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Abstract

Background: Recent research has identified differences in relative attention to competing social versus non-social
video stimuli in individuals with autism spectrum disorder (ASD). Whether attentional allocation is influenced by the
potential threat of stimuli has yet to be investigated. This is manipulated in the current study by the extent to
which the stimuli are moving towards or moving past the viewer. Furthermore, little is known about whether such
differences exist across other neurodevelopmental disorders. This study aims to determine if adolescents with ASD
demonstrate differences in attentional allocation to competing pairs of social and non-social video stimuli, where
the actor or object either moves towards or moves past the viewer, in comparison to individuals without ASD, and
to determine if individuals with three genetic syndromes associated with differing social phenotypes demonstrate
differences in attentional allocation to the same stimuli.

Methods: In study 1, adolescents with ASD and control participants were presented with social and non-social video
stimuli in two formats (moving towards or moving past the viewer) whilst their eye movements were recorded. This
paradigm was then employed with groups of individuals with fragile X, Cornelia de Lange, and Rubinstein-Taybi
syndromes who were matched with one another on chronological age, global adaptive behaviour, and verbal adaptive
behaviour (study 2).

Results: Adolescents with ASD demonstrated reduced looking-time to social versus non-social videos only when
stimuli were moving towards them. Individuals in the three genetic syndrome groups showed similar looking-time but
differences in fixation latency for social stimuli moving towards them. Across both studies, we observed within- and
between-group differences in attention to social stimuli that were moving towards versus moving past the viewer.

Conclusions: Taken together, these results provide strong evidence to suggest differential visual attention to competing
social versus non-social video stimuli in populations with clinically relevant, genetically mediated differences in socio-
behavioural phenotypes.

Keywords: Autism spectrum disorder, Fragile X syndrome, Cornelia de Lange syndrome, Rubinstein-Taybi syndrome,
Social attention, Eye-tracking
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Background

Eye-tracking technology has been used to differentiate be-
tween people with and without autism spectrum disorder
(ASD), with relative consistency, using measures of social
attention. Furthermore, the extant literature indicates dif-
ferences in social attention between groups of individuals
displaying divergent profiles of social behaviour. For ex-
ample, reduced attention to social information has been
reported in ASD, which is associated with social with-
drawal, whereas increased attention to social information
has been reported in Williams syndrome, which is associ-
ated with hyper-sociability [1-4].

A plethora of research has indicated that people with
ASD do not allocate as much attention to social informa-
tion as typically developing (TD) individuals. For example,
studies have reported that people with ASD spend less
time than TD individuals viewing people and faces in
static pictures of social interactions [4, 5], and further re-
search suggests that reduced face gaze in ASD reflects a
lack of interest in social information as it extends to hu-
man actors, cartoon images or movies, and clips of natur-
alistic social scenes [1, 6]. Attention to social stimuli has
also been linked to social behaviour [6—8] with reduced
social attention being associated with more severe autism
symptomatology and consequently more impaired social
communicative ability. However, these studies compare
looking-time to social and non-social information within a
single coherent scene. Therefore, participants in these
studies are not required to choose between looking at
social information or non-social information as these are
both contained within the same stimulus.

When a direct comparison of preference for looking at
social versus non-social scenes is used, the findings also re-
veal that toddlers with ASD do not allocate as much atten-
tion to social stimuli as TD toddlers. Pierce and colleagues
[9] measured total time spent looking at social video clips
(videos of children dancing) compared with videos contain-
ing dynamic geometric shapes. Results indicated that tod-
dlers with ASD spent significantly more time fixating on
the geometric stimuli than did TD toddlers or toddlers with
a developmental delay [9]. Klin and colleagues [10] similarly
observed that TD toddlers and toddlers with developmental
delays exhibited a visual preference for displays of human
biological motion versus inverted displays resembling non-
biological motion, whereas toddlers with ASD did not
exhibit this preference.

Although some studies contradict this by reporting typ-
ical overall looking-times to social versus non-social infor-
mation in individuals with ASD, more nuanced analyses
continue to reveal atypicalities in attention allocation to
social information. For example, in a study where a static
social scene was presented alongside a static non-social
scene, overall looking times did not differ between adoles-
cents with ASD and TD adolescents. However, a preference
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for social scenes at the first fixation was absent for
those with ASD but present for TD individuals [11],
indicating reduced attentional prioritisation of social
information in ASD.

The nature of social and non-social information may
also influence looking patterns in those with ASD. Sasson
and Touchstone [12] recently reported no differences be-
tween pre-schoolers with ASD and TD pre-schoolers on
overall attention allocation to social versus non-social
stimuli except for when the non-social stimuli represented
common circumscribed interests of children with autism.
When non-social stimuli were related to circumscribed in-
terests, participants with ASD allocated less attention to
social stimuli than TD controls. In addition, the ecological
validity of social stimuli has been reported to influence at-
tentional abnormalities in ASD. Specifically, videos of so-
cial interaction produced more sensitive group differences
than videos of individual stimuli or static stimuli [13].

Although visual attention to social versus non-social
information has been explored extensively in individuals
with ASD, to date, studies using preferential looking para-
digms to examine looking patterns to directly competing,
dynamic, social, and non-social stimuli, such as those
reported by Pierce and colleagues and Klin and colleagues
[9, 10], have only used stimuli that are facing the partici-
pant. It is important to look at the factors that may
influence typical and atypical social attention in individuals
with ASD and other neurodevelopmental disorders. One
possibility is that social information may be more threaten-
ing to individuals with ASD, which has been associated
with heightened social anxiety (see [14] for a review) and
social impairment. The current study aims to explore this
further by presenting social and non-social stimuli, where
the actor or object is either moving towards or moving past
participants, to individuals with different neurodevelop-
mental disorders that are each differentially associated with
social anxiety and social impairment. It has been proposed
that biological motion that is facing towards the viewer is
potentially more threatening than stimuli that are oriented
away from the viewer. This ‘facing-the-viewer’ bias has also
been associated with a heightened state of physiological
arousal [15]. Therefore, the ‘moving towards’ stimuli pre-
sented in the current study are proposed to be more threat-
ening than the ‘moving past’ stimuli. Further, individuals
with anxiety without a neurodevelopmental disorder have
been reported to show faster orienting to threatening
stimuli, but not pleasant stimuli, when compared to non-
anxious individuals (see [16] for a review). Although the
current study does not directly measure anxiety in individ-
uals with ASD, it is possible to postulate the extent to which
social anxiety or social indifference governs atypical social
attention in ASD. For example, social anxiety may subserve
a pattern of results whereby participants demonstrate
reduced looking to social stimuli only when it is moving
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towards them whereas reduced looking to both sets of
social stimuli would more likely be governed by social
indifference.

Although the effect that this particular stimulus feature
has on attentional allocation in ASD has not yet been in-
vestigated in depth, some study results have suggested that
differences may emerge when this subtle factor is manipu-
lated. For example, Chawarska and colleagues showed that
when dyadic communication cues were introduced in a
video of an actress making a sandwich, toddlers with ASD
spent less time looking at scenes, and the actor in scenes,
involving direct communication when the toys were mov-
ing in the background, than TD toddlers and toddlers with
a developmental disability but no ASD. This suggests that
the toddlers with ASD do not show a general deficit in
attending to people but, rather, that reduced attention
becomes apparent only in the presence of direct com-
munication bids [17]. Similarly, increased activation in a
number of brain regions has been reported when TD par-
ticipants have observed a male walking towards them with
direct gaze compared with averted gaze, which has not
been replicated in ASD [18]. The manipulation of 'di-
rected towards' used in these studies is perhaps the most
similar manipulation that has been used in the existing lit-
erature to date, to the current 'moving towards' versus
'moving past' manipulation. These studies are discussed
above as they provide a starting point for guiding hypoth-
eses. However, the direction of stimuli was not assessed in
these studies so we cannot assume that this was driving
these results. Furthermore, ‘moving towards’ versus ‘mov-
ing past’ was used in the present study in order to poten-
tially increase the contrast between degrees of threat.

Although social attention abnormalities have also been
demonstrated in ASD using stimuli that are not facing
participants [6], incorporating this subtle experimental
manipulation into a relatively simple preferential looking
paradigm with directly competing social and non-social
stimuli allows further delineation of social information
processing in this group in a way that can break down the
features of the stimuli that may result in abnormal atten-
tion patterns. Delineating this potential relationship is
more achievable using a preferential looking paradigm as
opposed to when facing and non-facing social and non-
social stimuli are incorporated within a singular scene or
video, which is largely used in the existing literature.

In the current studies, we use a preferential looking
paradigm to explore social attention to dynamic social and
non-social stimuli that are either moving towards or mov-
ing past the viewer in adolescents with ASD versus indi-
viduals with special education needs (SEN) without ASD
(study 1). As a relationship between social behaviour and
social information processing has previously been docu-
mented [1-4, 6-8], we aim to further examine the value
and validity of this paradigm to index variability in social-
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behavioural phenotypes. To do this, we employ this same
paradigm to examine social attention in individuals with
three different genetic syndromes associated with unique
social profiles: fragile X (FXS), Cornelia de Lange (CdLS),
and Rubinstein-Taybi syndromes (RTS; study 2).

Previous literature, such as that reported above, has fo-
cussed on atypicalities in social information processing to
help explain some of the social interaction difficulties ob-
served in children and adults with ASD. Limited research
has been conducted to further understand social informa-
tion processing skills in children and adults with neurode-
velopmental disorders, other than ASD that are also
associated with social interaction difficulties. The three
genetic syndromes studied here are associated with varied
profiles of social behaviour, some aspects of which are
comparable across the syndromes whilst other aspects are
subtly different. One aim of this study is to use implicit
measures, which reduce performance demand, to compare
and contrast social information processing in FXS, CdLS,
and RTS. Understanding social cognition may have im-
portant implications for further understanding the socio-
behavioural impairments associated with these syndrome
groups. However, as FXS, CdLS, and RTS are associated
with intellectual disability, using measures that are typic-
ally used in mainstream social cognition literature may
influence results and indicate impairments in social cogni-
tion that are more likely a result of task demands.

Across a number of studies using eye-tracking method-
ology, Riby and colleagues have consistently reported a
link between visual processing of social information using
implicit measures and socio-behavioural characteristics.
Specifically, individuals with Williams syndrome, which is
associated with hyper-sociability, have been shown to
spend more time looking at faces, and the eye region of
faces, than TD participants [1, 2, 4]. On the other hand,
the same series of studies has highlighted that individuals
with ASD, which is associated with social withdrawal,
spend less time looking at faces and eyes than TD partici-
pants. In addition, individuals with Williams syndrome
have shown stronger emotional expression processing
skills than individuals with ASD [19] and a greater ability
to interpret cues from eye gaze [20]. These studies point
to lower levels of interest in social information in individ-
uals exhibiting social withdrawal and heightened interest
in social information in individuals exhibiting hyper-
sociability.

FXS is the most common cause of inherited intellectual
disability [21], affecting approximately 1 in 4000 males
and 1 in 8000 females [22]. FXS has been associated with
social anxiety, shyness, and eye gaze aversion [23, 24].
However, it has been suggested that these avoidant behav-
iours occur primarily during initial interactions, giving
way to increasing social approach behaviours over time
[25, 26]. As an X-linked disorder, females display fewer
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cognitive and social impairments [27]. CdLS is a genetic
disorder affecting approximately 1 in 40,000 live births
[28] and is associated with intellectual disability, se-
lective mutism, social anxiety, and shyness [29-32].
RTS is also a genetic syndrome associated with intel-
lectual disability affecting approximately one in 100,000—
125,000 live births [33]. In contrast to FXS and CdLS,
research generally suggests that individuals with RTS
are sociable, with higher levels of social interest and
social contact compared with a matched contrast
group [34].

Due to the comparative rarity of FXS, CdLS, and RTS to
ASD, the literature regarding social information process-
ing is more limited in these genetic syndrome groups.
One study that has investigated social information pro-
cessing in FXS measured looking patterns to photographic
scenes that incorporated social stimuli but manipulated
the location of the social stimuli within the scene, thereby
allowing comparison of attention allocation to social infor-
mation when non-social information is also available [35].
No differences in the amount of time spent looking at so-
cial information were reported between those with FXS
and controls matched on chronological and mental age.
However, participants with FXS were faster than TD par-
ticipants to look away, indicating active social avoidance.
These results suggest that more nuanced analyses includ-
ing speed of gaze aversion may highlight subtle differ-
ences. Out of the 14 participants with FXS in the study
conducted by Williams et al. [35], 12 were female. Due to
documented gender differences in FXS, it cannot be deter-
mined whether the same results would extend to males
with FXS. Other studies utilising eye-tracking technology
to investigate social information processing in FXS have
focussed on looking patterns to faces. As faces are social
in nature, visual preference for social or non-social infor-
mation cannot be gleaned from these studies. However,
they do provide evidence that social processing may be
impaired in this syndrome group. These studies have been
conducted primarily to investigate looking patterns to
the eye region of facial stimuli and report reduced time
spent looking at the eyes in participants with FXS com-
pared to TD participants [36—38] and compared to in-
dividuals with ASD [39].

Hypotheses

It was hypothesised that individuals with ASD would ex-
hibit reduced looking to social versus non-social stimuli
that is moving towards the viewer, when compared with a
group of individuals with SEN who were matched for
chronological age (CA) and verbal abilities but did not
have ASD. This hypothesis was based directly upon previ-
ous research in which stimuli were people facing towards
the camera [9, 10]. This study also allows for examination
of whether or not the relative reduced looking at social
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versus non-social stimuli is present for stimuli that is
moving past the viewer.

Previous literature indicates differences in social pro-
cessing that map onto social behaviours [1, 4]. Due to
subtle differences in the documented socio-behavioural
characteristics of the genetic syndrome groups of focus in
this study, between-group differences in visual attention
for social videos were hypothesised. Specifically, due to re-
ports of sociability and social interest in RTS, it was pre-
dicted that participants with RTS would direct more
visual attention towards social versus non-social stimuli,
whereas individuals with FXS and CdLS would not exhibit
this visual preference, in line with the reported social anx-
iety and shyness observed in these groups. These hypoth-
eses were based upon the documented socio-behavioural
phenotypes of the syndrome groups. However, the absence
of previous literature on social versus non-social prefer-
ence in the syndrome groups precludes us from making
strong specific predictions (for visual scanning of social
stimuli only, see [36—40] for FXS and [41] for CdLS and
RTS). Due to the documented socio-behavioural profiles
of both FXS and CdLS indicating social anxiety, a
parental-report measure of this behaviour was included in
the present study in an effort to investigate the potential
relationship between social anxiety and visual attention to-
wards social stimuli. Whilst it would have been interesting
to investigate this potential relationship in the ASD group,
limited access to parents when testing adolescents with
ASD in a school setting rendered this unfeasible. Further-
more, because FXS, CdLS, and RTS are associated with in-
tellectual disability, it was not possible to compare the
ASD or SEN participants in the current study. Specifically,
due to the wide range of chronological ages and ability
levels in our participants with FXS, CdLS, and RTS, the
Vineland Adaptive Behavior Scale (VABS)-II [42] was used
in place of an intellectual quotient (IQ) measure. However,
it was possible to obtain verbal IQ data on participants
with ASD and SEN. The group comparisons are therefore
split into two studies. The first study reports data from
participants with ASD and SEN who are matched on
chronological age, gender, and verbal IQ. The second
study reports data from participants with FXS, CdLS, and
RTS who are matched on chronological age and adaptive
behaviour.

Study 1

Methods

Participants

Sixteen adolescents with ASD and 16 adolescents
with SEN but no diagnosis of a neurodevelopmental
disorder were included in study 1. All participants
were recruited from a secondary school local to the
research base and had normal or corrected to normal
vision. An educational psychologist had previously
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diagnosed all 16 participants in the ASD group and
ruled out a diagnosis of ASD in all 16 adolescents in
the SEN group. The Autism Diagnostic Observation
Schedule (ADOS) [43] was administered by a research-
trained examiner to confirm the presence or absence
of a diagnosis in participants in the ASD and SEN
groups, respectively. The verbal similarities and word
definitions portions of the school-age British Ability
Scales—second edition [44] were administered to all
participants in order to provide standardised informa-
tion on verbal abilities. Participant characteristics are
presented in Table 1.

Ethics, consent, and permissions

Parents of participants were sent information about the
study and given the opportunity to opt their child out of
participation. Additionally, all participants provided fully
informed written consent prior to participation. This
consent process was in accordance with an ethical
protocol that was approved by the Science, Technol-
ogy, Engineering, and Mathematics Ethical Review
Committee at the University of Birmingham.

Apparatus

An EyeLink 1000 Tower Mount system was used to
measure participant’s dwell time and eye movements.
It has a temporal resolution of 2 ms (500 Hz), spatial
accuracy of 0.5°-1° visual angle, and a spatial resolution
of 0.01°.

Stimuli

During each trial, participants were presented with two
videos side by side for 8000 ms. The videos were either
social, where an actor was the focus of the video, or non-
social, where an object was the focus of the video. Both
videos were either ‘moving towards’ or ‘moving past’. In
the ‘moving towards’ videos, the person or object moved
towards, or conducted an action (e.g., blowing bubbles)
towards, the viewer. In the ‘moving past’ videos, the per-
son or object moved past or conducted an action past the
camera in a perpendicular fashion. Figure 1 shows an
example of stimuli at three time points (between 0 and

Table 1 Participant characteristics and comparison statistic for
adolescents with autism spectrum disorder (ASD) and special
educational needs (SEN)

ASD SEN p value
(n=16) (n=16)
CA mean (SD) 1333 (62) 13.06 (.90) 323
Gender percentage female 6.25 6.25 1.00
Verbal ability standard scores (SD) 71.94 (18.55) 77.75 (15.17) 340
ADOS mean score (SD) 1267 (3.958) 213 (2094) < .001
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8000 ms) in each of the conditions: the social ‘moving
towards’ condition (Fig. 1a), the social ‘moving past’ condi-
tion (Fig. 1b), the non-social ‘moving towards’ condition
(Fig. 1c), and the non-social ‘moving past’ condition
(Fig. 1d). There were 28 trials in total, half of which con-
tained one social video moving towards the viewer and
one non-social video moving towards the viewer, whilst
the other half contained one social video moving past the
viewer and one non-social video moving past the viewer.
Trials were counterbalanced so that the social and non-
social videos were presented an equal number of times on
the left and right side of the screen. Examples of social
videos include a person skipping, a person blowing bub-
bles, and a person walking whilst talking on the phone.
Examples of non-social videos include a train, an aero-
plane, and a ball bouncing down steps. Actors in all of the
videos wore plain black clothing and displayed a straight-
ahead gaze and neutral facial expression. Each video
subtended an average of 9.15x 13.79° of visual angle
and was displayed on a white background. The videos
were positioned side by side, separated by a gap of 1.25°
of visual angle.

Procedure

All participants were tested at their school and were
seated approximately 50 cm from the computer screen
displaying the stimuli. A five-point calibration was per-
formed prior to the experiment in which participants
looked at an animated blue dolphin that changed pos-
ition around the screen. Following calibration, partici-
pants were presented with 28 trials. In between each
trial, the animated dolphin, which served as a central fix-
ation point, was displayed for 1000 ms, except for prior
to every fifth trial when a single-point calibration drift-
correction was made. Participants were told to look
wherever they wished on the computer screen whilst the
videos were presented but to look at the dolphin in
between trials.

Data analysis

The current study uses measures of overall dwell time to
social versus non-social stimuli and time taken to orient
to social versus non-social stimuli, as well as incorporat-
ing the manipulation of the direction of the stimuli. Fix-
ations were assessed as occurring when eye movement
did not exceed a velocity threshold of 30°/s, an acceler-
ation threshold of 8000°/s>, or a motion threshold of
0.1°, and the pupil was not missing for three or more
samples in a sequence. To determine whether partici-
pant groups differed in the amount of time spent look-
ing at social relative to non-social videos, the mean
proportion of dwell time to stimuli moving towards
(Equation 1) and stimuli moving past (Equation 2) the
viewer was calculated for each participant. This indicates
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Fig. 1 An example of the dynamic stimuli presented during the social ‘moving towards’ (@), social ‘moving past (b), non-social ‘moving towards (c),
and non-social ‘'moving past (d) conditions. Written informed consent for publication of their image was obtained from the actor in (a) and (b)

8000 ms

what proportion, out of the total time spent looking at both
videos on the screen, was spent viewing the social stimuli.

Equation 1. Dwell time formula for stimuli moving
towards the viewer.

Mean % of dwell time on social ‘moving towards’ videos

+ mean % of dwell time on non-social ‘moving towards’ videos

(1)

(Mean % of dwell time on social ‘moving towards’ videos

Equation 2. Dwell time formula for stimuli moving
past the viewer.

Mean % of dwell time on social ‘moving past’ videos

Mean % of dwell time on social ‘moving past’ videos
-+ mean % of dwell time on non-social ‘moving past’ videos

(2)

To determine whether participant groups differed in
their speed to fixate to social relative to non-social videos,



Crawford et al. Molecular Autism (2016) 7:24

the mean ratio of the latency of first fixations to social ver-
sus non-social videos was calculated for each participant
for stimuli moving towards (Equation 3) and stimuli mov-
ing past (Equation 4) the viewer. A ratio above 1 reflects
quicker fixation to social stimuli, so, for example, a ratio
of 3 indicates that participants fixated to social stimuli
three times faster than non-social stimuli.

Equation 3. First fixation latencies formula for stimuli
moving towards the viewer.

Mean time taken to fixate on non-social ‘moving towards’ videos

Mean time taken to fixate on social ‘moving towards’ videos
(3)

Equation 4. First fixation latencies formula for stimuli
moving past the viewer.

Mean time taken to fixate on non-social ‘moving past’ videos

Mean time taken to fixate on social ‘moving past’ videos
(4)
These ratios were subjected to a logarithmic (Lg')
transformation in order to meet criteria for normal dis-
tribution. Data from one participant with ASD, one par-
ticipant with SEN, one participant with RTS, and two
participants with FXS were excluded from parametric
analyses, as they could not be transformed to normal-
ity due to ratios below zero. Due to the potential bias
this creates in the data, we also confirmed the find-
ings using non-parametric tests, performed with the

original ratios that were not normally distributed.

Results

Dwell time

On average, participants with ASD and SEN spent 92
and 86 % of trial time looking at the videos, respectively,
indicating good levels of task engagement. Figure 2 de-
picts the proportion of dwell time on social versus non-
social stimuli in the ‘moving towards’ and ‘moving past’

0.9 mASD
(]
OSEN
'.E 0.8
2
© 07
E *
[%3 ~
206
— T
o ES
§05
2
go4
-8
0.3
moving towards moving past
Stimulus type
Fig. 2 The mean (+1 SE) proportion of social dwell time on 'moving
towards' and 'moving past' videos for adolescents with autism spectrum
disorder (ASD) and adolescents with special educational needs (SEN)

Page 7 of 12

conditions. A 2 x 2 mixed ANOVA was conducted where
direction (moving towards/moving past) was the within
subjects factor and participant group (ASD, SEN) was
the between subjects factor. A main effect of direction
was revealed (F (1, 30) = 17.029, p <.001). Neither a main
effect of participant group (F (1, 30) =2.657, p =.114)
nor a significant interaction was observed (F (1, 30) =
2.112, p=.156). As previous studies have used stimuli
facing the viewer and have consistently observed ef-
fects of participants with ASD looking less to social
stimuli than control participants [9, 10], we employ
two hypothesis-driven a priori independent ¢ tests in
order to determine whether or not these effects replicate
in the current data. These revealed that adolescents with
SEN demonstrated a significantly higher proportion of so-
cial versus non-social looking at stimuli moving towards
the viewer compared to adolescents with ASD (¢ (30) =
2.183, p =.037). This difference was not observed for
stimuli moving past the viewer (¢ (30) =.346, p = .732).

In order to ensure that the observed effects were not
driven by circumscribed interests, such as interest in ve-
hicles in the ASD group, image-wise analyses were con-
ducted whereby a dwell time of 2x standard deviations
above or below the group mean dwell time was consid-
ered an outlier. These analyses revealed that none of the
images used in the present study yielded dwell times that
were deemed outliers for the ASD group.

First fixation latencies

In the following analyses, a larger ratio indicates quicker
fixation to social versus non-social stimuli. Figure 3
depicts the first fixation latencies for social versus non-
social stimuli in the ‘moving towards” and ‘moving past’
conditions. A 2 (moving towards/moving past) x 2 (ASD/
SEN) mixed ANOVA was conducted. No main effects or a
significant interaction were observed (moving towards/
moving past: F (1, 28) =3.029, p =.093; ASD/SEN: F (1,
28) =.149, p = .702; interaction: F (1, 28) = 1.091, p = .305).

Study 2

Methods

Except where mentioned, the methods used in study 2
were identical to those used in study 1.

Participants

Fifteen individuals with FXS, 14 individuals with CdLS,
and 19 individuals with RTS were included in study 2.
Participant characteristics are presented in Table 2. Due
to documented gender differences, all participants with
FXS were male. Participants were either recruited
through the participant database of the Cerebra Centre
for Neurodevelopmental Disorders, the Cornelia de
Lange Foundation UK and Ireland, or the Rubinstein-
Taybi Syndrome UK Support Group. All participants
had previously received a diagnosis by a paediatrician or
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Ratio of time to fixate on social to non-
social stimuli
[}
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moving past

Fig. 3 The mean (+1 SE) ratio of first fixation latencies on social to
non-social stimuli for adolescents with autism spectrum disorder
(ASD) and adolescents with special educational needs (SEN)

clinical geneticist and had normal or corrected to nor-
mal vision. Participant groups were matched for CA,
global adaptive behaviour, and verbal adaptive behaviour
as measured by the VABS [42].

Ethics, consent, and permissions

Participants aged 16 years and over, and parents of
participants aged under 16 years, provided fully in-
formed written consent to participate in the study. If
necessary, participants aged 16 years and over were
provided with a symbol sheet to explain the experi-
mental procedure using pictures and short sentences.
Participants were also given a ‘stop’ card, which they
could hold up if they wanted a break or to stop the
experiment, although this was not used by any par-
ticipant. This was in accordance with an ethical
protocol that was approved by the Science, Technol-
ogy, Engineering, and Mathematics Ethical Review
Committee at the University of Birmingham.
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Procedure

Participants were tested individually in a quiet, dimly lit
room either at the University of Birmingham (FXS = 15;
CdLS =2) or at a syndrome support group family meet-
ing (CdLS =12; RTS =19). All participants were seated
approximately 60 cm from the computer screen display-
ing the stimuli. Parents/primary caregivers completed
the VABS [42], the Social Communication Question-
naire (SCQ) [45], and the parent version of the Spence
Children’s Anxiety Scale (SCAS-P) [46]. A researcher
who was trained in ADOS administration at research-
reliable level administered the ADOS [43] to all partici-
pants with FXS.

Results

Dwell time

On average, participants with FXS, CdLS, and RTS spent
83, 89, and 92 % of trial time looking at the videos,
respectively, indicating good levels of task engagement.
Figure 4 depicts the proportion of social versus non-social
dwell time in the ‘moving towards’ and ‘moving past’ con-
ditions. A 2 (moving towards/moving past) x 3 (FXS/
CdLS/RTS) mixed ANOVA revealed a main effect of dir-
ection; participants evidenced a higher proportion of so-
cial versus non-social looking for stimuli moving towards
versus moving past the viewer (F (1, 45) = 45.886, p < .001,
#* = .505). There was no significant main effect of group
or a significant interaction. As all participants with FXS
were male, the three groups were not matched on gender.
Therefore, these analyses were re-conducted with the
CdLS and RTS groups only, who were matched on gender,
to ensure that this did not affect results. These analyses
revealed that the main effect of direction, and lack of sig-
nificant findings for participant group and the interaction,
remained the same when only the CdLS and RTS groups
were compared.

Table 2 Participant characteristics and comparison statistic for children and adults with fragile X (FXS), Cornelia de Lange (CdLS),

and Rubinstein-Taybi (RTS) syndromes

FXS CdLs RTS p value
(n=15) (n=14) (n=19
CA mean (SD) 24.21 (861) 1821 (5.59) 20.94 (11.94) 303°
Gender percentage female 0 57.14 73.68 <001°
Adaptive behavior composite (SD) 47.80 (14.64) 51.29 (17.42) 47.89 (15.95) 798
Adaptive behaviour—communication (SD) 39.40 (17.56) 4879 (21.94) 4794 (17.70) 332
ADOS mean score (SD) 9.6 (5.25) NA NA NA
Participants meeting ASD cut-off 11 NA NA
Participants meeting autism cut-off 5 NA NA

“Participants were also matched on chronological age when compared separately (FXS versus CdLS: t (27) = 1.774, p =.087; FXS versus RTS: t (32) =.891, p =.380;

CdLS versus RTS: t (31) =-.703, p = .487)
PParticipants with CdLS and RTS were matched on gender (x? (1) =.992, p=.319)
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Fig. 4 The mean (+1 SE) proportion of social dwell time on 'moving
towards' and 'moving past' videos for participants with fragile X (FXS),
Comelia de Lange (CdLS), and Rubinstein-Taybi (RTS) syndromes

First fixation latencies

Figure 5 depicts the first fixation latencies to social versus
non-social stimuli in the ‘moving towards’ versus ‘moving
past’ conditions. A 2 (moving towards/moving past) x 3
(FXS/CdLS/RTS) mixed ANOVA revealed a main effect of
participant group (F (2, 42) =3.566, p =.037, 172:.145)
and a significant interaction (F (2, 42) =4.821, p =.013,
5 = .187), indicating differential impact of the direction
of stimuli (moving towards/moving past) on the time
taken to fixate on social relative to non-social stimuli
across the participant groups. Bonferroni corrected post
hoc tests indicated slower fixation to social relative to
non-social stimuli that were moving towards the viewer
in the CdLS group compared to the FXS (p <.001) and
RTS (p=.005) groups. This between-group difference
for ‘moving towards’ stimuli was confirmed with a
Kruskal-Wallis test ()(2 (2) =21.070, p<.001) and fol-
low-up Mann-Whitney U tests (FXS versus CdLS: U =
12.00, p <.001; FXS versus RTS: U =92.00, p =.080; CdLS

12 x ™ 1 BFXS
[ ocdLs
10 *
r 1 ORTS

Ratio of time to fixate on social to non-
social stimuli
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Fig. 5 The mean (£1 SE) ratio of first fixation latencies on social to
non-social stimuli for participants with fragile X (FXS), Cornelia de
Lange (CdLS), and Rubinstein-Taybi (RTS) syndromes
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versus RTS: U =34.00, p <.001). These analyses include a
direct comparison between participants with CdLS and
RTS and, therefore, show that the results are unlikely
to be driven by gender differences as gender is matched
across these two groups. Paired samples ¢ tests further
revealed that participants with CdLS fixated to social
relative to non-social stimuli slower when stimuli were
moving towards versus moving past the viewer (£(13) =
-4.415, p=.001; confirmed with Wilcoxon Signed
Ranks Test, Z=-3.107, p =.002), whereas participants
with RTS demonstrated the opposite pattern (£(17) =
2.247, p = .038; confirmed with Wilcoxon Signed Ranks
Test, Z=-2.213, p=.027), and participants with FXS
showed no difference between ‘moving towards’ and
‘moving past’ ratios (p >.051; confirmed with Wilcoxon
Signed Ranks Test, Z = —.682, p = .496).

Association between participant characteristics and social
preference

Spearman correlations revealed a significant positive as-
sociation between the proportion of social dwell time on
stimuli moving towards the viewer and SCAS-P total
anxiety score (rs (12) =.667, p=.009) and social phobia
subscale score (rg (12) = .548, p =.043) for the FXS group
only. There were no significant relationships between
autism symptomatology, as measured by the SCQ, and
dwell time on stimuli moving towards or moving past
the viewer for any participant group (p >.05). No corre-
lations were revealed for SCAS-P scores and first
fixation latencies for any participant group (p >.05).
However, a moderate positive relationship was revealed
between autism symptomatology and first fixation laten-
cies to stimuli moving towards the viewer for the RTS
group only (rs (16) = .664 (p =.003).

Discussion
In the current studies, we used eye-tracking measures in
conjunction with competing social and non-social videos,
under ‘moving towards’ and ‘moving past’ conditions.
The aim of this work was to determine whether or
not indices of visual preferences or visual salience
distinguish among individuals with and without ASD
and whether this measure is sensitive to differences
between other groups of individuals with differing
socio-behavioural phenotypes as a result of rare gen-
etically mediated syndromes (FXS, CdLS, and RTS).
Consistent with existing literature, adolescents with
SEN evidenced a higher proportion of dwell time for dy-
namic social versus non-social stimuli that were moving
towards them, compared with adolescents with ASD.
Extending the previous literature, the present study re-
ported that this difference was not apparent for stimuli
that were not facing participants. In study 2, analyses in-
dicated that participants with CdLS took longer to fixate
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to social videos moving towards the viewer than did par-
ticipants with FXS or RTS, whereas participants with
FXS and RTS did not differ on this index. Together,
these results suggest that eye-tracking measures of atten-
tional maintenance and prioritisation to dynamic, social
and non-social stimuli that are moving towards viewers
can differentiate between groups of typical versus atyp-
ical social development (study 1), as well as between
groups with subtly different socio-behavioural profiles
(study 2).

Interestingly, although the groups across the two stud-
ies were not directly compared, a visual comparison of
Figs. 2 and 4 show that participants with ASD evidenced
a lower proportion of dwell time for ‘moving towards’
social versus non-social stimuli than did participants
with FXS, CdLS, and RTS, whose looking times more
similarly reflected participants in the SEN group. In the
‘moving past’ condition, it appears that participants with
FXS, CdLS, and RTS showed a slightly higher proportion
of dwell time for social versus non-social stimuli than
did participants with ASD and SEN. Furthermore, a vis-
ual comparison of Figs. 3 and 5 indicate that participants
with FXS fixated quicker, and participants with CdLS
fixated slower, on social ‘moving towards’ stimuli than
any of the five participant groups. Participants with FXS
also fixated quicker on social ‘moving past’ stimuli than
any other participant group. It was not possible to statis-
tically compare the patterns of results across the groups
in these two separate studies because they were not
matched on a number of important participant charac-
teristics. However, the patterns observed suggest that
future studies should aim to recruit and test matching
participant groups in order to explore this further.

The results from study 1 support and extend previous
research that has observed that people with ASD do not
allocate as much attention to social information as do
TD individuals when social stimuli are presented along-
side geometric images and point light displays of non-
biological motion [9, 10]. This highlights the consistency
of findings across ages in this population, from children
through to adolescents, and suggests that reduced atten-
tion to social information is also apparent when social
stimuli are presented alongside more naturalistic non-
social stimuli consisting of objects commonly seen in
everyday life. This study further highlights the important
role of stimulus manipulation and, in particular, the use
of stimuli that are facing the participant, when distin-
guishing differences in attentional allocation between
groups with and without social impairment. These data
pose interesting questions for the role of anxiety in at-
tentional allocation to social stimuli in adolescents with
ASD. It was postulated that social anxiety, rather than
social indifference, would more likely govern visual at-
tention to social stimuli if reduced looking was found
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only in the ‘moving towards’ condition. As this was the
case, it is important to further explore the relationship
between anxiety and social attention in ASD.

Whilst overall looking time to social versus non-social
stimuli did not differ between genetic syndrome groups,
participants with CdLS took longer to fixate to social
stimuli moving towards the viewer than the other
groups. This suggests that attentional prioritisation of
socially salient stimuli is reduced in individuals with
CdLS compared to those with FXS and RTS. This pat-
tern of results in CdLS may be related to social anxiety,
or a reduced ability to interact, both of which have pre-
viously been highlighted in this group [47, 48]. However,
these characteristics have also been associated with FXS,
indicating potentially differential relationships between
social behaviour and social attention for those with
CdLS versus FXS, despite perceptions in the research
community of similar behavioural profiles based on
limited data.

A positive association between social dwell time to
stimuli moving towards the viewer and anxiety was re-
vealed in the FXS group only. This may reflect hypervig-
ilance and heightened attention towards threatening
stimuli. In the present study, it may be the case that ap-
proaching social stimuli are perceived as more threaten-
ing than non-approaching social stimuli. However, social
anxiety has also been reported in individuals with CdLS
[47], but measures of attentional priority for social infor-
mation in this study indicate differences between these
two groups on this measure. This seems to provide some
degree of support for the possibility proposed above that
attentional priority for social information may have a
differential association with social behaviour across indi-
viduals with FXS and CdLS. Finally, the results for indi-
viduals with RTS are generally consistent with some of
the existing, albeit limited, reports of the social pheno-
type of this group. For example, individuals with RTS
have been reported to display social interest, intact social
skills relative to their intellectual ability, and the ability
to initiate and maintain social contacts [34, 49, 50].
Specifically, this group exhibited increased attentional
maintenance of attention towards socially salient (mov-
ing towards) stimuli compared to less salient (moving
past) social stimuli and increased attentional prioritisa-
tion to social stimuli compared to those with CdLS. Not-
ably, our previous studies of social attention in CdLS
and RTS revealed no differences in eye- and mouth-
looking [41], highlighting the importance of specific
manipulations to social attention paradigms.

The current study focuses on drawing comparisons in
looking patterns to social versus non-social stimuli,
whilst investigating the relative effect that stimulus dir-
ection has on visual preference. To our knowledge, this
is the first study to systematically manipulate the extent
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to which stimuli moves towards versus past the viewer.
An interesting avenue for future research would be to
study the effects of stimulus direction independently by
presenting pairs of social and non-social stimuli separ-
ately, where the actor or object in one video moves
towards the viewer and the actor or object in the other
video moves past the viewer. Study 1 documents reliable
eye-tracking data from 16 participants with ASD and 16
control participants. Although this sample size is accept-
able, obtaining a larger sample size may have resulted in
stronger effects. Study 2 produced and examined reliable
eye-tracking data from one of the largest samples of
males with FXS and participants with CdLS and RTS,
three rare genetic syndromes. This is the first study to
compare participants with these three genetic syn-
dromes, each associated with subtly different social
profiles, on a measure of social attention.

Conclusions

In summary, the results of the two studies presented
here suggest that eye-tracking measures of social versus
non-social video stimulus preferences and prioritisation
index differences between groups of individuals with dif-
fering social profiles. Specifically, those with versus with-
out ASD exhibited differences on a relatively coarse
measure of overall dwell time to social versus non-social
videos, whilst the nuanced measure of time taken to ini-
tially orient to social and non-social stimuli highlighted
differences between groups exhibiting more subtle differ-
ences in their social presentation. Critically, the differ-
ences observed between the groups are each consistent
with previously documented differences in their resp-
ective behaviourally measured social phenotypes. The
current findings, therefore, provide further support for
the potential of relatively simple eye-tracking measures
of visual attention for social versus non-social stimuli to
index differences across populations according to their
socio-behavioural profiles.
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