for no malformations, 1 for infratentorial malformations, 2
for supratentorial malformations and 3 for supra- and infra-
tentorial malformations. Correlations between continuous
predictors were preliminary run in order to verify collinear-
ity assumption.

Statistical analyses were performed with the Statistica
software version 8.0 (Statsoft, Tulsa, OK). Significance
threshold was set at p=0.05 for all statistical tests.

Results
Between-groups comparisons

The mean standard scores of each group in these subtests
are reported in Table 2. (Table 2)

Preliminary t- tests did not highlight any significant dif-
ference between male and female patients (all t > |-0.544
and <0.998|; all p>0.321). No difference between the
four clinical groups emerged for FISQ (F (3,88)=0.47,
p=0.705), age (F (3,88)=1.66, p=0.181) and gender (X>(1,
N=91)=0.108, p=0.991). The MANOVA on the NEPSY-
IT subtests showed no significant differences between the
group means (Wilks’sA=0.814,F (6,18)=0.980,p=0.483).
Follow-up ANOVAs confirmed that the groups obtained
comparable scores in all NEPSY-II subtests (See Table 2).
These findings indicated that, independently from the pres-
ence and the site of brain malformations, our sample of IDD
children showed similar impairments across the subtests.

Multiple linear regression models:

In keeping with data of the US (Korkman et al., 2007) and
Italian (Urgesi et al., 2011) normative studies, the variables

entered as predictors were only moderately correlated
(all ¥<0.74), thus ruling out violation of multicollinearity
assumption (Table 3).

All regression models were significant (all F>6.42, all
p<0.001, all Adjusted R?>>0.26; Table 3). In detail, per-
formance at the AR subtest was significantly predicted by
the scores obtained at the BC subtest (3=0.57, p<0.001).
In a similar vein, BC was the only significant predictor of
performance in the ToM verbal part (B=0.54, p<0.01).
Conversely, manual imitation abilities assessed by the TH
subtest predicted performance in the non-verbal, contex-
tual ToM part (B=0.18, p<0.01). For all models, Group,
FSIQ and other NEPSY-II subtests were not significant (all
<0.01, all p>0.07), thus indicating that these associations
were reliable independently from the presence and location
of brain malformations, general cognitive abilities and the
other assessed cognitive functions (Fig. 1; Table 4).

Discussion

The present study examined the possible links of social per-
ception skills with attentional, visuospatial and sensorimo-
tor functions in a sample of children with IDD. According
to TT accounts (Kampis et al., 2017), we expected that
attentional and visuospatial abilities would predict explicit,
verbal ToM performance, while, according to ST accounts
(Meltzoff, 2007), sensorimotor abilities should predict
implicit, non-verbal ToM and AR performance. Partially in
line with these expectations, we observed that the ability
to operate on visual-spatial representations predicted per-
formance not only at the verbal ToM task, but also at the
AR subtest. Conversely, the scores obtained at the manual
imitation subtest predicted performance at the non-verbal
ToM task, but not at the AR subtest. Notably, these rela-
tionships were independent from presence and location of
brain malformations and from general cognitive function-
ing (i.e., FSIQ), thus pointing to a strong link of visuo-
spatial skills and imitation with different social perception

Table 3 Correlations between predictor variables. Values are reported as Pearson’s r and * indicate significant p values <0.05

FSIQ VA FT-MMS H BC AR ToM ToM
verbal Non-verbal
FSIQ --
VA 0.59*  --
FT-MMS 0.17 —0.09
IH 0.49*  0.54* —0.11 --
BC 0.65* 0.59* —-0.04 0.74* -
AR 0.47*  0.52¥  —-0.166 0.54*  0.67* -
ToM verbal 0.60*  0.56*  —0.002 0.57*  0.69* 0.64*  --
ToM Non-verbal 041* 040* -0.05 0.52*% 0.44* 044* 0.59* --

Legend: FSIQ=Full-Scale Intelligent Quotient; VA = Visual Attention; FT-MMS = FingerTapping-Manual Motor Sequences; IH =Imitating
Hands position; BC=Block Construction; AR = Affect Recognition; ToM =Theory of Mind.
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Fig. 1 Scatter plots showing the significant results for, respectively, the Affect recognition (a), ToM verbal (b) and ToM non-verbal (c) subtests.
Standard scores for all measures are expressed as Mean=10 and SD =3, with scores between 7 and 13 indicating performance at the expected
level, scores between 4 and 7 or between 13 and 16 indicating performance below or above the expected level, respectively, and scores below 3 or
above 16 representing performance well below or well above the expected level, respectively.

abilities in children with IDD regardless of the nature of  explain different levels of social cognitive processing, in
their atypical development. These findings suggest that TT ~ keeping with an integrative perspective on functioning of
and ST accounts are not mutually exclusive as they could  the MS and AON neurocognitive networks (Isoda, 2016).
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Moreover, these results could also be useful to inform reha-
bilitative interventions addressing social cognition deficits
in conditions of atypical development.

While previous studies pointed to executive functions
and language acquisition as fundamental blocks of social
cognition (Amado et al., 2016; Hippolyte et al., 2010; Leung
et al., 2016), within a neurodevelopmental perspective an
association between visual-spatial skills and social cogni-
tion may be even more important, as this relationship might
emerge earlier and, thus, affect widely the development of
social perception abilities (Kampis et al., 2017). Accord-
ingly, our findings provide evidence that impairments of the
ability to form and manipulate visual-spatial representations
might affect social perception at multiple levels.

With regards to verbal, reflective operations underlying
higher-order ToM abilities, deficits in visuospatial skills in
children with IDD might interfere with the acquisition of
perspective taking, leading to a deficient ability to infer oth-
ers’ mental states. Indeed, the verbal ToM subtest required
participants to form social mental representations of others
and to assume a different perspective to understand social
relationships among the different characters. Similarly, in
the Block Construction subtest, children had to build a 3-D
construction that matched a 3-D model or a 2-D model in
a picture. During the execution of this task, children saw
only one face of the construction and were not allowed to
rotate the 3-D model or the instruction card, thus preventing
the view of the construction from another perspective. This
way, in order to solve the task, children had to imagine how
the model looked from the other perspective and infer the
position of the cubes. This visual perspective taking requires
an embodied mental transformation to assume others’ point
of view (Kessler & Thomson, 2010) and is considered to be
critical for social cognition (Saxe, 2006).

These results are in line with previous studies on per-
spective taking in atypical development (Hamilton et al.,
2009; Hirai et al., 2013; Pearson et al., 2016) and allow
educated speculations about specific brain areas involved
by both visual-spatial tasks and social cognition. In detail,
assumption of others’ perspectives, as required by both the
BC and verbal ToM subtests, might rely on TPJ (Schurz
et al., 2013; Aichhorn et al., 2006). Neuroimaging studies
documented that the specialization of TPJ occurs early in
infancy and subtends mental operations on visual-spatial
representations, ultimately leading to track others’ beliefs
(Hyde et al., 2018). Xiao and colleagues (2019), in their
resting-state MRI study, showed that maturation of right
TPJ and development of neural connections with other
social network areas correlate with the acquisition of dif-
ferent ToM abilities. In a similar vein, Santiesteban and col-
leagues (2012) reported that interferences with right TPJ
activity through transcranial direct current stimulation did
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Table 4 Results of Multiple Linear Regression Models with social
perception subtests as dependent variables. Significant results are
reported in bold

b SE (85 p

Model 1: Affect Recognition
Overall model F=13.55; p <0.001; Adjusted R2=0.45

Group -0.08 036 -024 0.814
FSIQ 0.01 0.03 039 0.701
VA 0.12 0.08 1.55 0.124
FT-MMS -0.18 0.11 -l1.61 0.112
H 0.02 0.07 035 0.731
BC 0.57 0.15 3.70  0.001
Model 2: ToM Verbal

Overall model F=16.25; p <0.001; Adjusted R>=0.50

Group 0.1 0.39 0.25 0.801
FSIQ 0.06 0.03 1.82 0.07
VA 0.13 0.08 1.56 0.122
FT-MMS -0.01 0.12 -0.04 0.972
H 0.05 0.07 0.69 0.492
BC 0.54 0.17 3.20 0.01
Model 3: ToM Non-Verbal

Overall model F=6.42; p <0.001; Adjusted R?=0.26

Group -0.19 032 -0.58 0.563
FSIQ 0.04 003 148 0.142
VA 0.05 0.07 0.72 0474
FT-MMS -0.03 0.1 -0.24 0.784
IH 0.18 0.06 295 0.01
BC -0.05 0.14 -035 0.725

Legend: SE = Standard Error; FSIQ =Full-Scale Intelligent Quotient;
VA =Visual Attention; FT-MMS =FingerTapping-Manual Motor
Sequences; [H =Imitating Hands position; BC =Block Construction;
ToM =Theory of Mind.

not directly disrupt mental states attribution, but rather the
self-other representation entailed by perspective taking.
Interestingly, impairments of the ability to represent
visual-spatial relations were also associated with worse
facial affect recognition, which represents a faster, percep-
tual component of social cognition (Apperly & Butterfill,
2009; Meinhardt-Injac et al., 2018). Previous studies docu-
mented that emotion processing follows two distinct devel-
opmental trajectories in childhood, one associated to verbal
skills (expressive emotion knowledge) and the other linked
to the development of visuospatial ability (Vicari et al.,
2000). The claim that emotion-matching accuracy is pre-
dicted by shape-matching accuracy in children with typical
development was also suggested by Herba and colleagues
(2006). As concerns atypical development, an increasing
number of studies has suggested that deficits in affect rec-
ognition in congenital conditions, such as Down and Wil-
liams syndromes, might reflect an impairment in processing
and integrating visual-spatial features of face stimuli rather
than specific alterations of social processing (Gagliardi et
al., 2003; Dimitriou et al., 2015). Our results support this
hypothesis, since deficits of visuospatial skills due to IDD
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might have posed constraints to the development of emotion
recognition abilities (Martinez-Castilla et al., 2015).

While recognizing facial emotions seemed to rely on
visuospatial skills, impairments in recognizing emotions
elicited by a specific social context were predicted by poor
performance in the hand posture imitation task. This result
highlights the importance of simulation mechanisms, strictly
related to imitation (Meltzoff, 2007), at least for inferring
other individual’s emotion on the basis of contextual infor-
mation (Bastiaansen et al., 2009; Gallese, 2007). Previous
studies pointed to a crucial role of imitation and simulation
processes in implicit, non-verbal tracking of others’ inten-
tions as involved by action understanding (Jeannerod, 2001;
Kenny et al., 2016). Even though the NEPSY-II non-ver-
bal ToM subtest does not present dynamic stimuli such as
action videos, simulation processes are required to predict
others’ mental states according to context (Brown & Briine,
2012). Conversely, partially in contrast to previous research
on atypical development (Cummins et al., 2005; Leonard &
Hill, 2014), we did not find an association between social
cognition and motor skills entailing motor planning and
coordination as assessed by the FT-MMS subtests. In this
sense, imitation is a complex motor skill that requires to
transform visually specified goals (i.e., experimenter’s hand
orientation and hand shape) into motor acts, distinguish-
ing one’s own motor repertoire from that of the other (de
Guzman et al., 2016). Beyond the classical mirror neuron
system, imitation and simulation processes recruit the wide
AON (Urgesi et al., 2014), in order to trace intentions from
subtle kinematics’ differences (Koul et al., 2018) and from
context (Amoruso & Urgesi, 2016). Specifically, when con-
textual information is crucial to disambiguate other indi-
vidual’s intention (Wurm et al., 2017), frontal associative
areas, such as the dorsolateral prefrontal cortex (Amoruso
etal., 2018; Kalbe et al., 2010), and the cerebellum (Abdel-
gabar et al., 2019; Butti, Corti, et al., 2020; Urgesi et al.,
2021) would provide a contextual predictive output as a
result of simulation processes (Maranesi et al., 2014; Urgen
& Miller, 2015). Notably, this predictive simulation oper-
ates across domains (Siman-Tov et al., 2019) but might play
a more critical role in social cognition (Koster-Hale & Saxe,
2013; Oldrati et al., 2021). In keeping with this literature,
we could speculate that impairments in imitation due to IDD
might affect simulation processes, ultimately leading to low
performance in the contextual, non-verbal ToM task.

It is to note that our results were reliable across all groups,
regardless the presence and location of brain malforma-
tions. On the one hand, this could be due to the limits of
our classification, which did not allow disentangling the role
of specific areas. On the other hand, the lack of differences
between groups might suggest that the complex nature of
congenital disorders presented by our samples could have

widely affected functional and structural brain connections
(Gagliardi et al., 2018), even beyond the areas involved by
the malformation through developmental diaschisis (Stood-
ley & Limperopoulos, 2016). Furthermore, rather than rely-
ing on the activity of specific areas, development of social
cognition processes and their links with other cognitive
functions is likely to be supported by complex cortical-sub-
cortical networks (Alcala-Lopez et al., 2018).

The findings reported here sustain the importance of
visuospatial skills and imitation for the development of
different social perception abilities and could inform reha-
bilitative interventions for IDD. According to the neurode-
velopmental perspective sustained by this study, promoting
early interventions (Lipkin et al., 2020; Purpura et al., 2017)
and intensive rehabilitation training (Gagliardi et al., 2015)
in IDD would have beneficial effects not only on the specific
targeted functions but also on social cognitive skills. Within
an embodied framework, early body-centered interventions
could promote habilitating sensorimotor experiences and
imitation, which in turn could foster cognitive development
(Ritterband-Rosenbaum et al., 2019) and, as suggested by
our findings, also contextual, non-verbal ToM abilities. As
regards visuospatial skills, our results indicate that boosting
the abilities to form mental representations of the external
physical world could also improve social perspective tak-
ing, with likely effects on both low-level and high-level
social cognitive processes. In this light, immersive Virtual
Reality (VR) might be particularly useful to implement
neurorehabilitation programs that simultaneously provide
embodied sensorimotor experiences and boost visuospatial
skills (Maggio et al., 2019; Tieri et al., 2018). Accordingly,
VR interventions have been proposed to address social
cognition deficits in congenital neurodevelopmental disor-
ders trough explicit training of social skills (Kandalaft et
al., 2013) or by enhancing predictive simulation processes
(Butti, Biffi et al., 2020: Urgesi et al., 2021). In a similar
vein, VR showed its efficacy in boosting the ability to build
visual-spatial representations in children with cerebral palsy
(Biffi et al., 2020), and it could be extended to congenital
conditions in order to improve ToM and emotion recogni-
tion abilities.

Lastly, this study supports the use of a multidimensional
neuropsychological battery such as NEPSY-II, which can
help clinicians to localize child’s weaknesses and strengths
and tailor the rehabilitation programs to the specific neuro-
psychological profile of the child, also taking into account
the developmental interdependencies of different cognitive
and social domains. Moreover, the adoption of different
social perception tasks allows capturing diverse dimensions
of social cognition and ToM rather than assessing them
as single constructs (Warnell & Redcay, 2019), providing
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a more complex glimpse of social functioning in children
with IDD (Fiasse & Nader-Grosbois, 2012).

Caution in the interpretation of our findings is needed
in the light of limitations. First, the relatively small sample
size and variety of patients without or with different (clini-
cally visible) brain malformations may limit the generaliza-
tion of our results to the general population of individuals
with IDD. Moreover, we obtained a prevalence of male
children in our sample, albeit preliminary analyses did not
highlight significant effects of gender. A prevalence of male
in child samples with IDD, however, has been reported by
previous research (Lai et al., 2012). Furthermore, we did
not administer subtests of the linguistic domain and could
not estimate contribution of language development to social
processing in IDD. Still, a strict link between verbal skills
and social cognition has been documented in IDD children
(Thirion-Marissiaux & Nader-Grosbois, 2008). Neverthe-
less, our models explained a wide part of the variance even
for the verbal ToM task (Adj R*>0.50), thus ensuring the
strength of our findings beyond the likely effects of linguis-
tic abilities on social perception. Finally, we could not have
quantitative measures of alterations in different brain areas
from our IDD patients, thus preventing us from investigat-
ing the neural bases of the links of social processes with
other cognitive domains. Future studies with larger sample
and more precise brain structure and functioning measures
are required to better investigate the commonalities between
the brain structures accounting for cognitive and social
functioning impairments in children with IDD.
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