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Abstract

Research consistently shows that autistic adults do not attend to faces as much as non-autistic adults. However, this
conclusion is largely based on studies using pre-recorded videos or photographs as stimuli. In studies using real social
scenarios, the evidence is not as clear. To explore the extent to which differences in findings relate to differences in
the methodologies used across studies, we directly compared social attention of 32 autistic and 33 non-autistic adults
when watching exactly the same video. However, half of the participants in each group were told simply to watch the
video (Video condition), and the other half were led to believe they were watching a live webcam feed (‘Live’ condition).
The results yielded no significant group differences in the ‘Live’ condition. However, significant group differences were
found in the ‘Video’ condition. In this condition, non-autistic participants, but not autistic participants, showed a marked
social bias towards faces. The findings highlight the importance of studying social attention combining different methods.
Specifically, we argue that studies using pre-recorded footage and studies using real people tap into separate components
contributing to social attention. One that is an innate, automatic component and one that is modulated by social norms.

Lay Abstract

Early research shows that autistic adults do not attend to faces as much as non-autistic adults. However, some recent
studies where autistic people are placed in scenarios with real people reveal that they attend to faces as much as non-
autistic people. This study compares attention to faces in two situations. In one, autistic and non-autistic adults watched
a pre-recorded video. In the other, they watched what they thought were two people in a room in the same building,
via a life webcam, when in fact exactly the same video in two situations. We report the results of 32 autistic adults and
33 non-autistic adults. The results showed that autistic adults do not differ in any way from non-autistic adults when
they watched what they believed was people interacting in real time. However, when they thought they were watching
a video, non-autistic participants showed higher levels of attention to faces than non-autistic participants. We conclude
that attention to social stimuli is the result of a combination of two processes. One innate, which seems to be different
in autism, and one that is influenced by social norms, which works in the same way in autistic adults without learning
disabilities. The results suggest that social attention is not as different in autism as first thought. Specifically, the study
contributes to dispel long-standing deficit models regarding social attention in autism as it points to subtle differences in
the use of social norms rather than impairments.
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drive to engage with others is reduced in autism, a pro-
posal that has been recently re-described as the reduced
social motivation theory (Chevallier et al., 2012).

Much of the evidence supporting the reduced social
motivation model comes from the eye tracking literature.
In non-autistic populations,' research has demonstrated a
consistent attentional bias towards social stimuli; when
viewing visual scenes, non-autistic adults preferentially
look at people’s faces (e.g. Birmingham et al., 2009;
Fletcher-Watson et al., 2008; Yarbus, 1967) and, in partic-
ular, to the eye region (see Birmingham & Kingstone,
2009; Gliga & Csibra, 2007 for reviews). This attraction
towards the eyes of others is present in the first few weeks
of life (Haith et al., 1977; Zeifman et al., 1996) and has a
strong evolutionary and organic basis (Emery, 2000;
Pelphrey & Morris, 2006). This innate bias is thought to
undergo maturational processes alongside brain specialisa-
tion for social stimuli from 6 months (Jones et al., 2015).

In contrast, by and large, research finds a reduced atten-
tional bias towards social stimuli in autistic children and
adults (Chita-Tegmark, 2016; Papagiannopoulou et al.,
2014 for reviews including meta-analyses). However,
studies with infants likely to develop autism suggest that
the bias towards both faces and eyes appears to be intact
very early in development with differences starting to
emerge between 4 and 7months (Elsabbagh et al., 2013;
Jones & Klin, 2013); a finding that suggests that matura-
tional processes in social brain specialisation may be com-
promised in autism.

The attentional priority given to social stimuli is also
manifest in the strong drive in non-autistic populations
towards following the gaze of others (e.g. see Gregory &
Hodgson, 2012 or Frischen et al., 2007 for reviews), a
drive that develops from an early age (Gregory et al., 2016;
Hood et al., 1998; Moore & Corkum, 1998). In compari-
son, several studies show that autistic children, adolescents
and adults are less likely to spontaneously follow the gaze
of others (e.g. Bedford et al., 2012; Riby et al., 2013;
Vlamings et al., 2005).

The influence of social partners on eye gaze
behaviour

The research findings described so far come from studies
that test participants using videos, photographs, or sche-
matic pictures. That is, studies that test participants in the
absence of social partners. Although there is no question
that it is possible to extract information from visual images
of people with whom we are not interacting, the theoretical
perspective and methods underpinning these studies have
been increasingly questioned. The strongest challenge
comes from the second-person approach to social under-
standing (De Jaegher & Di Paolo, 2007; Hobson, 2004;
Reddy, 2008; Trevarthen, 1979; Zahavi, 2001), which
argues that the kind of understanding we gain when there

is potential for, or actual, engagement with others is quali-
tatively different from that we gain as mere observers (for
a review see Moore & Baresi, 2017).

An important source of support for the second-person
approach comes from studies investigating eye gaze
behaviour where participants are placed in actual social
interactions. In non-autistic adults, these studies consist-
ently show that — unlike in studies where social partners
are not present — non-autistic adults are actually rather
disinclined to look at real people (e.g. Foulsham et al.,
2011; Konovalova et al., 2021; Laidlaw et al., 2011 also
see Risko et al., 2012 for a review) or follow gaze direc-
tion (Gallup et al., 2012). That is, social attention, at least
in adulthood, is markedly different when engaged in
social interactions, compared to merely observing others.
Yet, what these patterns of social attention may look like
is not clear, as both eye gaze behaviour towards people
and gaze following are heavily influenced by contextual
factors. For instance, the likelihood to look at others’
faces or follow their gaze depends on whether the person
is averting their eyes or making eye contact (e.g. Freeth
et al., 2013; Ponkanén et al., 2011). The particular stage
in the conversation also affects likelihood to look at oth-
er’s faces. Studies show that non-autistic speakers look at
a social partner to end their turn in conversation, but
when starting their turn, they avoid looking at the social
partner (Ho et al., 2015). Similarly, non-autistic adults
are more likely to look at a social partner’s face when
answering a question than when asking a question (Freeth
et al., 2013). Gaze following is also influenced by the
spatial relation between partners. Non-autistic adults are
more likely to follow gaze when walking in the same
direction as a partner than when the partner is walking
towards them (Gallup et al., 2012). That is, in naturalistic
settings, the bias present in non-autistic adults towards
others is modulated by contextual factors, which are yet
to be fully understood.

The challenge posed by the second-person approach is
particularly relevant to autism. If what we are trying to
understand are the precise interaction and communication
difficulties that autistic people face in everyday life, then
we need to use research methods that allow the exploration
of these difficulties in naturalistic social encounters. There
are few studies exploring gaze behaviour in naturalistic
social settings in the autistic population. These studies tend
to provide evidence for reduced social attention in child-
hood. When listening to a story told by an adult, undergo-
ing cognitive testing or meeting an adult for the first time,
autistic children look less at the experimenter’s face and
eyes (Falck-Ytter, 2015; Hanley et al., 2014; Noris et al.,
2012). However, some studies fail to find differences in the
amount of time looking at the face of social partners while
having a conversation (e.g. Nadig et al., 2010).

In contrast, the evidence from studies with autistic
adults provides a complex picture of similarities and
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differences that, as with non-autistic adults, seem to relate
to contextual factors. When in conversation, group differ-
ences emerge when talking about what people feel, but not
when talking about what people do, or when the experi-
menter directly gazes at participants but not when their
gaze is averted (Freeth & Bugembe, 2019; Hutchins &
Brien, 2016). In terms of gaze following, autistic adults are
as likely to follow gaze compared to non-autistic adults
and can effectively make line-of-sight judgements (Freeth
et al., 2020), although they are slower in initiating eye
movements (Birmingham et al., 2017; Magrelli et al.,
2013). Taken these findings together, it seems clear that
social attention in autism is — as is the case in non-autistic
adults — context dependent.

What is it about real people that influences
social attention?

Existing studies with both autistic and non-autistic sam-
ples reveal discrepancies in looking behaviour towards
social stimuli depending on whether participants are
engaged or not with real partners and, in the presence of
social partners, on specific contextual factors. It is difficult
to identify exactly what it is about being in the presence of
partners that gives rise to these differences. Only a handful
of studies, both with non-autistic and/or autistic samples,
have compared social attention to a pre-recorded video and
to a person in a face-to-face situation or via a monitor (e.g.
Canigueral et al., 2021; Grossman et al., 2019; Laidlaw
etal., 2011). However, differences in the visual features of
stimuli across conditions makes these comparisons slightly
problematic in addressing the question of whether being in
the presence of a real person alone influences looking
behaviour.

To directly address this question, Gregory et al. (2015)
presented non-autistic participants with the same video
under three conditions. In one condition, participants were
told they would watch a pre-recorded video depicting a
social interaction between two people (Video condition).
In another condition (‘Live’ condition), the same video
was presented but this time participants were led to believe
they were watching a live webcam, that is people in real
time, in a waiting room in the same building. In the last
condition (Engaged condition), participants were addition-
ally told that they would later complete a group task with
the people in the waiting room. Results showed marked
differences between the video condition and the ‘Live’ and
Engaged conditions. Specifically, in the Video condition,
participants looked significantly more at the faces of actors
and followed their gaze significantly more than in the
‘Live’ and Engaged conditions. Crucially, there were no
differences between ‘Live’ and Engaged conditions, sug-
gesting that it is the mere belief that they are watching peo-
ple in real time, and not the probability to engage with
them, that triggers a change in viewing behaviour.

In this study, we use the same methodology employed
by Gregory et al. (2015) to directly compare autistic and
non-autistic participants’ looking behaviour when they
viewed a recording and when they viewed the same record-
ing but they believed that they were watching people in
real time. Given that the original study found no differ-
ences between ‘Live’ and Engaged conditions, we opted
for a simplified design including only the Video and ‘Live’
conditions. Due to the mixed findings in previous studies
regarding the eye behaviour of autistic participants in the
presence of partners, we could not make a specific predic-
tion as to whether their looking behaviour would differ
from the non-autistic sample in the ‘Live’ condition.
However, in line with previous research with autistic (e.g.
Grossman et al., 2019) and non-autistic samples (Gregory
etal., 2015), we expected a significant interaction between
Group and Area of Interest in the Video condition.
Specifically, we predicted that non-autistic participants,
but not autistic participants, would show increased atten-
tion to faces in the Video condition. In terms of gaze fol-
lowing, we predicted that non-autistic participants would
be more likely to overtly follow gaze shifts in the Video
than in the ‘Live’ condition, but, for the reasons stated
above, we could not make predictions regarding autistic
participant’s sensitivity to the experimental manipulation.

Method
Design

The study adopted a 2 X2 X 3 mixed design with Group
(Autistic, AUT vs Non-autistic, NA) and Condition (Video
vs ‘Live’) as between-participants independent variables
and Area of Interest (Aol; Faces vs Body vs Background)
as the within-participants independent variable. Two sets
of dependent variables were used. The first explored eye
movements by measuring the mean proportion of dwell
time and proportion of fixations.”> The second explored
participants’ responses to the four head shifts performed
by the actors in the video. These included saccades made
in the direction of the shift (an overt gaze shift towards the
target of the actors’ head shift) and mean proportion of
dwell time on the target area following the actors’ head
shift.

Participants

Seventy-five participants were recruited for the study.
There was no a priori exclusion criteria regarding intelli-
gence quotient (IQ); however, all participants recruited
obtained Verbal and Performance 1Q scores above 75 (see
Table 1). Two AUT participants were excluded due to poor
eye-tracker calibration and eight participants (AUT=2,
NA=6) were excluded from the ‘Live’ condition because a
post-experimental check revealed that they had not believed
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Table . Participant characteristics across conditions.

Group  Condition n Age VIQ PIQ
AUT ‘Live’ I6 Mean 2875 102.12 112.20
SD 11.57 17.11 11.67
Range 18-57 75-134 89-129
‘Video’ I6 Mean 3731 11461 117.89
SD 13.85 10.52 12.51
Range 20-67 92-131 99-132
NT ‘Live’ I6 Mean 32.18 10448 11576
SD 11.12 10.63 11.38
Range [8-51 87-122 88-133
‘Video’ I7 Mean 3650 105.75 11225
SD 15.45 8.82 13.38
Range 21-67 90-119 86-138

VIQ: verbal 1Q; PIQ: performance 1Q; AUT: autistic; SD: standard
deviation; NT: non-autistic.

that they were viewing live footage from a webcam. The
final sample consisted of 32 adult autistic participants, of
which 16 (all males) took part in the ‘Live’ condition at the
University of Portsmouth and 16 (Males=11; females=5)
took part in the Video condition at Sheffield University. All
autistic participants were recruited through the authors’
existing databases and had a formal diagnosis of autism by
a qualified practitioner. Current levels of severity were
assessed using the Autism Diagnostic Observation Schedule
(ADOS, Lord et al., 2000). ADOS scores ranged from 3 to
22 (Mean=10.01, SD=3.96). Their verbal IQ (VIQ) and
Performance 1Q (PIQ) were measured with the Wechsler
Abbreviated Scale of Intelligence (WASI; Wechsler, 1999).
There were some IQ scores missing from the AUT sample.
Specifically, VIQ scores for three participants were missing
from the Video condition. Seven PIQ scores were missing
from the Video condition and one from the ‘Live’ condi-
tion. Table 1 summarises participants’ characteristics.

The comparison sample consisted of 33 non-autistic
(NA) participants matched, at group level, in age and 1Q to
the AUT sample. These participants were recruited through
existing participant databases and word of mouth. Of
these, 17 (all males) took part in the ‘Live’ condition at the
University of Portsmouth and 16 took part in the Video
condition at Bournemouth University (Males=S5;
Females=11). Non-autistic participants both at the
University of Portsmouth and Bournemouth University
were students, members of staff and members of the pub-
lic. Participants’ ages ranged from 18 to 67 (M=34.28,
SD=13.36). There were no significant differences in age
(#(1,63)=.376, p=0.71) nor 1Q (VIQ: #1,63)=.785,
p=0.44; PIQ: #1,63)=.083, p=0.93) across the two
groups. However, AUT participants’ VIQ, but not PIQ,
scores were significantly lower in the ‘Live’ condition than
in the Video condition (VIQ: #27)=2.98, p=0.03; PIQ
(1(27)=0.98, p=0.33).

All participants had normal or corrected-to-normal
vision. Participants received a small monetary compensa-
tion for their participation or course credit.

Apparatus

Participants at all sites were tested using an identical eye
tracker: the Eyelink 1000 with desktop mount (SR Research,
Canada). Participants sat 57cm from the eye tracker with
their heads stabilised by the use of a chin rest. At each site,
the eye tracker was connected to a host PC, which was in
turn connected to the display computer which had a 19”
CRT monitor at the University of Portsmouth and a 22”
monitor at Bournemouth University and the University of
Sheffield. Pupil and corneal reflection position were
recorded monocularly at a rate of 1000 Hz. Saccades were
parsed online by the Eyelink 1000 using a velocity threshold
of 30°/s and an acceleration threshold of 8000°/s2.

Materials

The same video as in Gregory et al. (2015) was used in all
conditions. The first frame of the video showed a woman
sitting in a waiting room and using a mobile phone (see
Figure 1). After approximately 10seconds, a second
woman entered the room and sat next to her. Both women
remained seated throughout either reading a magazine or
using their mobile phones. The video had the audio track
removed. During the 2 minutes, six head and gaze shifts
were performed by the actors (three to the right and three
to the left) before an obvious target was visible. Two head
shifts were excluded from all analyses: Shift 3 was not fol-
lowed by a single participant and shift 6 was qualitatively
quite different from the others as it involved a social inter-
action between the actors — one actor turned to the other
actor to ask the time. Figure 1 illustrates the experimental
set up and the four shifts included in the analyses.

A post-experimental questionnaire was used after par-
ticipants viewed the video to check whether the partici-
pants in the ‘Live’ condition believed that they had viewed
a live webcam feed. Specifically, they were asked to rate
the extent of their belief on a 1-7 Likert-type scale (1 =total
disbelief to 7=total belief). Participants were also asked to
provide the reasons why they had, or had not, believed it
was. The eight participants who indicated total disbelief
(score=1) were removed from the analyses.? Participants
in the Video condition were asked whether they believed
they had viewed a pre-recorded video.

Procedure

In the ‘Live’ condition, autistic and non-autistic partici-
pants at the University of Portsmouth were led to believe
that they would view live webcam footage from a waiting
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SHIFT 1

SHIFT 4

Figure |. Screen shots of the video used by Gregory et al. (2015) and this study showing the four gaze shifts performed by the

actors.

room in the same building when in fact they viewed the
same pre-recorded video as in the Video condition. To aid
this deception while participants completed the consent
form, the experimenter brought up on the screen a pre-
recorded video, which showed the first woman of the
video talking to someone else oft-screen. At this point, the
experimenter told the participant that it seemed only one
person had arrived at the waiting room and ‘switched-off”
the webcam to bring back up a black screen. Then a second
experimenter entered the laboratory to explain that only
one woman had arrived, but that the second woman had
rung and would arrive shortly so they could get started
with the calibration. The calibration of the eye tracker was
done with a 9-point calibration procedure. Once calibra-
tion was completed, participants were told to watch the
‘webcam’ feed. After the video elapsed, the screen turned
black and, to add to the deception, a message was dis-
played in the top left-hand side stating ‘connection to web-
cam host 192.162.3.1 lost. Connect to webcam host? Y/N’.
Participants then completed the post-experiment question-
naire regarding the extent of their belief that they had
watched a live webcam. In the Video condition — tested
across Sheffield (AUT participants) and Bournemouth
(NA participants) universities — participants first com-
pleted an informed consent form and then underwent the
eye-tracker calibration procedure and were asked simply
to watch a short video. The contact time participants had
with the researcher was equivalent in both conditions.

In both conditions, eye-movements were recorded for
each frame of the 30-frame-per-second video, and the
video was presented as a 720 X 400 pixels central window
on a black background. All participants were fully
debriefed as to the aims of the study and, where appropri-
ate, the rationale for the deception. IQ tests and the ADOS,

when data were not already available, were administered
after the eye-tracking session took place.

Community involvement statement

The data collection for this study took place in 2015. At
that time, it was still not common practice to involve mem-
bers of the community in the development of the research
studies of this nature. Thus, no members of the community
were involved in the preparation of this manuscript
although the results have been discussed with one autistic
academic. We acknowledge this is a limitation of the study.

Results

Data processing*

The data were processed in the same way as by Gregory
et al. (2015). Static interest areas around the important
areas of the scene were drawn — using Dataviewer (SR
Research) — 20 pixels around the actors” heads and bodies.
In addition, rectangular areas were drawn around the
bookshelf, the door, and the area where a magazine briefly
appeared when moved by an off-screen actor. Finally, one
large rectangular area was drawn around the video window
itself, which encompassed all elements of the scene.
Significant testing was conducted using IBM SPSS
(Version 24.0; IBM Corp., 2016) and Bayesian analyses
with JASP (Version 0.14.1; JASP Team, 2020). Bayes fac-
tors were used to assess strength of evidence for the alter-
native hypothesis (BF’, ) and for the evidence for the null
hypothesis (BF,, ). A BF, , of above 3 indicates ‘substan-
tial” evidence for the alternative hypothesis and a BF, ,
above 1 suggests stronger evidence for the alternative
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Figure 2. Descriptive statistics of eye-movements across groups, conditions, and areas of interest (bars represent standard

errors).

hypothesis than the alternative hypothesis (Wetzels &
Wagenmakers, 2012), and vice versa, a BF, , of above 3
indicates ‘substantial’ evidence for the null hypothesis,
and a BF,  above 1 suggests stronger evidence for the null
hypothesis than the alternative hypothesis (Wetzels &
Wagenmakers, 2012).

Overall viewing behaviour

Initial analyses explored the influence of VIQ, PIQ, and
Full 1Q scores on all dependent variables by means of a
series of analyses of covariance (ANCOVAs). None of the
scores covaried significantly with neither Group, Condition
nor Aol for any of the two dependent variables; therefore,
they were removed from further analyses. All subsequent
analyses were conducted using a mixed analysis of vari-
ance (ANOVA) with Condition (Video vs ‘Live’) and
Group (AUT vs NA) as between-participants factors and
Aol (Face vs Body vs Background areas) as the within-
participants factor. A Greenhouse-Geisser adjustment was
used when the Mauchly’s test of sphericity was significant
(»<0.05).

Figure 2 displays the results for the two eye movement
measures. The ANOVAs for mean proportion of dwell

time and proportion of fixations both revealed a significant
three-way interaction (F(1.751,106.8)=4.77, p=.014, par-
tial n*=0.073, BF, ,=5.42; BF_ ,=0.18; F(2,122)=3.88,
p=.025, partial #°=0.06, BF, ;=2.02; BF_=0.49,
respectively). This interaction was explored further with
two 2 (Group) X3 (Aol) ANOVAs for each condition

(Video and ‘Live’) for each variable.

‘Live’ condition. The follow-up ANOVAs revealed that nei-
ther the main effect of Group (Dwell: F(1,31)=0.675,
p=.417, partial =0.21; Prop fixation: F(2,122)=3.121,
p=.087, partial n”=0.09; Dwell: BF, ,=0.18; BF__,=5.54;
Prop fixation: BF, ,=0.19; BF__,=5.28) nor the interac-
tion between Group and Aol (Dwell: F(2,62)=.069,
p=.934, partial #°=0.01; Prop fixation: F(2,122)=0.322,
p=.726, partial n?=0.01; Dwell: BF, ,=0.11;BF_,=8.64;
Prop fixation: BF, ,=0.10; BF, ,=9.75) were significant
for either mean proportion of dwell time or proportion of
fixations.

Video condition. By contrast, the Aol X Group interaction
was significant (Dwell: F(2,62)=8.46, p=.001, partial
#*=0.220; and Prop fixations: F(2,60)=6.95, p=.002, par-
tial #%>=0.188; Dwell: BF, ,=648.7; BF_,=0.002; Prop

excl
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Figure 3. Proportion of head shifts followed and proportion of dwell time to gazed-at targets before the shift and during the shift,

across groups and conditions (bars represent standard errors).

fixation: BF, ,=66.12; BF_ ,=0.02;). In both cases, the
interactions had large effect sizes (#> = 0.14, Cohen 1988),
and Bayesian analyses confirmed the evidence was very
strong for the alternative hypothesis for both measures.
These interactions were explored with planned multiple
pairwise comparisons — applying a Bonferroni adjustment
(p <.017) — independently for each group.

These comparisons showed that the Aol X Group
interactions came from significant differences across
Aols in the NA group on both measures (Dwell:
F(2,30)=9.938, p=.001, partial #°=0.399; Prop fixa-
tions: F(2,32)=7.439, p=.002, partial #°=0.332; Dwell:
BF, ,=1763.2;  BF,,<0.001); Prop fixation:
BF, ,=217.42; BF_ ,=0.005), but not in the AUT group
(Dwell: F(2,30)=1.195, p=.317, partial #>=0.074; Prop
fixations: F(2,30)=1.283, p=.292, partial #>=0.079;
AUT: Prop fixation: BF, ,=0.61; BF_ ,=1.64; Dwell:
BF, ,=0.55; BF__=1.85). Again Bayesian analyses
confirmed the evidence was very strong for the alterna-
tive hypothesis for both measures in the NA group, for
the AUT group the evidence was not very strong for
either the alternative nor for the null hypothesis. NA par-
ticipants’ mean proportion of dwell time was signifi-
cantly longer to Faces than to Background (#(15)=6.06,
p=.001; BF,,=1107.45; BF;<.001) and Bodies
(#(1,15)=3.07, p=.008; BF,,=0.69; BF ,=1.45). Faces

incl

areas also attracted a significantly higher proportion of
fixation in the NA group than the Background
(#(15)=4.48, p=.001; BF,,=76.96; BF;,=0.013)
although no significant differences were found between
Faces and Bodies (#(15)=1.74, p=.102; BF ,=0.88;
BF,,=1.14) and only a marginal difference was found
between Background and Bodies (#15)=2.10, p=.053;
BF,,=1.44; BF,=0.69).

Gaze following behaviour

Overt gaze following. Overt gaze following was measured
as saccades originating within the Face AOI during the
critical period of interest in the direction of the eventual
target with amplitudes greater than 2° visual angle,
between the start of the actor’s gaze shift and the last
frame before the target being gazed at became visible.
This ensured that the saccades were occurring only in
response to the actor’s gaze cue and not the appearance of
an object in the periphery. The gaze following rate was
calculated as a proportion of gaze shifts resulting in a sac-
cade meeting the above criteria out of the four shifts (see
Figure 3). PIQ covaried with gaze following rate (p=.036),
hence it was included in the analyses. This ANCOVA
revealed a significant main effect of condition
(F(1,51)=4.939, p=.031, partial °=0.088; BF. . =1.14;

incl
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BF_ ,=0.88) as participants significantly followed gaze
shifts more in the Video than ‘Live’ condition. However,
Bayesian analyses did not provide strong evidence for
neither the null nor the alternative hypotheses in terms of
overall differences across conditions. Neither the main
effect of Group (BF, ,=0.24; BF_  ,=4.14) nor the inter-
action between Group and Condition were significant
(p>.05; BF, ,=0.27; BF__,=3.75), a finding supported
also by the Bayesian analyses.

Covert gaze following. Covert attention to gazed-at areas
was calculated by comparing the mean proportion of dwell
time towards gazed-at targets during the shift period and
before the shift occurred (see Gregory et al., 2015 for
details). An ANOVA conducted with Condition (Video vs
‘Live’) and Group (NA vs AUT) as between-participants
factors and Time (i.e. Before shift vs During shift) as the
repeated measures factor revealed that the only effect that
yielded significance was the main effect of Time. Mean
proportion of dwell time towards gazed-at areas was sig-
nificantly higher during the shift period than before the
gaze shift (F(1,61)=17.086, p <. 001, partial #>=0.219;
BF. .=309.2; BF__ ,=0.003), regardless of condition

incl exc 1

(BF. ,=0.58; BF__,=1.73; see Figure 3).

incl exc |

Discussion

Studies using pre-recorded videos or photographs consist-
ently show that attention towards social stimuli is reduced
in autistic samples, relative to non-autistic samples.
However, this is not always the case when studies use real
social scenarios instead. To date, it has been difficult to
determine whether the presence of a real person alone is
responsible for the discrepancy in findings as methodo-
logical differences across studies prevent meaningful com-
parisons. To overcome this limitation, this study aimed to
investigate looking behaviour in a sample of autistic and
non-autistic participants by directly comparing social
attention towards ‘reel’ people and towards what partici-
pants believed to be people in real time. Specifically, in
this study half of the participants watched a video (Video
condition) and the other half watched exactly the same
video, but they are made to believe they were watching a
live webcam feed (‘Live’ condition).

As predicted, in the Video condition, autistic partici-
pants showed significantly reduced social bias relative to
the non-autistic participants. Non-autistic participants
dwelled significantly longer, and fixated more often, on
faces and bodies than the background when the scene was
known to be pre-recorded. This was not the case for
autistic participants; attention allocation in this group
was not significantly different for any of the Areas of
Interest. However, when viewing what participants
believed to be a social scenario in real time (i.e. ‘Live’
condition), there were no group differences in viewing
behaviour in either mean proportion of dwell time or

proportion of fixations. It could be argued that there is
not much difference between the two conditions used in
this study. However, this is a robust finding, given the
large effect sizes of the interactions between Area of
Interest and Group (both measures n?>=0.14) and
Bayesian factors suggestive of very strong evidence for
the alternative hypothesis (both measures > 66). In terms
of gaze following, no group differences were found in
overt or covert gaze following in either condition.
Participants in both groups were significantly more likely
to overtly follow gaze in the Video condition relative to
the ‘Live’ condition, but both groups followed gaze cov-
ertly, as evidenced by biased attention towards the gazed
at targets in both conditions.

It is difficult at this stage to pinpoint what it is about
watching people in real time that drives such marked dif-
ference between conditions in non-autistic people. The
most likely explanation, already put forward by Gregory
et al. (2015), is that when watching a video, it is assumed
that one is watching actors, not real people, and hence the
usual social norms need not be applied. Instead, when
watching people in real time, the assumption is that one is
watching real people and hence social norms such as
Goffman’s (1963) principle of ‘civil’ inattention are auto-
matically activated.

The combined findings from the autistic and non-autis-
tic participants have important implications for future
research in social attention. The first, and probably most
important, relates to the controversy regarding the method-
ologies used to study social attention. There is no doubt
that there is a need to better understand what factors modu-
late our social attention when taking part in social situa-
tions, especially in the autistic population; at the end of the
day, what we are trying to explain is the social difficulties
experienced in everyday life. However, we would like to
argue that studying social attention both within social
interactions and with pre-recorded videos/pictures are both
informative, especially when combined, as they seem to be
assessing different aspects of social attention. For illustra-
tion, in this study by using both methodologies we reveal,
first, that non-autistic participants display a strong bias
towards social stimuli when freely observing people and
that this bias is inhibited when observing what are believed
to be people in real time and, second, that this is not the
case for autistic people. When non-autistic people are free
to observe, that is, when the stimulus is known to be a
recording, it is likely that their viewing behaviour is driven
by early social bias present from birth (e.g. Morton &
Johnson, 1991). In contrast, when they are placed in a gen-
uine social scenario, and people become ‘real’, their view-
ing behaviour is likely to be modulated by social norms
and social engagement rules. This is, in our view, an
important distinction that explains the apparent contradic-
tory findings in previous literature and allows for a more
refined understanding of social attention processes both in
autism and in the non-autistic population.
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In relation to autism, these findings seem to add support
for the notion of a reduced innate social bias in autistic
people (Chevallier et al., 2012; Hobson, 1993, 2004;
Kanner, 1943) that remains across the lifespan. By and
large, when watching videos, the evidence points to a
reduced bias towards faces in both children and adults
relative to non-autistic samples (for a review see Guillon
et al., 2014), regardless of the number of distractors pre-
sent (Freeth et al., 2011; Harrison & Slane, 2020).
However, this reduced innate social bias does not translate
into differences in social attention when viewing real
social scenarios, or people in real time, as investigated in
this study and the two other studies that compare directly
both mechanisms in autism (Canigueral et al., 2021;
Grossman et al., 2019). It could be argued that it is because
autistic people use social norms in the same way than non-
autistic people do, at least in adulthood. This suggestion
would be supported by the fact that autistic participants
inhibited gaze following as much as non-autistic partici-
pants in the ‘Live’ condition. However, the everyday dif-
ficulties they experience interacting with non-autistic
people and the emerging evidence coming from studies
using naturalistic settings (e.g. Freeth & Bugembe, 2019)
tell us that it is more likely the differences are subtle and
need to be further explored.

Future research will also need to map the developmen-
tal pattern in autism of the ability to use head turns as a
signal to potentially relevant events. Studies with autistic
children indicate that they are less likely to follow gaze
and they do not seem to assign the same social value to
gazed-at objects than comparison samples (Riby et al.,
2013; Swanson & Siller, 2013), even in the presence of a
social partner (Leekam et al., 2000). As shown in this and
other studies (i.e. Freeth et al., 2010; Swettenham et al.,
2003), by adulthood, autistic people are as likely as non-
autistic people to follow gaze, possibly as a result of a
learning process, although there are indications that autis-
tic people may not process the gazed-at objects in the same
way (e.g. Fletcher-Watson et al., 2009; Freeth et al., 2010).

Finally, a more crucial aspect yet to be explored is the
role that the diagnostic status of social partners may have
in modulating social attention during social interactions.
Recent evidence shows that, although unconventional,
social interaction patterns between autistic participants are
as effective in creating rapport and in transmitting infor-
mation than mixed (i.e. autistic and non-autistic) dyads
(Crompton et al., 2020; Heasman & Gillespie, 2019).
Hence, it is important to investigate, how social attention
may differ when interacting with an autistic or non-autistic
partner, and, whether this difference has an actual bearing
on the quality of the interaction.

Further studies will also have to investigate the extent
to which the findings from this study would generalise to
autistic people with learning disabilities (LDs). Although
the study did not predetermine exclusion criteria based on

LD, the fact that none of the participants in the autistic
sample had LD suggest that there was a selection bias. In a
recent review, Russell et al. (2019) estimated that 94% of
autistic participants in research studies published in the top
4 autism journals did not have LD. This is problematic
both in terms of our understanding of autism and also has
consequences for intervention development. As by Russell
et al. (2019), we would like to encourage researchers to
develop recruitment strategies that ensure an accurate rep-
resentation of the autistic population. Three further meth-
odological limitations are worth highlighting. First, data
were collected in three different locations, which means
any differences between conditions may relate to testing
differences at the different sites and not the experimental
manipulation. The fact that results replicate those of
Gregory et al. (2015) who found the same difference in
non-autistic participants tested at the same location lessens
to some extent this concern. Second, the control question
to test the experimental manipulation was misunderstood
by some participants (i.e. some thought the social scenario
was live, but staged). Third, the study used a small sample
size. Although Bayesian analyses ameliorate to some
extent the use of small sample sizes, it does not so fully
(McNeish, 2016). Hence, a replication with a larger sam-
ple may be needed and to also explore whether watching a
real or staged interaction in itself may be one of the factors
that affect eye behaviour.

In terms of typical social attention, this study demon-
strates that the mere belief that we are observing people in
real time is enough to trigger a qualitative difference in
gaze behaviour rather than potential interaction being nec-
essary for this to emerge, as it has been suggested else-
where (Gregory & Antolin, 2019; Laidlaw et al., 2011).
What seems clear, from this and previous studies, is that
investigating social attention requires more nuanced theo-
retical models that explain the inter-relation between bio-
logically determined social biases and social norms both in
autism and in the typical population. As argued earlier,
Goffman’s (1963) principle of ‘civil’ inattention may be
playing a role in the findings from this study. However,
‘civil’ inattention is just one of the many factors that con-
tribute to the modulation of social attention in naturalistic
settings. As discussed in the introduction, other factors
such as gaze direction, stages in conversation or spatial
relations contribute to social attention patterns. Hence, it is
crucial to shift our efforts to understanding the role of
social norms in social attention by the use of naturalistic
studies systematically investigating the influence of con-
textual factors and social norms. Such an understanding
would in turn contribute to a more refined understanding
of what may be different, or not, in autism. While evidence
supports the notion that the innate bias towards attending
social stimuli may be reduced, we have little information
about their of use social norms to modulate social attention
in social interactions.
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Notes

1. We use the term non-autistic as opposed to neurotypical as
participants in most studies are not screened for other neu-
rodivergent conditions such as dyslexia or ADHD.

2. The number of fixations was also measured. However, the
statistical analyses for this variable practically mirrored
those of the proportion of fixations. To avoid unnecessary
redundancy, these results are not reported.

3. The main reason for such a relatively low cut-off point was
that the reasons provided by participants for not believing
it was live suggested that some participants misinterpreted
the question as asking not if it was live per se but if it was
a natural, spontaneous interaction, rather than a staged one.
It was therefore decided, to maximise the sample size, to
just remove participants with the lowest possible score. To
explore whether removing more participants influenced the
findings, we conducted the same analyses reported here
including only those participants that scored 4 and above.
The findings did not change. There was still a significant
3-way interaction and a 2-way interaction with NA partici-
pants, but not AUT participants, showing increased dwell
and proportion of fixations to heads in the Video but not in
the ‘Live’ condition.

4. Although we fully support Open Science practices, at the
time of data collection, requesting consent to make the data
publicly available was not standard practice, which regret-
tably prevents us from sharing the data openly.
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