
Central Lancashire Online Knowledge (CLoK)

Title The Impact of Circumscribed Interest Distractors on Attentional Orienting in 
Young Children with Autism: Eye-tracking Evidence from the Remote 
Distractor Paradigm

Type Article
URL https://clok.uclan.ac.uk/50921/
DOI ##doi##
Date 2024
Citation Zhou, Li, Yang, Fuyi and Benson, Valerie orcid iconORCID: 0000-0002-0351-

4563 (2024) The Impact of Circumscribed Interest Distractors on Attentional
Orienting in Young Children with Autism: Eye-tracking Evidence from the 
Remote Distractor Paradigm. Journal of Cognitive Psychology . ISSN 2044-
5911 

Creators Zhou, Li, Yang, Fuyi and Benson, Valerie

It is advisable to refer to the publisher’s version if you intend to cite from the work. ##doi##

For information about Research at UCLan please go to http://www.uclan.ac.uk/research/ 

All outputs in CLoK are protected by Intellectual Property Rights law, including Copyright law.  
Copyright, IPR and Moral Rights for the works on this site are retained by the individual authors 
and/or other copyright owners. Terms and conditions for use of this material are defined in the 
http://clok.uclan.ac.uk/policies/

http://www.uclan.ac.uk/research/
http://clok.uclan.ac.uk/policies/


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=pecp21

Journal of Cognitive Psychology

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/pecp21

The impact of circumscribed interest distractors
on attentional orienting in young children with
autism: eye-tracking evidence from the remote
distractor paradigm

Li Zhou, Fuyi Yang & Valerie Benson

To cite this article: Li Zhou, Fuyi Yang & Valerie Benson (22 Mar 2024): The impact of
circumscribed interest distractors on attentional orienting in young children with autism: eye-
tracking evidence from the remote distractor paradigm, Journal of Cognitive Psychology, DOI:
10.1080/20445911.2024.2331823

To link to this article:  https://doi.org/10.1080/20445911.2024.2331823

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 22 Mar 2024.

Submit your article to this journal 

Article views: 12

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=pecp21
https://www.tandfonline.com/journals/pecp21?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/20445911.2024.2331823
https://doi.org/10.1080/20445911.2024.2331823
https://www.tandfonline.com/action/authorSubmission?journalCode=pecp21&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=pecp21&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/20445911.2024.2331823?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/20445911.2024.2331823?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/20445911.2024.2331823&domain=pdf&date_stamp=22 Mar 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/20445911.2024.2331823&domain=pdf&date_stamp=22 Mar 2024


The impact of circumscribed interest distractors on attentional orienting in
young children with autism: eye-tracking evidence from the remote
distractor paradigm
Li Zhoua, Fuyi Yanga and Valerie Bensonb

aFaculty of Education, East China Normal University, Shanghai, People’s Republic of China; bSchool of Psychology and Humanities,
University of Central Lancashire, Preston, UK

ABSTRACT
Studies from free-viewing tasks report that children with autism spectrum condition
(ASC) exhibit an attentional bias for circumscribed interest (CI) objects (e.g., vehicles)
over non-CI objects (e.g., furniture). This atypical preference has led researchers to
hypothesise that ASC children would be more distracted by CI-related objects than
non-CI-related objects. The current study aimed to explore this issue using a remote
distractor paradigm. We found longer saccade latencies for centrally presented
distractors in ASC, suggesting delayed endogenous disengagement. Additionally,
higher error rates and fewer corrective saccades in ASC indicated poorer attentional
control. Neither latencies nor errors were modulated by stimulus types but increased
dwell time for CI-related objects over non-CI-related objects in ASC, demonstrated
some support for the CI attentional bias reported in previous free-viewing studies. The
findings are discussed in relation to how task demands in basic orienting paradigms
might mask any CI-related preference bias in children with ASC.
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In addition to the two core symptoms of autism
spectrum condition (ASC), social communication
and restricted repetitive behaviours and interests
(RRBI; American Psychiatric Association, 2013),
attentional challenges have commonly been
reported during the developmental stages of indi-
viduals with ASC (Ames & Fletcher-Watson, 2010).
Atypical social attention has been extensively
explored and documented throughout the life
spans of individuals who have autism, whereas
limited research has focused on how the RRBI
(non-social) features of ASC might impact the atten-
tional domain (Wang et al., 2018; Yerys, 2015). In the
non-social domain, children with ASC display a bias
in attention for some objects like vehicles, helicop-
ters, instruments and clocks (Sasson & Touchstone,
2014; South et al., 2005). This type of non-social
stimuli belongs to the circumscribed interests (CI)
feature of ASC, a notable subcategory of the

restricted repetitive behaviours and interests
profile included in the diagnostic criteria of ASC,
whereby individuals with autism exhibit highly
focused and restricted interests in specific CI-
related objects (Ambarchi et al., 2023; Harrop
et al., 2018). South et al. (2005) identified and
classified CI into different categories. These
include transportation vehicle (e.g. trains, planes),
certain categories of toys (e.g. Lego®), electronic
devices (e.g. home electronic devices, computer
equipment), road signs, and sporting equipment.
It has been observed that CI objects are highly
salient and rewarding for individuals with ASC
(Kohls et al., 2018), and the influence and intensity
of these interests do not always improve with age
(South et al., 2005). There is growing evidence to
show that individuals with ASC spend a significant
amount of time exploring, engaging, and collecting
their preferred CI-related objects (see Harrop et al.,
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2019 for a review). Therefore, it follows that this atypical
behaviour may limit the ability to attend to and acquire
relevant or salient social information, potentially inter-
fering with the nature of social interactions (Sasson
et al., 2008; Valiyamattam et al., 2023).

Eye-tracking studies have revealed that individuals
with autism exhibit aberrant gaze patterns on CI-
related items compared with typically developing (TD)
counterparts (DiCriscio et al., 2016; Unruh et al., 2016;
Zhou et al., 2022). For example, participants with
autism show a detail-oriented (more fixation counts)
and perseverative (longer fixation duration and more
fixation proportion) processing manner on CI-related
stimuli over non-CI-related stimuli (e.g. furniture,
clothes, plants). By contrast, TD counterparts show less
interest in either type of non-social objects, and
instead behave more sensitively to social stimuli, e.g.
faces (Unruh et al., 2016; Valiyamattam et al., 2023).
Additionally, the presence of CI-related objects
increased latencies and decreased fixation duration to
social stimuli like faces in individuals with ASC (Sasson
et al., 2008, 2012; Sasson & Touchstone, 2014; Unruh
et al., 2016). However, the ASC group behaved similarly
to TD peers in their eye-movement patterns to facial
regions in stimuli when these items were presented
with non-CI-related items (Sasson & Touchstone, 2014).

This atypical processing pattern observed for CI-
related stimuli in children with autism has been shown
to influence attentional orienting performance in visual
orienting tasks. DiCriscio et al. (2016) found that children
and teenagers with autism showed less cognitive control
(more error rates) for CI-related objects in an anti-saccade
task relative to TD peers. This effect was absent for non-
social or facial stimuli presented in the same task. A
further visual-orienting study reported that children
with autism reacted faster to orient to CI-related lateral
targets compared to both non-CI-related targets and
facial targets (Mo et al., 2019). By contrast, TD children
oriented faster towards faces compared to non-social
stimuli (CI-related/non-CI-related objects). Additionally,
a more recent study (Zhou et al., 2022) showed that
young children with ASC had increased failure disen-
gagement rates (a failure to orient to a target) in the pres-
ence of foveal CI-related stimuli over non-CI-related
stimuli in a modified gap-overlap paradigm. Conversely,
this difference was absent in TD children. Children in
the TD group were able to shift their focus of attention
swiftly from both CI-related and non-CI-related items to
orient to the peripheral target region.

While several studies have investigated the influence
of CI-related objects on attentional orienting, some
specific limitations of this research need to be noted
here. First, the above orienting studies introduced

either CI-related or non-CI-related stimuli singularly pre-
sented in one single visual region, either solely in the
foveal region (e.g. Zhou et al., 2022), or in the peripheral
region (e.g. DiCriscio et al., 2016; Mo et al., 2019). There-
fore, no comparisons can be made for the effects of
central and parafoveal or peripheral stimuli when these
are presented in the same experiment. In the real world,
distractors may manifest at any location randomly,
rather than being consistently presented in a fixed
location. Furthermore, most studies have adopted
passive viewing tasks with less cognitive control (e.g. pre-
ference-looking or visual search paradigms) to examine
visual orienting patterns for CI-related or non-CI-related
objects (e.g. Unruh et al., 2016; Valiyamattam et al.,
2023). Those studies that have adopted lower-level
visual orienting tasks like the gap-overlap paradigm
have found that participants exhibited ceiling effects in
failure to orient rate (e.g. Zhou et al., 2022). Hence, little
is known about attentional orienting characteristics in
the context of CI or non-CI under higher-level attentional
demand tasks, which require cognitive control. Our per-
ception goes beyond mere passive observation of exter-
nal stimuli, and we need to be able to inhibit irrelevant
distractors in the environment to allow us to engage
with more meaningful content. Finally, the evidence
from relevant research has concentrated on ASC adoles-
cents or older ASC children, with limited investigations
into younger children with autism (Lockwood Estrin
et al., 2024; Zhang et al., 2020). It is well known that the
presence of CI-related stimuli impacts voluntary orienting
in ASC youth (DiCriscio et al., 2016), however, whether
these CI-related items influence attentional orienting in
young children with ASC or not has been understudied.

The current study aimed tomeasure attentional orient-
ing in young children with and without ASC using eye-
tracking technology by adopting a higher attentional
level task, the remote distractor paradigm (RDP, Walker
et al., 1997), under the context of both CI-related and
non-CI-related distractors presented at different visual
locations. The RDP encompasses four distractor sub-con-
ditions: central (foveal) distractor (C), parafoveal distractor
(NEAR), peripheral distractor (FAR), and no distractor
(single target, ST) conditions. Participants are required
to ignore irrelevant distractors appearing at various
visual locations and look at the lateral targets. Therefore,
children need to make an orienting response under
greater cognitive control than that required in previous
free-viewing tasks. Both involuntary automated orienting
(saccade to distractors) and voluntary orienting (saccade
to targets) were explored in the RDP. In the cases of an
erroneous first saccade being made towards the distrac-
tor, the second saccades will be analysed to investigate
if these are corrective saccades (re-orienting to the
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target location), a pivotal indicator to check that initial
saccades reflect reflexive orienting that is then corrected
with a voluntary response. This type of analysis has been
overlooked in previous studies (e.g. Zhang et al., 2020),
but it is very useful to highlight whether participants
have understood the task initially unable to impose
voluntary control over the reflexive orienting system. In
addition, a further measure of dwell time (the time
spent looking at a specific region) will be evaluated
across both groups to explorewhether, whenparticipants
looked at the distractors, there would be differences
between CI-related and non-CI-related distractors for
the two participant groups.

In light of prior evidence indicating differences in the
development of cognitive control in young ASC children
(Amestoy et al., 2021; Zhang et al., 2020), we hypoth-
esised that children with autism would have lower atten-
tional control, and would be more susceptible to
interference during attentional orienting compared to
TD children. This should be reflected in increased
saccade latency (SL), increased saccade errors, and
fewer corrective saccades in the ASC children. Moreover,
given that CI-related objects impact ASC children’s
attention (Sasson et al., 2008; Valiyamattam et al.,
2023), such stimuli might pose greater challenges in
visual orienting within the context of CI in children
with autism. Thus, the basic effects of increased
latency and/or dwell time should also be modulated
by CI-related distractors in ASC children.

Methods

Participants

A total of 61 participants took part in the current study.
The sample included 29 young children with autism
(Mage = 66.83 months) and 32 gender-, age- and IQ-
matched TD children (Mage = 70.08 months). A power
analysis was conducted using GPower 3.1 (Faul et al.,
2007) to determine whether a sufficient number of par-
ticipants were recruited for the current study. At least 24
participants were required for the RM-ANOVA with
group (ASC, TD) designed as the between-group
factor, and both distractor condition (ST, C, NEAR, FAR)
and distractor type (CI, non-CI) were considered as
within-group factors, using similar parameter settings
(0.95 power, an alpha of 0.05, and 0.5 as correlations)
as those reported in previous studies (Zhou et al., 2022).

The ASC children were recruited from an autistic
research and service centre in Tianjin, and all TD children
were recruited from two kindergartens in the same city.
All ASC children received a formal diagnosis of ASC from
more than one experienced clinical physician according

to DSM-V standards (American Psychiatric Association,
2013). Parents or interventionists of all participants com-
pleted the Autism Spectrum Quotient: children’s version
(AQ; Auyeung et al., 2008) to confirm the diagnosis. As
expected, significant differences in AQ scores were
exhibited between the ASC group and the TD group
(t(59) = 7.19, p < 0.001). Additionally, the Wechsler Pre-
school and Primary Scale of Intelligence-Fourth Edition
CN version (Wechsler, 2014) was employed to evaluate
all children’s verbal IQ, performance IQ and full-scale
IQ. See Table 1 for detailed information on participant
demographics.

Prior to participating in the study, all parents
gave informed consent. The study was approved by
the University Committee on Human Research Protec-
tion at East China Normal University (protocol code:
HR025-2022).

Stimuli and apparatus

Most stimuli were validated to be CI-related or non-CI-
related stimuli using the visual preference paradigm
(Zhou et al., 2022), and the stimuli were also rated by
35 children with autism who did not participate in the
current study. A final sample of 36 CI-related (M = 0.76
± 0.07) and 36 non-CI-related objects (M = 0.25 ± 0.07)
were chosen as the formal stimuli, and the preference
scores between the two types of stimuli were significant
(t(35) = 23.91, p < 0.001). Both types of pictures have been
documented in previous studies (DiCriscio et al., 2016;
Sasson et al., 2008; Sasson & Touchstone, 2014; South
et al., 2005; Unruh et al., 2016), including CI-related
objects such as airplanes, cars, trains, clocks, and non-
CI objects such as plants, clothes, and furniture. Both
CI and non-CI distractors were set at 195 × 130 pixels
in size. The target “a picture of the sun” was set as
130 × 130 pixels. The target was presented either on its
own (ST condition) at 4.5° in the parafoveal location or
9° in the peripheral location on the right or left of the
display, or it was presented with a distractor, which
was positioned at the mirror opposite location to the

Table 1. Demographic data of the ASC and TD groups (mean
and SD).

ASC
(n = 29)

TD
(n = 32) χ2/t p

male/female 21/8 25/7 0.27 0.605
Age (months) 66.83 (10.47) 70.08 (3.41) −1.66 0.102
VIQ 104.03 (12.65) 103.22 (9.39) 0.29 0.775
PIQ 114.45 (13.57) 108.97 (9.51) 1.84 0.071
FSIQ 109.35 (12.03) 105.78 (7.44) 1.41 0.165
AQ 76.07 (8.38) 55.31 (13.34) 7.19 < 0.001

Note: ASC = autism spectrum condition, TD = typically developing, VIQ =
verbal IQ, PIQ = performance IQ, FSIQ = full-scale IQ, AQ = autism spectrum
quotient.
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target (NEAR and FAR conditions) or positioned at the
foveal region (C condition).

The EyeLink Portable DUO (SR Research, Canada)
with a 500 Hz sampling rate was adopted to collect
eye-movement data. The display DELL screen was
15.6 inches with a refresh rate of 60 Hz and a 1920 ×
1080 pixel resolution.

Procedures

Three-point calibration and validation procedures were
performed before the experiment was initiated, and a
one-point drift correction was performed before each
trial of the experiment. An asterisk (*) was displayed
for 800–1200 ms at the start of each trial across the
four distractor conditions to ensure that participants
had no expectations regarding the timing of the
target/distractor appearances and to mitigate the poten-
tial impact of participant expectations on research
results (Keehn, 2020). This was followed by: (1) a parafo-
veal or peripheral target (sun) presented in isolation for
2000 ms in the single target (ST) condition; (2) a distrac-
tor (CI or non-CI) presented foveally with the target pre-
sented at the parafoveal or peripheral location for
2000 ms in the central (C) distractor condition; (3) both
the distractor and the target presented simultaneously
at mirror symmetrical locations in the parafoveal
(NEAR) or peripheral (FAR) fields. All trials ended with a
500 ms blank screen. See Figure 1 for an example of
the trial sequence.

The experiment consisted of 96 formal trials, with 24
trials in each distractor condition. Both CI-related
and non-CI-related distractors appeared in C, NEAR
and FAR distractor conditions. All trials were pseudo-
randomly assigned across two blocks, and an ABBA
order was implemented across participants. The

instruction was: “Please look at the screen carefully,
and when the ‘sun’ appears, look at it and ignore
any irrelevant objects that might also be present on
the screen”. Before the formal eye-tracking trials, we
created a PowerPoint presentation which included
the instructions and pictures of the trial sequences. In
the PowerPoint, there were 4–5 practice trials (distrac-
tor pictures were not related to the formal experiment
images), and we asked participants to tell us what we
were asking them to do, and to point to the relevant
targets manually. Additionally, we included four prac-
tice trials before the formal set of 48 trials in each
block. Each participant was asked to verbally describe
what they were required to do in the study and the
experimenter provided feedback to ensure comprehen-
sion of the task requirements.

Data analysis

Saccade latency (SL, the latency between target presen-
tation and the first correct saccade initiation towards the
target, ms), error rate (the proportion of the first sac-
cades that were incorrectly directed towards the distrac-
tor), corrective rate (the proportion of first saccades
towards the distractor that were followed by a second
corrective saccade towards the target) and dwell time
(the time spent looking at a specific Area-of-Interest,
AOI, that was either CI-related AOI or non-CI-related
AOI, ms) were analysed.

Eye-movement measures were analysed using the
lmerTest package (version: 3.1-3) in R 4.3.0, employing
either Linear Mixed Models (LMM) or Generalized Linear
Mixed Models (GLMM), depending on whether the eye-
movement measure was a continuous or a binary vari-
able. In the analysis of SL, group (ASC, TD), distractor con-
dition (ST, C, NEAR, FAR), and any interactions were

Figure 1. Example of experimental procedure. [To view this figure in color, please see the online version of this journal.]
Note: ST = single target, FAR = peripheral distractor. The airplane in the FAR condition is an example of a circumscribed interest related item, and the sun on the
right is a lateral target.
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considered to be fixed factors, and LMMwere adopted to
analyse SL as the first measure. We then added distractor
type (CI, non-CI) into the LMM analysis to compare group
(ASC, TD) differences under the three presentation con-
ditions (C, NEAR, FAR) where a distractor was presented
with the target (we did not include ST distractor condition
in this session as only the target “sun” was present in this
condition). For error rates and corrective rates (onlymirror
distractor conditions—NEAR and FAR—were analysed in
these measures, as both the target and distractor were
present simultaneously at the mirror side, making it chal-
lenging for participants to make a correct saccade. C and
ST were not analysed in this session, as the target was
present in the parafoveal/peripheral regions, and partici-
pants can easilymake a correct saccade), GLMMwere per-
formed with group (ASC, TD), distractor condition (NEAR,
FAR), distractor type (CI, non-CI), and any interactions
were treated as fixed factors. Finally, we created the AOI
(size: 220 × 160 pixels) for both CI and non-CI distractor
regions so that we could compare participants’ dwell
time characteristics under distractor conditions (C,
NEAR, FAR) also using LMM. Both participants and
stimuli were treated as random factors in all LMM or
GLMM analyses. Additionally, the BayesFactor package
(version: 0.9.12-4.4) was employed to estimate themagni-
tude of both main and interaction effect models against
the null model (including variations from both partici-
pants and stimuli), and in this analysis BF10 > 1

(BF10=
p(data|H1)
p(data|H0)) indicates that the alternative hypoth-

esis has a greater influence than the null hypothesis
(Wagenmakers et al., 2018).

Results

Saccade latency

A main effect of group (b = 22.17, SE = 9.52, t = 2.33, p =
0.023, BF10 = 3.87) indicated that children with autism
showed increased SL (241 ± 5 ms) overall compared to
TD children (232 ± 2 ms). The distractor condition effect
(F(3, 63.87) = 301.68, p < 0.001, BF10 = 2.73e31) showed the
expected fundamental remote distractor effect partly
(RDE; Benson, 2008), whereby SL in distractor conditions
(C, NEAR, and FAR) were significantly longer than in the
non-distractor ST condition (161 ± 1 ms; |t|s > 4.45, ps <
0.001). Within those three distractor conditions,
increased SL was shown for foveal distractor C condition
(369 ± 5 ms) compared to both parafoveal NEAR (216 ±
3 ms; b = 176.47, SE = 7.43, t = 23.74, p < 0.001) and per-
ipheral FAR distractor conditions (216 ± 3 ms; b =
173.70, SE = 7.41, t = 23.44, p < 0.001).

A significant interaction (F(3, 3060.89) = 105.80, p <
0.001, BF10 = 1.33e58) revealed that in the C condition
(foveal distractor), children with ASC (441 ± 12 ms)
showed prolonged SL compared to TD children (332 ±
5 ms; b = 115.89, SE = 10.68, t = 10.85, p < 0.001), but no
group differences were observed for the other distractor
conditions (|t|s < 1.44, ps > 0.05), and when stimulus type
(CI, non-CI) was included as one of the fixed factors in
the LMM, no effects related to stimulus type were
found (|t|s < 1.79, ps > 0.05). See Table 2 for the detailed
figures for the LMM results, and Figure 2 for SL across
four distractor conditions.

Error rate

A significant main effect of group (b = 0.69, SE = 0.18, z =
3.78, p < 0.001, BF10 = 21.13) suggested that, overall,
more saccade errors were made by children with
autism (0.69 ± 0.01) than by TD children (0.55 ± 0.01).
No other main effects or interactions were found to be
significant (|z|s < 1.79, ps > 0.05).

Considering the high error rates across the two
groups, it is possible that children were unable to
follow the instructions and ended up looking at the
target or distractors randomly. To eliminate this possi-
bility, error rates were compared with the chance level
(0.5), and significant differences from the chance level
were found in ASC and TD groups respectively (ASC: t
= 13.68, p < 0.001; TD: t = 3.50, p < 0.001). Furthermore,
the significant distractor effect on SL also supports the
view that both groups of children can follow the exper-
imenter’s instruction and endeavour to look at the
targets.

Corrective saccade rate

A main effect of group (b= 1.49, SE = 0.29, z = 5.07, p<
0.001, BF10 = 515.04) showed that TD children made more
corrective saccades (0.88 ± 0.01) than children with ASC

Table 2. Fixed effect estimates for saccade latency.
b SE t p

ASC vs. TD 22.17 9.52 2.33 0.023
C vs. FAR 173.70 7.41 23.44 < 0.001
C vs. NEAR 176.47 7.43 23.74 < 0.001
C vs.ST 227.23 11.08 20.51 < 0.001
FAR vs. NEAR 2.78 7.83 0.35 0.724
FAR vs. ST 53.53 11.36 4.71 < 0.001
NEAR vs. ST 50.75 11.38 4.46 < 0.001
C: ASC vs. TD 115.89 10.68 10.85 < 0.001
FAR: ASC vs. TD −16.85 11.82 −1.43 0.844
NEAR: ASC vs. TD −13.30 11.85 −1.12 0.951
ST: ASC vs. TD 2.93 9.98 0.29 1.000

Note: ASC = autism spectrum condition, TD = typically developing, C =
central (foveal) distractor, FAR = peripheral distractor, NEAR = parafoveal
distractor, ST = single target.
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(0.72 ± 0.02).Noothermaineffectsor interactions related to
distractor types were found to be significant (|z|s < 1.96, ps
> 0.05; or BF10 < 1). Importantly, in line with the error data,
there was no evidence from this analysis to suggest that
there was a difference in the corrective saccade rate for
CI-related versus non-CI-related distractors between the
groups.

Additionally, we also compared the corrective
saccade rates with the chance level value (0.5), and
ASC children’s (t = 13.43, p < 0.001) and TD children’s
corrective performance (t = 32.38, p < 0.001) were signifi-
cantly higher than the chance level, indicating that the
second corrective saccades initiated towards the target
were not initiated randomly.

Dwell time

Since it is well documented that individuals with ASC
pay more attention to CI-related objects, and since we
have found no evidence of this in the latency or error
data in the current experiment, we conducted a

further analysis of “dwell time” on the distractors to
see if there was any evidence of increased voluntary pro-
cessing of CI-related distractors in the ASC group when
we calculated the total time spent looking at those
distractors.

Dwell time (ms) is the time that eye-movement
events (e.g. fixations, saccades, revisits) occur in a
specific AOI region, and a higher dwell time could be
associated with intrinsic preferences, motivation and
voluntary attention (Mahanama et al., 2022). A signifi-
cant main effect of group (b = 508.63, SE = 54.41, t =
9.35, p < 0.001, BF10 = 1.76e10) suggested increased
dwell time on distractor AOI regions in ASC children
(855 ± 11 ms) compared to TD children (356 ± 7 ms). In
addition, the significant main effect of distractor con-
dition (F(2, 65.87) = 99.67, p < 0.001, BF10 = 6.61e14)
showed that both groups of children dwelled more on
foveal AOI distractors (797 ± 13 ms) relative to distractor
AOI presented at NEAR (515 ± 12 ms; b = 278.00, SE =
24.90, t = 11.17, p < 0.001) and FAR locations (467 ±
12 ms; b = 325.33, SE = 24.90, t = 13.07, p < 0.001).

Figure 2. Group by distractor condition interaction results on saccade latency. [To view this figure in color, please see the online
version of this journal.]
Note: ASC = autism spectrum condition, TD = typically developing, C = central (foveal) distractor, FAR = peripheral distractor, NEAR = parafoveal distractor, ST
= single target.
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Additionally, an interaction between group and dis-
tractor type (F(1, 4224.17) = 14.89, p < 0.001, BF10 = 69.89)
showed an atypical visual preference for CI-related dis-
tractors (907 ± 16 ms) relative to non-CI distractors (802
± 15 ms; b = 103.50, SE = 22.80, t = 4.55, p < 0.001) in the
ASC group, and this difference was absent in the TD
group (CI = 374 ± 10 ms, non-CI = 338 ± 9 ms; |t| < 1.25,
p > 0.05). No other main effects or interactions were
found to be significant (Fs < 2.03, ps > 0.05; or BF10 < 1).
Described statistics for all of the above eye-movement
measures in the current study are shown in Table 3.

Discussion

The aim of this study was to investigate the impact of CI-
related objects on attentional orienting in individuals
with and without autism, using eye-tracking technology
by adopting a higher attentional level task, the remote
distractor paradigm. This expectation was derived from
the robust findings from visual preference studies
which have reported that individuals with ASC pay
more attention to CI-related objects (Sasson et al.,
2008; Unruh et al., 2016; Valiyamattam et al., 2023). To
achieve our aim, the current study employed the RDP
with CI-related and non-CI-related distractors positioned
at different locations in the visual field (including foveal,
parafoveal, and peripheral regions). The task was to
ignore the distractors and make a saccade (look)
towards a laterally presented target (a sun). As expected,
overall, weaker attentional control was observed in
young children with ASC, and there was also some evi-
dence of voluntary processing differences for CI-
related distractors in that group.

In typical RDP experiments that employ simple geo-
metric stimuli, foveal distractors produce the biggest
RDE, and this effect decreases systematically as the dis-
tractor is positioned more peripherally (Walker et al.,
1997). However, when distractors are more complex or
larger in size, then it is not uncommon to observe
similar effects for parafoveal and peripheral distractors
(e.g. Zhang et al., 2021), and this is what we observed
in the current study.

Moreover, a protracted endogenous disengagement
from the foveal distractors was observed for children
with autism in the central (foveal) distractor condition,
providing further support for the attentional disengage-
ment deficit hypothesis inASC. It is known that disengage-
ment deficits in ASC contribute to the emergence of the
ASC phenotype (Keehn et al., 2013), and hence this was
confirmed in the current study. The findings from the
current study also align with prior findings of weak disen-
gagements in toddlers with autism (Kleberg et al., 2017;
Landry & Bryson, 2004; Zhou et al., 2022). For example,
Zhang et al. (2020) adopted the same paradigm (RDP) to
investigate attentional orienting using simple geometric
figures as distractors and found aprolonged voluntary dis-
engagement for the foveal distractor condition in children
with ASC relative to neurotypical children.

However, what should be noted is that whether indi-
viduals with ASC experience difficulties in attentional dis-
engagement is controversial, with conflicting findings
reported in much of the previous research (Keehn,
2020). For example, Amestoy et al. (2021) conducted a
two-year longitudinal study involving 82 children, adoles-
cents, and adults with autism, finding preserved atten-
tional disengagement from geometric figures in the
gap-overlap paradigm compared to TD individuals. This
intact disengagement was also found in other studies
that used basic simple figures (e.g. Caldani et al., 2020;
Crippa et al., 2013; Zalla et al., 2018), non-social figures
(e.g. Wilson & Saldaña, 2019) and even social figures
(Skripkauskaite et al., 2021).

We argue that these inconsistent findings, in relation
to the findings in the current study, might result from
methodological issues. One limitation of the traditional
gap-overlap paradigm, which has been one of the most
frequently used paradigms to investigate disengage-
ment, concerns the overlap condition. In the overlap con-
dition the centrally presented item is displayed for a
duration of between 1000 and 3500 ms before the
target appears, thus allowing both groups to pre-
process the item prior to target appearance, and hence
both groups could disengage swiftly and move the
eyes to the target when it was displayed. This idea has
been supported by a recent study (Zhou et al., 2022)
who explored visual disengagement differences across
toddlers with and without autism using the gap-
overlap paradigm. The findings, similar to Amestoy
et al. (2021), showed equivalent disengagement perform-
ance in both groups. However, when Zhou et al. (2022)
modified the overlap task, by removing the opportunity
to pre-process the foveal stimuli, disengagement differ-
ences were exhibited in young children with autism.

In the current study, no modulation effect by stimulus
type was observed for saccade latency, and this finding

Table 3. Eye-movement measures across two distractor types in
both groups (mean and SE).

Saccade
latency
(ms)

Error rate
(0–1)

Corrective
rate
(0–1)

Dwell
time
(ms)

ASC CI 315 (11) 0.70 (0.02) 0.69 (0.02) 907 (16)
non-CI 309 (10) 0.68 (0.02) 0.75 (0.02) 802 (15)

TD CI 274 (4) 0.52 (0.02) 0.89 (0.02) 374 (10)
non-CI 275 (4) 0.57 (0.02) 0.87 (0.02) 338 (9)

Note: ASC = autism spectrum condition, TD = typically developing, CI = cir-
cumscribed interests.
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is consistent with previous reports from both anti-
saccade paradigms (DiCriscio et al., 2016) and traditional
gap-overlap paradigms (Zhou et al., 2022). Both DiCriscio
et al. (2016) and Zhou et al. (2022) have found that
saccade latencies were comparative across CI-related
and non-CI-related objects in both ASC and TD groups.
These null effects for stimulus modulation on saccade
latencies do not seem to fit with the expectation of
increased disengagement for CI-related stimuli, given
the consistent reports of a preference to “look at this
type of stimulus for longer” in free viewing tasks.
However, it might be that, unlike in passive viewing
tasks (e.g. the preferential looking paradigm or visual
research tasks), participants in the studies reported
earlier, and here in the current study, were specifically
instructed to disregard the (CI or non-CI) distractors
and instead initiate a saccade to a lateral target location.
Thus, the task demands in these types of studies differ
from those studies where participants are able to
freely look at CI-related or non-CI-related stimuli at
their discretion. Under those conditions the preference
for CI-related objects is clear in children with ASC.
However, it is also clear from the findings of the
current study and previous studies that have adopted
orienting paradigms (RDP, the gap-overlap paradigm,
and the anti-saccade paradigm) that stimulus type
modulation can be overridden by the task demands. In
these paradigms, the task can be successfully completed
without the need to engage cognitive processing of
complex visual stimuli like CI-related objects.

Analyses of error rates and corrective rates during
orienting showed that both groups performed above
the chance level. High error rates in both groups
suggested the young children found it difficult to
inhibit reflexive saccades towards the distractors. It has
been documented that the inhibition system matures
at 7–13 years old (Fukushima et al., 2000; Nicholls
et al., 2019), and our 3–6 year-old participants were
too young to control their top-down voluntary proces-
sing. High corrective rates, a second saccade initiated
towards the target following a first saccade initiated
towards the distractor, indicated that young participants
could follow instructions and monitor their own incor-
rect eye movements to re-initiate saccades to the right
position promptly, in both groups.

In the current study, children with autism showed
poorer attentional control, with increased error rates,
and decreased corrective rates on non-social distractors
compared to TD counterparts. These findings align with
previous evidence from anti-saccade (Amestoy et al.,
2021; Luna et al., 2007) and go-no-go tasks (Uzefovsky
et al., 2016), which suggests that individuals with
autism are less able to inhibit involuntary orienting to

distractors and promote a voluntary response to the
targets. These challenges verify the fundamental atten-
tional differences outlined in the executive dysfunctional
theory (Hill, 2004) whereby response inhibition (the
ability to resist impulsive actions) is divergent in children
with autism. Moreover, these inhibitory failures to sup-
press reflexive saccades are reflected in cerebellar
circuit alternations in ASC (Mosconi et al., 2013).

Additionally, some evidence of a modulation effect on
distractors was found on dwell time in children with
autism. An atypical preference for CI-related objects over
non-CI objects was observed for participants with ASC.
This result fits with findings from free viewing tasks
which report prolonged looking time on CI-related items
(Sasson & Touchstone, 2014; Unruh et al., 2016). In the
current study, the dwell differences on CI-related objects
indirectly confirmed the validity of the research materials.
Moreover, unlike in prior free-viewing studies (e.g. Sasson
et al., 2008), the children in the current study were
instructed to ignore the distractors and yet still there
was evidence in the dwell timemeasure ofmore attention
allocated to the CI-related distractors in young children
with autism. The processing bias for CI-related stimuli
that has been shown in previous passive-looking para-
digms (Unruh et al., 2016) is not supported in the tra-
ditional RDP measures of latency and errors, but the bias
has received support from the dwell time measure in
the current study. We suggest that the dwell time
measure, which is similar to “total looking time” reflects
more voluntary attentional orienting, and it is more
likely that attentional differences will be observed for CI-
related objects in the voluntary attentional domain.

Some limitations in the current study should be con-
sidered and further examined in future studies. Firstly,
we did not investigate gender differences, and some
recent studies have suggested there may be gender
differences in the types of objects that result in circum-
scribed interest for individuals with autism (Harrop et al.,
2018). This is an area worthy of future investigation. Sec-
ondly, paradigms that permit enhanced engagement
with CI-related objects might be better suited to investi-
gate visual disengagement differences in individuals
with autism, rather than paradigms where it is not
necessary to process CI-related objects in order to com-
plete the task at hand.

Conclusion

The current study explored the influence of CI-related
and non-CI-related distractors on visual orienting in
young children with and without ASC. The findings
provide support for basic attentional orienting differ-
ences in young children with ASC, and some evidence
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for the expected bias for CI-related stimuli in ASC.
However, the findings also raise the question as to
whether paradigms that were set up to investigate
basic attentional or oculomotor control are suitable to
detect attentional processing differences for complex
visual stimuli. We suggest that in such paradigms (e.g.
the RDP, the gap-overlap paradigm, the anti-saccade
paradigm), basic task demands might actually mask any
stimulus preference biases, as in those paradigms such
stimuli do not have to be fully processed in the first
place in order to complete the task. Hence our findings
and our interpretation of these findings offer a solution
to a puzzle, namely, why attentional disengagement in
individuals with ASC is often reported to be the same
for CI-related and non-CI objects when traditional eye-
movement paradigms are adopted to investigate the
effects of high-level complex visual stimuli. This leads
us to conclude that future studies that aim to investigate
attentional orienting for CI-related stimuli in individuals
with ASC might be best suited to adopt paradigms
where the task demands do not mask such biases.
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