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Attention orienting can be controlled by exogenous (i.e., 
stimulus-driven) or endogenous (i.e., goal-driven) processes 
(Corbetta & Shulman, 2002), both of which can be mea-
sured by variations of the Posner task (Posner, 1980). In this 
task, participants are asked to use cues to orient their atten-
tion to the location of an upcoming target that appears at 
either the left or right side of screen. In the exogenous task, 
the cue is non-symbolic, such as a peripheral light flash, and 
does not predictive the target location. In the endogenous 
task, the cue is typically symbolic, such as an arrow or eye 
gaze in the middle of screen, and is predictive. Cues that 
mix features of exogenous and endogenous cues or that 
have been overlearned, such as arrows, engage processes 
independent of exogenous and endogenous orienting (Ris-
tic & Kingstone, 2012; Vecera & Rizzo, 2006) or engage 
both exogenous and endogenous orienting (Losier & Klein, 
2001; Warner et al., 1990), making it difficult to interpret 
the findings.

Previous research using the Posner task has yielded 
inconsistent results in autistic people. This may be due 
to variation in the types of cues used. Early studies of 

Spatial attention orienting is an essential cognitive function 
that determines where we focus our concentration. Atypi-
cal attention orienting has been suggested as a promising 
early indicator of autism spectrum disorder (ASD) prior to 
the emergence of socio-communicative deficits (Baranek et 
al., 2018; Canu et al., 2021; Elsabbagh et al., 2013). When 
attention orienting is assessed experimentally in autistic 
people, however, findings are inconsistent (Keehn et al., 
2013; Landry & Parker, 2013). It remains unclear which 
experimental and individual factors may trigger or intensify 
atypical attention orienting in ASD.
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Abstract
Research is equivocal on whether attention orienting is atypical in autism. This study investigated two types of atten-
tion orienting in autistic people and accounted for the potential confounders of alerting level, co-occurring symptoms of 
attention-deficit/hyperactivity disorder (ADHD) and anxiety, age, and sex. Twenty-seven autistic participants (14 males; 
9–43 years) and 22 age- and sex-matched non-autistic participants (13 males; 9–42 years) completed the exogenous and 
endogenous Posner tasks. Response time and pupillometric data were recorded. Autistic participants were faster at ori-
enting attention to valid cues in the exogenous task and slower at disengaging from invalid cues in the endogenous task 
compared to non-autistic participants. With increasing age, autistic participants showed faster exogenous and endogenous 
orienting, whereas non-autistic participants showed faster exogenous orienting but stable speed of endogenous orienting. 
Higher ADHD symptoms were associated with slower exogenous orienting in both groups, whereas higher anxiety symp-
toms were associated with faster exogenous orienting only in autistic participants. No group differences were noted for 
alerting levels, sex, or pupillary responses. This study provides new evidence of superior exogenous orienting and inef-
ficient endogenous orienting in autistic people and suggests that age and co-occurring symptoms are important to consider 
when assessing attention orienting in autism.
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exogenous orienting suggested that autistic people showed 
delayed or deficient orienting (Casey et al., 1993; Harris et 
al., 1999; Townsend, Courchesne et al., 1996; Townsend, 
Harris et al., 1996), but these studies used predictive 
peripheral cues, which appear to engage both exogenous 
and endogenous orienting (Warner et al., 1990). In subse-
quent studies that used nonpredictive peripheral cues, some 
observed intact orienting (Iarocci & Burack, 2004; Pruett et 
al., 2011) while others found slower orienting (Ronconi et 
al., 2018) in autistic people. These studies, however, either 
used complex cues (e.g., with varied sizes; Ronconi et al., 
2018) or introduced distracting stimuli (Iarocci & Burack, 
2004) that may induce extra cognitive processing other than 
a stimulus-driven reaction.

Results of endogenous orienting studies have also been 
mixed; some studies reported intact orienting in autistic 
people (Pruett et al., 2011; Renner et al., 2006) while others 
reported difficulties in disengaging attention (Flanagan et 
al., 2015; Tsai et al., 2011). These studies of endogenous ori-
enting all employed overlearned cues used in daily life, such 
as arrows and eye-gaze, that may confound the measure-
ment of endogenous orienting. To date, it remains unknown 
whether autistic people show impaired endogenous orient-
ing based on non-social rule-based cues.

Several unaccounted factors may help to explain these 
previous inconsistent findings. First, varying levels of 
arousal may affect orienting of attention (Callejas et al., 
2004; Spagna et al., 2014). Presenting an alerting cue was 
found to improve the accuracy or speed of response in autis-
tic participants (Fan et al., 2012; Hames et al., 2016; Mash 
et al., 2020), but how alerting levels affect the process of 
attention orienting in autistic people remains unclear. Physi-
ological measures of pupil dilation can be used to capture 
changes in alertness (Aston-Jones et al., 2007; Carter et 
al., 2013; Yang et al., 2021). Two studies have measured 
pupillary responses in autistic people using modified Pos-
ner tasks and both suggested hyper-alertness in autism 
(Aldaqre et al., 2016; Boxhoorn et al., 2020). Aldaqre et 
al. (2016) found that pupil dilations were larger in autistic 
people when orienting was based on high-communicative 
versus low-communicative social cue (i.e., pointing versus 
grasping gestures), which was not found in non-autistic 
people. Boxhoorn et al. (2020) found that autistic people 
who showed larger pupil dilations were slower at orient-
ing, which was also not found in non-autistic people. These 
studies, however, included settings that may affect pupillary 
measurement, with one requiring interpretation of different 
social cues and shifting gaze (Aldaqre et al., 2016) and the 
other requiring discrimination between distractor and target 
(Boxhoorn et al., 2020). Therefore, it remains inconclusive 
how alertness levels affect orienting and how pupil alertness 
changes during attention orienting in autism.

Second, co-occurring symptoms in autism may also 
confound orienting results. Attention-deficit/hyperactivity 
disorder (ADHD) and anxiety are two common comorbid 
symptoms in autism (Lai et al., 2019) and both may affect 
attention orienting (Caldani et al., 2020; Ghassemzadeh et 
al., 2019; Ortega et al., 2013). To date, the impact of co-
occurring ADHD and anxiety symptoms on attention orient-
ing in autistic people is not clearly understood.

Third, other factors, including age and sex, may also 
influence attention orienting. A meta-analysis found that 
impairments of attention orienting in autistic people 
increased with age (O. Landry & Parker, 2013). This find-
ing, however, remains to be confirmed as most reviewed 
studies included only children. No study has addressed how 
sex could influence attention orienting in autism, although 
sex differences in orienting have been shown in non-autistic 
people (Bayliss et al., 2005; Feng et al., 2011; Merritt et al., 
2007).

This study aimed to investigate attention orienting in 
autistic people using the Posner task, with consideration 
of the effects of alertness, co-occurring anxiety and ADHD 
symptoms, age, and sex. To reduce ambiguous interpreta-
tions, we used non-symbolic, non-predictive, peripherally 
located cues to examine exogenous orienting and newly 
learned, centrally presented coloured cues to examine 
endogenous orienting (Johnson et al., 2020). It was hypoth-
esised that (1) autistic people would show orienting deficits 
in performance on both exogenous and endogenous tasks, 
(2) the provision of an alerting tone would improve the 
efficiency of attention orienting in autistic people, and (3) 
higher anxiety and ADHD symptoms would be associated 
with atypical orienting in autistic people. Due to the paucity 
of research, no hypotheses on the effects of age and sex were 
proposed. As subtle changes in attention orienting may not 
be captured by behavioural measurements alone, the current 
study measured pupil dilation (PD) peak amplitude and the 
latency to PD peak amplitude as additional sensitive indica-
tors of alertness. To date, no ASD studies have tested pupil 
responses in a conventional Posner paradigm. Therefore, no 
hypotheses on the pupil responses during attention orienting 
were proposed.

Methods

Participants

Twenty-nine autistic people with a clinical diagnosis of 
ASD and 26 non-autistic people were recruited. Inclusion 
criteria were a confirmed ASD diagnosis using the Autism 
Diagnostic Observation Schedule, Second Edition (ADOS-
2; Lord et al., 2012) for autistic participants, a Raven’s 2 
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standard score of greater than 70 (Raven et al., 2018) and an 
overall accuracy performance of more than 70% on the ori-
enting tasks. One autistic and two non-autistic participants 
were excluded due to low accuracy. One autistic participant 
refused to participate, and data of two non-autistic partic-
ipants were lost due to technical issues. The final sample 
included 27 autistic and 22 age- and sex-matched non-autis-
tic participants (see Table 1).

Autistic participants were recruited through clinics, hos-
pitals, universities, and the local community. Non-autistic 
participants were recruited through the local community. 
Informed written consent was obtained from adult partici-
pants and from caregivers of child participants.

Materials

Orienting Task

The exogenous and endogenous orienting tasks (Posner, 
1980) were administered using E-Prime (Psychology Soft-
ware Tools, 2001) on a Tobii eye-tracking system (Fig. 1). 
For the exogenous task, each trial began with a background 
visual display of a central cross and a left and right square. 
Participants were instructed to fix their gaze on the central 
cross. In 50% of trials, a 300 ms alerting tone was presented 
500 ms after the commencement of the trial, then a 150 ms 
interval, and a 200 ms visual cue. In the other 50% of trials, 
no alerting tone was presented and a visual cue appeared 
950 ms after the trial commencement. There were three 
visual cues: valid, invalid, and neutral. Valid cues correctly 
indicated the location of the subsequent target. Invalid cues 
indicated the location opposite to the target. Neutral cues 

Table 1  Demographic Characteristics of the Participants
Autistica

(n = 27)
Non-
Autistic
(n = 22)

Group comparison

Sex (M:F) 14:13 13:9 χ2(1) = 0.26, p = .61
Age in yearsb, M (SD), range 22 (10),

9–43
21 (9),
9–42

t(47) = 0.57, p = .57

ADOS-2c (n) High symptoms (9)
Moderate symptoms (14)
Low symptoms (4)

-  -

Socioeconomic indexd 1: 7%, 2: 4%,
3: 15%, 4: 33%,
5: 33%, NR: 7%

1: 5%, 2: 
0%,
3: 5%, 4: 
32%,
5: 50%, 
NR: 9%

χ2(5) = 3.11, p = .68

Raven’s 2, M (SD), range 104 (13),
76–132

112 (14),
83–146

t(47) =  -2.03, 
p = .048

State anxiety, M (SD)
(self-reported)

55 (9) 43 (8) t(47) = 4.92, 
p < .001

Trait anxiety, M (SD)
(self-reported)

64 (13) 50 (14) t(47) = 3.60, 
p < .001

Anxiety, M (SD)
(informant-reported)

29 (16) 9 (7) t(47) = 5.67, 
p < .001

ADHD index, M (SD)
(self-reported)

64 (12) 49 (10) t(47) = 4.89, 
p < .001

ADHD index, M (SD)
(informant-reported)

63 (17) 44 (8) t(47) = 5.01, 
p < .001

Co-diagnoses (n) anxiety (11), ADHD (5), sleeping disorder (4), depression (3), obses-
sive-compulsive disorder (1), dysgraphia (1), colour-blindnesse (1)

None  -

Psychoactive medications 
reported being used at time of 
testing (n)

Zoloft (4), Concerta (1), Cymbalta and Reboxetine (1), Latuda (1), 
Lexapro (1), Venlafaxine (1)

None  -

Note a All autistic participants spoke English fluently. b Ten autistic and 9 non-autistic participants were below 18 years old. The age range was 
chosen to include all interested participants. c Nine autistic participants were assessed using ADOS-2 Module 3 and 18 autistic participants 
were assessed using ADOS-2 Module 4. d Based on the Index of Relative Socio-economic Advantage and Disadvantage (IRSAD) of the Socio-
Economic Indexes for Areas (SEIFA) 2016. 1 = most disadvantaged, 5 = most advantaged. NR = not reported. e Participant has confirmed his 
ability to distinguish blue and yellow endogenous cues and correctly answered the questions relating the meaning of coloured cues during the 
endogenous task
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the meaning of the cues at the end of each block, with the 
correct answer provided immediately after a response made. 
These questions were presented to ensure that participants 
understood the association between the coloured cues and 
the location of the target.

Eye Tracking

Pupil diameters were recorded at 300  Hz using a Tobii-
TX300 eye tracker (Tobii Technology, Stockholm, Swe-
den) on a 23-inch eye-tracking monitor with resolution 
fixed at 1,920 × 1,080 pixels. Operating distance was a con-
stant 65  cm from the monitor and head movements were 
stabilised using a chin rest. The sizes of the fixation cross, 
peripheral squares, and other stimuli were 0.8° × 0.8°, 2° 
× 2°, and 1° × 1°, respectively. Prior to commencing each 
orienting task, the eye tracker was calibrated using a nine-
point calibration procedure.

Raven’s 2 Progressive Matrices

Non-verbal general cognitive ability was assessed using the 
Raven’s 2 digital short form (Raven’s 2 DSF: Raven et al., 
2018), with the purpose of excluding any participants with a 
score of less than 70. We wanted to ensure that participants 
had the cognitive ability to understand the instructions for 
the attention orienting tasks. On each trial, participants were 
shown a geometric pattern matrix with a piece missing and 
an array of shape options. Participants used the computer 
mouse to choose the correct shape to complete the pattern. 
The number of items answered correctly was summed, 
and age-adjusted standardised scores were generated. This 
assessment measures skills of observation, thinking, and 

provided no spatial information about the target. In the 
exogenous task, the valid and invalid cues were a thickening 
of one peripheral square and the neutral cue was a thicken-
ing of both peripheral squares concurrently. Each cue was 
presented with equal probability (33.3% each). The offset of 
the cue was followed by a 200 ms interval and then the pre-
sentation of the target (an asterisk) in one square for 100 ms. 
Participants were asked to indicate the location of the target 
as quickly and accurately as possible by pressing either the 
left or right mouse button using the index or middle finger of 
their dominant hand, respectively. Each trial ended with the 
background visual display for between 2 and 2.5 s.

The endogenous task was the same except that the cues 
were coloured blue or yellow and centrally presented. The 
colour represented a rule that the participants learned during 
the practice block. For example, a yellow circle meant that 
the target was likely to appear to the left and a blue circle 
meant that the target would appear to the right. The colour 
rule was counterbalanced across participants. If the central 
cross thickened, this meant that the target could appear in 
either location. The neutral cue was designed to resemble 
the fixated cross and induced low cognitive demand for 
interpretation. The neutral cue was presented in 33% of tri-
als, and valid and invalid cues were presented in the remain-
ing trials with an 80:20 probability, respectively.

The exogenous task contained one 12-trial practice block 
and three 48-trial experimental blocks. The endogenous task 
contained one 12-trial practice block and four 48-trial exper-
imental blocks. In the practice blocks, the spatial cues were 
100% valid and feedback on accuracy and speed of response 
was provided after each response. No feedback was pro-
vided in the experimental blocks. In the endogenous task, 
participants answered a multiple-choice question relating to 

Fig. 1  The Timeline and Stimuli 
Used in the Exogenous and 
Endogenous Tasks. Note In the 
endogenous task, the valid and 
invalid cues were a yellow or 
blue filled circle. The contin-
gency between the colour and 
target location was counterbal-
anced in participants
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participants completed the Posner tasks, Raven’s 2, and two 
questionnaires relating to their anxiety and ADHD symp-
toms. The administration order of the tasks and question-
naires were counterbalanced. Informants of participants 
were invited to complete two questionnaires on the anxiety 
and ADHD symptoms of the participants.

Data Preparation and Statistical Analysis

Analyses were conducted separately for the exogenous and 
endogenous tasks. Behavioural data were analysed using 
STATA (StataCorp., College Station, TX, USA), and pupil-
lometric data were analysed using both STATA and Matlab 
(Mathworks, Natick, MA, USA).

Behavioural Data Preparation

Response time (RT) between target presentation and but-
ton press was recorded. Responses prior to target onset or 
quicker than 100 ms were regarded as anticipation errors. No 
response or responses slower than 2000 ms were regarded 
as omission errors. Clicking on the incorrect mouse side 
was regarded as an incorrect response. Calculations relat-
ing to RT only included correct trials. For each participant, 
mean RT, accuracy (number of correct responses/total tri-
als), counts of each type of error, and three indices of atten-
tion orienting - the validity effect (invalid − valid trials RT), 
benefit effect (neutral − valid trials RT), and cost effect 
(invalid − neutral trials RT) were calculated. The validity 
effect comprehensively captures the attention orienting pro-
cess, including disengaging, shifting and engaging (Fan et 
al., 2009). The benefit effect measures the benefit of antici-
pating the likely location of the target on attention shifting 
and engaging. The cost effect measures the efficiency of dis-
engaging attention from the incorrect to correct target loca-
tion induced by invalid cue.

Pupillometric Data Preparation

Missing pupillometric data were expected when participants 
blinked or looked away from the monitor. For each eye, tri-
als with more than 50% missing data were excluded. Partic-
ipants with more than 50% missing trials in either eye were 
excluded. Missing data were linearly interpolated. Based on 
this criterion, in the exogenous task, one non-autistic partic-
ipant and two autistic participants were excluded from the 
analyses of the pupillometric data. In the endogenous task, 
one autistic participant was excluded from the analyses of 
the pupillometric data.

Baseline pupil size for each eye was calculated as the 
average pupil size of the initial 500 ms period of each trial 
prior to the onset of any stimuli. Time zero was set at the 

general intellectual capacity while minimising the influ-
ence of language and cultural differences. Raven’s 2 DSF 
was reported to have good reliability (IRT-based marginal 
reliability = .8) and reasonable correlations with previous 
Raven’s tests and other cognitive ability instruments (cor-
rected r = .4–.8, depending on the similarity of constructs; 
Raven et al., 2018).

Anxiety Assessment

Child (aged under 18 years) and adult participants (aged 18 
years and older) were assessed using the State-Trait Anxiety 
Inventory for Children (STAI-CH; Spielberger, 1973) and 
the State-Trait Anxiety Inventory for Adults (STAI-AD; 
Spielberger, 1983), respectively. The state and trait anxiety 
scores were standardised based on age-appropriate norms. 
Both inventories were received from Mind Garden Inc. 
(Menlo Park, USA) and demonstrated good reliability (cor-
rected α: STAI-CH > .7; STAI-AD > .8) and construct valid-
ity (details reported in the STAI manuals; Spielberger, 1973; 
Spielberger et al., 1983).

Informant-reported anxiety symptoms were measured 
using the Spence Children’s Anxiety Scale-Parent (SCAS-
P; Spence, 1999) and a modified version of SCAS-P for 
adult participants (Gillott & Standen, 2007). The SCAS-P 
has strong reliability (corrected α > .8) and high convergent 
validity (r = .6) and divergent validity (r = .3) compared to 
other related measures (Nauta et al., 2004).

ADHD Symptoms

Self-reported ADHD symptoms were measured using the 
self-report Conners-3 Questionnaire (Conners, 2008) in 
children and the self-report Conners Adult ADHD Rating 
Scales (CAARS-S:L; Conners et al., 1999) in adults.

Informant-reported ADHD symptoms were measured 
using the parent-report Conners-3 Questionnaire (Conners, 
2008) in children and the observer-report Conners Adult 
ADHD Rating Scales (CAARS-O:L; Conners et al., 1999) 
in adults.

Standardised self-reported and informant-reported 
ADHD index scores were calculated based on age-appropri-
ate norms. All these questionnaires showed strong reliabil-
ity (α > .8) and good construct validity (details reported in 
the Conners-3 and CAARS manuals; Conners, 2008; Con-
ners et al., 1999).

Procedures

Autistic participants were assessed with the ADOS-2 (Lord 
et al., 2012) by trained administrators in a separate session 
prior to the testing session. In the 1.5  h testing session, 
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In the base model, each analysis included the main effects of 
group (autistic, non-autistic), dummy-coded cue condition 
(valid, invalid, neutral), tone condition (tone, no tone), and 
age, two-way interactions between group and tone condi-
tion, between group and age, and between tone and cue con-
dition, and a three-way interaction between group, tone, and 
cue condition. In the exploratory model, sex, self-reported 
state- and trait-anxiety and ADHD index and their interac-
tions with group were subsequently added to the LMMs. To 
explore the group difference in phasic pupil size across the 
entire trial, cluster-based permutation tests were conducted 
with 5000 resamples in the valid and invalid trials with no 
alerting tone (Maris & Oostenveld, 2007; Supplementary 
Materials).

Supplementary Analysis

As the autistic group was found to show a lower mean 
Raven’s 2 score than the non-autistic group, the exploratory 
models were re-run with the inclusion of Raven’s 2 scores 
to examine the potential effects of this group difference. 
Inclusion of the Raven’s 2 scores did not alter the pattern of 
statistical significance of the current results. The effects of 
Raven’s scores are presented in the Supplementary Table 2.

Results

The groups did not differ on sex or age (Table 1). The autis-
tic group scored lower on the Raven’s 2 and higher on all 
anxiety and ADHD measures than the non-autistic group 
(Table 1).

Exogenous Task

Behavioural Data–Overall Performance

Response time, accuracy, and the number of different 
errors in the autistic and non-autistic group were reported 
in Table 2. As both groups made few errors across differ-
ent cue conditions, the following analyses were conducted 
using response time.

Behavioural Data–Base Model

Group

The autistic group showed a larger validity effect (B = 47.91, 
p = .03, [5.64, 90.19]; Fig. 2a) and benefit effect (B = 34.66, 
p = .02, [6.63, 62.70]; Fig.  2b), but a similar cost effect 
(B = 13.10, p = .25, [-9.17, 35.37]; Fig.  2c), than the non-
autistic group. Response times were similar between groups 

end of the baseline period. Phasic pupil size was calculated 
by subtracting the baseline value from the pupil sizes during 
the trial for each eye separately, and then an average was 
derived of the left and right eye data per trial. Two depen-
dent variables were then calculated: (1) pupil dilation (PD) 
peak amplitude - the maximum phasic pupil size per trial, 
and (2) latency to the PD peak - the time difference between 
time zero to the maximum phasic pupil size per trial. The 
final included trials in the autistic and non-autistic group 
were not significantly different (Supplementary Table 1).

Behavioural Data Statistical Analysis

Results were presented as unstandardised beta coefficients, 
p-values, and 95% confidence intervals. Only correct trials 
were included in statistical analyses. A series of linear mixed 
models (LMMs) were conducted with participant as a ran-
dom effect. Validity effect, benefit effect, and cost effect were 
entered as dependent variables. In the base model, effects of 
group (autistic, non-autistic), tone condition (tone, no tone), 
age, and two-way interactions involving group (i.e., Group 
× Tone, Group × Age) on each of the orienting indices were 
examined. In the exploratory model, sex, self-reported state- 
and trait-anxiety, and ADHD index and their interactions 
with group were subsequently added to the LMMs for each 
orienting index. To further understand the three indices, the 
LMMs were rerun with RT as the dependent variables in the 
valid, neutral, invalid trials. No multicollinearity among the 
predictors was detected according to pairwise correlations 
(all rs < .90; Tabachnick & Fidell, 2013) and the variance 
inflation factor (VIF) (all VIFs < 10; Hair et al., 2010).

Pupillometric Data Statistical Analysis

Results were presented as unstandardised beta coefficients, 
p-values, and 95% confidence intervals. The PD peak ampli-
tude and the latency to the PD peak were entered as depen-
dent variables in LMMs with participant as a random effect. 

Table 2  Response Time, Accuracy, and Number of Errors in the Autis-
tic and Non-Autistic Groups in the Exogenous Task
Variable Autistic

M (SD)
Non-autistic
M (SD)

Response Time (ms)
Valid 366 (82) 396 (105)
Neutral 389 (121) 387 (105)
Invalid 434 (158) 422 (128)
Accuracy (%)
Valid 96 (6) 97 (5)
Neutral 96 (6) 99 (3)
Invalid 92 (12) 96 (4)
Incorrect responses 5 (6) 3 (3)
Omission errors 1 (4) 0 (0)
Anticipation errors 2 (2) 1 (2)
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Age

The validity (B = -2.52, p = .03, [-4.77, -0.28]) and cost 
effects (B = -1.69, p = .01, [-2.88, -0.51]) decreased with 
age. No age effect was found on the benefit effect (B = 
-0.83, p = .28, [-2.32, -0.66]). Response times were quicker 
with increasing age (B = -5.61, p < .001, [-8.57, -2.65]), 
similarly across the different cue conditions. No group dif-
ferences were found.

Behavioural Data–Exploratory Model

ADHD Symptoms

Higher ADHD symptoms were associated with larger 
validity (B = 2.66, p = .02, 95% CI = [0.51, 4.80]) and 
cost effects (B = 1.70, p = .003, [0.58, 2.82]) but did not 

in the valid (p = .30), invalid (p = .65), and neutral (p = .72) 
trials. In the within-group analyses, both groups responded 
more slowly in the invalid compared to the neutral and 
valid trials (both ps < 0.001), but only autistic participants 
showed a difference between the neutral and valid trials 
(p = .01; Fig. 2d).

Alerting Tone

The alerting tone did not affect the validity effect (B = 9.10, 
p = .37, [-10.37, 28.93]), the benefit effect (B = 15, p = .14, 
[-4.83, 34.83]), or the cost effect (B = -5.77, p = .20, [-14.66, 
3.12]). The alerting tone led to a speeding in response time 
(B = -18.3, p < .001, [-28.6, -8.04]), in a similar manner 
across the different cue conditions and between groups 
(Fig. 3).

Fig. 3  Effects of Alerting Tone 
on Mean Response Time (RT) in 
the Exogenous Task. Note The 
alerting tone led to a speeding of 
response time in the exogenous 
task, regardless of cue condition 
and group. Solid-coloured bars 
represent non-autistic group. 
Striped bars represent autis-
tic group. Data are expressed 
as mean ± standard errors. 
**p < .001

 

Fig. 2  Cueing Effects and Mean 
Response Time (RT) in the Exog-
enous Task. Note (a) Significant 
group difference in validity effect 
(invalid − valid trials RT). (b) 
Significant group difference in 
benefit effect (neutral − valid 
trials RT). (c) Non-significant 
group difference in cost effect 
(invalid − neutral trials RT). (d) 
Differences of RT between cue 
conditions in each group. Data 
are expressed as mean ± standard 
errors. *p < .05, **p < .001
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Pupillometric Data – Exploratory Model

Participants with higher ADHD symptoms, regardless 
of diagnostic group, showed higher PD peak amplitude 
(B = 0.003, p = .01, [0.001, 0.005]) and longer latency to PD 
peak (B = 15.49, p < .001, [9.02, 21.96]). While there was no 
effect of higher trait anxiety on PD peak amplitude (p > .1), 
participants with higher trait anxiety showed shorter latency 
to PD peak (B = -11.85, p = .001, [-18.87, -4.83]). No effects 
of state anxiety or sex on PD peak amplitude and latency to 
PD peak were found.

Pupillometric Data – Cluster-Based Permutation Test

Figure 5 shows the progression of mean phasic pupil size 
over the course of different types of trials. A cluster-based 
permutation test was conducted between groups for the no-
tone valid and invalid trials and there were no significant 
group differences (p ≥ .05 for all clusters).

Endogenous Task

Behavioural Data–Overall Performance

Response time, accuracy, and the number of incorrect 
responses, omission errors, and anticipation errors in the 
autistic and non-autistic group were reported in Table 3.

Behavioural Data–Base Model

Group  The autistic group showed a larger cost effect 
(B = 32.66, p = .04, [0.95, 64.37]; Fig. 6c) but comparable 
validity (B = 16.07, p = .19, [-7.70, 39.86]; Fig.  6a) and 
benefit effects (B = -16.50, p = .12, [-37.27, 4.25]; Fig. 6b) 
relative to the non-autistic group. No group differences 
were found in the valid (p = .89), invalid (p = .53), or neu-
tral (p = .69) trials. Both groups responded more slowly in 
the invalid compared to valid trials (both ps < 0.001) and 
more slowly in the neutral compared to valid trials (both 
ps < 0.001). Only autistic participants, however, responded 
more slowly in the invalid compared to neutral trials 
(p = .002; Fig. 6d)

Alerting Tone  The alerting tone was associated with a 
decreased benefit effect (B = -14.08, p = .02, [-26.18, -1.98]) 
and increased cost effect (B = 24.85, p = .01, [5.99, 43.79]), 
but did not affect the validity effect (B = 10.63, p = .15, 
[-3.83, 25.09]), for both groups. When the alerting tone 
was present, participants responded more quickly in the 

affect the benefit effect (B = 0.96, p = .20, [-0.50, 2.42]) for 
both groups. Response times in the valid (p = .01), neutral 
(p = .01), and invalid trials (p < .001) were slower with 
higher ADHD symptoms.

Anxiety Symptoms

Trait anxiety affected the cost effect differently between the 
groups (Group × Trait Anxiety: B = -2.78, p = .02, [-5.16, 
-0.4]). For the autistic group, the cost effect decreased with 
higher trait anxiety (B = -2.06, p < .001, [-3.39, -0.73]; 
Fig. 4), with quicker response times in both the invalid and 
neutral trials (both ps < 0.001). For the non-autistic group, 
no significant effect of trait anxiety on cost effect was found 
(B = 0.72, p = .50, [-1.35, 2.80]). No effects of trait anxiety 
on orienting or benefit effects were found. No effect of state 
anxiety on any of the outcome variables was found.

Sex

Sex did not affect any of the outcome variables and did not 
affect the groups differentially.

Pupillometric Data–Base Model

Pupil dilation (PD) peak amplitude was higher in the tone 
compared with no-tone condition (B = 0.036, p < .001, 
[0.028, 0.045]). There were no other significant effects.

The latency to PD peak did not differ according to group, 
cue condition, tone condition, or age.

Fig. 4  Relationship Between Cost Effect and Trait Anxiety in the Exog-
enous Task. Note The cost effect decreased with higher trait anxiety in 
the autistic group (solid line), but not in the non-autistic group (dashed 
line). The circle represents individual non-autistic participants. The tri-
angle represents individual autistic participants
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(p = .03) but not neutral (p = .17) trials. For the non-autistic 
participants, the cost effect was not affected by age (B = 1.15, 
p = .31, [-1.07, 3.37]). No effect of age on the validity effect 
was found for either group (B = -1.22, p = .06, [-2.48, 0.05])

Behavioural Data–Exploratory Model

Sex, ADHD symptoms, state anxiety, and trait anxiety did 
not affect any of the outcome variables and did not affect the 
groups differently.

Pupillometric Data–Base Model

PD peak amplitude was lower in the valid compared to neu-
tral (B = -0.03, p = .001, [-0.04, -0.01]) and invalid condi-
tions (B = -0.03, p < .001, [-0.05, -0.02]); no difference was 
noted between the neutral and invalid conditions (B = 0.01, 
p = .51, [-0.01, 0.02]). PD peak amplitude was larger in the 
tone compared to no-tone condition (B = 0.04, p < .001, 
[0.02, 0.05]). PD peak amplitude did not differ between the 
groups and was not affected by age.

The latency to PD peak was not affected by group, cue 
condition, tone condition, or age.

Pupillometric Data–Exploratory Model

PD peak amplitude was not affected by sex, ADHD symp-
toms, state anxiety, or trait anxiety.

valid and neutral trials (both ps < 0.001) but similarly in the 
invalid trials (p = .44; Fig. 7)

Age  There was a significant interaction between age and 
group for the benefit effect (B = 2.17, p = .048, [0.02, 4.32]), 
but follow-up analyses did not suggest a group difference. 
Post hoc analyses indicated that the benefit effect was not 
associated with age in either group (autistic: B = 0.76, 
p = .11, [-0.16,1.68]; non-autistic: B = -1.41, p = .19, [-3.55, 
0.72]). There was also a significant interaction between 
age and group for the cost effect (Age × Group: B = -3.82, 
p = .02, [-7.07, -0.58]). For the autistic participants, cost 
effect decreased with increasing age (B = -2.67, p = .02, 
[-4.93, -0.41]; Fig. 8), with faster responses in the invalid 

Table 3  Response Time, Accuracy, and the Number of Errors in the 
Autistic and Non-Autistic Groups in the Endogenous Task
Variable Autistic

M (SD)
Non-autistic
M (SD)

Response Time (ms)
Valid 349 (92) 352 (118)
Neutral 376 (83) 397 (156)
Invalid 401 (122) 392 (131)
Accuracy (%)
Valid 97 (4) 97 (4)
Neutral 97 (5) 98 (5)
Invalid 90 (12) 86 (19)
Incorrect responses 5 (5) 6 (7)
Omission errors 1 (3) 1 (2)
Anticipation errors 1 (4) 1 (3)

Fig. 5  Mean Phasic Pupil Size During the Exogenous Task by Cue 
Type. Note The change of pupil size over the exogenous orienting trial 
was shown in each cue and tone condition. Baseline pupil size = the 
average pupil size over the 500 ms period before the onset of any stim-
uli. Phasic pupil size = pupil sizes during the trial - the baseline pupil 
size. In the tone condition, an alerting tone (300 ms) was played at time 

zero. In the no-tone condition, no stimulus was shown until the onset 
of a cue. The cue (200 ms) was presented at the 450 ms and the target 
(100 ms) was presented at the 850 ms. The dashed line represents the 
non-autistic group. The solid line represents autistic group. Data are 
expressed as mean ± standard errors
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Latency to PD peak was shorter in females compared to 
males (B = -199.16, p = .02, [-362.84, -35.48]) and was lon-
ger in participants with higher ADHD symptoms (B = 8.78, 
p = .04, [0.40, 17.16]). No effects of state or trait anxiety on 
latency to PD peak were found.

Pupillometric Data–Cluster-Based Permutation Test

Figure 9 shows the progression of mean phasic pupil size 
over the course of different types of trials. The cluster-based 
permutation test was conducted between groups during the 
no-tone valid and invalid trials and showed no group differ-
ences (p ≥ .05 for all clusters).

Fig. 8  Relationship Between Cost Effect and Age in the Endogenous 
Task. Note The cost effect decreased with older age in the autistic 
group (solid line), but not in the non-autistic group (dashed line). The 
circle represents individual non-autistic participants. The triangle rep-
resents individual autistic participants

 

Fig. 7  Effects of Alerting Tone 
on Mean Response Time (RT) in 
the Endogenous Task. Note The 
alerting tone quickened response 
time in the exogenous task in the 
valid and neutral trials, but not 
in the invalid trials. There were 
no significant group differences. 
Solid-coloured bars represent 
non-autistic group. Striped bars 
represent autistic group. Data 
are expressed as mean ± standard 
errors. **p < .001

 

Fig. 6  Cueing Effects and 
Mean Response Time (RT) in 
the Endogenous Task. Note (a) 
Non-significant group difference 
in validity effect (invalid − valid 
trials RT). (b) Non-significant 
group difference in benefit effect 
(neutral − valid trials RT). (c) 
Significant group difference 
in cost effect (invalid − neutral 
trials RT). (d) Differences of RT 
between each cue conditions in 
each group. Data are expressed as 
mean ± standard errors. *p < .05, 
**p < .001

 

1 3



Journal of Autism and Developmental Disorders

compared with the non-autistic group. This result suggests 
that autistic people are less efficient at voluntarily disen-
gaging attention from the invalidly cued to the actual tar-
get location. Although irregular attention disengagement 
in ASD has previously been reported (e.g., R. Landry & 
Bryson, 2004), this study is the first to use non-social rule-
based cues, providing strong support that inefficient disen-
gagement in autistic people is related to irregular voluntary 
attention. In line with our finding, the dorsal attention net-
work, which modulates goal-driven orienting, has been 
reported to show weaker functional connectivity in autistic 
people (Fitzgerald et al., 2015).

The contrasting performance between exogenous and 
endogenous tasks in autistic people challenges previous 
proposals that sticky attention (R. Landry & Bryson, 2004; 
Rincover & Ducharme, 1987) or impaired attention disen-
gagement (Keehn et al., 2013) is a general characteristic of 
ASD. Rather, autistic people may only demonstrate deficits 
in attention disengagement when high-level cognitive con-
trol is required, such as in our endogenous orienting task.

The alerting tone did not exert a differential effect on 
response times or pupillometric responses between the 
groups. These findings suggest that autistic people were 
able to spontaneously regulate their alertness during atten-
tion orienting. Boxhoorn et al. (2020) found an association 
between larger pupil dilation and slower orienting in autistic 
participants, suggesting a negative effect of hyperalert sta-
tus. Boxhoorn et al. (2020), however, required participants 
to distinguish the target from a distractor. Increased pupil 
dilation in the autistic group may have reflected greater 

Discussion

Two types of attention orienting in autistic people were 
examined with consideration of several potential confound-
ers. Autistic participants demonstrated larger validity and 
benefit effects in the exogenous orienting task and a larger 
cost effect in the endogenous orienting task compared to 
non-autistic participants, suggesting efficient exogenous 
orienting and inefficient endogenous orienting. Atypical 
attention orienting in autism was associated with age and 
co-occurring symptoms of ADHD and anxiety. No group 
differences were noted for alertness or sex. Through careful 
use of cues to evoke the exogenous and endogenous ori-
enting systems separately, here we have clarified specific 
attention orienting differences associated with autism and 
highlighted the importance of age and the effects of two 
common co-occurring symptoms.

Autistic people demonstrated superior exogenous orient-
ing, with faster responses to valid versus neutral cues com-
pared with the non-autistic group, which is a novel finding. 
One difference with previous studies (e.g., Ronconi et al., 
2018) was our use of a non-predictive peripheral cue with-
out additional interpretation or discrimination of the stimuli, 
providing a more accurate measurement of exogenous ori-
enting. Consistent with the current finding, the ventral atten-
tion network, which modulates stimulus-driven orienting, 
was found to show stronger connectivity in autistic people 
(Fitzgerald et al., 2015).

Autistic people showed inefficient endogenous orient-
ing, with slower responses to invalid versus neutral cues 

Fig. 9  Mean Phasic Pupil Size During the Endogenous Task by Cue 
Type. Note The change of pupil size over the endogenous orient-
ing trial was shown in each cue and tone condition. Baseline pupil 
size = the average pupil size over the 500 ms period before the onset of 
any stimuli. Phasic pupil size = pupil sizes during the trial - the base-
line pupil size. In the tone condition, an alerting tone (300 ms) was 

played at time zero. In the no-tone condition, no stimulus was shown 
until the onset of a cue. The cue (200 ms) was presented at the 450 
ms and the target (100 ms) was presented at the 850 ms. The dashed 
line represents the non-autistic group. The solid line represents autistic 
group. Data are expressed as mean ± standard errors
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Regarding limitations, first, the autistic participants were 
adolescents and adults with average non-verbal visual intel-
ligence. The current results are not representative of all 
individuals on the spectrum. Nevertheless, as most of the 
previous autism research has focused on children and males, 
the current study brings valuable insight into attention func-
tioning in older and female autistic people. Second, the 
conclusions drawn are limited by the large age range (9–43 
years) within the sample. Studies with larger sample sizes 
or with the adoption of a longitudinal design are needed to 
further evaluate the developmental trajectory of attention 
orienting in autistic people. Third, arousal levels may not 
be homogenous in autism, with some showing hypo-arousal 
and others hyper-arousal (Schoen et al., 2008). The lack 
of differential alerting effects in the autistic group may be 
because different profiles of arousal were averaged in the 
group analysis. The sample size was not large enough to 
categorise the autistic group into hyper- and hypo-arousal 
subgroups for further examination.

In conclusion, the current study showed that autistic 
people were easily attracted by external stimuli and were 
slower at voluntarily disengaging attention, providing new 
evidence of superior exogenous and inefficient endogenous 
orienting in autism. In the examination of potential con-
founders, atypical attention orienting in autistic people was 
more likely to be observed at a younger age and could be 
moderated by co-occurring ADHD and anxiety symptoms 
but was not affected by alertness or sex. In summary, the 
current study offered new insight into the attention profile of 
autism and demonstrated the importance of considering the 
effect of age and co-occurring symptoms in the assessment 
of attention orienting in autism. Given the fundamental 
role of attention in cognition, the atypical characteristics of 
attention orienting identified in the current study are likely 
to contribute to a variety of differences in social and cogni-
tive functions in autism, which is worth exploring in future 
studies.
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mental effort to discriminate stimuli and control responses. 
Likewise, interpreting social cues was associated with atyp-
ically larger pupil dilation in autism (Aldaqre et al., 2016). 
Atypical attention orienting per se may not be explained by 
atypical alertness in autistic people.

ADHD symptoms contributed to difficulty in disen-
gaging exogenous attention, in both groups. This may be 
due to reduced ability to suppress incorrect or distracting 
information in people with high ADHD symptoms (Brocki 
et al., 2007; Mullane et al., 2009; Polner et al., 2015). No 
effect of ADHD symptoms was observed in the endogenous 
task, which may be because endogenous orienting involves 
higher cognitive control, requires participants to focus, and 
potentially reduces inattentive tendencies. As autistic peo-
ple are more likely to demonstrate elevated ADHD symp-
toms than non-autistic people in the general population (Das 
et al., 2012; Lecavalier et al., 2019), co-occurring ADHD 
symptoms should be considered an important factor that 
may heighten atypical attention orienting in autism.

Higher symptoms of trait anxiety were associated with 
faster disengagement of exogenous attention, but only in the 
autistic group. One explanation is that both ASD and anxi-
ety are associated with heightened sensitivity to the sudden 
onset of salient stimuli (Berggren et al., 2015; Kopec et al., 
2020; Moser et al., 2012), speeding the detection of the tar-
get after an invalid cue. As the non-autistic group showed 
lower trait anxiety symptoms, the association between anxi-
ety and exogenous orienting was lessened in this group. 
It is noted that no effect of trait anxiety was observed on 
endogenous orienting in either group. Endogenous orienting 
is a goal-driven process and is not dependent on stimulus 
saliency, so it may not be as susceptible as exogenous ori-
enting to the influences of anxiety (Moriya & Tanno, 2009).

As age increased, participants demonstrated faster 
responses in all trial types with a smaller orienting and cost 
effect in the exogenous task, suggesting an age-dependent 
improvement in both autistic and non-autistic groups. An 
age effect on exogenous orienting was not found in another 
ASD study (Zhao et al., 2016), possibly because the previ-
ous study included a narrower age range (only adolescents) 
compared to the current study. In the endogenous orienting 
task, older autistic people showed a smaller cost effect, an 
effect not seen in the non-autistic group. This may reflect 
specific compensatory mechanisms for endogenous orient-
ing in autistic people. Previous neuroimaging studies have 
observed that autistic people exhibit greater inter-regional 
brain connectivity relative to non-autistic people during 
endogenous orienting, reflecting alternative or effortful 
attention processing to compensate for the deficient atten-
tion orienting (Belmonte & Yurgelun-Todd, 2003; Fitzger-
ald et al., 2015).

1 3

https://doi.org/10.17605/OSF.IO/NGQT2


Journal of Autism and Developmental Disorders

and Cognition, 54(3), 225–227. https://doi.org/10.1016/j.
bandc.2004.02.012.

Canu, D., Van der Paelt, S., Canal-Bedia, R., Posada, M., Vanvuchelen, 
M., & Roeyers, H. (2021). Early non-social behavioural indica-
tors of autism spectrum disorder (ASD) in siblings at elevated 
likelihood for ASD: A systematic review. European Child & 
Adolescent Psychiatry, 30(4), 497–538. https://doi.org/10.1007/
s00787-020-01487-7.

Carter, M. E., de Lecea, L., & Adamantidis, A. (2013). Functional 
wiring of hypocretin and LC-NE neurons: Implications for 
arousal. Frontiers in Behavioral Neuroscience, 7, 43. https://doi.
org/10.3389/fnbeh.2013.00043.

Casey, B. J., Gordon, C. T., Mannheim, G. B., & Rumsey, J. M. (1993). 
Dysfunctional attention in autistic savants. Journal of Clinical 
and Experimental Neuropsychology, 15(6), 933–946. https://doi.
org/10.1080/01688639308402609.

Conners, C. K. (2008). Conners 3rd edition manual. Multi-Health 
Systems.

Conners, C. K., Erhardt, D., & Sparrows, E. (1999). Conners’ adult 
ADHD rating scales (CAARS). Multi-Health Systems.

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and 
stimulus-driven attention in the brain. Nature Reviews Neurosci-
ence, 3(3), 201–215. https://doi.org/10.1038/nrn755.

Das, D., Cherbuin, N., Butterworth, P., Anstey, K. J., & Easteal, S. 
(2012). A population-based study of attention deficit/hyperac-
tivity disorder symptoms and associated impairment in middle-
aged adults. Plos One, 7(2), 1–9. https://doi.org/10.1371/journal.
pone.0031500.

Elsabbagh, M., Fernandes, J., Webb, J., Dawson, S., Charman, G., T., 
& Johnson, M. H. (2013). Disengagement of visual attention in 
Infancy is Associated with Emerging Autism in Toddlerhood. 
Biological Psychiatry, 74(3), 189–194. https://doi.org/10.1016/j.
biopsych.2012.11.030.

Fan, J., Gu, X., Guise, K. G., Liu, X., Fossella, J., Wang, H., & Posner, 
M. I. (2009). Testing the behavioral interaction and integration 
of attentional networks. Brain and Cognition, 70(2), 209–220. 
https://doi.org/10.1016/j.bandc.2009.02.002.

Fan, J., Bernardi, S., Van Dam, N. T., Anagnostou, E., Gu, X., Martin, 
L., Park, Y., Liu, X., Kolevzon, A., Soorya, L., Grodberg, D., Hol-
lander, E., & Hof, P. R. (2012). Functional deficits of the atten-
tional networks in autism. Brain and Behavior, 2(5), 647–660. 
https://doi.org/10.1002/brb3.90.

Feng, Q., Zheng, Y., Zhang, X., Song, Y., Luo, Y. J., Li, Y., & Talhelm, 
T. (2011). Gender differences in visual reflexive attention shifting: 
Evidence from an ERP study. Brain Research, 1401(30930031), 
59–65. https://doi.org/10.1016/j.brainres.2011.05.041.

Fitzgerald, J., Johnson, K., Kehoe, E., Bokde, A. L. W., Garavan, H., 
Gallagher, L., & Mcgrath, J. (2015). Disrupted functional con-
nectivity in dorsal and ventral attention networks during attention 
orienting in autism spectrum disorders. Autism Research, 8(2), 
136–152. https://doi.org/10.1002/aur.1430.

Flanagan, T., Brodeur, D. A., & Burack, J. A. (2015). A point of depar-
ture in the comparison of social and nonsocial visual orienting 
among persons with autism spectrum disorders. Autism Research, 
8(5), 575–582. https://doi.org/10.1002/aur.1472.

Ghassemzadeh, H., Rothbart, M. K., & Posner, M. I. (2019). Anxi-
ety and brain networks of Attentional Control. Cognitive and 
Behavioral Neurology, 32(1), 54–62. https://doi.org/10.1097/
WNN.0000000000000181.

Gillott, A., & Standen, P. J. J. (2007). Levels of anxiety and sources of 
stress in adults with autism. Journal of Intellectual Disabilities, 
11(4), 359–370. https://doi.org/10.1177/1744629507083585.

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2010). Mul-
tivariate Data Analysis. 7th Edition,. Pearson.

Hames, E. C., Rajmohan, R., Fang, D., Anderson, R., Baker, M., 
Richman, D. M., Boyle, O., O’Boyle, M., Boyle, M. O., M., & 

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Aldaqre, I., Schuwerk, T., Daum, M. M., Sodian, B., & Paulus, M. 
(2016). Sensitivity to communicative and non-communicative 
gestures in adolescents and adults with autism spectrum disorder: 
Saccadic and pupillary responses. Experimental Brain Research, 
234(9), 2515–2527. https://doi.org/10.1007/s00221-016-4656-y.

Aston-Jones, G., Iba, M., Clayton, E., Rajkowski, J., & Cohen, J. 
(2007). The locus coeruleus and regulation of behavioral flex-
ibility and attention: Clinical implications. In G. A. Ordway, 
M. A. Schwartz, & A. Frazer (Eds.), Brain norepinephrine (pp. 
196–235). Cambridge University Press. https://doi.org/10.1017/
CBO9780511544156.008.

Baranek, G. T., Woynaroski, T. G., Nowell, S., Turner-Brown, 
L., DuBay, M., Crais, E. R., & Watson, L. R. (2018). Cascad-
ing effects of attention disengagement and sensory seeking on 
social symptoms in a community sample of infants at-risk for 
a future diagnosis of autism spectrum disorder. Developmental 
Cognitive Neuroscience, 29, 30–40. https://doi.org/10.1016/j.
dcn.2017.08.006.

Bayliss, A. P., di Pellegrino, G., & Tipper, S. P. (2005). Sex differences 
in eye gaze and symbolic cueing of attention. The Quarterly 
Journal of Experimental Psychology Section A, 58(4), 631–650. 
https://doi.org/10.1080/02724980443000124.

Belmonte, M. K., & Yurgelun-Todd, D. A. (2003). Functional anatomy 
of impaired selective attention and compensatory processing in 
autism. Cognitive Brain Research, 17(3), 651–664. https://doi.
org/10.1016/S0926-6410(03)00189-7.

Berggren, N., Blonievsky, T., & Derakshan, N. (2015). Enhanced 
visual detection in trait anxiety. Emotion, 15(4), 477–483. https://
doi.org/10.1037/a0039449.

Boxhoorn, S., Bast, N., Supèr, H., Polzer, L., Cholemkery, H., & Fre-
itag, C. M. (2020). Pupil dilation during visuospatial orienting 
differentiates between autism spectrum disorder and attention-
deficit/hyperactivity disorder. Journal of Child Psychology and 
Psychiatry and Allied Disciplines, 61(5), 614–624. https://doi.
org/10.1111/jcpp.13179.

Brocki, K. C., Nyberg, L., Thorell, L. B., & Bohlin, G. (2007). 
Early concurrent and longitudinal symptoms of ADHD and 
ODD: Relations to different types of inhibitory control and 
working memory. Journal of Child Psychology and Psychia-
try and Allied Disciplines, 48(10), 1033–1041. https://doi.
org/10.1111/j.1469-7610.2007.01811.x.

Caldani, S., Isel, F., Septier, M., Acquaviva, E., Delorme, R., & 
Bucci, M. P. (2020). Impairment in attention focus during the 
Posner Cognitive Task in Children with ADHD: An Eye Tracker 
Study. Frontiers in Pediatrics, 8(September), 1–8. https://doi.
org/10.3389/fped.2020.00484.

Callejas, A., Lupiáñez, J., & Tudela, P. (2004). The three atten-
tional networks: On their independence and interactions. Brain 

1 3

https://doi.org/10.1016/j.bandc.2004.02.012
https://doi.org/10.1016/j.bandc.2004.02.012
https://doi.org/10.1007/s00787-020-01487-7
https://doi.org/10.1007/s00787-020-01487-7
https://doi.org/10.3389/fnbeh.2013.00043
https://doi.org/10.3389/fnbeh.2013.00043
https://doi.org/10.1080/01688639308402609
https://doi.org/10.1080/01688639308402609
https://doi.org/10.1038/nrn755
https://doi.org/10.1371/journal.pone.0031500
https://doi.org/10.1371/journal.pone.0031500
https://doi.org/10.1016/j.biopsych.2012.11.030
https://doi.org/10.1016/j.biopsych.2012.11.030
https://doi.org/10.1016/j.bandc.2009.02.002
https://doi.org/10.1002/brb3.90
https://doi.org/10.1016/j.brainres.2011.05.041
https://doi.org/10.1002/aur.1430
https://doi.org/10.1002/aur.1472
https://doi.org/10.1097/WNN.0000000000000181
https://doi.org/10.1097/WNN.0000000000000181
https://doi.org/10.1177/1744629507083585
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00221-016-4656-y
https://doi.org/10.1017/CBO9780511544156.008
https://doi.org/10.1017/CBO9780511544156.008
https://doi.org/10.1016/j.dcn.2017.08.006
https://doi.org/10.1016/j.dcn.2017.08.006
https://doi.org/10.1080/02724980443000124
https://doi.org/10.1016/S0926-6410(03)00189-7
https://doi.org/10.1016/S0926-6410(03)00189-7
https://doi.org/10.1037/a0039449
https://doi.org/10.1037/a0039449
https://doi.org/10.1111/jcpp.13179
https://doi.org/10.1111/jcpp.13179
https://doi.org/10.1111/j.1469-7610.2007.01811.x
https://doi.org/10.1111/j.1469-7610.2007.01811.x
https://doi.org/10.3389/fped.2020.00484
https://doi.org/10.3389/fped.2020.00484


Journal of Autism and Developmental Disorders

Mullane, J. C., Corkum, P. V., Klein, R. M., & McLaughlin, E. 
(2009). Interference control in children with and without 
ADHD: A systematic review of flanker and simon task perfor-
mance. Child Neuropsychology, 15(4), 321–342. https://doi.
org/10.1080/09297040802348028.

Nauta, M. H., Scholing, A., Rapee, R. M., Abbott, M., Spence, S. H., 
& Waters, A. (2004). A parent-report measure of children’s anxi-
ety: Psychometric properties and comparison with child-report in 
a clinic and normal sample. Behaviour Research and Therapy, 
42(7), 813–839. https://doi.org/10.1016/S0005-7967(03)00200-6.

Ortega, R., López, V., Carrasco, X., Anllo-Vento, L., & Aboitiz, F. 
(2013). Exogenous orienting of visual-spatial attention in ADHD 
children. Brain Research, 1493, 68–79. https://doi.org/10.1016/j.
brainres.2012.11.036.

Polner, B., Aichert, D., Macare, C., Costa, A., & Ettinger, U. (2015). 
Gently restless: Association of ADHD-like traits with response 
inhibition and interference control. European Archives of Psy-
chiatry and Clinical Neuroscience, 265(8), 689–699. https://doi.
org/10.1007/s00406-014-0531-7.

Posner, M. I. (1980). Orienting of attention. Quarterly Jour-
nal of Experimental Psychology, 32(1), 3–25. https://doi.
org/10.1080/00335558008248231.

Pruett, J. R., LaMacchia, A., Hoertel, S., Squire, E., McVey, K., Todd, 
R. D., Constantino, J. N., & Petersen, S. E. (2011). Social and 
non-social cueing of Visuospatial attention in autism and typical 
development. Journal of Autism and Developmental Disorders, 
41(6), 715–731. https://doi.org/10.1007/s10803-010-1090-z.

Raven, J., Rust, J., Chan, F., & Zhou, X. (2018). Raven’s 2 progressive 
matrices, Clinical Edition (raven’s 2). Pearson.

Renner, P., Grofer Klinger, L., & Klinger, M. R. (2006). Exogenous 
and endogenous attention orienting in Autism Spectrum disor-
ders. Child Neuropsychology, 12(4–5), 361–382.

Rincover, A., & Ducharme, J. M. (1987). Variables influencing stimu-
lus overselectivity and tunnel vision in developmentally delayed 
children. American Journal of Mental Deficiency, 91(4), 422–430.

Ronconi, L., Devita, M., Molteni, M., Gori, S., & Facoetti, A. (2018). 
Brief report: When large becomes slow: Zooming-out visual 
attention is Associated to Orienting deficits in Autism. Journal of 
Autism and Developmental Disorders, 48(7), 2577–2584. https://
doi.org/10.1007/s10803-018-3506-0.

Schoen, S. A., Miller, L. J., Brett-Green, B., & Hepburn, S. L. (2008). 
Psychophysiology of children with autism spectrum disorder. 
Research in Autism Spectrum Disorders, 2(3), 417–429. https://
doi.org/10.1016/j.rasd.2007.09.002.

Spagna, A., Martella, D., Sebastiani, M., Maccari, L., Marotta, A., 
& Casagrande, M. (2014). Efficiency and interactions of alert-
ing, orienting and executive networks: The impact of impera-
tive stimulus type. Acta Psychologica, 148, 209–215. https://doi.
org/10.1016/j.actpsy.2014.02.007.

Spence, S. H. (1999). Spence Children’s anxiety scale (parent version). 
University of Queensland.

Spielberger, C. D. (1973). Manual for the state–trait anxiety inventory 
for children. Consulting Psychologists.

Spielberger, C. D. (1983). Manual for the state–trait anxiety inventory 
for adults. Consulting Pychologists.

Spielberger, C. D., Gonzalez-Reinosa, F., Martinez-Urrutia, A., Natali-
cio, L. F. S., & Natalicio, D. S. (1983). State-Trait Anxiety Inven-
tory. https://doi.org/10.1002/9780470479216.corpsy0943.

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics 
(6th ed.).). Pearson Education.

Townsend, J., Courchesne, E., & Egaas, B. (1996). Slowed orient-
ing of covert visual-spatial attention in autism: Specific deficits 
associated with cerebellar and parietal abnormality. Development 
and Psychopathology, 8(3), 563–584. https://doi.org/10.1017/
s0954579400007276.

O’Boyle, M. (2016). Attentional Networks in adolescents with 
high-functioning autism: An fMRI investigation. Open Neuro-
imag J, 10(1), 102–110. https://doi.org/10.2174/187444000161
0010102.

Harris, N. S., Courchesne, E., Townsend, J., Carper, R. A., & Lord, 
C. (1999). Neuroanatomic contributions to slowed orienting of 
attention in children with autism. Cognitive Brain Research, 8(1), 
61–71. https://doi.org/10.1016/S0926-6410(99)00006-3.

Iarocci, G., & Burack, J. A. (2004). Intact covert orienting to peripheral 
cues among children with autism. Journal of Autism and Devel-
opmental Disorders, 34(3), 257–264. https://doi.org/10.1023/B:J
ADD.0000029548.84041.69.

Johnson, K. A., Lewis, F. C., & Cornish, K. M. (2020). A child-focused 
version of the attention Network Task designed to investigate 
interactions between the attention networks, including the endog-
enous orienting network. Child Neuropsychology, 26(5), 666–
690. https://doi.org/10.1080/09297049.2019.1702635.

Keehn, B., Müller, R. A., & Townsend, J. (2013). Atypical attentional 
networks and the emergence of autism. Neuroscience & Biobe-
havioral Reviews, 37(2), 164–183. https://doi.org/10.1016/j.
neubiorev.2012.11.014.

Kopec, J., Hagmann, C., Shea, N., Prawl, A., Batkin, D., & Russo, N. 
(2020). Examining the temporal limits of enhanced visual fea-
ture detection in Children with Autism. Autism Research, 13(9), 
1561–1572. https://doi.org/10.1002/aur.2361.

Lai, M. C., Kassee, C., Besney, R., Bonato, S., Hull, L., Mandy, W., 
Szatmari, P., & Ameis, S. H. (2019). Prevalence of co-occurring 
mental health diagnoses in the autism population: A systematic 
review and meta-analysis. The Lancet Psychiatry, 6(10), 819–
829. https://doi.org/10.1016/S2215-0366(19)30289-5.

Landry, R., & Bryson, S. E. (2004). Impaired disengagement of 
attention in young children with autism. Journal of Child 
Psychology and Psychiatry, 45(6), 1115–1122. https://doi.
org/10.1111/j.1469-7610.2004.00304.x.

Landry, O., & Parker, A. (2013). A meta-analysis of visual orienting 
in autism. Frontiers in Human Neuroscience, 7, 833. https://doi.
org/10.3389/fnhum.2013.00833.

Lecavalier, L., McCracken, C. E., Aman, M. G., McDougle, C. J., 
McCracken, J. T., Tierney, E., Smith, T., Johnson, C., King, B., 
Handen, B., Swiezy, N. B., Arnold, E., Bearss, L., Vitiello, K., 
B., & Scahill, L. (2019). An exploration of concomitant psy-
chiatric disorders in children with autism spectrum disorder. 
Comprehensive Psychiatry, 88, 57–64. https://doi.org/10.1016/j.
comppsych.2018.10.012.

Lord, C., Rutter, M., DiLavore, P. C., Risi, S., Gotham, K., & Bishop, 
S. L. (2012). Autism diagnostic observation schedule, (ADOS-2), 
Part 1: Modules 1–4 (2nd ed.). Western Psychological Services.

Maris, E., & Oostenveld, R. (2007). Nonparametric statistical testing of 
EEG- and MEG-data. Journal of Neuroscience Methods, 164(1), 
177–190. https://doi.org/10.1016/j.jneumeth.2007.03.024.

Mash, L. E., Klein, R. M., & Townsend, J. (2020). Brief report: A 
Gaming Approach to the Assessment of attention networks in 
Autism Spectrum disorder and typical development. Journal of 
Autism and Developmental Disorders, 50(7), 2607–2615. https://
doi.org/10.1007/s10803-018-3635-5.

Merritt, P., Hirshman, E., Wharton, W., Stangl, B., Devlin, J., & Lenz, 
A. (2007). Evidence for gender differences in visual selective 
attention. Personality and Individual Differences, 43(3), 597–
609. https://doi.org/10.1016/j.paid.2007.01.016.

Moriya, J., & Tanno, Y. (2009). Competition between endogenous and 
exogenous attention to nonemotional stimuli in social anxiety. 
Emotion, 9(5), 739–743. https://doi.org/10.1037/a0016817.

Moser, J. S., Becker, M. W., & Moran, T. P. (2012). Enhanced atten-
tional capture in trait anxiety. Emotion, 12(2), 213–216. https://
doi.org/10.1037/a0026156.

1 3

https://doi.org/10.1080/09297040802348028
https://doi.org/10.1080/09297040802348028
https://doi.org/10.1016/S0005-7967(03)00200-6
https://doi.org/10.1016/j.brainres.2012.11.036
https://doi.org/10.1016/j.brainres.2012.11.036
https://doi.org/10.1007/s00406-014-0531-7
https://doi.org/10.1007/s00406-014-0531-7
https://doi.org/10.1080/00335558008248231
https://doi.org/10.1080/00335558008248231
https://doi.org/10.1007/s10803-010-1090-z
https://doi.org/10.1007/s10803-018-3506-0
https://doi.org/10.1007/s10803-018-3506-0
https://doi.org/10.1016/j.rasd.2007.09.002
https://doi.org/10.1016/j.rasd.2007.09.002
https://doi.org/10.1016/j.actpsy.2014.02.007
https://doi.org/10.1016/j.actpsy.2014.02.007
https://doi.org/10.1002/9780470479216.corpsy0943
https://doi.org/10.1017/s0954579400007276
https://doi.org/10.1017/s0954579400007276
https://doi.org/10.2174/1874440001610010102
https://doi.org/10.2174/1874440001610010102
https://doi.org/10.1016/S0926-6410(99)00006-3
https://doi.org/10.1023/B:JADD.0000029548.84041.69
https://doi.org/10.1023/B:JADD.0000029548.84041.69
https://doi.org/10.1080/09297049.2019.1702635
https://doi.org/10.1016/j.neubiorev.2012.11.014
https://doi.org/10.1016/j.neubiorev.2012.11.014
https://doi.org/10.1002/aur.2361
https://doi.org/10.1016/S2215-0366(19)30289-5
https://doi.org/10.1111/j.1469-7610.2004.00304.x
https://doi.org/10.1111/j.1469-7610.2004.00304.x
https://doi.org/10.3389/fnhum.2013.00833
https://doi.org/10.3389/fnhum.2013.00833
https://doi.org/10.1016/j.comppsych.2018.10.012
https://doi.org/10.1016/j.comppsych.2018.10.012
https://doi.org/10.1016/j.jneumeth.2007.03.024
https://doi.org/10.1007/s10803-018-3635-5
https://doi.org/10.1007/s10803-018-3635-5
https://doi.org/10.1016/j.paid.2007.01.016
https://doi.org/10.1037/a0016817
https://doi.org/10.1037/a0026156
https://doi.org/10.1037/a0026156


Journal of Autism and Developmental Disorders

Yang, M., Logothetis, N. K., & Eschenko, O. (2021). Phasic activa-
tion of the locus coeruleus attenuates the acoustic startle response 
by increasing cortical arousal. Scientific Reports, 11(1), 1–14. 
https://doi.org/10.1038/s41598-020-80703-5.

Zhao, X., Zhang, P., Fu, L., & Maes, J. H. R. R. (2016). Attentional 
biases to faces expressing disgust in children with autism spec-
trum disorders: An exploratory study. Scientific Reports, 6(1), 
1–9. https://doi.org/10.1038/srep19381.

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Townsend, J., Harris, N. S., & Courchesne, E. (1996). Visual attention 
abnormalities in autism: Delayed orienting to location. Journal 
of the International Neuropsychological Society, 2(6), 541–550. 
https://doi.org/10.1017/s1355617700001715.

Tsai, C. L., Pan, C. Y., Wang, C. H., Tseng, Y. T., & Hsieh, K. W. 
(2011). An event-related potential and behavioral study of 
impaired inhibitory control in children with autism spectrum dis-
order. Research in Autism Spectrum Disorders, 5(3), 1092–1102. 
https://doi.org/10.1016/j.rasd.2010.12.004.

Warner, C. B., Juola, J. F., & Koshino, H. (1990). Voluntary alloca-
tion versus automatic capture of visual attention. Perception 
& Psychophysics, 48(3), 243–251. https://doi.org/10.3758/
BF03211524.

1 3

https://doi.org/10.1038/s41598-020-80703-5
https://doi.org/10.1038/srep19381
https://doi.org/10.1017/s1355617700001715
https://doi.org/10.1016/j.rasd.2010.12.004
https://doi.org/10.3758/BF03211524
https://doi.org/10.3758/BF03211524

	﻿Quicker Exogenous Orienting and Slower Endogenous Orienting in Autistic People
	﻿Abstract
	﻿Methods
	﻿Participants

	﻿Materials
	﻿Orienting Task
	﻿Eye Tracking
	﻿Raven’s 2 Progressive Matrices
	﻿Anxiety Assessment
	﻿ADHD Symptoms
	﻿Procedures
	﻿Data Preparation and Statistical Analysis
	﻿Behavioural Data Preparation
	﻿Pupillometric Data Preparation
	﻿Behavioural Data Statistical Analysis
	﻿Pupillometric Data Statistical Analysis
	﻿Supplementary Analysis

	﻿Results
	﻿Exogenous Task
	﻿Behavioural Data–Overall Performance


	﻿Behavioural Data–Base Model
	﻿Group
	﻿Alerting Tone
	﻿Age

	﻿Behavioural Data–Exploratory Model
	﻿Anxiety Symptoms
	﻿Sex

	﻿Pupillometric Data–Base Model
	﻿Pupillometric Data – Exploratory Model
	﻿Pupillometric Data – Cluster-Based Permutation Test
	﻿Endogenous Task
	﻿Pupillometric Data–Exploratory Model

	﻿Pupillometric Data–Cluster-Based Permutation Test
	﻿Discussion
	﻿References


