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Abstract Interpersonal distance regulation is crucial for
successful social interactions. We investigated personal
space awareness in Williams syndrome (WS) and autism
spectrum disorder (ASD) compared to typical develop-
ment. Parents reported that individuals with WS and ASD
were significantly more likely than those developing typi-
cally to invade the personal space of others. WS individ-
uals were reported to have the least awareness of the
personal space boundaries of others. Despite the suggested
opposing social profiles of WS and ASD, some similarities
are present in the ability, or indeed inability, to regulate
interpersonal distance during social interactions. Findings
are discussed in relation to implications of atypical
amygdala function, inhibitory control and anxiety on real-
world behaviour for such socially vulnerable groups.
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Introduction

Personal space refers to the distance that individuals strive
to maintain between themselves and other people (Hall
1966). Intrusion of another person’s personal space can
have significant implications on social interactions,
prompting feelings of discomfort and anxiety (Perry et al.
2013) or transferring fallacious social intentions (Kaitz
et al. 2004). In order to proactively avoid such intrusions,
we automatically regulate the boundaries for our personal
space, and these boundaries are continuously re-assessed
dependent on social dynamics and context (Lloyd 2009).
For example, the physical distance maintained between two
people, i.e. interpersonal distance, can vary as a function of
many factors, including familiarity, age and gender (Horne
2006; Beaulieu 2004). As such, successful interpretation of
these social cues and subsequent appropriate decisions on
context-dependent personal space regulation, play a vital
role in positive social interactions (Gessaroli et al. 2013).

Despite the regulation of personal space being an
automatic and adaptive process in typically developing
(TD) individuals, several studies have shown that patterns
of personal space regulation are altered in individuals who
follow an atypical developmental trajectory. For instance
individuals with developmental disorders such as autism
spectrum disorder (ASD), which is characterised by nota-
ble difficulties in social interactions (APA 2013), often find
interpreting and responding to social situations challenging
(Smith et al. 2010). A recent study by Gessaroli et al.
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(2013) wused an experimental stop-distance paradigm
(Hayduk 1978) to examine the issue of interpersonal dis-
tance in children with ASD. For that task, the participants
were asked to approach the experimenter and stop at the
distance that felt most comfortable to them, which was in
turn measured using a digital laser measurer. Gessaroli
et al. (2013) found that children with ASD maintained a
greater interpersonal distance than their TD peers, and this
was not modulated in response to social cues such as
familiarity, as it was in TD children. Therefore, they sug-
gested that individuals with ASD not only maintained a
greater personal space distance, but their personal space
boundaries were also more rigid and less socially respon-
sive than other children of the same age who did not have
ASD. In contrast, Kennedy and Adolphs (2014) employed
parent rated behavioural measures to examine interpersonal
distance in ASD using the Social Responsiveness Scale
(SRS) questionnaire (Constantinno and Gruber 2005).
Despite the greater self-boundaries identified by Gessaroli
et al. (2013), Kennedy and Adolphs found that 79 % of
parents report that their children with ASD were more
likely to violate the personal space of others (e.g. have
smaller self-boundaries) when compared to their TD sib-
lings. Although both studies therefore suggest a difficulty
of regulating personal space, these two previous studies
provide equivocal findings, which could be in part attrib-
uted to the different forms of assessment.

A theoretically important developmental disorder, which
features atypical social interactions and a lack of appro-
priate responsiveness to complex social stimuli, is Wil-
liams syndrome (WS; Pinheiro et al. 2011). WS is a rare
genetic neuro-developmental disorder, affecting approxi-
mately 1 in 20,000 individuals (Korenberg et al. 2003).
Unlike the variable and largely underdetermined etiology
of ASD, WS is caused by the microdeletion of 25-28 genes
on chromosome 7q11.23 (Hillier et al. 2003). Predominant
characteristics of WS include mild-to-moderate intellectual
impairment (Searcy et al. 2004) and a hyper-sociable
behavioural phenotype (Jarvinen et al. 2013). People with
WS often experience difficulties interpreting social nuan-
ces and forming and maintaining relationships, especially
with peers (Davies et al. 1998). The social profiles of WS
and ASD are both viewed as atypical, but the atypicalities
are likely to be syndrome-specific (Tager-Flusberg et al.
2006). For example, individuals with WS show an extreme
pro-social drive, with excessive face attention, in particular
to the eye region (Riby and Hancock 2009). In contrast,
individuals with ASD show a lack of gaze fixation on the
eye region (Riby and Hancock 2008), and may be con-
sidered socially aloof (Wing 1981).

Little is known about how individuals with WS regulate
their personal space, and whether this has any bearing on
their social interaction style. The inability to interpret and

@ Springer

regulate appropriate interpersonal distance may intensify
everyday social vulnerability for both ASD and WS indi-
viduals. However, we do not know whether the nature of
these interactions may be qualitatively different across
syndromes.

In the current study, we adopted the questionnaire-based
approach to collect data on social distancing, previously
employed by Kennedy and Adolphs (2014). Our aim was to
measure parent reports of social functioning in relatively
large, multi-site samples of individuals with ASD and WS
using the Social Responsiveness Scale (Constantinno and
Gruber 2005) to compare social profiles between ASD and
WS groups. We then sought to verify the robustness of the
findings offered by Kennedy and Adolphs (2014) on per-
sonal space violations in ASD, as well as offering the first
insight into personal space regulation in WS, and directly
compare social distancing abnormalities between ASD and
WS groups. Based on the work of Kennedy and Adolphs
(2014) and what is known about the WS social phenotype, it
was hypothesised that the parents of both the ASD and WS
individuals would be more likely to report interpersonal
distance atypicalities than the parents of TD individuals.

Method
Participants

Parent reports were provided for individuals with ASD
(n = 101; mean age = 13.5; age range = 8-37), WS
(n = 77; mean age = 15.3; age range = 4-36) and TD
individuals (n =118; mean age = 13.5; age
range = 3-36). Diagnosis of an ASD had previously been
confirmed using the Social Communication Questionnaire
(SCQ; Rutter et al. 2003), the ADOS or the ADI-R, and all
individuals with WS who participated had previously had
their diagnosis confirmed with positive fluorescent in situ
hybridization (FISH) testing. The TD individuals were not
reported to have any difficulties with everyday functioning
or to have any developmental or neurological deficits. A
one way ANOVA revealed that there was no significant
difference in chronological age across the three groups
(p = 0.09; see Table 1).

Social Responsiveness Scale

The parent report SRS (Constantinno and Gruber 2005) is a
65-item questionnaire that measures the normality/abnor-
mality of social functioning. It was originally designed not
just as an autism screener, but also to detect milder traits of
autism in the TD population. As such it has been used in a
range of typical and atypical populations (Barttfeld et al.
2013; Channell et al. 2015; Klein-Tasman et al. 2011;
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Table 1 Participant
characteristics and SRS scores

ASD (n = 101)

WS (n = 77)

TD (n = 118)

for individuals with ASD, WS
and those who are typically
developing

Mean age (+£SD)
Males/females (%)
SRS T scores

Total score

Social awareness
Social cognition
Social communication
Social motivation

Autistic mannerisms

13.5 (£5.1) years

15.3 (£8.3) years

13.5 (£5.8) years

84/16 51/49 60/40

110.0 (£25.0) 84.4 (£32.5) 21.1 (£17.1)
68.37 (£12.6) 64.7 (£15.45) 45.47 (£9.04)
81.61 (£9.32) 78.14 (£13.06) 44.74 (8.97)
80.94 (£9.26) 71.52 (£14.47) 44.69 (£9.4)

77.75 (£11.96)
84.43 (9.55)

62.31 (£13.56)
79.3 (£13.5)

48.26 (£9.73)
45.99 (£8.09)

Riby et al. 2014). Each item is coded on a scale of 0-3, and
scores are generated across five subscales: social awareness
(e.g.—aware of what others are thinking or feeling), social
cognition (e.g.—recognizes when something is unfair),
social communication (e.g.—is able to communicate feel-
ings to others), social motivation (e.g.—self-confident
when interacting with others) and autistic mannerisms
(e.g.—has an unusually narrow range of interests). Higher
scores on these subscales are indicative of greater impair-
ments. Of interest, item 55 directly addresses interpersonal
space (“Knows when he or she is too close to someone or
is invading someone’s space”). Kennedy and Adolphs
(2014) also noted three other items which were highly
correlated with this statement: item 52 (“Knows when he
or she is talking too loud or making too much noise”), item
56 (“Walks in between two people who are talking”) and
item 63 (“Touches others in an unusual way e.g., he or she
may touch someone just to make contact with them then
walk away without saying anything”). These items were
therefore examined independently as part of a separate
interpersonal space subdomain.

Procedure

The study was a multi-site project between UK, USA,'
Australia and Ireland. Parents completed the questionnaires
and returned them to the researcher. Ethical approval was
obtained from all the host institutions.

Results
Profiles of Social Functioning in ASD and WS

An initial one-way ANOVA was conducted to assess dif-
ferences in overall social functioning of individuals with
ASD, WS and TD controls using total score on the SRS as
completed by parents. The results revealed a statistically

' It is important to note that none of the participants in the current
study had featured in Kennedy and Adolphs (2014).

significant effect of group/diagnosis on total SRS T-score
[F(2, 293) = 406.2, p < 0.001]. A Tukey post hoc com-
parison revealed that the total SRS score for the ASD group
(mean = 110.0, +25.0) was significantly higher than both
the WS group (mean = 84.4, +32.5; p < 0.001) and the
TD group (mean = 21.1, +17.1; p < 0.001). Likewise, the
WS group scored significantly higher than the TD group
(p < 0.001; see Table 1).

The mean total SRS T-score for both the ASD and the
WS group was in the severely abnormal range, whereas the
TD group was within the normal range of social func-
tioning (see Table 1). Crucially, only 1 % of the ASD
group, and 18 % of the WS group were reported by parents
to function within the ‘normal’ range (compared to 92 % of
the TD group).

Exploring patterns at the subscale level, there were
significant effects of group on all five sub-domains of the
SRS, assessing social awareness, social cognition, social
communication, social motivation, and autistic mannerisms
(all p < 0.001; Table 1). Post hoc comparisons showed that
the WS and ASD groups both scored significantly higher
than the TD group in all five domains (p < 0.001; Tukey
HSD). The ASD and WS groups also scored significantly
different to each other in the sub-domains of communica-
tion, motivation and mannerisms as the ASD group were
more atypical (all at p < 0.001), but the groups did not
differ on the social awareness subscale (p = 0.12) and the
social cognition subscale (p = 0.07). The difference in the
profile of individuals categorised in the severe, moderate
and normal ranges across these domains is displayed in
Fig. 1 and shows the similarities/differences in the profiles
between the two clinical groups. The mean T scores in all
sub-domains indicate that the ASD and WS groups did not
show social functioning in the ‘normal’ range in any of the
five areas.

Personal Space in ASD and WS
In order to specifically assess the characteristics of personal

space across individuals with ASD, WS and those who are
TD, a Kruskal-Wallis H test was conducted to explore the
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Fig. 1 The percentage of individuals classified in the severe, mild-
moderate and normal range using the SRS for individuals with ASD,
WS and TD

parent ratings. It was found that scores significantly dif-
fered on this item between the three groups [H(2) = 114.2,
p < 0.001]; with a mean rank item score of 173.3 for the
ASD group, 208.6 for the WS group and 88.1 for the TD
group. These rank scores suggest that on average the WS
group was reported to be significantly less aware of
someone else’s personal space (i.e., more atypical in this
behaviour) compared to the ASD group (U = 2899,
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Z = —-3.12, p <0.001) and to the TD group (U = 903,
Z = —9.93, p < 0.001, Mann—Whitney U test; Fig. 2). The
ASD group were also reported to be less aware of invading
another person’s personal space when compared to the TD
group (U = 2466, Z = —7.89, p < 0.001, Mann—Whitney
U test). Therefore, individuals with ASD and WS were
reported by parents to display personal space difficulties in
comparison to TD children, however the parents of those
with WS reported the greatest deficits.

As suggested by Kennedy and Adolphs (2014), our
sense of space is a multimodal construct. Thus, we looked
for items on the SRS which were highly correlated with
item 55 regarding personal space. We found that item 52
(the volume at which words are spoken) had a high cor-
relation with item 55 in both the ASD and WS groups
(r = 0.35, r = 0.47 respectively, both at p < 0.001), but
not the TD group (r = 0.29, p < 0.001). Likewise item 56
(walks in between two people who are talking) was highly
correlated with item 55 in the WS group and the TD group
(r = 0.4, r = 0.4 respectively, both at p < 0.001), but not
in the ASD group (r = 0.08, p = 0.46). Both of these items
relate to the broad construct of social distancing.

The Impact of Age on Personal Space

To explore the impact of age on personal space judge-
ments, the participant groups were split into broad age
categories of ‘Child’ (age 3—-12 years), ‘Adolescent’ (age
13-17 years) and ‘Adult’ (age 18 + years) and the data
were explored for item 55. Figure 3 illustrates the lack of
developmental change in response to this item in the
clinical groups, thus suggesting there is little evidence of
an age-specific atypicality. These data were analysed using
a Kruskal-Wallis H test which revealed that there was no
significant difference between the three age categories for
the ASD group (H(2) = 1.53, p = 0.46) or for the WS
group [H(2) = 0.74, p = 0.69]. In the TD group, a sig-
nificant difference was found (H(2) = 7.09, p < 0.05),
with children being significantly less aware of invading
another person’s personal space than adolescents
(U =9125, Z = 2.64, p < 0.05; Mann—Whitney U test)
but no difference between adolescents and adults. Some
caution is required due to the uneven proportion of par-
ticipants per age category in each group.

Discussion

By analysing parent-reported Social Responsiveness Scale
scores acquired from relatively large samples of individu-
als with ASD and WS, the current study identified signif-
icant difficulties of social functioning, variation across
subdomains of communication, social motivation, and
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autistic mannerisms, and specific impairment in the regu-
lation of appropriate interpersonal distance in the two
clinical groups. Crucially, individuals with ASD and with
WS were reported by their parents to be less aware of
invading another person’s personal space, compared to
reports from parents of TD children. In line with the
findings of Kennedy and Adolphs (2014), we also found
that a lack of awareness of other people’s personal space
was correlated with abnormalities in other forms of social
distancing. For example, a lack of awareness of personal
space may also manifest itself as atypicality of invading
another person’s space with intrusive loud noise. These
data therefore suggest that personal space is a ‘multimodal
construct’ that may be regulated in an atypical manner by
individuals with ASD and those with WS. Such

atypicalities are highly likely to feed into the profiles of
atypical social interaction we associate with both of these
developmental disorders and impact upon the range of
social difficulties experienced in daily living for both
groups.

Interestingly, parents of individuals with WS rated their
sons/daughters as being the least aware of another person’s
space boundaries compared to TD and ASD individuals,
thus showing severe abnormality in this domain of social
functioning. The findings offer the first insight into inter-
personal distance regulation abilities in individuals with
WS and suggest that, like individuals on the autism spec-
trum, this group can also struggle with personal space
behaviours, perhaps to an even greater extent. The data
here strongly support anecdotal evidence from parents of
individuals with WS in terms of the nature of their inter-
actions with unfamiliar people. Given the wide ranging
reports of hypersociability associated with the disorder
(e.g. Frigerio et al. 2006), increased approach to unfamiliar
people (e.g. Jones et al. 2000) and a lack of stranger
awareness (e.g. Riby et al. 2014), prolonged fixation on
faces during an interaction (e.g. Riby and Hancock 2008)
and generally reduced intellectual capacity to accurately
interpret cues during an interaction (e.g. Searcy et al.
2004), a dysregulation of personal distancing may play a
crucial role in social vulnerability of individuals who have
the disorder (e.g. Lough et al. 2015). This issue clearly
warrants further investigation using a variety of methods to
probe its relation to other components of the social profile
and wider aspects of the disorder. In addition, it motivates
the need to develop interventions that teach individuals
with WS and ASD how to maintain appropriate space
between themselves and others. This is relevant across ages
in these developmental disorder groups given the lack of
evidence of developmental change with regards to personal
space distancing in the current data.

Similarities between individuals with ASD and WS in
social distancing abnormalities are of particular interest as
the two developmental disorders have been considered to
be associated with such different social profiles (e.g. Brock
et al. 2008). Individuals with ASD are often considered to
be hypo-social with a lack of social priority for people,
which can be very different from the hyper-sociability and
extreme social motivation towards people that has been
associated with WS (e.g. claims of a prosocial drive,
Frigerio et al. 2006). Despite these differences, both groups
are considered socially vulnerable (Lough et al. 2015) as a
consequence of the atypicalities of their social profiles and
the impact upon daily functioning. Indeed, the current
study shows that both group show atypical social distanc-
ing regulation that will feed into those atypical social
profiles. It follows that appropriate social distancing plays a
vital role in positive social interactions (Gessaroli et al.
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2013), and positive social interactions can be protective
against social vulnerability.

The role of the neural systems underpinning social
behaviour regulation is of interest in light of our findings,
especially social distance. Kennedy et al. (2009) demon-
strated that a patient with bilateral amygdala damage
(known as patient SM) also showed substantially reduced
personal space boundaries. They suggested that the
amygdala is therefore a key component of the neural sub-
strate regulating interpersonal distance. This proposal drew
strength from the findings of Gessaroli et al. (2013) and
Kennedy and Adolphs (2014) who found diminished per-
sonal space regulation in individuals with ASD, a condition
with known anatomical abnormalities of the amygdala
(Baron-Cohen et al. 2000). Individuals with WS are also
known to have structural and functional abnormalities of
the amygdala (e.g. Bellugi et al. 1999; Haas et al. 2009,
2010; Meyer-Lindenberg et al. 2005), and the current study
has shown that these individuals demonstrate severely
impaired interpersonal distance awareness. However,
although amygdala function may play a role in interper-
sonal space this region does not necessarily function in the
same manner for individuals with WS as it does with ASD.
Indeed when engaged in viewing faces individuals with
WS show reduced amygdala activation whereas individuals
with ASD shown amygdala hyper-responsiveness (Klie-
mann et al. 2012). Therefore, it remains speculative as to
whether interpersonal distance regulation could be an
endophenotype for amygdala dysfunction in WS and ASD
(Kennedy and Adolphs 2014).

An alternative explanation is offered by the frontal lobe
hypothesis. Frontal lobe dysfunction is thought to be rela-
ted to impaired response inhibition (Porter et al. 2007).
Parallels in social functioning, and specifically approach
behaviour, have been drawn between patients with frontal
lobe damage and those with WS. Porter and colleagues
(2007) suggest that whilst these individuals report knowing
not to approach a stranger, they have difficulty inhibiting
the impulse they experience to carry out this behaviour.
This lack of inhibitory control has also been shown in
individuals with ASD (Christ et al. 2007). Therefore, the
atypical interpersonal distance findings in the current study
for these two groups could be in part explained by their
lack of inhibitory control.

Anxiety has also been shown to mediate social beha-
viour in WS (Kirk et al. 2013) and it is suggested that high
levels of anxiety (which are present in both WS and ASD;
Riby et al. 2014; Rodgers et al. 2012) may influence the
ability to process socially meaningful stimuli. It is there-
fore possible that mental health issues associated with the
disorder are impacting the ability to gauge appropriate
social behaviour, and thus affecting interpersonal distance
regulation. Considering the contribution of each of these
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previously mentioned theoretical standpoints to our
understanding of interpersonal distance regulation in these
clinical groups is a challenge for future research and
emphasises the need to consider the whole individual and
the cognitive/behavioural profiles associated with these
disorders in a more comprehensive manner. Certainly the
parent report data provided here suggest that future
research is warranted in much greater detail. Indeed it is
only once we consider the full profile at an individual level
and capture both within- and between-disorder variability
that we can begin to disentangle the above interpretations.

A significant strength of the current study is the cross-
syndrome approach in a large sample size. This is espe-
cially insightful considering the rarity of conditions such as
WS. However, there remain limitations which should also
be addressed. As the SRS was not originally designed to
measure social distancing, it lacks the detail and insight
that could be acquired through experimental work. The
method reported here is not offered as a replacement for
observational or experimental work, rather it serves to
assess a large sample of individuals with relatively rare
developmental disorders, certainly in the case of WS. As
social distancing in WS was previously unexplored, this
study offers the first insight into whether or not there is an
abnormality that requires further attention in this popula-
tion—and indeed, the results suggest this to be the case. A
further limitation is that item 55 only addresses one
direction of social distancing abnormalities by only asking
about social violations arising from close proximity rather
than violations from being abnormally distant from others.
It is therefore entirely possible that the few individuals with
ASD and WS who score in the typical range for this
question still have social distancing abnormalities related
to maintaining too great a distance from other people
during social interactions. Furthermore, the fact that item
55 did not correlate with other assessments of personal
distancing in the ASD group warrants future exploration to
explore syndrome-specific patterns of social behaviour
atypicality that may inform intervention. Finally, a measure
of general cognitive functioning was not taken in this
study, which could have mediating effects on the social
distancing phenotype. However, previous work on a large
sample of individuals with ASD found that social dis-
tancing abnormalities can not be entirely explained by
intelligence (Kennedy and Adolphs 2014). Moreover, when
considering the social vulnerability status of these groups, a
stranger can get a strong cue from social distancing
abnormalities; however, intelligence levels are more hid-
den and thus may not be immediately apparent. The
stranger therefore only has access to estimates of age based
on physical appearance with which to make their decision
of how to respond as the individual with WS or ASD
approaches. The social impact of inappropriate personal
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distancing may be compounded by reduced intellectual
abilities once an interaction begins, further emphasising the
importance of social distancing in individuals with lower
1Q.

In conclusion, the current findings provide new evidence
that individuals with WS have difficulties with social dis-
tance regulation, and are rated to be more likely than
individuals with ASD and their TD individuals of the same
chronological age to infringe upon the personal space of
others. However, these preliminary findings need to be
followed up with experimental paradigms, and the real-
world implications of these behaviours need to be consid-
ered for these vulnerable individuals with developmental
disorders. By doing so, we will begin to develop a greater
understanding of the relationship between interpersonal
distance, successful interpersonal interactions and social
vulnerability status.
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