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INTRODUCTION

The need to maintain bonds between individuals is intrin-
sically coupled with the need to regulate the interpersonal
distance (IPD) between them, this is particularly evident

Valentina Fanti® |
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Abstract

Social interactions are often shaped by the space we prefer to maintain between us
and others, that is, interpersonal distance. Being too distant or too close to a
stranger can often be perceived as odd, and lead to atypical social interactions.
This calibration of appropriate interpersonal distance thus constitutes an impor-
tant social skill. Individuals with autism spectrum disorder (ASD, hereafter
autism) often experience difficulties with this skill, and anecdotal accounts suggest
atypical interpersonal distances in their social interactions. In the current study,
we systematically measured interpersonal distance in individuals with autism
using immersive virtual reality (IVR) to recreate a naturalistic interaction with a
full body avatar of a similar age. Participants observed their own virtual body in
first-person perspective, and the other avatar in two tasks: in the first task, they
approached the other avatar (active), in the second one they were approached by
the other avatar (passive). Two groups of neurotypical and autistic adults, per-
formed both tasks. Autistic adults showed greater interpersonal distance when
compared to non-autistic adults. Additionally, the difference between the passive
and active conditions was smaller for non-autistic compared to autistic adults.
Across the full sample, greater interpersonal distance was associated with higher
autism-related traits. This study provides systematic evidence for greater interper-
sonal distance in autistic adults using a paradigm with high ecological validity
and can be useful in informing the design of appropriate environmental adjust-
ments for shared spaces.

Lay Summary

Social interactions are often shaped by the space we prefer to maintain between us
and others, that is, interpersonal distance. We used immersive virtual reality to
measure interpersonal distance, where participants either approached or were
approached by a virtual character. All participants preferred larger interpersonal
distances when they were approached versus when they approached themselves.
Autistic adults preferred a larger interpersonal distance compared to non-autistic
adults. These results can inform the design of appropriate environments
(e.g., public spaces) for autistic individuals.

KEYWORDS
adults, immersive virtual reality, interpersonal distance, autism

in the recent context of the global pandemic (Fusaro
et al., 2021; Lisi, Scattolin, et al., 2021). The space that
surrounds us is key for shaping social interactions
(Graziano & Cooke, 2006) and the intrusion of our per-
sonal space by another individual may cause feeling of
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discomfort and anxiety (Hayduk, 1978), resulting in a
perceived threat for our physical and mental self. Autism
is often characterized by difficulties in social interactions
(American Psychiatric Association, 2013). Anecdotal
accounts report issues with regulating personal space in
autistic individuals. Few studies have followed up these
anecdotal accounts, with mixed findings, as pointed out
in a recent review conducted by Candini et al. (2020). In
a study conducted by Kennedy and Adolphs (2014), the
authors reported that, both in children and adolescents
through parent reports and in a group of high-
functioning autistic adults through an experimental task,
that social distance norms were often violated or altered
and persist over a wide age range. In another study by
Asada et al. (2016), a group of adolescents had to walk
toward the experimenter (i.e., active condition) or look at
the experimenter walking toward them (i.e., passive con-
dition). Reduced interpersonal distance was noted in
autism compared to neurotypical controls, when there
was no eye-contract between the experimenter and the
participant. An opposite pattern of results was noted by
Gessaroli et al. (2013), using a similar active-passive par-
adigm, where autistic children were more comfortable
maintaining a greater distance compared to the neuroty-
pical children. A recent study by Massaccesi et al. (2021)
investigated the neurophysiological alterations associated
with interpersonal distance processing in autistic individ-
uals. Similar to Gessaroli and colleagues, their study
showed that autistic individuals preferred larger interper-
sonal distance, and that this preference was accompanied
by a reduced activity in brain regions found to be
involved in the regulation of interpersonal space (bilat-
eral dorsal intraparietal sulcus and left fusiform face
area) as well as reduced functional connectivity between
these areas and the amygdala. In another study, Perry
et al. (2015) investigated interpersonal distance prefer-
ences in a group of individuals with autism, using both
behavioral measures and electroencephalography.
Results showed greater variance in preferred interper-
sonal distance in the autism group than in the control
group, depending on the social anxiety of participants.
Overall, these experiments used an experimenter/
confederate in real life as the stimuli. While such an
implementation has high ecological validity, it also has
potential for greater variability due to greater degrees of
freedom (e.g., facial expression, eye gaze, speed of the
confederate which cannot be fully controlled, as well as
factors such as gender and age of the confederate vis-a-

vis the participant). To minimize such variability, immer-
sive virtual reality (IVR) offers a powerful tool that can
recreate a virtual scenario closely mimicking the real
world. Tachini et al. (2014) investigated comfortable dis-
tance (active and passive) in a non-autistic sample using
IVR. This study revealed that the distance was
modulated by the gender and the age of participants and
concluded that IVR studies confirmed findings from real-
world behaviors. Most research on IPD in autism has
been conducted on children, and very little is known
about IPD in adults. To fill this gap, the current study
aimed at comparing IPD and its regulation in autistic
and non-autistic adults. Moreover, differently from
Iachini et al. (2016) study, we added the possibility to
observe their own, gender-matched, virtual body in first-
person perspective (Fusaro et al., 2021) in order to enable
more realistic interactions (Gorisse et al., 2017). Individ-
uals typically tend to prefer a larger distance when
approached by another person/avatar. Hence, we expect
to find overall greater distance in the passive compared
to the active condition. Considering previous findings, we
expected that autistic adults compared to their non-
autistic counterparts would prefer overall greater inter-
personal distance with the avatar.

METHODS
Participants

Thirty neurotypical subjects (19 females, mean age
26 years old, SD 11; range 18-53 years old) and 23 autis-
tic individuals (13 females, mean age 38 years old, SD 13;
range 20-59 years old) were recruited. NT subjects were
recruited from within the campus of University of Read-
ing. The individuals with autism were recruited through
the Centre for Autism Research Volunteer Panel. One
neurotypical adult and two autistic adults were excluded
from the analysis due to technical issue with the IVR
equipment.

Ethical approval for the study was obtained from the
Research Ethics Committee of the University of Reading
and all the participants provided informed consent.
Along with the main task, participants completed the
Autism Spectrum Quotient (AQ; Baron-Cohen et al.,
2001), and were assessed for 1Q (see Table 1) using the
Wechsler abbreviated scale of intelligence (WASI;
Wechsler, 1999).

TABLE 1 Demographics, Wechsler abbreviated scale of intelligence (WASI) and autism spectrum quotient (AQ) of the study sample.

Participants Group Sex Mean age (years) (SD) Range of age Mean WASI (SD) Mean AQ (SD)
30 NT 19F 26, SD 11 18-53 109, SD 13 19.51, SD 5.64
23 Autism 13F 38,SD 13 20-59 115,SD 11 33.90, SD 6.01
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FIGURE 1 The participant, on the left side of the figure, could
observe in the head mounted display a room and an avatar placed in
front of him/herself.

Experimental stimuli

The virtual scenario was designed using 3DS Max 2017
(Autodesk, Inc.) and implemented in Unityv5.3.The vir-
tual avatars were created using Iclone 7 (https://www.
reallusion.com/iclone/) and implemented in Unity. The
scenario was presented by means of a head mounted dis-
play (Oculus Rift). The virtual scene consisted of a real-
size room with two avatars standing facing each other.
Both the first-person (1PP) and third-person (3PP) ava-
tars were the same gender (Figure 1). Participants could
approximately adjust the physical size of the other ava-
tar, to match their own. This manipulation was imple-
mented to minimize potential confounds due to
dominance (if the other avatar was considerably larger,
that can in principle affect interpersonal distance).

Experimental procedure

The experiment was composed of two blocks, each with
three trials. The first block administered to the partici-
pants was the “active” condition. After wearing the head
mounted display, each participant was asked to have a
look at the virtual scene and to two avatars in the scene
to familiarize with them. Then the participants were
asked to walk toward the 3PP avatar to reach the dis-
tance that she or he would generally keep with another
person. The distance between the two avatars (measured
as the distance between participant’s nose and 3PP ava-
tar’s nose) recorded when the participant decided to stop
walking toward the 3PP avatar. In the “passive” condi-
tion, participants were asked to stay still while the 3PP
would slowly walk toward them. The participants were
instructed to say “Stop” when the 3PP avatar reached the
distance that they would usually keep with another per-
son. It is worth noting that in the two conditions the
“stop” occurred in two different ways. In the active

condition, participants stopped walking toward the ava-
tar when it felt too close to be comfortable. In the passive
condition, they would have had to verbally indicate
“stop” to make the avatar stop (which was implemented
by the experimenter sitting with the controls).

RESULTS

Interpersonal distance was measured in adults with and
without autism under both active and passive conditions.
The mean of the three trials in each condition was used
to run the analysis. A mixed analysis of variance
(ANOVA) was conducted on the measure of the distance
in meters, with group (Autism and NT) as a between-
subject variable and Condition (active and passive) as a
within-subject variable.

A main effect of Group was noted [F(1,48) = 24.77,
p <0.0001, n° = 0.340], revealing that the interpersonal
distance was larger in the Autism group compared to the
NT one (NT = mean 0.56 meters (m); standard deviation
(sd) £ 0.16, confidence interval (CI) 0.463-0.679;
Autism = 0.96 m + 0.41, CI = 0.846-1.092). A significant
main effect of the Condition was also found [F{(1,48)
=29.091; p = 0.001, n° = 0.353], showing larger distance
in the passive compared to the active condition (0.79 m
+0.39, CI=0.702-0.886; 0.67 m % 0.30, CI = 0.606—
0.753, respectively). An interaction Condition x Group
was found [F(1,48) = 5.443; p = 0.024, > = 0.066]. Post-
hoc analysis showed that IPD in the passive and the active
conditions were different in both the NT (active: 0.53 m
+0.15, CI =0.437-0.629; passive: 0.60m +0.17,
CI = 0.482-0.724, p = 0.02) and the Autism group (active:
0.88 m £ 0.35, CI = 0.768-0.994; passive: 1.05 m * 0.45,
CI =0.915-1.199, p < 0.001) and that both the active and
the passive condition were larger in the Autism than in the
NT (p < 0.001for both comparisons) (Figure 2). For com-
pleteness, an additional ANOVA considering the gender
and group as a within-factor was run but no differences
were found between males and females (F(1,45) = 0.729,
p=0.398) nor the interaction with Group (F(1,45)
=1.048, p =0.311) nor with distance (F(1,45)=0.01,
p =0.899).

We computed the difference in IPD between active
and passive conditions as a delta value (active- passive).
A Dbetween-groups f-test on this delta value, between
autistic and non-autistic participants was found to be sig-
nificant, #(48) = —2.333; p = 0.024. This comparison is
equivalent to our interaction between Condition and
Group.

Lastly, we conducted an independent samples z-test
on age using Group as grouping variable: #(48) = 4.069,
p <0.001. We then conducted our ANOVA using “age”
as a covariate to see whether this difference could impact
our results. Results showed that the effect of condition
and group, as well as their interaction remained signifi-
cant. The main effect of Age was not significant F(1,47)

519017 SUOLULLOD SAIES.D) 3| dde 3 AQ POULAOD 918 DI WO 8N J0 S3INI 10} AZRIGIT BUIIUO /B|IA UO (SUONIPUOD-PLE-SLLLBILICD"AB | IW ARG pUIIUO//SANY) SUONIPUOD PUe SIS 13U 95 *[£202/60/T2] U0 A1 aUIIUO A8]1M ‘Buipesy Jo A1sieun A STOS INe/Z00T 0T/10p/w0d" S| AR 1jou 1 |Uo//:Sdny Wolj papeojumod ‘0 ‘90886E6T


https://www.reallusion.com/iclone/)
https://www.reallusion.com/iclone/)

FUSARO ET AL.

3 =
—~ 254
3 .
et 2 -
I . 4
é 1.5 1 g° %ee
8 1q @ .. '..:
g 0.5 - o.* :’.
2 ° ¢
© 0-
-05 -
[ 1
active passive
Autism

2.5 -

1.5 -

& & &

[ |
active passive

NT

distance (metres)

FIGURE 2 The comparison of interpersonal distance between the passive and active conditions in autistic and non-autistic participants. The
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FIGURE 3 Correlations between AQ and interpersonal distance in active and passive conditions (distance in meters).

= 1.007, p = 0.321, nor the interaction between age and
condition F(1,47) = 2.580, p = 0.115.

Correlation between the two conditions (active and
passive) and the AQ was performed across the entire
sample. A positive correlation with both active and pas-
sive condition was found across the two groups (active:
r=10.422, p =0.002; passive: r = 0.457, p <0.001) sug-
gesting that higher autism traits were reflected in higher
interpersonal distance (Figure 3).

DISCUSSION

The aim of the present study was to investigate interper-
sonal distance in autistic and non-autistic adults. IVR
was used as a tool to recreate a naturalistic interaction
with an avatar of the same gender and similar age and
size, overcoming the limitations that occur while

interacting with a real-life experimenter or one that is sig-
nificantly different in age from the participant. The main
findings of the study indicate that (a) both groups showed
larger distance in the passive condition, confirming that
people prefer keeping larger interpersonal distances if
other people are approaching them (b) autistic adults
tended to keep larger distance between themselves and
others in both passive and active conditions; and that
(c) higher autistic traits correlated with greater distance
in both conditions. The difference in IPD between active
and passive conditions was larger for autistic adults than
for the non-autistic group.

The observation that both groups preferred to keep a
larger distance in the passive condition, is consistent with
previous findings (Candini et al.,, 2017, Iachini
et al., 2014). When someone is approaching us, we have
less control over the situation, and we cannot predict the
intention of the other person. This may cause more

519017 SUOLULLOD SAIES.D) 3| dde 3 AQ POULAOD 918 DI WO 8N J0 S3INI 10} AZRIGIT BUIIUO /B|IA UO (SUONIPUOD-PLE-SLLLBILICD"AB | IW ARG pUIIUO//SANY) SUONIPUOD PUe SIS 13U 95 *[£202/60/T2] U0 A1 aUIIUO A8]1M ‘Buipesy Jo A1sieun A STOS INe/Z00T 0T/10p/w0d" S| AR 1jou 1 |Uo//:Sdny Wolj papeojumod ‘0 ‘90886E6T



FUSARO ET AL.

| 5

insecurity in the person being approached, who prefers
greater interpersonal distance in order to feel safe
(Graziano & Cooke, 2006). We speculate that in our
study, since this result is consistent in both groups, this
“protective system” is an ability that is fully preserved
also in individuals with autism. It is also worth noting
that this need occurs when an object invades our space
(Asada et al., 2016) suggesting that the system may not
be specific to social stimuli. While both conditions were
controlled by the participants’ decision, the modalities of
control were different—mimicking real life. In the passive
condition the reduced sense of agency in the passive con-
dition could therefore have influenced the distance, push-
ing the participant to stop the avatar in advance. Future
studies could investigate whether the speed of approach-
ing or being approached could have an effect on the
results (e.g., seeing an avatar that run vs. an avatar
slowly walking). Another possible explanation of our
results could be found in the motor involvement during
the active condition, which may have played a role in the
judgment of the interpersonal space (Delevoye-Turrell
et al., 2011). Indeed, when we actively move, we are more
aware of the space that surrounds us, compared to the sit-
uations in which we are still.

Adults with autism showed greater interpersonal dis-
tance than neurotypicals in both conditions. Greater IPD
in autistic adults may reflect heightened salience/threat
response to dynamic social stimuli. While this result is
consistent with some earlier studies with autistic children
(Candini et al., 2017, 2019; Gessaroli et al., 2013; Perry
et al., 2015), it is inconsistent with others that showed
shorter interpersonal distances in autism (Asada
et al, 2016; Kennedy & Adolphs, 2014; Lough
et al., 2015). Some of this variation could be driven by
experimenter effects such as speed of walking or emotion
expression. In our study we minimized potential con-
founds that can arise from an experimenter who is
informed about the task and, or/and about the diagnosis
status of the participants (Asada et al., 2016). A recent
study investigated IPD in autistic children using IVR by
Simoes et al. (2020). The authors found that there was a
significant positive correlation between the IPD in real
and virtual scenarios. Moreover, authors showed that,
compared to TD, autistic participants appeared to have
wider distributions of results. Importantly however, the
paradigm involved children interacting with adult experi-
menters/avatars in this study, which can influence IPD.

It is possible that greater interpersonal distance may
be driven by greater social anxiety, as shown in an earlier
study (Perry et al., 2015) or be linked to reduced motiva-
tion toward social stimuli (Gray et al., 2018; Hedger
et al., 2020). Unfortunately, we do not have direct mea-
sures of social motivation and social anxiety to measure
their relative contributions. Finally, it is possible that the
current results are influenced by our sample, which was
restricted to adults with low-moderate support needs,
who may have devised compensatory strategies for

minimizing any potential discomfort in social interactions
through increasing IPD. A comparison between autistic
adults with high and low support needs may help in dis-
cerning the role of learned compensation. The positive
correlation between IPD and autism-related traits (mea-
sured with the AQ), indicates that overall, irrespective to
the diagnosis of autism, social difficulties may drive the
need for greater IPD.

The study presents some important limitations. There
is a substantial methodological difference between the
active and the passive condition (i.e., participants’ motor
stop in the first and the vocal signal to stop in the latter).
This difference might have impacted in the reliability of
our data, in particular in the passive condition. However,
it is worth considering that if there was a systematic delay
in the experimenter’s pressing the button in the passive
condition, it would have resulted in shorter interpersonal
distances (compared to that at the exact moment that the
vocal signal was produced). Despite this possibility, we
observed a substantially larger interpersonal distance in
the passive compared to the active condition. This sug-
gests that if there was no delay in recording the vocal stop
signal, then the interpersonal distance in the passive con-
dition would have been even higher. Moreover, the num-
ber of participants in our study is small, thus limiting the
generalizability of our findings. Finally, we note that
the autism group is associated with a greater variance in
RT compared to the control group. This observation is in
line with several previous case—control studies of autism,
across multiple metrics — which have reported higher var-
iability of response s in the autism group (Fulceri
et al., 2018; Geurts et al., 2008; Lombardo et al., 2019;
Magnuson et al., 2020).

IVR is a promising tool that is high in ecological
validity and quick to administer while retaining strong
experimental control (Lisi et al., 2021). This paradigm is
scalable for investigating related questions in social
behavior (e.g., changing the characteristic of the appear-
ance of the avatar or recreating specific social scenarios).
Personal space differs between autistic and non-autistic
adults, and this evidence may be reflected in daily social
interactions. Translating these insights into the real
world through creating appropriate public spaces
(e.g., restaurants, public transportation, and schools) has
the potential to improve the quality of life for many
autistic individuals.
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