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Autism Spectrum Disorders (ASD) and Williams Syndrome (WS) are frequently characterized as mirror condi-
tions in the socio-cognitive domain, with ASD entailing restrictive social interests and with WS exhibiting
hypersociability. In this review paper, we examine in detail the strong points and deficits of people with ASD
or WS in the socio-cognitive domain and show that both conditions also share some common features.
Moreover, we explore the neurobiological basis of the social profile of ASD and WS and found a similar mix-
ture of common affected areas and condition-specific impaired regions. We discuss these findings under the
hypothesis of a continuum of the socio-cognitive abilities in humans.
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Introduction
Williams syndrome (WS) is a complex clinical condi-
tion which is defined on an etiological basis, as most
cases result from the deletion of 1.5 to 1.8Mb in one of
the chromosomes 7, affecting nearly 30 genes in the on
7q11.23 region (Korenberg et al. 2000, Pober 2010).
WS presents with a set of distinctive physical, cogni-
tive, and behavioral features, including altered growth
patterns, craniofacial anomalies, heart problems, gastro-
intestinal and genitourinary disease, skin defects, intel-
lectual disability, and impaired visuospatial cognition,
but with quite spared sociability, notable musical abil-
ities, and substantially preserved language (Morris et al.
2003, Mervis and Becerra 2007, Martens et al. 2008,
Pober 2010). By contrast, Autism Spectrum Disorders
(ASD) is a cover term for a set of pervasive neurodeve-
lopmental disorders mostly defined on a symptomatic
basis, with all of them exhibiting language and commu-
nication problems, repetitive and stereotypical behav-
iour, and problems with social interaction (American
Psychiatric Association 2013). Contrary to WS, ASD
has a complex, unclear etiology, as many genes have
been associated with this condition, but also several
environmental factors (Geschwind and State 2015,
B€olte et al. 2019, Gyawali and Patra 2019).

At first sight, ASD and WS can be viewed as
opposite conditions in the domain of social cognition
and behavior. Individuals with ASD are normally

characterized as withdrawn, difficult to engage in social
interaction, struggling to understand social norms, and
generally uninterested in social relationships with others
(for a general review, see Newschaffer et al. 2007).
This hyposocial phenotype starkly contrasts with the
hypersocial phenotype exhibited by people with WS,
who are usually characterized as overly friendly, gre-
garious, and eager to interact with others, sometimes to
an excessive degree (for a general review, see Bellugi
et al. 2000, Jones et al. 2000, Doyle et al. 2004,
Martens et al. 2008, J€arvinen et al. 2013). However,
this is just a rough picture that deserves a closer exam-
ination, particularly at a time when studies about social
cognition and behavior in these two conditions have
grown exponentially. It is now clear that the manage-
ment of the social context by affected people can be
crucial for understanding the different clinical presenta-
tion of ASD and WS, considering that in terms of gen-
eral cognition, both conditions are quite similar when
social motivation is removed. For instance, Vivanti and
colleagues (2016) found that when the objective of a
task is learning and not social interaction, both ASD
and WS participants are equally able to imitate and
learn in social situations (see Ingersoll et al. 2013.
Berger and Ingersoll 2015 for similar findings).

A second reason that makes this comparative study
interesting is that ASD and WS are thought to share
genetic determinants (Newschaffer et al 2007, Jawaid
et al 2012) so a common genetic basis for their respect-
ive (even opposite) social deficits (and strong points)
can be hypothesized. Supporting this view, in a recent
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paper we have found a significant overlap between the
genes that are abnormally expressed in ASD and WS
compared to neurotypical controls, with most of them
exhibiting a similar trend of dysregulation in both con-
ditions. Accordingly, they are usually found either upre-
gulated or downregulated in both ASD and WS,
although fold-changes are usually greater in WS than in
ASD. Not surprisingly, most of these genes are
involved in aspects of brain development and function
(particularly, dendritogenesis) and are expressed in
brain areas (particularly, the cerebellum, the thalamus
and the striatum) of relevance for both the ASD and the
WS etiopathogenesis (Niego and Ben�ıtez-Burraco 2020,
see Tebbenkamp et al. (2014)for a more general review
of how developmental transcriptome data can be used
to improve our understanding of the etiology of com-
plex neurodevelopmental disorders, particularly, ASD
and WS). For instance, the gene EPHB1, which encodes
a receptor for ephrin-B family members, is found down-
regulated in the blood of people with ASD and WS. A
polymorphism of EPHB1 has been associated to atten-
tive behavior to faces (Yang et al. 2016). Interestingly,
EphB1 knocked-out mice show aberrant thalamic-cor-
tical axon guidance (Robichaux et al. 2014), which, as
discussed below (Section 4), is a common feature of
both ASD and WS. Recent findings about two other
purportedly mirror conditions, namely, ASD and
schizophrenia (SZ), suggest that the same genes can be
a risk factor for both conditions (Zhou et al. 2016,
Zarrei et al. 2019), whereas common biological mecha-
nisms (i.e. synaptic plasticity, brain connectivity) are
implicated in the aetiology of both SZ and ASD regard-
less of their (partially) different clinical profiles and
onset times (Liu et al. 2017). Overall, this evidence
supports the view of a continuum for the human socio-
cognitive phenotype, with neurodevelopmental disor-
ders resulting from selective damage of specific bio-
logical mechanisms involved in brain development and
maturation, mostly during sensitive and critical periods
of brain growth (see Meredith 2015 for details).

A final reason is that exploring these overlaps and
divergences between ASD and WS in the socio-cogni-
tive domain is expected to reveal interesting findings
about the evolution of human social cognition. An
important reason for this is the deep link that exists
between abnormal ontogeny and evolution, with
human-specific cognitive abilities arising to a great
extent from changes in preexisting neural circuits, but
with these human-specific brain features being impli-
cated, as noted, in neurodevelopmental and neurodege-
nerative disease risk (see Pattabiraman et al. 2020 for
discussion). In turn, this is seemingly due to the circum-
stance that recently-evolved aspects of human cognition
and behavior are more sensitive to ontogenetic damage
because of their reduced resilience (see Toro et al. 2010
for ASD).

In this paper we examine in detail the similarities
and differences between the socio-cognitive deficits
(and strong points) exhibited by participants with ASD
and WS. In doing so, we have relied on available repo-
sitories of technical papers, particularly, PubMed
(https://pubmed.ncbi.nlm.nih.gov/). Whenever possible,
we have made use of meta-analyses and review papers.
We have mostly focused on papers published from
2000 to the present. Additionally, we provide a detailed
discussion regarding the neurobiological basis of the
highlighted deficits and strong points. Overall, we
reveal an intricate profile of similarities and differences,
which we discuss under the hypothesis of a continuum
for the human socio-cognitive phenotype.

Socio-cognitive similarities between ASD
and WS
In spite of people with WS being labeled as ‘overly
friendly’ and ‘hypersocial’, they exhibit many difficul-
ties in the social arena that overlap in part with ASD.
Accordingly, parents of children with WS often report
that they have poor social skills, difficulties with under-
standing important social cues or information, and diffi-
culty maintaining friendships (Mervis et al. 2001,
Sullivan et al. 2003, Stojanovik 2006, Klein-Tasman
et al. 2009, J€arvinen et al. 2015). Included in these sim-
ilarities are “… social isolation, and other types of
social impairment, distractibility, inflexibility, ritualism,
obsessiveness, and pragmatic deficits” (Gillberg and
Rasmussen 1994). An important study illustrating these
parallels was conducted by J€arvinen and colleagues
(2015). The study aimed at directly comparing
responses to emotional stimuli in participants with ASD
and WS, to see if there were unique profiles of behav-
ioral responses between or across groups. 52 children
participated: 12 with WS and 17 with ASD, and 20 typ-
ically-developing (TD) controls. The experimental por-
tion required participants to identify emotions depicted
in different pictures (after a ‘passive task’ that required
them to simply look at the pictures carefully). There
were social tasks, wherein the images depicting emotion
included photos of readily identifiable facial expres-
sions (i.e. ‘happy’, ‘angry’ etc), and non-social tasks,
wherein the images did not include human faces, but
instead more neutral images of nature and sometimes
animals. The study found that both participants with
ASD and WS had a similar overall degree of social dys-
function when it comes to identifying emotions, both
with social and non- social prompts, although it was
noted that participants with WS exhibited more vari-
ability in their impairment across social domains.

Interestingly too, both groups also show difficulties
with the typical boundaries of personal space (Lough
et al. 2015). These shared social difficulties make them
more vulnerable socially, prone to disadvantages when
it comes to forming productive relationships and social
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connections. Social vulnerability is thought to be the
source of some of the anxiety documented in both
groups, which report higher levels compared to neuro-
typical people (Dykens 2003, Graham et al. 2005,
Jawaid et al. 2012). Still, notable differences between
conditions can be found. Hence, prevalence rates for
social anxiety in WS are approximately 1% whereas it
rises to approximately 30% in ASD (Simonoff et al.
2008, Royston et al. 2017). This elevated anxiety is
coupled in many cases with restricted and repetitive
behaviors (Rodgers et al. 2012).

To an important extent, these problems in the social
sphere are expected to arise from deeper cognitive and
behavioral dysfunction. People with WS exhibit a mean
IQ about 55 (Pober 2010), with intellectual functioning
remaining stable across adolescence and adulthood, but
with adaptive functioning declining over time (Fisher et
al. 2016), whereas participants with ASD have more
variable IQ levels, with more severe forms being asso-
ciated with lower scores suggestive of intellectual dis-
ability (Dykens and Lense 2011). More specifically,
young children with ASD or WS show delays in point-
ing behaviors and joint attention, and underperform in
theory of mind (ToM) tasks (i.e. tasks aimed at evaluat-
ing o evaluate the participant’s ability to attribute men-
tal states to others), like the false belief test (Baron-
Cohen et al. 1985, Charman et al. 1997, Klein-Tasman
et al. 2009, Vivanti et al. 2016). Also documented are
difficulties in inhibitory control and shifting attention
(Rhodes et al. 2010, Riby et al. 2011). Sparaci and col-
leagues found that both participants with ASD and WS
had difficulty specifying the ‘why’ of an experimenter’s
actions. That is, in a task where they were asked to
observe a hand-object action (e.g. grasping a mug to
drink tea or touching the handle to put it in a cupboard),
both groups had difficulty specifying why they were
doing so (i.e. they couldn’t say they were grasping the
object to put it away). According to Sparaci and col-
leagues, this difficulty with predicting others’ intentions
and actions can be hypothesized to arise from deficits
in predicting physical actions. Indeed, motor impair-
ments have been widely documented in both ASD (e.g.
Teitelbaum et al. 1998, Jansiewicz et al. 2006, Dewey
et al. 2007) and WS (see Trauner et al. 1989, Elliott
et al. 2006, Gagliardi et al. 2007). In contrast to their
similarities in ‘why (mis)understanding’, participants
with ASD showed superior ability in specifying the
‘what’ of an experimenter’s actions. That is, they were
better at specifying that the individual was grasping a
mug vs. simply touching it, while those with WS
showed more difficulty with this task. As Sparaci and
colleagues (2015) point out, this difference in ‘what’
ability coupled with a similarity in ‘why’ ability is indi-
cative of the fact that certain low level abilities may
shape higher level processes in unexpected ways
(Sparaci et al. 2015).

Finally, the socio-cognitive problems exhibited by
people with ASD or WS are expected to have an impact
on (and result in part from) their language deficits.
Language development is generally delayed in both
conditions, although it tends to follow the typical pro-
gression (Asada and Itakura 2012). In both ASD and
WS, grammar was originally thought to be relatively
spared, although more recent research has highlighted
the fact that it is more impaired than it appears at the
surface (see Perovic et al. 2013, Lacroix et al. 2016 for
direct comparisons). In both WS and ASD, grammatical
impairment has been shown to happen with aspects of
grammar defined later in typical development, like rais-
ing and passives (Tager-Flusberg 1981, Perovic and
Wexler 2007), grammatical morphology (Kjelgaard and
Tager-Flusberg 2001, Roberts et al. 2004), relative
clauses (Riches et al. 2010), and subject-control struc-
tures (Perovic and Janke 2013). Importantly for our
concerns here, pragmatics (that is, the ability to use lan-
guage for communicating in a social context) is
impaired in both conditions (see Tager-Flusberg 2000,
Doyle et al. 2004, Laws and Bishop 2004, Stojanovik
2006, Philofsky et al. 2007, J€arvinen-Pasley et al. 2008,
Asada and Itakura 2012, Lacroix et al. 2016 among
others), although, as we will show in the next section, it
is more so in ASD. Specifically, both ASD and WS
individuals have been rated as impaired in the quality
of their conversational initiations with others, with WS
participants underperforming people with ASD
(Philofsky et al. 2007). Likewise, narration, a basic
pragmatic skill, has also been shown to be impaired in
both conditions. Accordingly, Diez-Itza et al. (2016)
reported in their study that WS individuals often give
the impression of having in-tact narrative skills because
of their overuse of discourse markers and exclamations,
but in-depth analyses further reveal deficiencies in
sequencing narratives. Similar deficits in sequencing
narratives have been reported in ASD (see Freeman and
Dake 1996, Happ�e and Frith 1996).

Studies have shown a direct correlation between
socio-cognitive skills and deficits and pragmatic lan-
guage (dis)abilities in both WS and ASD (Happ�e 1993,
Surian et al. 1996, Hale and Tager-Flusberg 2005, John
et al. 2009), suggesting that deficits in the social
domain impact negatively on language use in both con-
ditions. Difficulties with pragmatics can be hypothe-
sized to derive from specific deficits that both groups
have, particularly, problems with inferring the mental
states of others (Asada and Itakura 2012). Likewise,
problems with narration, and specifically, the lack of
ability to sequence events, might stem from difficulties
in spatial cognition, at least in the case of WS (Phillips
et al. 2004). At the same time, socio-cognitive deficits
impacting language use certainly contribute to language
delay in both conditions, as many aspects of language
acquisition require inference of the speaker’s intentions
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(Preissler and Carey 2005). Other probable factors con-
tributing to language delay are deficits in joint attention,
which especially impact the acquisition of vocabulary
and semantic meaning of words (Baron-Cohen et al.
1985, Charman et al. 1997, Klein-Tasman et al. 2007,
Mervis and Becerra 2007, Mervis and John 2012). At
the same time, as noted, there are aspects of language
that appear similarly preserved in both conditions in
spite of socio-cognitive impairment. For instance, in
their study on grammatical binding, Perovic and col-
leagues (2013) came to the conclusion that the impair-
ment of grammatical knowledge on binding in both
conditions is independent of difficulties in social inter-
actions and pragmatics (Perovic et al. 2013).

Socio-cognitive differences between ASD
and WS
Although, as discussed above, similarities between
ASD and WS can indeed be found and while the social
profiles of both conditions are in no way homogeneous,
research also consistently points to differences in the
socio communicative profiles of people with ASD and
WS. Although the latter have been reported to have less
socio communicative deficits than the former (e.g.
Bellugi et al. 2000, Lincoln et al. 2007, Klein-Tasman
et al. 2009, Lacroix et al. 2016), increased social
behavior exhibited by people with WS (e.g. placing
unreasonable demands on friendships, overfriendliness,
social vulnerabilities, difficulties disengaging, increased
vulnerability with strangers, etc.) can be considered to
be just as disordered as the opposite features exhibited
by people with ASD.

In general, people with WS and ASD have been
shown to have opposite preferences in terms of their
orientation to social vs. nonsocial information, as
reported by eye tracking studies such as Riby and
Hancock (2008, 2009). More specifically, in social sit-
uations, individuals with ASD tend to direct their atten-
tion inward towards themselves and prioritize
information related to them as individuals, while those
with WS direct their attention to others. As pointed out
by Kuang (2016), in a social setting, neurotypical peo-
ple rely on both systems of attention (attention to self
and attention to others) in order to interact properly.
This increased attention towards others may in turn
help individuals with WS to preserve more emotional
empathy than those with ASD can, in spite of the fact
that, as discussed previously, both exhibit difficulties
with imagining mental states of others (Tager-Flusberg
and Sullivan 2000). As a consequence, individuals with
WS are eager to engage socially and are highly moti-
vated to approach familiar and unfamiliar people
(Bellugi et al. 2000). In contrast, people with ASD
attend much less to socially salient features and are
generally reluctant to engage with others, regardless of
whether they are familiar or not (Sigman et al. 2006,

Riby and Hancock 2009). Specifically, ASD and WS
show distinct differences in the area of face recognition
skills; people with WS are hyper-atentive to faces and
reportedly perform better than mental age matched con-
trols on standardized tests of face recognition skills,
while those with ASD attend much less to faces and
perform distinctly worse (Bellugi et al 1994, Klin et al.
1999, Schultz 2005, Tager-Flusberg et al. 2006, Rose
et al. 2007). It should be noted here that there are con-
flicting findings as to whether or not participants with
WS have an advantage over participants with ASD in
the area of emotion recognition. As discussed in
Section 2 above, J€arvinen and colleagues (2015) found
that WS and ASD participants had similar degrees of
difficulty identifying emotions from facial expressions.
By contrast, Lacroix and colleagues (2009), in their
study involving 12 participants with WS and 12 partici-
pants with ASD, found that on a task requiring partici-
pants to identify an emotion from photos of facial
expressions, people with WS performed significantly
worse than both the TD and ASD groups.

Interestingly, when participants are asked to analyze
emotion in music, individuals with WS outperform
those with ASD (Bhatara et al. 2010), in spite of both
conditions exhibiting similar affinity and interest
towards music in general (Heaton et al. 1998, Bonnel
et al. 2003, Heaton 2003, Bhatara et al. 2010). In truth,
enhanced musical abilities of people with WS do not
concern the structural aspects of music, but instead are
related to musicality and expressivity, commonly
expressed through a heightened emotional responsive-
ness to music (Thakur et al. 2018).

Both conditions also show contrast in the manage-
ment of anxiety in social settings. In both WS and
ASD, levels of anxiety correlate with their degree of
social impairment, although those with ASD are
thought to have higher levels of anxiety in general
(Rodgers et al. 2012, see also Section 2 above). Higher
levels of restricted and repetitive behaviors correlated
to higher levels of anxiety in ASD but not WS
(Rodgers et al. 2012), which suggests that these behav-
iors may serve different functions in both conditions.
Barak and Feng (2016) posited that these differences in
anxiety levels correlate to social cognition, that is, it
may be that the social drive of WS acts as a buffer
against social anxiety, while in ASD social impairments
might make them more vulnerable to anxiety (see also
Frigerio et al. 2006). White et al. 2010).

Regarding language, and particularly, language use
in social settings, differences between conditions can be
observed as well. As noted above, generally individuals
with ASD show marked problems with the communica-
tive use of language, while those with WS show elabor-
ate attention to detail and expressive phrases that are
full of emotion and affect (Udwin and Yule 1990,
Bellugi et al. 1994, Bellugi et al. 2000, Reilly et al
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2004, Brock et al. 2007, Gothelf et al. 2008, Fishman
et al. 2011). Still, there are indications that the proc-
esses involved in acquiring and using these characteris-
tics are irregular, as can be seen from research
exploring atypical activation of semantic networks after
pointing (Luk�acs et al. 2004). By contrast, in ASD,
vocabulary progresses steadily with age, but it contains
a disproportionately high number of nouns and a much
lower number of mental state terms when compared to
typically developing children (Fein et al. 1996, Gastgeb
et al. 2006, Kelley et al. 2006, Swensen et al. 2007,
Tek et al. 2008).

Other studies (e.g. Frith and Snowling 1983, Tager-
Flusberg 2003, 2004, Harris et al. 2006, Walenski et al.
2006) also document difficulties with comprehension of
meaning from context in ASD; even individuals with
high-functioning ASD show irregularities in an other-
wise typical IQ profile, with significantly lower scores
in comprehension tasks, such as comprehending idioms
(Siegel et al. 1996, Goldstein et al. 2002). Fishman and
colleagues (2011) also highlight the fact that ASD indi-
viduals have been shown to rely on visual imagery
instead of linguistic cues to comprehend sentences
(Kana et al. 2006), while people with WS tend to rely
on sentence-level context cues. In their study, Fishman
and colleagues compared 16 participants with WS, 12
participants with ASD, and 18 TD individuals between
the ages of 17 and 46 years old. Participants were asked
to judge the acceptability of a sentence (i.e. whether or
not it made sense). The study measured the N400
effect, and ERP component inversely correlated to the
semantic ‘fit’ or a word or phrase, which enables the
measurement of the use of context to infer meaning,
among other things. The study concluded that the WS
group’s accuracy was not significantly different from
that of the TD group, but that the ASD group’s accur-
acy was significantly lower. These findings suggest that
participants with WS rely more heavily on context cues
in linguistic processing than individuals with ASD, sug-
gesting that semantic processing follows a different tra-
jectory in both groups. More generally, the study by
Fishman and colleagues provides an important insight
into how different perceptual inputs (in this case, in the
language domain) can eventually lead to different com-
municative behaviors, due to differences in processing
information at the neural level. These differences point
to a divergent organization of the brain in both ASD
and WS, which is at the basis of their contrasting social
and language phenotypes, as we will discuss in the two
next sections of the paper.

Pragmatic problems, and differences between condi-
tions, have been documented in other studies. For
instance, in their comparative study of the pragmatic
language profiles of children with ASD and WS,
Philofsky and colleagues (2007) found that in certain
areas (coherence, stereotyped language, nonverbal

communication, and social relations scales) individuals
with WS performed better than participants with ASD,
although in other areas (inappropriate initiation, use of
context, and interests scales) the impairment was simi-
lar. Also, WS children were rated by their parents as
being slightly better than ASD individuals at communi-
cative tasks like appropriately sequencing and referenc-
ing events for a listener, but they still had difficulties
(Philofsky et al. 2007). As expected, these differences
in language use between ASD and WS can be attributed
to their divergent socio-cognitive profiles: after all, lan-
guage is learned and used in social situations, and atten-
tion to the facial area and emotional state of the
speaker, as well as interest in the interlocutor play a
crucial role at these levels. Hence, Fishman and col-
leagues (2011) suggest that the different patterns of
attention exhibited by people with ASD and participants
with WS may lead to different perceptual inputs, which
in turn lead to different communicative behaviors.
Likewise, the decreased sensitivity to speech prosody
documented in ASD (e.g. Korpilahti et al. 2007) could
explain their impaired ability to infer meaning from
context, whereas the auditory hypersensitivity docu-
mented in WS (e.g. Klein et al. 1990, Blomberg et al.
2006) could account for their enhanced ability at this
level (see Fishman et al. 2011 for discussion).

Socio-cognitive similarities in ASD and WS:
focusing on the brain (but not only)
In studies of both ASD and WS, a wealth of research
has focused on specific brain networks thought to be
implicated in behavioral and cognitive abnormalities of
both conditions. In the next two sections we provide a
brief overlook of research focused on the social realm,
with the aim of achieving a more biologically-grounded
account of the similarities and differences in the socio-
cognitive phenotypes of ASD and WS.

Regarding the associations between irregularities in
certain brain networks and some core social deficits
found in both ASD and WS, four networks are worth
considering. The first is the default mode network,
which includes the medial prefrontal cortex (mPFC),
the posterior cingulate cortex (PCC), the precuneus, the
inferior parietal lobes (IPL), and medial temporal
regions. This network is involved in basic cognitive
processes important for social interaction, such as men-
talizing, distinguishing between distinct individuals
(Hassabis et al. 2014), autobiographical recollection,
imagination, and self-referential processes such as
memory retrieval and recollection (Spreng and
Andrews-Hanna 2015). Parts of the default mode net-
work, particularly those located in the inferior frontal
and lateral temporal regions, have been shown to be
activated during many social tasks (Binder and Desai
2011, Binder et al. 2009, Seghier 2013). The functional
connectivity of the default mode network has been
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found to be irregular in ASD (Assaf et al. 2010, Lynch
et al. 2013) as well as WS (Sampaio et al. 2016).
Specifically, in their voxel-level study of resting state
functional connectivity in ASD, Cheng and colleagues
(2015) found that the medial temporal gyrus exhibits
reduced cortical connectivity and increased connectivity
to the medial thalamus in ASD participants, and posited
that this may be related to face processing deficits and
ToM impairments (Cheng et al. 2015). Cheng and col-
leagues (2015) also found in people with ASD a key
system in the precuneus/superior parietal lobe with
reduced functional connectivity, which is implicated in
spatial functions, including those related to self and the
environment. These elements are substrates of ToM, so
it stands to reason that reduced connectivity in these
regions may help to explain key elements in the social
phenotype of ASD. In studies of WS, Sampaio and col-
leagues (2016) also found decreased functional connect-
ivity in the precuneus, as well as the posterior cingulate
of the left hemisphere, which is also implicated in the
default mode network.

Even more relevant is the second network, namely,
the social brain network, which includes the superior
temporal sulcus (STS), the anterior cingulate cortex
(ACC), the medial prefrontal cortex (mPFC), the infer-
ior and superior frontal gyrus (IFG, SFG), the anterior
insula, and the amygdala. This network is thought to
influence a variety of skills and functions crucial to
interpersonal interaction, such as facial expression imi-
tation (involving the IFG), perception of facial expres-
sions and eye gaze tasks (involving the posterior STS),
theory of mind and perspective taking (involving the
SFG), and emotion processing (involving the amyg-
dala); for a thorough review of the various functions of
the social brain network, see Misra 2014). Research has
uncovered atypical connections and irregularities in this
circuitry in both ASD (Gotts et al. 2012, Kennedy and
Adolphs 2012) and WS (Barak and Feng 2016).

Also of interest is the circuitry involved in self-rep-
resentation, which includes the mPFC, the PCC/precu-
neus, the temporo-parietal junction (TPJ), the anterior
insula, the middle cingulate cortex (mCC), the ventral
premotor cortex (PMv), and the somatosensory cortex.
This circuit contributes to the ability to recognize one-
self and form a concept of self as different from others,
which is a fundamental part of social interaction (Uddin
et al. 2008). The fact that this circuit is found to be
atypical in ASD (Lombardo et al. 2010) and WS (Haas
et al. 2014) may account for the decreased interest in
others and increased focus on self which is typically
found in individuals with ASD, as well as for the
increased focus on others/decreased focus on self typic-
ally observed in participants with WS.

Finally, reward circuitry is an important brain net-
work to consider as well. This brain circuit includes the
ventral tegmental areaa (VTA), the striatum, the

orbitofrontal cortex (OFC), the ventromedial prefrontal
cortex (vmPFC) and the ACC. The reward circuit is
crucial to social behavior since it controls learning,
reinforcement, and value representation (Pujara and
Koenigs 2014), but also the drive for social interaction
or connection, deeming certain social interactions pleas-
urable or aversive (Pellissier et al. 2018). This network
has been found to be irregular in ASD and WS (Dichter
et al. 2012). Specifically, in an fMRI study, Kohls and
colleagues found that participants with ASD showed
significant hypoactivation in the reward circuit areas of
the brain (in particular, the ACC, as well as the amyg-
dala) in tasks involving a reward. Likewise, studies
involving participants with WS (e.g. Haas et al. 2009)
indicate a poorly modulated reward system in response
to social cues, especially when assessing negative ones
such as sad or angry faces.

Special attention regarding the similarities between
both conditions has been paid to two particular brain
structures mentioned above: the amygdala and the
frontal lobes. Although differences are attenuated as
participants get older (Martens et al. 2009), the amyg-
dala is disproportionately large in both ASD and WS
(Reiss et al. 2004, Schumann et al. 2004, Martens et al.
2009, Mosconi et al. 2009, Haas et al. 2014, Murphy
et al. 2012, J€arvinen et al. 2013, Gibbard et al. 2018).
A key component of the limbic system, the amygdala is
a set of brain structures that support emotion and motiv-
ation, among other functions (see Rolls 2015 for
review), and is forefront in much of the research about
the social (dys)function in both conditions (Stefanacci
and Amaral 2000, Meyer-Lindenberg et al. 2005, Haas
et al. 2010, Paul et al. 2010, Jawaid et al. 2012, Zalla
and Sperduti 2013, Barak and Feng 2016). Mosconi
et al. (2009) is one example of a robust study on amyg-
dala volumes in ASD. This is a longitudinal study, in
which amygdala volumes were measured in 50 partici-
pants with ASD and in 33 neurotypical controls, ini-
tially when they were 18–35months old, and again at
42–59months. The volume of the amygdala was meas-
ured with MRI and compared with the participants’
ability for joint attention, which was evaluated through
tasks in which children directed another person’s atten-
tion through eye gaze or followed someone else’s eye
gaze to attend to various objects or stimuli. The results
showed that at both 2 and 4 years of age, the amygdala
of the participants with ASD was enlarged in compari-
son to the TD group. The authors also found a signifi-
cant association between amygdala volumes and joint
attention abilities, suggesting that deficits in joint atten-
tion in this condition may result in part from this abnor-
mality in the amygdala. In WS, similar results have
been obtained. For instance, Haas and colleagues
(2014) investigated the volume of the amygdala in 39
participants with WS compared to 40 TD controls.
Using a surface based analytical modeling approach,
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they collected high resolution MRI data and found evi-
dence of increased radial expansion on the surface of
the amygdala in WS (specifically, on the bilateral pos-
terior cortical nucleus, lateral nucleus, and central
nucleus). Still, it is important to note that, on the sub-
ject of amygdala size in WS and ASD, contrasting find-
ings abound. Hence, Campbell et al. (2009) observed
that adolescents with WS have lower amygdalar vol-
umes compared to neurotypical controls, whereas
Martens et al. (2009) found higher amygdalar volumes
compared to the TD control groups. Studies on adults
also conflict: Reiss et al. (2004) found higher volumes
of the amygdala while Chiang et al. (2007) found lower
volumes compared to controls. Likewise, Aylward et al.
(1999) or Pierce and colleagues found the amygdala to
have a reduced volume in participants with ASD com-
pared to controls, although one possible explanation for
this discrepancy could be related, as noted above, to the
age of the participants, as studies finding larger amyg-
dala volumes (e.g. Mosconi et al. 2009, Schumann
et al. 2004) were conducted with children, while studies
finding reduced volume were conducted with adoles-
cents and adults.

Apart from size differences, the amygdala also
shows atypical functional connections to several brain
regions, specifically with the ACC, the PFC, and the
OFC (all of which are implicated in cognitive process-
ing, attention, and inhibition) (Martens et al. 2008,
Dedovic et al. 2009, Haas et al. 2014, Gibbard et al.
2018), and importantly, with various components of the
social brain, particularly, the frontal lobes (Meyer-
Lindenberg et al. 2005, Paul et al. 2010, Jawaid et al.
2012). Interestingly too, a common source of the anx-
iety reported in both ASD and WS has been found to
be irregular hyper- and hypo- activation of the amyg-
dala in response to both social and non-social stimuli in
both conditions (see Reiss et al. 2004, Martens et al.
2009, J€arvinen et al. 2013 for WS; see Baron-Cohen
and Wheelwright 1999, Critchley et al. 2000, Dalton
et al. 2005, Corbett et al. 2009, Kliemann et al. 2012,
for ASD). Specifically, Barak and Feng (2016) high-
light that the amygdala is the source of the non-social
anxiety and phobias which are typical of WS, pointing
to deficits in the prefrontal-amygdala white matter path-
ways as the cause (see also Avery et al. 2012).
Research on a salience network including the amygdala,
the ventral striatum, the dorsomedial thalamus, the
hypothalamus, and the substantia nigra (SN)/VTA has
shown these functional connections to be atypical in
ASD (Uddin et al. 2013) as well as in WS (Haas and
Reiss 2012). This network has been linked to attention
switching, as well as detection and attention to sensory
and emotional stimuli. Regarding the frontal areas, it
should be noted that individuals with WS exhibit simi-
lar approach behavior to people with frontal lobe dam-
age, suggesting that this abnormal approach behavior

could be due to a lack of inhibitory control in the
frontal lobe (Porter et al. 2007). Specifically, abnormal
functional connectivity between the OFC and the amyg-
dala has been linked to the uninhibited social nature in
WS, since the frontal lobes have been shown to regulate
and inhibit inappropriate social behavior (Meyer-
Lindenberg et al. 2005, Mobbs et al. 2007, Porter et al.
2007, Little et al. 2013, Barak and Feng 2016). Similar
lack of inhibitory control has also been shown in people
with ASD, but in terms of abnormal personal space
boundaries (Christ et al. 2007). Moreover, language
deficits and language delay have been associated to a
frontal lobe dysfunction and irregular functional con-
nectivity to the amygdala, seemingly impacting on
aspects like inferencing or joint attention (Lincoln et al.
2002, Cornish et al. 2007, Martens et al. 2008, Barak
and Feng 2016).

Research has also implicated the mirror neuron sys-
tem (MNS) in social dysfunction in ASD and WS (e.g.
J€arvinen et al. 2013). This network includes the frontal
gyrus, the STS, and the IPL (Van Overwalle and
Baetens 2009). Apart from its role in imitation, decod-
ing, and implementation of actions (see e.g. Rizzolatti
and Craighero 2004), the MNS is also related to the
social realm in terms of empathy (e.g. Gallese 2001,
Iacoboni 2009). Reduced cortical surface area, but pre-
served cortical thickness, in structures implicated in the
MNS have been found in WS (Ng et al. 2016). Studies
of the MNS in ASD report cortical thinning in selected
areas, which positively correlate to degree of social dys-
function (Hadjikhani et al. 2006, Wallace et al. 2012).
These findings indicate that the common social deficits
found in both WS and ASD may stem from an atypical
MNS, while the distinct social drive in WS is most
likely derived from systems independent of this net-
work (Ng et al. 2016).

Finally, the HPA axis (a major neuroendocrine sys-
tem resulting from the interaction between the hypo-
thalamus, the pituitary gland, and the adrenal glands)
comes into play here, because of its involvement in
stress response—particularly, the response to cortisol in
the amygdala, the PFC, and the hippocampus– all of
them areas implicated in situations of fear and social
stress (see Martens et al. 2008, Dedovic et al. 2009,
Lense and Dykens 2013, Bitsika et al. 2015). Both
ASD and WS individuals have been shown to exhibit
interrupted HPA axis function (Spratt et al. 2012,
Jacobson 2014, Ben�ıtez-Burraco et al. 2016, Niego and
Ben�ıtez-Burraco 2019, among many others). This might
explain in part the prevalence of anxiety in the two dis-
orders, although as mentioned above, the anxiety gener-
ally seems to happen in separate arenas for each group:
social in ASD and non-social in WS (see also Dykens
2003, Graham et al. 2005, Rodgers et al. 2012, Lense
and Dykens 2013).
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Socio-cognitive differences in ASD and WS:
focusing on the brain (but not only)
Just as the observed similarities in their respective
social phenotypes happen to follow from similar dys-
functions in similar brain areas and circuits, the differ-
ences between ASD and WS in the realm of social
behavior and social cognition stem in part from the
impairment of different devices. One focus of attention
has been the amygdala. As noted above, ASD and WS
share similar irregularities in the amygdala.
Nonetheless, some of the differences between these two
conditions in the social domain can be hypothesized to
lie in certain sub circuits of the amygdala, its differen-
tial response to stimuli, and/or its different connections
to brain regions upstream or downstream from it. For
instance, during eye gazing, a positive activation of the
amygdala has been reported in participants with WS
while aversive activation was reported in people with
ASD (Barak and Feng 2016). An interesting point about
this activation is that, according to Barak and Feng
(2016), in both cases the amygdala is hyperactivated.
However, this hyperactivation takes on different forms
in the two conditions. In ASD, it seems that this hyper
activation is negatively valenced, creating an aversive
response in those with ASD. In contrast, those with WS
experience an appetitive response from this hyperactiva-
tion, making them more apt to continue the eye gaze
(Riby et al. 2009, Barak and Feng 2016). In terms of
processing faces, there seems to be a difference at the
level of responsiveness of the amygdala; it is hyper
responsive to unfamiliar faces in ASD and hypo respon-
sive to the same stimulus in WS (Lough et al. 2015).
This might explain their distinctive response to faces
and eye gaze. Accordingly, as mentioned above, the
aversive response triggered by hyperactivation of the
amygdala would cause an aversive response to faces,
resulting in a reduced sustained attention to the facial
region, and hence, problems with facial recognition
(Dalton et al. 2005, Kliemann et al. 2012, Strauss et al.
2012). The opposite may happen in WS: the appetitive
response triggered by amygdala hyperactivation may be
a motivating factor to spend more time assessing facial
features (Riby et al. 2009, Barak and Feng 2016). It has
also been shown that individuals with WS have a
heightened amygdala reaction to images depicting non-
social fear, but a somewhat muted amygdala response
to fearful social images and faces. In contrast, partici-
pants with ASD seem to present a negative over arousal
of the amygdala when looking at faces (not necessarily
fearful ones) which seems to follow the pattern of their
social behavior (Meyer-Lindenberg et al. 2005, Haas
et al. 2009, Mimura et al. 2010, Mu~noz et al. 2010,
Barak and Feng 2016). Eventually, one possible (com-
plementary) explanation of all these differences is that
the neurons within the amygdala responding to social

stimuli come from different classes in each condition,
e.g. glutamatergic or GABAergic (Barak and Feng
2016). Still, it should be noted here that the results are
far from straightforward and contrasting results have
also been reported (e.g. Thornton-Wells et al. 2011).

Other brain areas have been implicated in the differ-
ences between ASD and WS in the socio-cognitive
domain. These include the fusiform gyrus (Haxby et al.
2000), the pSTS (Allison et al. 2000, Nummenmaa and
Calder 2009), the amygdala (Adolphs and Spezio
2006), and parietal-frontal areas such as the TPJ and
the mPFC (Gallese and Goldman 1998, Decety and
Jackson 2004, Amodio and Frith 2006, Lieberman
2007, Sui et al. 2013). Specifically, recent research
indicates that the mPFC and the pSTS both have crucial
roles in both sides of the attention spectrum, i.e. atten-
tion to self vs. attention to others, responding to each
function with an activation response or an inhibition
response: whereas the pSTS area is key in ‘attention to
others’ functions, the mPFC seems to support the
‘attention to self’ function (Sui et al. 2013, Kuang
2016). Not surprisingly, atypical connectivity and/or
structures have been found in both the pSTS and the
mPFC in both ASD and WS (Pelphrey et al. 2004,
Amaral et al. 2008, J€arvinen et al. 2013). Significant
differences have also been found in the fusiform face
area, an area in the fusiform gyrus involved in face
processing. One important study addressing this issue is
Golarai and colleagues’, who used fMRI imaging to
measure the volume of the fusiform gyrus, particularly
the fusiform face area (FFA), the region of the visual
cortex involved in facial recognition. The study was
conducted with 16 participants with WS and 15 TD
individuals between the ages of 19–49. Participants
were shown a total of 769 images in three different cat-
egories: faces, places, and textures. This study found
that the FFA was significantly larger (approximately
twice the size) in participants with WS compared to TD
controls. Subsequent studies (e.g. O’Hearn et al. 2011,
Haas and Reiss 2012) have similar findings. In contrast,
findings on ASD suggest a different architecture in the
FFA. One such study is Imke and colleagues’ (2008),
who focused on areas within the FG that encompass the
possible range of the FFA. This was a study on post-
mortem brains from 7 individuals with ASD and 10
controls, looking for cytoarchitectonic differences in
cell layer volumes, neuron density, and mean perikaryal
volumes. Researchers concluded that brains of partici-
pants with ASD showed a significant reduction of mean
neuron density, volume, and total number of neurons in
areas of the FG that were in the range of the FFA, com-
pared to controls. Other studies (e.g. Nickl-Jockschat
et al. 2015), concur with these findings.

Lastly, differences in the structure and the connec-
tion patterns of the frontal lobes (particularly, with the
amygdala) may contribute to distinctive features of the
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Figure 1. Shared and distinctive features of ASD (left) and WS (right) in the domains of cognition (up), language (center)
and social behavior (bottom) (see sections 2 and 3 for details).
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WS social phenotype, like sustained gaze towards faces,
increased approachability perception for unfamiliar
faces, difficulty in disengaging attention from faces,
and difficulties with perceiving emotion from facial
expressions (Bellugi et al. 1999, Porter et al. 2007). In
contrast, it seems that altered connectivity with the
frontal cortex in ASD is instrumental in decreased

habituation of the amygdala response to emotional
facial expressions, which correlates to their gaze aver-
sion (Zalla and Sperduti 2013, Swartz et al. 2013).

Finally, it is worth mentioning the role of oxytocin, a
hormone known to regulate social behavior and inter-
action (W�ojciak et al. 2012). Specifically, oxytocin inhib-
its the Hypothalamic–Pituitary–Adrenal (HPA) axis’

Figure 2. Shared (up) and distinctive (bottom) neurobiological features of ASD (left) and WS (right) in the sociocognitive
domain (see sections 4 and 5 for details). The schematic view of the whole brain (left) is from Lumen, under Creative
Commons Attribution License v4.0. The sagittal view of the brain (right) is from Psychology 2e, OpenStax, under Creative
Commons Attribution License v4.0.
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stress triggered activity (Neumann 2002). Individuals with
WS show an increased basal level of oxytocin, and levels
of the hormone have been positively correlated with social
engagement behaviors which are typical of this condition,
such as tendency to approach strangers and emotionality
(Dai et al. 2012). In contrast, lower levels of oxytocin
have been reported in people with ASD (Modahl et al.
1998), with higher plasma concentrations of oxytocin cor-
relating with enhanced verbal abilities (Zhang et al. 2016)
and the retention of social information, like affective
speech (Hollander et al. 2007). Administering oxytocin to
individuals with ASD has been shown to help with atten-
tion to and retention of social cues, as well as promote eye
contact (Hollander et al. 2007, Andari et al. 2010, Domes
et al. 2013).

Discussion
As we have shown in the previous sections, ASD and
WS certainly exhibit important differences in the
domains of social cognition and behavior, but also strik-
ing resemblances (summarized in Figure 1). Common
features include difficulties with joint attention,
impaired theory of mind, impaired inhibitory control,
difficulties in shifting attention, restrictive and repeti-
tive behaviors, language delay, impaired pragmatic abil-
ities, impaired social skills, difficulty maintaining
friendships, difficulties with personal space and abnor-
mal approach behaviors, and high levels of anxiety. At
the same time, participants with ASD exhibit a more
variable degree of intellectual disability, a reduced
attention to faces, a more marked inability to under-
stand others’ actions, more problems with structural
components of language, a limited expressive vocabu-
lary, more acute problems for inferring meaning from
context, hyposociability, an attentional focus biased
towards self, and a heightened detection of threats in
emotional processing. These deficits contrast with the
profile of people with WS, who show a less varied
intellectual disability, notable facial recognition abil-
ities, spared abilities to understand others’ actions, a
relative sparseness of structural aspects of language, a
richer expressive vocabulary, notable abilities for infer-
ring meaning from context, hypersociability, an atten-
tional focus biased towards others and reduced
detection of threats in emotional processing.

From a neurobiological perspective, it can be con-
cluded that although some differences exist between con-
ditions, similar anomalies in the same brain structures and
their functional connectivity can be observed as well
(summarized in Figure 2), these similar anomalies can
translate, however, to different behaviors. To put it differ-
ently, research repeatedly shows that what may look like a
similar impairment at the neurobiological level can result
in a different trait at the phenotypic level. As noted in the
Introduction, the same can be said of the genetic factors
involved, as a significant overlap seems to exist between

the genetic determinants of ASD and WS, and particu-
larly, between the genes that are differentially-expressed
compared to neurotypical controls, with most of these
genes being found either upregulated or downregulated in
both conditions. All in all, the evidence discussed in the
paper is congruent with the view that the same brain areas
and circuits, and ultimately, the same genes controlling
their development and wiring can be safely expected to be
involved in ASD and WS, with phenotypical differences
across conditions resulting from subtle changes in gene
regulation and ultimately, brain function.

Overall, this complex scenario nicely fits the
‘diametric brain hypothesis’ (Crespi and Badcock
2008), according to which human evolution resulted in
both non-social brain adaptations and social brain adap-
tations, which tend to exhibit tradeoffs. Accordingly,
WS would involve a(n) (maladaptively) over-developed
social-brain phenotype in conjunction with, to some
degree, a(n) (maladaptive) under-development of non-
social brain phenotype, whereas ASD would entail the
opposite. In our previous research, we have extended
this view to the recently-emerged account of human
evolution, namely, the Self-Domestication hypothesis
(SDH) of human evolution. According to this view,
humans evolved many of the distinctive traits found in
domesticated mammals as a result of our selection for
reduced aggression (see Hare 2017 for discussion). In
our work, we have shown that whereas features of
human self-domestication are attenuated in ASD
(Ben�ıtez-Burraco et al. 2016), they are found exagger-
ated in WS (Niego and Ben�ıtez-Burraco 2019). Because
self-domestication seemingly resulted from changes in
the activity of the HPA axis impacting on our brain and
behavior, altered features of self-domestication in these
two conditions are expected to account for their differ-
ences (and similarities) in the domains of social cogni-
tion and social behavior, as reviewed in this paper.

In sum, if we want to understand the deficits (and
strong points) exhibited by people with ASD or WS,
we need to move from simplistic views of these condi-
tions as mirror conditions, and adopt instead a systems-
biology approach, aimed at exploring the intricate con-
nections between all the involved levels. In particular,
an evo-devo approach seems compulsory, aimed at link-
ing the abnormal phenotypes found in the human spe-
cies with our cognitive and behavioral evolution.
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