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ABSTRACT
The current study investigated attentional processing of preserved neutral face and
scrambled neutral face distractors at both involuntary and voluntary orienting levels in
children with and without autism spectrum condition (ASC). The findings suggest
similar influences of face configuration on reflexive orienting in both groups but
reveal group differences in voluntary disengagement from face-related distractors. The
ASC group exhibited difficulties in disengaging from the central neutral faces, and the
TD group showed longer latencies for scrambled faces. These group differences
suggest inefficiency in adopting a global face processing strategy at the voluntary
attentional level in ASC. We discuss how the observed effects might impact upon the
development of social communication skills in ASC.
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Introduction

Autism spectrum condition (ASC) is characterised by
social and communicative deficits coupled with
repetitive and stereotypical behaviours (the Fifth
Version of Diagnostic and statistical manual of
mental disorders, American Psychiatric Association,
2013). Social orienting deficits have been exten-
sively investigated and identified as one of the
most important symptoms and pathologies of this
condition (Chevallier et al., 2012; Dawson et al.,
1998; Guillon et al., 2016; Klin & Jones, 2008). Atypi-
cal social orienting has been reported in post-hoc
observations of reduced orientation to faces for par-
ticipants with ASC in social interactions in early life
(Chawarska et al., 2013; Swettenham et al., 1998),
and also in findings that report reduced numbers
of fixations devoted to faces presented in isolation
(Jones et al., 2016) or in social scenes in this popu-
lation (e.g. Freeth et al., 2010; Riby & Hancock,
2009; Rigby et al., 2016; Sumner et al., 2018). It has
been suggested that these atypicalities in social
orientation could lead to inadequate processing of
and responses to important social cues in external

environments, and thus could offer an account for
abnormalities in higher-level social cognition in
ASC, such as mentalising abilities and face proces-
sing (Chevallier et al., 2012).

The two attentional orienting systems, voluntary
and involuntary, play an important role in human
visual attention (Posner, 1980; Posner, Snyder, &
Davidson, 1980). Voluntary attention is endogenous
and top-down, and thus it operates during intentional
tasks. Involuntary or exogenous attention is, in con-
trast, reflexive in nature. It operates in a transient
way to capture and draw attention to possible
sudden or significant stimuli in the environment
very quickly. Previous studies have shown that facial
information can exert an influence on both the volun-
tary and involuntary attentional processes (García-
Blanco et al., 2017; Leppänen, 2016). At the behav-
ioural level, evidence of face-related effects on invo-
luntary attention include the findings of greater
proportions of first saccades or shorter saccade
latencies directed towards faces (versus non-faces,
e.g. Crouzet et al., 2010; Elsabbagh et al., 2013), and
the findings of faster reaction times to detect a

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow
the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

CONTACT Valerie Benson vbenson3@uclan.ac.uk School of Psychology and Humanities, University of Central Lancashire, Preston PR1 2HE,
UK

JOURNAL OF COGNITIVE PSYCHOLOGY
https://doi.org/10.1080/20445911.2024.2314972

http://crossmark.crossref.org/dialog/?doi=10.1080/20445911.2024.2314972&domain=pdf&date_stamp=2024-02-15
http://creativecommons.org/licenses/by/4.0/
mailto:vbenson3@uclan.ac.uk
http://www.tandfonline.com


target correctly cuedby facial stimuli (e.g. Theeuwes&
Stefan, 2006) in button-pressed tasks. In contrast,
facial effects on voluntary attention are usually evi-
denced by greater distraction which leads to
increased reaction times to detect a target (Weaver
& Lauwereyns, 2011), or a capacity to hold attention
which results in longer fixation times on faces (Leppä-
nen, 2016). However, these typical effects may not be
operating the same way in the ASC population.

In relation to ASC, numerous studies have
reported typical face orienting at the involuntary
level in ASC. For example, participants with ASC
respond faster to faces, or to a target spatially
cued by faces compared to non-facial stimuli in
reaction time studies, and responses are equivalent
to those reported for typically developing (TD) par-
ticipants (Akechi et al., 2015; Moore et al., 2016;
Shah et al., 2013). It has also been shown that an
ASC group make high proportions of first eye move-
ments to faces, comparable with a TD group (Del
Bianco et al., 2018; Elsabbagh et al., 2013; Fischer
et al., 2014; Fischer et al., 2016; Hendry et al., 2018;
Sumner et al., 2018; Wilson et al., 2010). These
findings suggest evidence of unimpaired atten-
tional orienting to faces in ASC at the reflexive
level, and they contradict the prevailing theory of
social orienting deficits in ASC (Johnson, 2014).

However, social attention differences observed in
ASC could still result from inefficient voluntary
attentional orienting and engagement processes
(Elsabbagh et al., 2013; Guillon et al., 2014;
Johnson, 2014). For example, individuals with ASC
fail to allocate attention to social scenes depending
on specific instructions (Benson et al., 2009). There is
also evidence from neuroimaging data to suggest
that the presentation of faces interferes with the
execution of cognitive control in ASC (Dichter &
Belger, 2007), and some studies report findings of
prolonged attention to faces in infants and toddlers
with ASC in visual search tasks (Elsabbagh et al.,
2013; Hendry et al., 2018). Studies that have exam-
ined visual habituation to faces in ASC have also
found prolonged looking time to faces (Webb
et al., 2010). This atypical attentional performance
in ASC could reflect an inefficient processing of
faces at the voluntary level, possibly pointing to
the commonly reported detail-focused processing
style in this population (Behrmann et al., 2006;
Happé & Frith, 2006). It is also thought that this
“sticky attention” for faces in ASC could delay the
disengagement speed from fixated faces and thus
lead to inefficient detection of new stimuli.

In everyday interaction voluntary attentional
modulation is essential. Flexible orientation and
attentional shifting is required to track ongoing
social events or information, and, efficient atten-
tional disengagement, which is fundamental to
voluntary attentional modulation, requires the
execution of voluntary control (Colombo & Chea-
tham, 2006; Hopfinger et al., 2000). However, most
investigations of social orientation in ASC have
focused on visual allocation patterns using a
passive free viewing task (a paradigm whereby par-
ticipants have no specific task but attend to the
display screen at their free will), with little emphasis
on how attentional control might operate within a
social context (DiCriscio et al., 2016). Therefore, a
focus on the investigation of social attention in
ASC, under voluntary control, is important.

One aim of the current study is related to
whether the ASC group exhibit disengagement aty-
picalities from centrally presented faces, when the
task requires a shift in visual focus to a peripheral
location as quickly as possible. A further interest is
to investigate whether any modulating effects on
voluntary attentional processing of faces in ASC
could reflect a difference in processing style or strat-
egy. According to the “sticky attention” hypothesis
presented earlier, prolonged attention to faces
could reflect a preference for feature-based proces-
sing style in this population. Evidence relating to the
second aim could add to our understanding of cog-
nitive mechanisms underlying disengagement aty-
picalities in ASC. Previous studies have pointed to
an intact ability to attend to faces reflexively in
many situations, and it has been proposed that
attentional deficits in face processing for ASC are
more related to voluntary processes. However, few
studies have directly compared attentional proces-
sing of faces at both the voluntary and involuntary
levels in this population in the same study, and
this was the final aim of the current study.

The current study addressed the above questions
by adopting the remote distractor paradigm (RDP,
Walker et al., 1997). In this paradigm, participants
are asked to look to a target and to ignore any dis-
tractors presented with this target. Saccade
latencies (time needed to initiate the first saccade
to the target) are found to decrease as the eccentri-
cities of distractors increase, and centrally presented
distractors have been shown to produce the longest
latencies in both typical and ASC individuals (Zhang
et al., 2020). Findings have also revealed that chil-
dren with ASC take longer to disengage from
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centrally fixated distractors of simple shapes (Zhang
et al., 2020) or from distractor faces showing nega-
tive emotions (Zhang et al., 2021). Furthermore, all
children, regardless of diagnosis, make very high
percentages of saccadic errors to both parafoveal
and peripheral distractors. Thus, this paradigm
works very well in young children, and hence
should allow the investigation of interference from
facial and non-facial distractors on reflexive
(errors) and voluntary (latencies) attentional mech-
anisms in ASC and TD groups. Reflexive attentional
orienting in the paradigm is defined as a complete
failure to ignore a distractor (simultaneously pre-
sented with the target) which is reflected by the
first eye movement being executed towards the dis-
tractor (error) instead of the target. Voluntary atten-
tional orienting in the paradigm is defined as the
ability to suppress a reflexive eye movement
being executed towards the distractor, which is
reflected in the first eye movement being executed
towards the target (correct response) and the time
taken to do this (latency) reflects the impact of the
distractor on the voluntary attentional system.

Experiment 1 investigated the distractor effects
of facial configuration (face-like shape patterns) in
the RDP and non-face-like shape pattern distractors
were adopted as the control condition. Compared
to non-face-like patterns, face-like patterns attract
more attention in the TD population (Guillon et al.,
2016; Johnson et al., 1991), and this finding suggests
typical participants tend to perceive faces as a
whole, reflecting global processing for the TD
group. In Experiment 1, we predicted that the TD
group would show a larger interference effect
from face-like distractors compared to non-face-
like distractors. We also predicted that this effect
would be either absent or reduced in the ASC
group if they do not adopt a global processing
style for faces. Moreover, according to previous
findings, we also predicted that any atypicalities in
the ASC group would be more obvious at the volun-
tary attention level (latencies), compared to the
involuntary attention level (errors).

Experiment 1

Methods

Participants
Seventeen children (1 female) diagnosed with ASC
with age ranging from 4.5 to 7 years old and 19 (5
females) TD children with age ranging from 4.5 to

6 years, recruited from the kindergartens in
Tianjin, China volunteered to participate in the
study. No history of brain damage or neurodevelop-
mental atypicality was reported for the TD children
by their parents. All participants had normal or cor-
rected-to-normal vision.

All the ASC children were officially diagnosed
with ASC by at least one experienced clinician,
and these diagnoses were in accordance with the
ASC criteria listed in the Fifth Edition of the DSM
(APA, 2013). Given very limited use of the Autism
Diagnostic Observation Schedule and Autism Diag-
nostic Interview in mainland China, the Chinese
version of the Autism Spectrum Quotient: Children
version (AQ-child; Auyeung et al., 2008) was
applied to all participants by either parents or tea-
chers as a means to validate the clinical diagnoses.
Results showed that children with ASC scored
higher (above the cut-off of 76) on ASC traits and
behaviours relative to TD children, t = 5.22, p <
0.001.

Three different profiles of Intelligence Quotient
(IQ), including Verbal IQ (VIQ), performance IQ
(PIQ) and full-scale IQ (FSIQ), were measured in all
children using the Chinese version of the Wechsler
Preschool and Primary Scale of Intelligence: Fourth
Edition. Both groups scored higher than 90 and
were matched on the VIQ, PIQ and FSIQ, ts < 1.90,
ps > 0.05. Chronological age (CA) was higher in the
ASC group, t = 5.26, p < 0.001 (see Table 1 for
details of AQ, IQ scores and CA for both groups).

The procedures of the current study were
approved by the Ethical Committee of Tianjin
Normal University and were conducted in accord-
ance with the Declaration of Helsinki (1964). Prior
to the study, the parents of all participants were
informed of all the procedures and gave consent
to the participation of their children.

Apparatus
In Experiment 1, an EyeLink Portable Duo (S.R.
Research Ltd, Canada) eye-tracker was utilised to
collect the eye movement data, with a sampling

Table 1. Demographic data (mean ± SD) of the ASC and TD
groups on age, IQ and AQ scores in Experiment 1.

ASC (n = 17) TD (n = 19) t p

Age (months) 76.94 (6.37) 67.16 (4.76) 5.26 < 0.001
VIQ 110.65 (16.62) 108.47 (7.71) 0.51 0.61
PIQ 105.35 (20.87) 116.95 (16.02) −1.88 0.07
FSIQ 107.59 (17.77) 112.00 (9.41) −0.95 0.35
AQ 85.18 (18.37) 58.89 (11.36) 5.22 < 0.001
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rate of 1000 Hz. A 19-inch DELL monitor with a res-
olution of 1024 × 768 pixels with a refresh rate of
75 Hz was used for stimuli presentation. During
the experiment participants placed their heads in
a chin rest, to maintain head stability.

Materials
The target was an oval outline with a central black
square. The size of the target was 4.35° × 5.42°
(135 × 158 pixels) at 65 cm viewing distance. Face-
like patterns and non-face-like patterns were
selected as the distractors. Both distractors pre-
sented the same inner black shapes (two circles,
one triangle and one rectangle). In face-like distrac-
tors the inner shapes formed a facial configuration
with the circles as the eyes, the triangle as the
nose, and the rectangle as the mouth. However,
for the non-face distractor the inner shapes were
allocated to the middle vertical line symmetrically.
All target and distractor stimuli were greyscale
oval shapes and distractors were the same overall
size as the target. Stimuli examples are shown in
Figure 1.

The target appeared in isolation at an eccentricity
of 5° or 10° on the left side or the right side of the
display, or, it was presented simultaneously with a
distractor located either at the centre of the
display, or in the parafoveal (5°) or peripheral
region (10°) from the display screen centre. In the
central distractor condition, the target had four
possible positions, namely 5° or 10° away from the

central point of the screen on both sides of the
display. In the parafoveal and peripheral conditions,
the distractor and the target were presented on the
opposite side of the display to each other. All stimuli
were displayed on a black background. In total,
there were 112 trials for each distractor type block,
and each block included 28 single target trials and
84 distractor trials.

In order to determine the power of the current
design, we adopted the method from Westfall
(2015). In this method, the participant number in
each group was set to be 17, which was based on
the smaller ASC group. Moreover, an average
effect size of d = 0.45 was utilised for the esti-
mation. As a result, the range of current power
values, including effects of the distractor type, dis-
tractor position and all the interactions, were from
0.87 to 0.99, which were greater than the rec-
ommended level of 0.8. However, the power of
the group effect was 0.72, lower than the required
level. According to prior predictions, the current
study focused more on the within group differ-
ences among different distractor types or pos-
itions, instead of the gross group effect as a
whole. Therefore, Experiment 1 had good power
to indicate statistically meaning effects of
average size.

Procedure and eye movement recording
In a pre-test, participants were shown the
example stimuli on the display screen and were

Figure 1. Face distractor example, non-face distractor example and simple shape target used in Experiment 1 (top) and
Experiment 2 (bottom).
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asked to verbalise what they were required to do,
or to point out the target they should look to and
the distractor to be ignored. Following validation
of an understanding of the task, RDP example
trial sequences were presented in slides and par-
ticipants were required to make a selective eye
movement to the target. The children also took
part in a practice session on the eye tracker to
familiarise them with this procedure prior to
testing.

Formal test procedures were the same in all
experiments. In the formal test, a three-point-cali-
bration was run first to record eye position by
asking participants to look at a dot shown at
different locations on the display screen. Calibra-
tions were accepted with mean error below 0.5°
for all children. A small one-point-calibration was
then used before the onset of each trial to correct
for drifts. At the beginning of each trial, a fixation
cross (1°) was shown at the centre of the black
screen for a variable duration of 500–900 ms, and
participants were asked to look at the middle of
this cross. The fixation cross was replaced by the
target display, which was presented for 1200 ms,
and during which participants were instructed to
look to the central black square inside the oval
shape as quickly and accurately as possible, until it
disappeared. They were also instructed to ignore
any other stimuli that might be presented with
the targets. Finally, a blank screen was presented
for 500 ms (see Figure 2 for a schematic of the
trial sequence).

Eye movement measures
Errors (first saccades made towards the distractors
with an amplitude greater than 2.2°) and Saccade
Latencies (first saccades initiated to the target with
a saccade amplitude greater than 2.2°) were
adopted to investigate reflexive and voluntary
orienting. These two measures have been typically
adopted in the RDP studies (Pavlou et al., 2016;
Richards et al., 2012; Zhang et al., 2020, 2021), to
investigate how stimuli (as distractors) affect the
involuntary (errors) and voluntary (latencies) orient-
ing systems. Therefore, these two measures allow us
to investigate both types of attentional processing
in the same experiment.

Data exclusion criteria
Trials were excluded when (1) a blink during the first
saccade was made (2.24%), (2) the start position of
the first saccade exceeded 1° (the selection of 1° cri-
terion was based on the size of the central fixational
cross, to ensure participants have similar saccade
initiating positions prior to the target screen) from
the centre of the screen (5.26%), (3) saccade ampli-
tude of the first eye movement was less than 2.2°
(because this meant that participants were still
fixating within the distractor area) (3.17%), (4) an
anticipatory saccade (first saccade with latency
shorter than 80 ms, Wenban-Smith & Findlay, 1991)
was made (0.51%), to make sure saccades were
stimulus driven, (5) saccade amplitude of the first
eye movement made towards the opposite direction
to the target in single target and central distractor

Figure 2. A schematic example of a distractor trial sequence in the RDP displaying the face-like distractor and the target
presented in parafovea.
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conditions was greater than 2.2° (0.04%), and (6)
saccade latencies were greater or smaller than 3 stan-
dard deviations away from the mean value of each
individual participant mean (0.60%). A total of 7086
trials were included in the LMM analyses. Further-
more, there was no group difference in the total pro-
portions of removed trials, t = 1.32, p > 0.05 (ASC: M
= 0.14, SD = 0.08; TD: M = 0.10, SD = 0.07).

Data analysis
Data were analysed using the Linear mixed models
(LMMs, lme4 package, Version 1.1-17) in R environ-
ment (version 4.0.2, R Development Core 2014). By
fitting each individual’s data into the model, LMMs
outperform Anova analyses in specifying random
factors such as participants and items, and do well
in avoiding loss of statistical power caused by
missing data or unbalanced designs (e.g. Kliegl
et al., 2011). In the current LMMs analyses, group,
distractor type and distractor position were
included as fixed factors. Random intercept and
random slope for the fixed effects over participants
were considered at maximum, as long as the model
could converge. Simple models were conducted
when the full model failed to converge. Specifically,
in LMM models, the random effect for participants
was trimmed by starting with the random-effect
correlations, and then the random slopes, until it
converged successfully, for all the measures.
Saccade latency was log-transformed before the
final analyses to reduce the impact of data skew-
ness. Differences for paired-contrasts for each
fixed factor were indicated by t-value for saccade
latency and z-value for error rates by using logit-
link functions. The 95% confidence interval of z-
value or t-value for each fixed effect was also pre-
sented in the statistical result tables (Tables 2, 5
and 6) for both experiments.

Results

Directional errors
Directional error rates reflect the ratio between error
trials and total valid trials which included error trials
and correct trials in the parafoveal and peripheral
distractor positions. More errors were shown in
the face-like distractor condition (M = 0.50, SD =

0.50) than the non-face-like distractor condition
(M = 0.43, SD = 0.50) for all participants, b =−0.31,
SE = 0.07, z =−4.23, p < 0.001 (See Figure 3 for
details). There were no significant differences for
group or distractor position, and no interactions, |
z|s < 1.4, ps > 0.05. This finding suggests that
reflexive orienting to facial configuration is similar
in both groups, and the finding contrasts with our
prediction of a greater effect in the TD group.
Detailed statistical results for the two measures in
Experiment 1 are shown in Table 2.

Saccade latency
Basic distractor effects are defined as the difference
between the latencies for distractor trials and the
latencies for single target trials. It would be
expected that a basic distractor effect of longer
latencies for distractor trials compared to single
target trials would be found for all distractor type
conditions. Significant basic distractor effects were
found for both groups in each distractor type con-
dition, in which all participants took longer to
execute an eye movement to the target in distractor
trial conditions, compared with the single target
condition, |t|s > 15, ps < 0.001, and no group differ-
ence was observed for this basic distractor effect, |
t|s < 1.8, ps > 0.05. This baseline finding validates
the use of the RDP paradigm for examining atten-
tional processing for face-like distractors.

Following the calculation of the basic distractor
effects, single target latencies were removed, and
the remote distractor effects for distractor trials
were analysed using LMMs, whereby group, distrac-
tor type and distractor position were taken as the
fixed factors. As would be predicted for the RDP
paradigm, the longest saccade latencies were
observed for the central distractor condition (M =
363 ms, SD = 113 ms), followed by the parafoveal
condition (M = 283 ms, SD = 99 ms) and the periph-
eral condition (M = 257 ms, SD = 85 ms), |t|s > 3.9, ps
< 0.001. However, group effect, distractor type
effect and all interactions were non-significant, |t|s
< 1.7, ps > 0.05 (See Table 3 for descriptive statistic
details). This finding shows that both face-like and
non-face-like distractor types produced the same
effects, for both groups,1 and this also contrasts

1The Bayesian analyses were conducted using BayesFactor package (0.9.12-4.3; Rouder et al., 2012) in R environment (version 4.0.2, R Development
Core 2014), on the null interactions (group × distractor type, group × distractor position, distractor type × distractor position, and group × distractor
type× distractor position) on saccade latency. By taking the default value of 10,000 for iterations (or Monte Carlo simulations) and 0.5 for rsca-
leFixed (a medium value adopted to select the prior scale for standardized, reduced fixed effects) in Bayesian analyses, the ratio of the target
model without specific interaction effect (BF01) to the full model (BF02) was calculated for Experiment1. The BF ratios (BF01/BF02) for the
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with our earlier prediction of an expected greater
effect for the TD group.

The error rate data revealed that both groups
showed a preference for reflexively orienting to
facial-like stimuli compared to non-facial-like
stimuli. This finding demonstrates an ability in ASC
to extract the facial configuration in a reflexive (or
intuitive) way when these stimuli are presented
outside of the fovea, and, although this contradicts

the evidence for local processing in ASC the finding
is in line with a previous report of a relative intact
ability to process the configural structure of sche-
matic faces at the reflexive level in ASC (Akechi
et al., 2015; Johnson, 2014; Shah et al., 2013).

However, all participants failed to show a face
configuration effect on latencies and it is not
immediately clear as to why this happened. One
explanation for this could relate to the stimuli,

Figure 3. Distractor type effect results for both the ASC and TD groups on the error rate (top) and saccade latency (bottom)
in Experiment 1.

null interactions on saccade latency were all greater than 17 (15–120), favouring the null hypothesis at a relative strong confidence level (Wagen-
makers et al., 2018).
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which were schematically presented and thus
clearly different from real faces. At the voluntary
attentional level the stimuli in the current exper-
iment might be more easily ignored than real
faces, which have been shown to produce a
robust delay in responding to peripheral targets in
a TD group (Bindemann et al., 2005). Moreover, indi-
viduals with ASC tend to show preserved processing
for cartoon faces but not for real faces (e.g. Rosset
et al., 2008; van der Geest et al., 2002). To control

for this possibility, in the next experiment, we
employed real neutral faces as distractors and also
adopted a new measure (disengagement failure
rates) which allowed us to measure the number of
trials where participants made more than one
fixation within the distractor when this was pre-
sented at the central location, prior to looking to
the target (Zhang et al., 2021). Thus, the disengage-
ment failure rate can provide a further measure of
the influence of face distractors on voluntary atten-
tional processing (in addition to saccade latency),
whereby a higher failure rate reflects a greater
“holding” of attention of participants.

In Experiment 2 we employed real neutral faces
and scrambled faces, (in line with Experiment 1 con-
ditions), and we also included a blurred neutral face
as a control condition (see materials section for an
explanation of how these were created). Another
possible reason for the lack of effects in the latencies
in Experiment 1 could relate to both types of distrac-
tor in that experiment containing the same infor-
mation (shape components) but in different
configural arrangements. In Experiment 2 the pre-
served neutral face distractors and the scrambled
face distractors also contain the same information,

Table 2. Statistical details of LMM analyess in Experiment 1.
Fixed effects b 95%CI SE t/z Cohen’s d

The basic distractor effects on saccade latency for facial-like stimuli (a)
Group: ASC vs. TD 0.06 [−0.02, 0.15] 0.04 1.39
Distractor presence: DT vs. ST −0.43 [−0.48, −0.38] 0.02 −17.94 *** −1.25
Group ×Distractor presence 0.01 [−0.09, 0.10] 0.05 0.11
The basic distractor effects on saccade latency for non-facial-like stimuli (b)
Group: ASS vs. TD 0.09 [−0.01, 0.19] 0.05 1.77.
Distractor presence: DT vs. ST −0.39 [−0.45, −0.34] 0.03 −15.36*** −1.12
Group ×Distractor presence 0.01 [−0.09, 0.12] 0.05 0.28
The remote distractor effects on saccade latency (c)
Group: ASC vs. TD 0.09 [−0.02, 0.19] 0.05 1.66
Distractor position: C vs. NR 0.29 [0.22, 0.35] 0.03 8.72*** 0.75
Distractor position: C vs. FAR 0.38 [0.32, 0.44] 0.03 12.43*** 1.06
Distractor position: NR vs. FAR 0.09 [0.04, 0.13] 0.02 3.92*** 0.28
Distractor type: FL vs. NFL −0.01 [−0.04, 0.02] 0.02 −0.58
Group × C vs. NR −0.06 [−0.19, 0.07] 0.07 −0.93
Group × C vs. FAR −0.08 [−0.20, 0.04] 0.06 −1.25
Group ×NR vs. FAR −0.02 [−0.10, 0.07] 0.05 −0.33
Group × FL vs. NFL 0.01 [−0.06, 0.08] 0.03 0.28
C vs. NR × FL vs. NFL −0.05 [−0.11, 0.02] 0.03 −1.41
C vs. FAR × FL vs. NFL −0.02 [−0.07, 0.04] 0.03 −0.57
NR vs. FAR × FL vs. NFL 0.03 [−0.02, 0.08] 0.03 1.12
Group × C vs. NR × FL vs. NFL 0.04 [−0.09, 0.16] 0.06 0.56
Group × C vs. FAR × FL vs. NFL 0.01 [−0.11, 0.13] 0.06 0.18
Group × NR vs. FAR × FL vs. NFL −0.03 [−0.13, 0.07] 0.05 −0.50
The remote distractor effects on saccade error rate (d)
Group: ASC vs. TD −0.25 [−0.61, 0.10] 0.18 −1.40
Distractor position: NR vs. FAR −0.03 [−0.19, 0.13] 0.08 −0.37
Distractor type FL vs. NFL −0.31 [−0.45, −0.17] 0.07 −4.23*** −0.16
Group × NR vs. FAR −0.02 [−0.34, 0.29] 0.16 −0.13
Group × FL vs. NFL 0.10 [−0.19, 0.38] 0.15 0.66
NR vs. FAR × FL vs. NFL 0.02 [−0.26, 0.29] 0.14 0.12
Group × NR vs. FAR × FL vs. NFL −0.04 [−0.59, 0.50] 0.28 −0.15
Note: ***p < 0.001.

Table 3. The means and standard deviations of eye
movement measures for different distractor positions,
types and groups in Experiment 1.

ASC TD

SL (ms) ER SL (ms) ER

FLD C 362 (117) 372 (110)
NR 271 (99) 0.53 (0.50) 294 (90) 0.47 (0.50)
FAR 246 (91) 0.55 (0.50) 272 (82) 0.48 (0.50)
ST 194 (66) 208 (73)

NFLD C 348 (118) 366 (105)
NR 271 (113) 0.46 (0.50) 292 (93) 0.40 (.49)
FAR 239 (81) 0.46 (0.50) 267 (83) 0.41 (.49)
ST 192 (55) 216 (80)

Notes: In Experiment 1, C is for central distractor condition, NR for par-
afoveal and FAR for peripheral distractor conditions. SL is the
saccade latency; ER is the error rate; FLD refers to the face-like dis-
tractors and NFLD to the non-face-like distractors.
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but in different configurations, and therefore may,
potentially, produce similar effects to those
observed in Experiment 1. We therefore included
blurred faces as a control condition in Experiment
2. If it is the schematic nature of the distractors
that is driving the effects in Experiment 1, then we
predict that preserved real face distractors should
result in more interference for the TD group com-
pared to the scrambled and the blurred face distrac-
tors. If the TD group engages in a global processing
strategy this effect should be observed at both the
reflexive (errors) and voluntary (latencies or disen-
gagement failure rates) attentional processing
levels. Moreover, if the ASC group does not
engage in global processing of real faces these
effects might be expected to be reduced or
absent in the ASC group.

Experiment 2

Methods

Participants
Fifteen ASC children (3 female, 4.5–7 years old) and
18 typical children (4 female, 4.5–6.5 years old) took
part in this experiment. Two boys in the ASC group
failed to complete the full test procedures and for
that reason they were excluded from the final analy-
sis. No neurodevelopmental deficit history was
reported for the TD children. Children in both
groups had normal or corrected-to-normal vision.
ASC diagnoses and confirmation procedures were
similar to those reported in Experiment 1. AQ
scores were higher in the ASC children, t = 5.00, p
< 0.001. Both groups were matched on VIQ, PIQ
and FSIQ, ts < 1.5, ps > 0.05. No differences were
found in chronological ages between the ASC and
TD groups, t = 0.74, p > 0.05 (see Table 4 for details).

Materials
The same ellipse target (4.35° X 5.42°) from Exper-
iment 1was utilised for Experiment 2. Neutral,
Scrambled and Blurred face distractors were the
same size as the target. Twelve Chinese neutral

face models (6 males and 6 females) were selected
from the Chinese Affective Face Picture System
(Gong et al., 2011). Scrambled faces were produced
by systematically disorganising the facial configur-
ation in the twelve neutral faces. Blurred faces
were created by applying the Gaussian Blur tool in
Adobe Photoshop to one female face model and
then placing two crossed black lines over the
blurred image. Specifically, the blurring process for
real faces was aimed to retain the physical features
(e.g. luminance and contrast) of the faces in the
baseline condition. The two crossed black lines
were placed over the blurred images to further
reduce the face nature of this distractor type.
Social information conveyed by blurred faces
should be reduced compared to neutral and
scrambled faces, and thus should be predicted to
produce the least interference for attentional orient-
ing at both the reflexive and voluntary levels. Target
and distractors were greyscale and in the same oval
form (See Figure 1 for stimuli examples). Consistent
with Experiment 1, targets were displayed either in
isolation, or with central, parafoveal (5°) or periph-
eral (10°) distractors simultaneously. There were
144 trials for each distractor type block and each
block included 48 single target trials and 96 distrac-
tor trials. A total of 432 trials were presented to each
participant in Experiment 2. A similar method was
utilised to estimate the power for Experiment
2. The power values ranged from 0.78 to 0.97 for dis-
tractor type effect, distractor position effect and all
interactions, based on a participant number of 13
per group and an average effect size of d = 0.45.
The results suggest an acceptable power level for
Experiment 2 overall.

Eye movement measures
Three eye movement measures were adopted in
Experiment 2. Saccadic errors and saccade latency
were the same as in Experiment 1. A third
measure, failure to disengage (from the central dis-
tractors in the first eye movement with saccade
amplitude less than 2.2°) was also adopted to
further investigate voluntary control. Disengage-
ment failure rate was defined as the proportion of
trials where participants did not look to the target
with their first saccade, but instead remained
looking within the central distractors.

Apparatus and procedures
The same eye-tracking system (sampling 500 times
per second) and display monitor as those used in

Table 4. Demographic data (mean ± SD) of the ASC and TD
groups on age, IQ and AQ scores in Experiment 2.

ASC (n = 13) TD (n = 18) t p

Age (months) 70.00 (10.14) 67.83 (6.13) 0.74 0.47
VIQ 107.62 (15.44) 112.67 (8.44) −1.17 0.25
PIQ 109.38 (12.19) 107.17 (12.57) 0.49 0.63
FSIQ 110.62 (11.66) 108.78 (7.08) 0.55 0.59
AQ 82.54 (11.09) 60.83 (12.49) 5.00 < 0.001
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Experiment 1 were adopted in Experiment 2 and the
procedures in Experiment 2 also replicated those in
Experiment 1. The sampling rate of eye movements
in Experiment 1 was 1000 Hz, and it was 500 Hz in
Experiment 2. This different sampling rate occurred
because in each experiment a different version of
the Portable Duo tracker had to be used to collect
the data. The two different sampling rates will not
have affected the results in any way.

Data exclusion criteria
The same rationale for exclusion criteria in Exper-
iment 1 was adopted for Experiment 2. Data were
removed when (1) blinks were made (3.68%), (2)
saccade start position exceeded 1° from the centre
of the screen (6.12%), (3) anticipatory saccades
occurred (1.86%), (4) saccades were triggered
towards the opposite direction of the target with
amplitude greater than 2.2° in central distractor
and single target conditions (0.20%), (5) saccade
amplitudes in parafoveal, peripheral or single
target condition were less than 2.2° (0.44%), and
(6) saccade latencies were three standard deviations
higher or lower than the mean value for each par-
ticipant (0.63%). No difference was found for the
total number of removed trials between the ASC
(M = 0.14, SD = 0.05) and TD (M = 0.12, SD = 0.07)
groups, t = 0.70, p > 0.05. A total of 11609 trials
were included in the final LMM analyses.

Results

Directional errors
Significant distractor type effects were found in all
children, whereby both the neutral (M = 0.62, SD =
0.49) and the scrambled (M = 0.60, SD = 0.49) face
distractors triggered more erroneous saccades
directed towards the distractor, compared to the
blurred face (M = 0.42, SD = 0.49) distractors, |z|s >
5, ps < 0.001. However, other fixed factor effects
and interactions did not reach significance, |z|s <
1.7, ps > 0.05. In line with the findings from Exper-
iment 1, the findings for Experiment 2 provide evi-
dence to suggest that reflexive orienting to face-
like distractors is similar for both groups. Details of
the statistical results for all measures in Experiment
2 are presented in Tables 5 and 6.

Disengagement failure rate
For disengagement failure rates, effects of distractor
type were found, whereby the disengagement failure
rates were higher in neutral face (M = 0.12, SD = 0.33)

and scrambled face conditions (M = 0.13, SD = 0.34),
compared with the blurred face condition (M = 0.03,
SD = 0.17), |z|s > 4, ps < 0.001. However, there was
no significant group effect or interaction, |z|s < 1.6,
ps > 0.05. This result for the neutral preserved face
and scrambled face distractors is in line with the
error data and shows that the rate of failure to disen-
gage (with the first saccade) from the centrally pre-
sented distractors is equivalent for both preserved
and scrambled faces, for both groups.

Saccade latency
As in Experiment 1, in Experiment 2 basic distractor
effects were shown to be significant in all partici-
pants for all distractor types, |t|s > 16, ps < 0.001,
whereby all participants produced longer latencies
for distractor trials compared to single target trials
in each of the distractor type conditions, and there
was no group difference in either distractor or
single target trials in each distractor type condition,
|t|s < 0.7, ps > 0.05. The expected remote distractor
effects were found in all participants, showing
longest saccade latencies in the central distractor
condition (M = 317 ms, SD = 125 ms), followed by
the parafoveal condition (M = 251 ms, SD = 84 ms)
and the peripheral condition (M = 230 ms, SD =
76 ms), |t|s > 3, ps < 0.01. There was also a significant
distractor type effect, whereby participants
latencies were longer for scrambled faces (M =
300 ms, SD = 112 ms), compared to blurred faces
(M = 276 ms, SD = 117 ms), b =−0.05, SE = 0.02, t =
−2.80, p = 0.008. Differences between neutral face
(M = 298 ms, SD = 121 ms) and blurred face con-
ditions also reached significance, b =−0.05, SE =
0.02, t =−2.03, p = 0.050. However, no difference
was found between the ASC (M = 300 ms, SD =
128 ms) and TD groups (M = 286 ms, SD = 109 ms),
b =−0.08, SE = 0.06, t =−1.16, p > 0.05. These main
effects show, in comparison to blurred faces,
longer latencies occurred for both preserved and
scrambled faces, for both groups.

Significant interactions between distractor type
by position, |t|s > 2.8, ps < 0.01, showed that differ-
ences between scrambled and blurred faces were
more robust in the central distractor condition,
b =−0.12, SE = 0.03, t =−4.56, p < 0.001, relative to
parafoveal and peripheral conditions(|t|s < 1.6, ps >
0.05), and similarly, distractor differences between
neutral and blurred faces were greater in the
central distractor condition, b =−0.09, SE = 0.03,
t =−3.38, p = 0.002, compared to peripheral con-
dition, b = 0.00, SE = 0.03, t = 0.01, p > 0.05.
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However, a significant interaction of group by dis-
tractor type, |t|s > 2, ps < 0.05 and further analyses
revealed that TD children produced longer saccade
latencies in the scrambled face condition, compared
to the preserved neutral face condition (b= 0.06, SE=
0.02, t = 2.77, p= 0.012) and the blurred face condition
(b=−0.13, SE= 0.02, t=−5.66, p< 0.001) and this
finding was absent in the ASC group |t|s < 2.1, ps >
0.05. (See Table 7 and Figure 4 for detailed results).
No other interactions were significant for this measure.2

It is possible that the unpredicted greater effects
for scrambled faces in the TD group could mask any

group differences from being observed between
the neutral and blurred face distractor conditions.
To test for this possibility, we excluded the
scrambled face trials from the LMM analysis, and
the results showed the expected distractor type
effects of greater interference from neutral faces
compared to blurred faces, in both groups on all
three eye movement measures (this effect on
saccade latency was robustly observed in the
central condition), |t|s > 3, ps≤ 0.001. Importantly,
an interaction for disengagement failure rate,
b = 0.84, SE = 0.39, t = 2.16, p = 0.03, showed that

Table 5. Statistical details of LMM analyses on saccade latency in Experiment 2.
Fixed effects b 95%CI SE t Cohen’s d

The basic distractor effects for neutral face distractors
Group: ASC vs. TD −0.03 [−0.14, 0.07] 0.05 0.57
Distractor presence: DT vs. ST −0.50 [−0.56, −0.45] 0.03 16.91*** 1.41
Group ×Distractor presence 0.10 [−0.02, 0.22] 0.06 1.69
The basic distractor effects for scrambled face distractors
Group: ASC vs. TD 0.02 [−0.10, 0.15] 0.06 0.3
Distractor presence: DT vs. ST −0.50 [−0.56, −0.44] 0.03 −16.99*** −1.38
Group ×Distractor presence 0.04 [−0.08, 0.16] 0.06 0.67
The basic distractor effects for blurred face distractors
Group: ASC vs. TD −0.04 [−0.12, 0.08] 0.03 −0.62
Distractor presence: DT vs. ST −0.42 [−0.47, −0.37] 0.03 −16.32*** −1.17
Group ×Distractor presence 0.06 [−0.04, 0.16] 0.05 1.09
The remote distractor effects
Group: ASC vs. TD −0.08 [−0.20, 0.05] 0.06 −1.16
Distractor position: C vs. NR 0.24 [0.17, 0.30] 0.03 6.93*** 0.63
Distractor position: C vs. FAR −0.32 [−0.38, −0.25] 0.03 −9.10*** −0.85
Distractor position: NR vs. FAR 0.08 [0.03, 0.13] 0.02 3.17** 0.26
Distractor type: NF vs. SF 0.01 [−0.03, 0.05] 0.02 0.43
Distractor type: SF vs. BF −0.05 [−0.09, −0.02] 0.02 −2.80** −0.21
Distractor type: NF vs. BF −0.05 [−0.09, −0.00] 0.02 −2.03* −0.18
Group × C vs. NR −0.09 [−0.05, 0.22] 0.07 −1.27
Group × C vs. FAR −0.05 [−0.19, 0.08] 0.07 −0.76
Group × NR vs. FAR 0.03 [−0.13, 0.06] 0.05 0.68
Group × NF vs. SF 0.11 [0.04, 0.19] 0.04 2.92** 0.52
Group × SF vs. BF −0.08 [−0.16, −0.01] 0.04 −2.10* −0.38
Group × NF vs. BF 0.03 [−0.06, 0.12] 0.05 0.64
C vs NR × NF vs. SF 0.02 [−0.03, 0.08] 0.03 0.86
C vs NR × SF vs. BF 0.07 [0.02, 0.12] 0.03 2.81** 0.50
C vs NR × NF vs. BF 0.05 [−0.10, 0.00] 0.03 1.86
C vs FAR × NF vs. SF 0.00 [−0.05, 0.06] 0.03 0.12
C vs FAR × SF vs. BF 0.09 [0.04, 0.14] 0.03 3.38*** 0.61
C vs FAR × NF vs. BF 0.09 [0.04, 0.14] 0.03 3.49*** 0.63
NR vs FAR × NF vs. SF 0.03 [−0.04, 0.09] 0.03 −0.77
NR vs FAR × SF vs. BF 0.02 [−0.05, 0.08] 0.03 0.49
NR vs FAR × NF vs. BF 0.04 [−0.02, 0.11] 0.03 1.31
Group × C vs. NR × NF vs. SF −0.01 [−0.12, 0.10] 0.05 −0.16
Group × C vs. NR × SF vs. BF −0.03 [−0.13, 0.07] 0.05 −0.55
Group × C vs. NR × NF vs. BF 0.04 [−0.06, 0.14] 0.05 0.71
Group × C vs. FAR × NF vs. SF −0.06 [−0.17, 0.05] 0.06 −1.08
Group × C vs. FAR × SF vs. BF 0.01 [−0.09, 0.11] 0.05 0.24
Group × C vs. FAR × NF vs. BF −0.05 [−0.15, 0.05] 0.05 −0.91
Group × NR vs. FAR × NF vs. SF −0.07 [−0.20, 0.07] 0.07 −0.98
Group × NR vs. FAR × SF vs. BF −0.02 [−0.11, 0.14] 0.07 −0.25
Group × NRvs. FAR × NF vs. BF −0.08 [−0.21, 0.04] 0.06 −1.30
Note: *p < 0.05, **p < 0.01, and ***p < 0.001.

2The Bayesian analyses were conducted using similar methods to those adopted in Experiment 1 for the null interactions (group × distractor position
and group × distractor type× distractor position) in Experiment 2. The BF ratio (BF01/BF02) was around 30 for the null interactions of group ×
distractor position, and about 50 for the null interactions of group ×distractor type × distractor position. The results supported the null hypothesis
at a strong confidence level.
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the distractor type effect was larger in ASC (b =
−2.09, SE = 0.29, t =−7.10, p < 0.001), relative to
the TD group (b =−1.23, SE = 0.26, t =−4.75, p <
0.001, See Figure 5 for details). In line with our pre-
vious findings (Zhang et al., 2020, 2021), this result
suggests that there are increased disengagement
difficulties from central neutral faces in the ASC
compared to the TD group.

General discussion

The aim of the current study was to investigate the
influence of face and non-face distractors on
reflexive and voluntary attentional processes in

children with and without ASC. We found evidence
of reflexive orienting towards face and face-like dis-
tractors coupled with increased voluntary disen-
gagement difficulties from neutral preserved face
distractors, when these were presented centrally,
in ASC children. The TD children showed a
scrambled face bias at the voluntary attentional
level, and this bias was absent in the ASC group.

Both groups made high proportions of error rates
in all distractor conditions. The error rates reported
for the blurred face (42%) and non-face-like (43%)
distractors in the two experiments presented in
the current paper, were similar with the result
from a previous RDP study using simple shape

Table 6. Statistical details of LMM analyses on saccade error rate and disengagement failure rate (DFR) in Experiment 2.
Fixed effects b 95%CI SE z Cohen’s d

Distractor effects on saccade error rate
Group: ASC vs. TD −0.02 [−0.43, 0.38] 0.21 −0.11
Distractor position: NR vs. FAR 0.06 [−0.07, 0.20] 0.07 0.90
Distractor type: NF vs. SF −0.05 [−0.25, 0.15] 0.10 −0.48
Distractor type: SF vs. BF −0.81 [−1.09, −0.53] 0.14 −5.68*** −0.36
Distractor type: NF vs. BF −0.86 [−1.14, −0.58] 0.14 −6.04*** −0.40
Group × NR vs. FAR −0.22 [−0.49, 0.05] 0.14 −1.57
Group × NF vs. SF −0.33 [−0.74, 0.07] 0.21 −1.61
Group × SF vs. BF 0.38 [−0.18, 0.94] 0.29 1.32
Group × NF vs. BF 0.05 [−0.51, 0.60] 0.29 0.16
NR vs FAR × NF vs. SF 0.04 [−0.29, 0.38] 0.17 0.26
NR vs FAR × SF vs. BF 0.06 [−0.27, 0.39] 0.17 0.35
NR vs FAR × NF vs. BF 0.10 [−0.23, 0.43] 0.17 0.61
Group × NR vs. FAR × NFvs. SF −0.39 [−1.06, 0.29] 0.34 −1.13
Group × NR vs. FAR × SF vs. BF −0.02 [−0.68, 0.64] 0.34 −0.07
Group × NRvs. FAR × NF vs. BF −0.41 [−1.07, 0.25] 0.33 −1.22
Distractor effects on DFR
Group −0.43 [−1.25, 0.40] 0.42 −1.02
NF vs. SF 0.13 [−0.31, 0.57] 0.23 0.59
SF vs. BF 1.49 [0.88, 2.09] 0.31 4.83*** 0.38
NF vs. BF −1.35 [−1.94, −0.76] 0.30 −4.48*** −0.35
Group × NF vs. SF 0.23 [−0.57, 1.03] 0.41 0.57
Group × SF vs. BF 0.52 [−0.50, 1.53] 0.52 1.00
Group × NF vs. BF 0.75 [−0.23, 1.73] 0.50 1.51

Notes: The group by distractor type interaction was significant when excluding the SF trials from the LMM analyses, b = 0.84, SE = 0.39, t = 2.16, p =
0.03, d = 0.79, compared to the findings shown above by including the three distractor types in the LMM analyses. ***p < 0.001.

Table 7. The means and standard deviations of eye movement measures for different distractor positions, types and groups
in Experiment 2.

ASC TD

SL (ms) ER DFR SL (ms) ER DFR

NFD C 339 (144) 0.18 (0.38) 315 (114) 0.08 (0.28)
NR 282 (99) 0.61 (0.49) 238 (77) 0.62 (0.49)
FAR 243 (80) 0.60 (0.49) 222 (77) 0.63 (0.48)
ST 171 (43) 176 (51)

SFD C 318 (121) 0.18 (0.38) 335 (109) 0.10 (0.30)
NR 257 (84) 0.60 (0.49) 250 (76) 0.59 (0.49)
FAR 240 (105) 0.64 (0.48) 229 (66) 0.56 (0.50)
ST 174 (59) 182 (57)

BFD C 314 (149) 0.03 (0.18) 293 (116) 0.03 (0.17)
NR 263 (91) 0.37 (0.48) 232 (71) 0.44 (.50)
FAR 239 (72) 0.44 (0.50) 220 (65) 0.42 (.49)
ST 177 (54) 173 (46)

Notes: In Experiment 2, DFR is the disengagement failure rate for the first saccade. NFD, SFD, and BFD refer to the neutral face distractors, scrambled
face distractors and blurred face distractors respectively.
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Figure 4. Distractor type (with scrambled faces) effect results for both the ASC and TD groups on the error rate (a), disen-
gagement failure rate (b) and saccade latency (c) in Experiment 2.
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distractors (43%, Zhang et al., 2020). These consist-
ent reports of high error rates in both groups of chil-
dren are shown to associate with under-developed
voluntary control in young children per se (Luna
et al., 2008; Zhang et al., 2020).

However, increased error rates for the face-like
distractors, and for real face distractors in the
current paper indicate that children with and
without ASC execute involuntary attention to
facial stimuli equivalently, regardless as to whether
the facial stimuli are typical or scrambled. This
scrambled face effect for errors could result from
the presence of all facial features, albeit in a
scrambled pattern, in these distractors. Specifically,
the scrambled facial information presented
outside of the fovea still has the potential to
capture children’s attention involuntarily. Further-
more, the adoption of face-like and non-face-like
distractors in Experiment 1, well-matched on low-
level visual properties, confirms a prioritised role
for facial configuration in capturing reflexive orient-
ing in all participants. These findings support the
view that the basic function of directing rapid and
reflexive attention to faces is preserved in young
children with ASC. Additionally, the results point
to an advantage of pre-attentive processing of
facial stimuli in ASC, highlighting a prominent
status for faces in the “salience map” of visual atten-
tion (Itti & Koch, 2000; Yu et al., 2017) in this group.
Compared to the prevailing social orientation
hypothesis related to ASC (e.g. Dawson et al.,

2012), which proposes that reduced or slowed
attention towards social items in ASC is rooted in
social and cognitive underdevelopment in ASC,
the current findings suggest that atypical social
communication observed in ASC is not related to
face orientation deficits, at least not at the
reflexive orienting level.

One unexpected, but potentially important
group difference reported in the current study is
the scrambled face distractor bias found in the
TD group. Although we predicted reduced distrac-
tor effects for scrambled faces compared to neutral
faces in Experiment 2, the TD group took longer to
disengage from scrambled faces compared to
neutral and blurred faces. According to the global
face processing theory, we suggest that this
finding could be related to how this type of stimu-
lus fits with the existence of a typical face proto-
type in that group. Disorganised scrambled facial
features are strange and novel, and they violate
the normal configuration of a face, and as such
they could hold attention for longer if the default
is to process faces at a global level. In line with
this idea, event-related potential (ERP) studies
find that humans make more errors recognising
scrambled faces (Donnelly & Davidoff, 1999) and
need longer to process them neurologically
(George et al., 1996) than they do for normal or
typical faces. The absence of the scrambled face
effect in the ASC group could reflect an inefficiency
in global processing of faces in that group. In other

Figure 5. Distractor type (without scrambled faces) effect results for both the ASC and TD groups on disengagement failure
rate in Experiment 2.
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words, children with ASC in the current study
appear to prefer a local- or featured-based proces-
sing strategy to process neutral and scrambled
faces, and this contrasts with the holistic proces-
sing style adopted in the TD group. Therefore, con-
sistent with previous studies that report a
preferential local processing of faces in facial iden-
tity or emotion recognition tasks (Falck-Ytter,
2008), the current study adds new evidence to
this field by revealing evidence to support this
strategy in attentional disengagement from real
faces at the voluntary level in ASC.

A further group difference that has been revealed
from the current study is the increased neutral face
distractor effect on disengagement failure rates in
ASC. This finding is consistent with the face-related
“sticky attention” findings observed in individuals
with ASC in early life (Elsabbagh et al., 2013; Hendry
et al., 2018), and provides new evidence of a
delayed disengagement from fixated neutral faces
in preschool children with ASC at the voluntary
level. This findingmay also be accounted for by a pre-
ference for a local-based processing style in the ASC
group, since they made more fixations within the
central faces, before successful disengagement, for
neutral faces compared to blurred faces. Moreover,
this cognitive difference demonstrates less efficient
voluntary attentional shifting from fixated real facial
information in ASC, and this difference could cause
a delay in the detection of, and hence the utilisation
of, new important social information that is pre-
sented away from the current focus of attention. As
such, this disengagement atypicality could be a
factor underpinning atypical development of
higher-level social perception and cognition in ASC.

Conclusion

In sum, the current findings indicate a bias in
reflexive orienting to face stimuli, coupled with
increased voluntary disengagement from centrally
presented neutral face distractors in ASC.
However, children with ASC fail to exhibit the
special influence of scrambled face distractors that
is observed for TD children at the voluntary level.
These cognitive processing differences suggest
that individuals with ASC may be less effective at
adopting a global processing strategy when visually
attending to real faces at the voluntary attentional
level. This atypicality in ASC has potential to lead
to inefficient or delayed processing of social infor-
mation. Together these effects have potential to

contribute to impairments in typical development
of social cognition, ultimately leading to some of
the observed behavioural differences in everyday
communication in ASC.
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