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Lay Summary 

In the present study we show that neurotypical adults with high autistic traits are better able 

to avoid distraction from conspicuous (but completely irrelevant) distractors when told in 



advance to do so. This ability is not affected by the type of visual input (for instance whether 

the distractor is a face or whether small rather than large letters should be reported). This 

finding could be important in better understanding the way attention is utilized in Autism.  
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Perceptual Bias. 

  

Abstract 

Attention atypicality is evident in Autism Spectrum Disorder (ASD) and its broader 

phenotype with previous studies suggesting that in some cases participants can be more 

efficient at ignoring distracting irrelevant information. However, it is not clear to what extent 

this improved filtering capacity is driven by perceptual atypicality such as local bias or 

atypical face processing, which is also sometimes reported in these populations. For instance, 

better ability to ignore the global aspect of a display could stem from a local perceptual bias 

rather than from improved distractor inhibition. To test whether distractor suppression per se. 

is associated with high expression of autistic traits, in the present study a large cohort of 

neurotypical participants (n=218), in whom expression of autistic traits was assessed, 

performed two non-spatial attention selection tasks with different categories of stimuli 

(Global/Local and Face/Scene). Importantly, both tasks involved a conflict with one aspect of 

the stimuli designated as the target and the other designated as the distractor. Across the two 

experiments adults with high autistic traits were overall better able to ignore distractors than 

adults with low autistic traits, irrespective of the type of perceptual processing involved. 

These results support the notion that autistic tendencies are associated with increased 

attention filtering (at least when target and distractor remain constant) which is not dependent 

on perceptual biases. Thus, future work in the Broader Autism Phenotype should explicitly 

consider the effect played by attention mechanisms in this population.  

 

 

  



Introduction 

Top down attention control is a fundamental cognitive mechanism important for 

efficient interaction with the environment. Since bottom-up signals tend to dominate 

selection, top-down control is required to override such signals to guide attention according 

to behavioural goals. While attention is not regarded as a core component of Autism 

Spectrum Disorder (ASD) or the Broader Autism Phenotype (BAP), previous investigations 

have repeatedly highlighted atypical top-down control of attention in these cohorts (Ames & 

Fletcher-Watson, 2010). Specifically, investigations focused on top-down distractor 

inhibition (which tends to be considered within executive functions that are thought to be 

impaired in autism; Hill, 2004), have yielded mixed findings with different studies showing 

inhibition to be intact (Lipszyc & Schachar, 2010; Ozonoff & Jensen, 1999), impaired 

(specifically inhibition of prepotent responses; Hill, 2004) or even potentially improved in 

ASD (Riby & Hancock, 2009). For instance, Greenaway and Plaisted (2005) have used a 

spatial-cuing task to demonstrate reduced attentional allocation to non-targets that match the 

top-down attention cue (similar to contingent capture; Folk et al., 1992) in children with 

ASD. This finding was interpreted as impaired top-down attention allocation but could also 

be regarded as improved ability to avoid attention capture by non-targets, and therefore 

reduced distractor interference. Perhaps more direct evidence for reduced distractor 

interference was documented by Riby & Hancock (2009) who found that an incongruent 

(social) stimulus was more easily ignored by ASD participants compared to neurotypical 

control participants. Such improved ability to ignore face stimuli may also relate to improved 

attention disengagement from faces in ASD, demonstrated in the gap-overlap task (Kikuchi et 

al., 2011). 

However, one aspect that seems to be intertwined with the various investigations into 

attention atypicalities in ASD is the degree to which such differences are mediated by the 



type of stimuli being perceived. Differences in performance are often seen when social 

stimuli (and particularly faces) are presented. For instance, differences in attention selection 

were observed in individuals with autism who did not automatically and rapidly fixate on 

faces compared to controls (Freeth et al., 2011). Furthermore, the pattern of attention 

allocation to face components can also be atypical (Klin et al., 2002) with increased fixations 

on the mouth compared to typically developing (TD) controls (Neumann et al., 2006). 

Consequently, ASD participants seem to have difficulties in judging complex information 

coming from the eyes, but not the mouth (Baron-Cohen, 1997) although discriminating 

between faces tends to be comparable to controls (Adolphs et al., 2006; Humphreys et al., 

2006).  

Further support for the notion that social (and specifically face) stimuli may underlie 

the attention atypicalities in ASD come from studies measuring participants’ ability to switch 

away from or avoid processing of face stimuli. Participants with ASD were better able to 

switch their attention from a distracting face to a different non-social target compared to TD 

controls (Kikuchi et al., 2009), especially when the face is depicting an emotional state which 

is naturally salient, as “fear” (Hsu & Pessoa, 2007). Similarly, ASD participants showed 

better attention disengagement from a centrally presented face compared with TD 

participants (Kikuchi et al., 2011) and were also less affected by the presence of an irrelevant 

face (Riby & Hancock, 2009). It is therefore possible that such atypical attention performance 

in autism is attributed to the reduced salience incorporated in social stimuli for ASD 

participants compared to controls (Bird et al., 2006), rather than to differences in the attention 

mechanisms themselves. This conjecture is also supported by findings showing typical 

performance in ASD participants when explicitly instructed to allocate attention to the eye 

region (Kikuchi, et al., 2011; Kikuchi, et al., 2009) indicating that typical attention 

mechanisms are available but perhaps not used in the absence of explicit instructions.  

http://www.sciencedirect.com/science/article/pii/S002839321000480X#bib0085


Another example of possible perceptual differences that mediate attention behavior in 

autism relates to the preference sometimes documented in ASD for local processing. 

Participants with ASD seem to show an advantage when performing tasks requiring attention 

to details (Happé & Frith, 2006; Pellicano et al., 2006). While they are able to process the 

global level of information when required, they tend to show a preference or advantage when 

attention to local elements of stimuli is needed (Koldewyn et al., 2013; Mottron & Belleville, 

1993; Plaisted et al., 1999; Wang et al., 2007). These effects are also evident in neurotypical 

participants with high self-reported autistic traits who show faster performance in the 

embedded figures test (EFT), which is thought to rely on local processing capacity (Grinter et 

al., 2009). The same result was found amongst parents of children with autism, who showed 

faster reaction times in the same EFT, suggesting that enhanced performance and possible 

local bias may be present in the BAP (Bölte & Poustka, 2006). Importantly, previous findings 

show not only increased local bias but also reduced global interference when the global 

information is irrelevant. In a study measuring biological motion, Van Boxtel and Lu (2013) 

found that neurotypical participants with low expression of autistic traits were automatically 

drawn to process the global distractors present in the periphery. Conversely, this was not 

evident in the group with high expression of autistic traits who were better able to ignore the 

global distractor. Here too, however, it is plausible that global information does not carry its 

typical precedence over local information (Navon, 1977) in the BAP and therefore it is easier 

to inhibit. Indeed, when directed to process and respond to global stimuli, ASD and BAP 

participants seem to demonstrate comparable performance to controls (Almeida et al., 2013; 

Wang et al., 2007). Thus, these results suggest that rather than a fundamental difference in 

top-down attention control processes, a perceptual bias may explain atypicalities in people 

with ASD and the BAP. 



In contrast, the notion that a local bias lies at the heart of improved performance in the 

EFT in autism and the BAP was recently challenged by Almeida et al. (2013). In their study, 

neurotypical participants with high and low expression of autistic traits were asked to 

perform several visual search tasks involving either local or global aspects. Importantly, their 

findings indicated superior search performance in the group with high autistic traits 

irrespective of whether local or global features had to be selected. Furthermore, performance 

on the EFT task was also recorded and was found to correlate with the visual search 

performance (Almeida et al., 2013). This suggests that performance differences in people 

with high vs. low autistic traits are not necessarily attributed to a local bias but rather to a 

general enhanced top-down visual search ability. Effectively, these findings raise the 

possibility that performance is driven by reduced distractibility by irrelevant non-target 

information (Joseph et al., 2009; Kemner et al., 2008, Van Boxtel & Lu, 2013), which is not 

necessarily associated with differences in perceptual bias (e.g., Almeida et al., 2013).  

To test these notions further, in the present study stimulus type (global/local, 

faces/scenes) was pitted against top-down attention selection and suppression in a large 

cohort of neurotypical adults, in whom the expression of autistic traits was measured. We 

utilized two non-spatial top-down attention control tasks while relative physical salience of 

the target and distractors was manipulated. In the first experiment, a hierarchical letter task 

(global/local; Mevorach et al., 2009) was used while in the second experiment, superimposed 

face and scene stimuli were presented. Specifically, we ask whether high expression of 

autistic traits is associated with reduced interference from distractors in general or rather with 

a perceptual bias that may lead to improved ability to ignore only perceptually unfavorable 

distractors. If the latter holds, we expect participants with high rates of autistic traits to be 

better able to ignore the global information in the first experiment (but not the local) and the 

faces in the second experiment. If the former holds, then improved ability to ignore 



distractors should be documented across both experiments irrespective of the type of stimulus 

that needs to be selected/ignored.  

Autistic traits are present in the neurotypical population in varying degrees and studies 

point to a genetic link between autism and autism-like traits, indicating that the cut-off for a 

disorder might be arbitrary (Constantino & Todd, 2003). Over the past decade, more research 

has been done investigating the mechanisms underlying the BAP, including instruments such 

as the Autism Quotient questionnaire (AQ) measuring autistic traits (Baron-Cohen et al., 

2001), and family members of persons with autism (Sucksmith et al., 2011). Therefore, the 

AQ test was used in this study to measure autistic traits in a relatively large cohort of 

neurotypical participants to assess its relation to task performance.  

 

Methods  

Participants 

Two hundred eighteen neurotypical individuals from the University of Birmingham 

participated in the study, being naïve to its purpose (mean age: 21.4; standard deviation: 4.2; 

age range: 18-31). The data initially consisted of 50 male and 168 female individuals. 

Participants were excluded from the study if they had a history of psychiatric illness, 

epilepsy, neurological disorders, suffered brain injury or lost consciousness for more than 

five minutes. Participants who performed at 50% accuracy or less on the global/local and/or 

the face/scene tasks were removed from further analysis. Based on these exclusion criteria, 7 

participants were excluded from the global/local experiment, and 17 from the face/scene 

experiment. The data presented in this report is from the remaining 211 participants on the 

global/local task, and 201 participants on the face/scene task. Data from the same basic 

cohort was previously reported in Abu-Akel et al. (2016). Participants signed an informed 



consent before taking part in the study which was approved by the STEM Ethics Review 

Committee of the University of Birmingham. 

 

General Procedure 

 Participants signed a consent form and completed a short demographics questionnaire. 

They then performed the two tasks: a global/local and a face/scene task. Following the 

completion of the tasks, participants had to complete the Autism-Spectrum Quotient 

questionnaire - AQ (Baron-Cohen et al., 2001) and the Community Assessment of Psychic 

Experiences – CAPE (Stefanis et al., 2002). CAPE data were collected for a different 

investigation (Abu-Akel et al., 2016). The session lasted 60 minutes.  

 

The Global/Local Task 

 

 

Figure 1: Stimuli and procedure for the Global/Local task. a) Example stimuli depicting 

global-more-salient and local-more-salient displays (top and bottom, respectively) and 

congruent and incongruent displays (left and right, respectively). b) A schematic presentation 

of a trial sequence. 

   



Global-Local Stimuli 

Participants were seated approximately 60 cm from a 17-inch monitor so that each 

centimeter on the screen represented ~0.96 degrees of visual angle. All the stimuli appeared 

against a black background. Two different displays depicting a compound letter (Navon, 

1977) were used: one with high global saliency and another with high local saliency (Figure 

1a). For both displays, the stimuli were created from the orthogonal combination of the letters 

H and S at the global and local levels. For the display with high local saliency, alternately 

colored (red and white) local letters were used, each subtending a visual angle of 1.348° and 

1.068° in width and height, respectively.  The global letter subtended 8.268° and 5.388° of 

visual angle (in width and height, respectively). The inter-element distance was 0.388°. In the 

display with high global saliency, only red local letters were used, which subtended 1.348° 

and 1.068° of visual angle (in width and height, respectively) and the global letter subtended 

5.668° and 4.518° of visual angle (in width and height, respectively). The distance between 

local elements was 0.0968°. These letters underwent a blur procedure in Paint Shop Pro 7.0 

with factor = 7.  A white cross (0.578°) served as fixation and was presented in the center of 

the screen (Mevorach et al., 2009). 

 

Global-Local Procedure 

The task consisted of 4 blocks containing 32 trials each for a total of 128 trials. The 

four blocks corresponded to the four possible conditions – 2 (identify the global or the local 

letters) x 2 (global salient or local salient displays). Two seconds prior to the beginning of 

each block, instructions were presented on the screen to either identify the local or global 

level throughout the block. Participants had to respond to letters H or S by pressing the ‘K’ or 

‘M’ keys on the keyboard respectively. In half of the trials in each block the same letter (H or 

S) appeared in the local and global aspect of the compound letter (congruent trials) and on the 



other half different letters appeared (incongruent trials). Each trial began with a 1500msec 

fixation cross. The stimuli then appeared for 150msec following a 200msec interval (Figure 

1b). Participants were asked to respond to the presented letter as quickly and as accurately as 

possible. Key presses recorded the participants’ responses in accuracy and reaction times. 

The task was presented using Presentation® (Neurobehavioral Systems). Participants had a 

practice block before task initiation and a paper sheet with instructions and visual information 

was available before and during task execution to avert memory constraints. 

 

The Face/Scene Task 

The face/scene task was developed in accordance to the global/local task but with 

social (face) and non-social (outdoor scene) stimulus. Participants were required to identify 

either the face or the scene, which were superimposed on each other. Here too the relative 

saliency of the face and the scene was manipulated to induce scene more salient and face 

more salient displays. In contrast to the global/local task, here we also included a neutral 

condition, in which the target (face or scene) was superimposed on a scrambled version of the 

non-target (scene or face). The neutral condition was included to provide a more direct 

measure of perceptual processes, irrespective of top-down attention (in this display there is no 

distractor and therefore no requirement to inhibit it). Relative salience was similarly 

manipulated for this condition with face or scene (or their scrambled version) being more 

salient.  

 



 
Figure 2. Stimuli and procedure for the Face/Scene task: a) The two face stimuli (face 1 and 

2) and two scene stimuli (scene 1 and 2) used in the Face/Scene task. Face 1 and Scene 1 

were mapped on to the same response (‘K’ on the keyboard) and so were Face 2 and Scene 2 

(‘M’ on the keyboard). b) Superimposed faces and scenes stimuli – faces are depicted in a 

higher contrast compared to scenes in the top row (Face Salient) and in a lower contrast in the 

bottom row (Scene Salient). Congruent and incongruent displays represent response 

congruency, where the face and scene are mapped on the same (congruent) or different 

(incongruent) key responses. Neutral displays are also presented where a face is 

superimposed over a scrambled scene (top row) and a scene over a scrambled face (bottom 

row). c) Typical trial display sequence for the Face/Scene task. 

 

Face-Scene Stimuli 

 A pair of superimposed photos of a face and an outdoor scene (or a scrambled 

version) taken from a set of two female faces and two outdoor scenes (Figure 2), appeared at 

the center of the screen in each trial. All photos were the same size and subtended a visual 

angle of ~12.88ᴼ horizontally and ~12.79ᴼ vertically. The opacity of one of the photos was 

always set to 30% while the other was set to 70%. This created two types of displays – face 

salient (where the opacity of the face was set to 70%) and scene salient (where the opacity of 



the scene was set to 70%). To create the neutral condition each face and scene picture was 

divided into 288 squares that were then randomly repositioned to create a scrambled version. 

This scrambled picture was then combined with a target picture (e.g., a scrambled face was 

superimposed with a non-scrambled scene) using the same opacity values as above. 

 

Face/Scene Procedure 

 The two possible faces and two possible scenes were associated with the ‘K’ and 

‘M’ keys on the keyboard (Figure 2a). Thus, and similarly to the global/local task, each 

face/scene display could be response-congruent (both the face and the scene were mapped to 

the same response) or response-incongruent (the face and the scene were mapped onto 

competing responses). To avoid memory constraints, a sheet depicting these associations was 

placed in front of the participant whilst performing the task. 12 blocks of 12 trials each were 

included for a total of 144 trials, equally divided between congruent, incongruent and neutral 

conditions.  Four block types were used (each randomly repeated three times) – 2 (identify 

face or scene) x 2 (face salient or scene salient displays). Each block was preceded with an 

instruction to identify faces or scenes, which remained on the screen for 5 seconds. Each trial 

then began with a 1500 ms fixation cross, and following a 200 ms interval, the face/scene pair 

appeared for 100 ms (see Figure 2c for a typical display sequence). Participants were seated 

approximately 60cm from a 17-inch monitor and were asked to identify the presented faces or 

scenes as quickly and as accurately as possible. Key presses recorded the participants’ 

responses and reaction times. Participants had a short practice block before task initiation. 

The task was presented using Presentation®. 

 

The Autism-Spectrum Quotient Questionnaire (AQ) 



The AQ questionnaire (Baron-Cohen et al., 2001) measures the degree to which an 

adult with normal intelligence has traits associated with ASD. The AQ is a self-administered 

instrument consisting of 50 questions corresponding to 5 different sub-scales: social skills, 

communication, imagination, attention switching and attention to details. Participants 

answered from "Definitely agree" to "Definitely disagree" to questions 1 to 50. The overall 

AQ score ranged from 0 to 50. A higher score means prevalence of autistic traits, while lower 

scores indicate individuals with low autistic traits. While the AQ questionnaire is not a 

diagnostic tool, previously it was reported that eighty percent of those diagnosed with autism 

or a related disorder (including Asperger Syndrome) had an AQ score of 32 or higher (Baron-

Cohen, 2001).  The AQ’s internal consistency in this study is good (Cronbach’s α = .82) and 

comparable to the values reported in other studies (e.g., Austin, 2005). 

 

Data analysis 

For both tasks, the inverse efficiency scores were used (reaction time (RT)/accuracy), 

generating an adjusted measure, AdjRT. This is recommended for tasks in which the 

accuracy is above 80%, allowing the use of reaction time and accuracy in one single measure 

and in accordance to previous studies using the same paradigms (Mevorach et al., 2006, 

Mevorach et al., 2009). Overall, accuracy was 96.5% and 92.3% for the global/local task and 

the face/scene task, respectively. All subsequent data was analyzed using the AdjRT with 

SPSS software. The means ± standard error of the mean (SEM) are reported. Significance 

level was set at p<0.05. Effect sizes are reported as partial eta squared (ƞp
2
) for ANOVAs and 

Hedges’ g (Hedges, 1981; Hentschke & Stuttgen, 2011) or Cohen’s d for t-tests (when 

statistically significant).  

To evaluate differences in performance according to the quantity of autistic traits (low 

vs. high), participants’ scores on the Autism Quotient (AQ) were independently divided into 



two groups with low and high autistic traits, using K-means cluster analysis. Cluster analysis 

is useful in the process of organizing a heterogeneous sample into relatively homogeneous 

groups, especially for large quantities of information (Clatworthy et al., 2005). This enabled 

analysis to be carried using the whole dataset of participants. Also, grouping the AQs to its 

nearest mean guarantees each group is more similar to its own and different from the next, 

being a good representation of low vs high autistic traits. 

 

Results 

Global-local task 

The 211 participants were split into high and low AQ groups using K-means clusters 

(see Table 1). Importantly, age (t(209)=-1.54, p=.125) and sex (ᵪ
2
= .62, df=1, p=.43) did not 

differ significantly between the two groups.  

 

Table 1: Distribution of participants according to scores in the AQ, age and sex in the 

Global/Local task 

 ALL (N=211) HIGH AQ (N=65) LOW AQ (N=146) 

Sex (males, females) 49, 162 16, 49 33, 113 

Age (mean, std. deviation) 21.53; 4.11 21.55; 3.32 21.51; 4.43 

AQ (mean; std. deviation; range) 16.01; 6.35; 4-37 23.60; 4.05; 19-37 12.64; 3.73; 4-18 

 

AdjRT was analyzed using repeated measures analysis of variance (ANOVA) with 

target level (global vs. local), saliency (target salient vs. distractor salient) and congruency 

(congruent vs. incongruent) as within subject factors and the AQ group (high vs. low AQ) as 

between-subjects factor. The analysis revealed a main effect for congruency (F(1,209)=416.2; 

p<.001, ƞp
2
=.66) as participants were overall better at identifying the target in the congruent 

(555±9), compared with incongruent (636±8.5; Figure 3a) condition. There was a main effect 



for saliency (F(1,209)=263.34; p<.001, ƞp
2
=.56), with overall better performance when the 

target was salient (558±9) than when the distractor was salient (633±9). Significant two-way 

interactions were found between congruency and level (F(1,209)=50.37; p<.001, ƞp
2
=.194), 

and congruency and salience (F(1,209)=12.35, p=.001, ƞp
2
=.056). However, these 

interactions were further qualified by a significant three-way interaction between level, 

saliency and congruency (F(1,209)=12.35; p=.001, ƞp
2
=.056). To test whether this interaction 

was driven by differences in the congruency effect we repeated the ANOVA using the 

congruency effect as the dependent measure. This analysis revealed a two-way interaction 

between level and saliency (F(1,209)=12.35; p=.001, ƞp
2
=.056), which was driven by a larger 

effect of saliency on the congruency effect for global identification (target salient = 61±9; 

distractor salient = 146±11; 85 difference) than for local identification (target salient = 

38±10; distractor salient = 76±11; 38 difference; t(210)=-4.33, p<.001, Cohen’s d=0.554; 

Figure 3a). This shows that the increase in congruency effect from target salient to distractor 

salient displays was more pronounced when participants identified the global level than when 

they identified the local level. These effects resemble previous reports using a similar task 

(e.g., Mevorach et al., 2009, 2016). 

More important for our purposes, there was an interaction between AQ groups and 

congruency (F(1,209)=5.03; p=.026, ƞp
2
=.023). Simple effects revealed a significantly 

smaller congruency effect (incongruent – congruent) in the high AQ group (72±6) in 

comparison to the low AQ group (89±4; t(209)=2.24, p=.026, GHedges=0.33; Figure 3b). In 

other words, individuals with high AQ exhibited less interference from the distracting 

information for the global and local stimuli, indicating less distraction in this group. 

Interestingly, the interaction between group and level, which may point to an overall 

difference in perceptual tendencies across the two groups did not reach significance 

(F(1,209)=1.47; p=.226, ƞp
2
=.007). None of the other main effects or interactions involving 



the group factor reached significance (all ps > .165). Thus, this result highlights a link 

between autistic traits and attention control in general, irrespective of whether global or local 

information had to be ignored (Figure 3b). 

To further explore the notion that higher expression of autistic traits leads to better 

ability to ignore distractors in this task, we conducted a post-hoc analysis in which we 

divided up the cohort into 3 groups (rather than 2) based on K-means clustering of the AQ 

score. Using a one-way ANOVA we found a significant linear effect of group on the 

congruency difference (F(1,208) =5.828, p=0.017) with the low, medium and high AQ 

groups showing increasingly better ability to ignore distractors (93.86, 78.58 and 71.22 

congruency difference for the low AQ, medium AQ and high AQ groups, respectively). 

Pairwise comparisons revealed significant difference between the low and high AQ groups 

(t(124)=2.135, p=0.035, GHedges= 0.43) and a marginally significant difference between the 

low and medium AQ groups (t(174)=1.888, p=0.061, GHedges= 0.28) but no significant 

difference between medium and high AQ groups (t<1). This post-hoc analysis further 

supports the notion that people with higher expression of autistic traits (as measured by AQ) 

show different attentional performance than people with lower trait expression. 

 



 
Figure 3: Performance in the global-local task. a. Overall performance (across the entire 

cohort) depicting mean AdjRT (±SEM) as a function of level, salience and congruency. For 

both global and local identification, performance under conditions of distractor saliency 

resulted with increased distractor interference (increased congruency difference). b. 

Congruency effect (incongruent - congruent) for the two AQ groups. The high AQ group 

showed consistently smaller congruency effects (smaller distractor interference) regardless of 

whether the global or the local aspects had to be identified. The target level (global or local) 

did not interact with group.  

 

Face-scene task 

AQ groups were divided into high and low autistic traits using K-means cluster 

analysis (Table 2). There were no age or sex differences across the two groups (t(199)=-.614, 

p=.54; ᵪ
2
=.194, df=1, p=.65, respectively). AdjRT for the face/scene task was analysed using 

a repeated measures ANOVA with target (face vs. scene), saliency (target salient vs. 



distractor salient) and congruency (congruent, incongruent and neutral) as within subject 

factors and AQ group (high vs. low AQ) as a between subjects factor.  

 

Table 2: Age, sex and AQ for the whole cohort and the split groups in the Face/Scene task 

 ALL (N=201) HIGH AQ (N=66) LOW AQ (N=135) 

Sex (males, females) 43, 158 15, 51 28, 107 

Age (mean, std. deviation) 21.38; 4.31 21.65; 3.73 21.24; 4.58 

AQ (mean; std. deviation; range) 16.32; 6.38; 4-37 23.59; 4.06; 19-37 12.76; 3.74; 4-18 

 

The analysis revealed a statistically significant main effect of target F(1,199)=49.46; 

p<.001, ƞp
2
=.199) whereby performance was overall better when identifying scenes (626±9)  

compared to faces (752±18). A main effect of saliency was also obtained as participants 

performed better when the target was salient (579±8) compared to when the distractor was 

salient (799±16; F(1,199)=312.52; p<.001, ƞp
2
=.611), and performance was also affected by 

congruency (F(2,398)=45.21; p<.001, ƞp
2
=.185) as participants were generally worse for the 

incongruent (760±16), compared to congruent (653±11; t(200)=-8.32, p<.001, Cohen’s 

d=0.54) and neutral (661±9; t(200)=8.41, p<.001, Cohen’s d=0.57) conditions. There were 

significant 2-way interactions between target and saliency (F(1,199)=36.31.53; p<.001, 

ƞp
2
=.154), target and congruency (F(2,398)=33.3; p<.001, ƞp

2
=.143) and saliency and 

congruency (F(2,398)=38.32; p<.001, ƞp
2
=.161). However, they were further qualified by a 

three-way interaction between target, saliency and congruency (F(2,398)=28.93; p<.001, 

ƞp
2
=.127; Figure 4a). This interaction pointed to difficulties performing the incongruent 

condition when identifying faces in distractor salient displays (Figure 4a). Consequently, the 

cost (incongruent – neutral) under distractor salient displays, exhibited in the face task 

(353±42) was substantially larger than the cost for the scene task (4±13; t(200)=8.136, p 



<0.001, Cohen’s d=0.799). Interestingly, the group factor interacted significantly with 

congruency (F(2,398)=3.3; p=.038, ƞp
2
=.016) similar to the finding in the global/local task, 

with target and saliency (F(1,199)=5.27; p=.023, ƞp
2
=.026) and with target and congruency 

(F(2,398)=4.9; p=.008, ƞp
2
=.024). Importantly, however, these interactions were further 

qualified by a 4-way interaction of group, target, saliency and congruency (F(2,398)=4.61; 

p=.011, ƞp
2
=.023; Figure 4b). To investigate this interaction, partial ANOVAs were 

conducted with face and scene targets separately. While the ANOVA for scene target 

revealed no significant interaction of group, saliency and congruency (F(2,398)=1.26; 

p=.285, ƞp
2
=.006), this interaction was significant for the face targets (F(2,398)=3.38; p=.035, 

ƞp
2
=.017). This 3-way interaction was then investigated using partial ANOVAs on target 

salient and distractor salient conditions separately. It was then established that a group by 

congruency interaction was only evident for distractor salient displays (F(2,398)=4.04; 

p=.018, ƞp
2
=.020) but not for target salient displays (F(2,398)=1.59; p=.205, ƞp

2
=.008). 

Pairwise comparisons revealed that in the incongruent condition the high AQ group 

performed significantly better (1002±46) than the low AQ group (1220±69; t(199)=2.64, 

p=.009, GHedges=0.33) but there was no group difference for the congruent (low AQ: 806±41; 

high AQ: 777±34; t(199)=.466, p=.642) or neutral (low AQ: 601±14; high AQ: 596±14; 

t(199)=.375, p=.708) conditions (see Figure 4b). Thus, these results point to improved 

distractor suppression in the high AQ group as a function of stimulus category. Critically 

however, the improvement was only visible when the participants had to identify a low 

salient face and ignore a high salience response-incompatible scene which was the most 

difficult condition in this task. 

As for the Global/Local task here too we conducted a post-hoc analysis in which the 

cohort was divided up into 3 groups (rather than 2) based on K-means clustering of the AQ 

score. A one-way ANOVA revealed once again a significant linear effect of group (low, 



medium and high AQ) on the participants performance in the incongruent trials of the face 

identification condition under distractor salient displays (F(1,198)=5.248, p=0.023) with the 

low, medium and high AQ groups showing increasingly better performance in this condition 

(1268, 1145 and 954 for the low AQ, medium AQ and high AQ groups, respectively). 

Pairwise comparisons revealed significant difference between the low and high AQ groups 

(t(109)=2.192, p=0.031, GHedges= 0.43) and a marginally significant difference between the 

medium and high AQ groups (t(129)=1.810, p=0.073, GHedges= 0.34) but no significant 

difference between low and medium AQ groups (t(158)=1.024, p=0.308). This post-hoc 

analysis once again supports the notion that people with higher expression of autistic traits (as 

measured by AQ) show different attentional performance than people with lower trait 

expression. 

 



 
Figure 4: Performance in the face-scene task. a. Overall performance (mean adjRT ± SEM) 

across the entire cohort is presented. Response congruency affected performance more 

substantially in distractor salient displays (dashed line) and specifically when faces had to be 

identified (left side of figure). b. Performance in the face-scene task (mean AdjRT ± SEM) as 

a function of group (high vs. low AQ groups). Clear group differences are seen when 

participants had to identify a low salience face and ignore a competing (incongruent) high 

salience scene, where participants with high expression of autistic traits show better 

performance than those with low expression. Also of note is the lack of group difference in 

the neutral displays (when a face or a scene appeared on a background of noise). 

 

 

 

Discussion 

In this study we aimed at investigating whether self-reported expression of autistic 

traits in neurotypical young adults will be associated with top-down attention control 

(distractor interference) or rather with perceptual biases that in turn modulate attention 

control. Overall and across the two tasks, we found that participants exhibiting higher 



expressions of autistic traits showed increased ability to filter out distractors, which was 

manifested in a smaller interference effect for the high AQ group. Importantly, this improved 

capacity for distractor suppression did not seem to be directly modulated by the type of 

stimuli that had to be suppressed. In the global/local task, performance differences between 

the low and high AQ groups held across both local and global processing – in both cases 

participants with high AQ showed reduced distractor interference (indexed by a smaller 

congruency effect in AdjRT). While in the face/scene task group differences were only 

visible for face identification, this effect contrasts with what would be expected based on 

perceptual biases. If differences in performance are associated with processing the faces in 

this task we would have expected the high AQ group to be better at ignoring faces (which are 

potentially less salient to them). In fact, our findings were the opposite. There were no group 

differences when participants had to ignore the face but a substantial difference between the 

groups was evident when participants had to ignore the scene. Once again, participants in the 

high AQ group were considerably better at ignoring the distractor scene (especially in the 

incongruent condition). Thus, our high AQ group outperformed the low AQ group and 

showed reduced distractor interference which could not be explained by reduced sensitivity to 

social content.   

A further support for the notion that performance differences in the groups were not 

attributed to perceptual differences comes from performance in the neutral condition in the 

face/scene task. If perceptual differences between the groups existed, they should have been 

manifested in the neutral condition, which reduces the demand for attention control while 

maintaining the perceptual difficulty of the stimulus. However, we found no evidence for 

such a difference across both face and scene stimuli. Group differences emerged only when 

competition from distracting stimuli existed in the display and consequently attention control 

was called upon.  



Atypical (but improved) attention selection and distractor filtering in autism was also 

recently described by Robertson et al. (2013), who suggested that a sharper focus of spatial 

attention could explain improved performance. Measuring the spatial extent of the attention 

focus in autism, Robertson et al. (2013) documented a sharper spatial focus of attention, 

limited to the proximity of stimuli, with performance decreasing rapidly as exogenous spatial 

cues appeared further away from the target. Such a finding could explain superior 

performance in search, where a sharper gradient of attention would facilitate the inhibition of 

surrounding distractors, as well as interference from incongruent stimuli (Robertson et al., 

2013). Our findings suggest that the enhanced focusing ability is not confined to spatial 

selective attention but perhaps reflects a broader ability to control attention and to restrict it to 

the relevant aspect of the visual field, even when the task requires to segregate between 

stimuli that occupy the same space. 

As several obvious methodological differences exist between the two tasks used here 

it remains an open question why salience played a more pronounced role in the face/scene 

compared to the global/local task. Perhaps the most plausible account is that only when task 

demands are high enough, group differences emerge (i.e., in the face/scene task, faces were 

significantly more difficult to identify in comparison to scenes and the distractor interference 

in this condition was much more pronounced). It is possible that better performance when 

identifying faces and inhibiting scenes was due to more immediately obvious differences in 

the scenes compared to the faces.  It is therefore likely that these results will reverse if the 

scene category was, for instance two different mountain scenes which were more similar to 

each other or if the face category had more pronounced differences such as a male and female 

face. Another difference between the tasks worth mentioning is the use of longer blocks in 

the Global/Local compared to the Face/Scene task. Such a difference may imply increase in 

fatigue experienced in the Global/Local task (or reduced fatigue in the Face/Scene task). It 



might therefore also be the case that reduced fatigue has helped participants deal with 

distractor interference in the easier condition of the scene identification and therefore 

prevented group differences from emerging. Importantly, however, the performance 

differences we documented in both experiments point towards more effective top-down 

control of attention in participants with higher expression of autistic traits (Almeida et al., 

2010; Almeida et al., 2013).  

In contrast to the findings we report here, previous research in ASD and the BAP has 

also pointed to increased distractor interference or increased sensitivity to salience seen in 

this population in certain conditions (Leader et al., 2009). For instance, in a recent study 

using EEG to record brain potentials, Dunn et al., (2016) identified reduced Pd (which is 

thought to represent distractor suppression) in individuals with high autistic traits compared 

to those with low autistic traits. This also fits with other finding suggesting a failure of 

participants with ASD to suppress a salient distractor (e.g., Russell et al., 1991) or examples 

where behavior is dominated by the salient stimulus in ASD (e.g., Leader et al., 2009). While 

the reason for such discrepancy between previous findings needs to be further investigated 

(regardless of the various methodological differences across studies), we can still speculate 

about a possible difference which is noteworthy. In both tasks in this study, full information 

of what constitutes a target and a distractor was given in advance and this remained constant 

throughout a block of trials. As such, participants in our study could have used top-down 

control in a preparatory manner (c.f., Mevorach et al., 2009 for the contribution of the left 

parietal cortex to such a preparatory process). Indeed, previous research has shown that when 

encouraged to use such control strategy – for instance when given full instruction in terms of 

which part of a face to attend, atypicalities in face processing in ASD can be overcome 

(Kikuchi, et al., 2011; Kikuchi, et al., 2009). Similarly, in Dunn et al. (2016) the reported 

smaller Pd amplitude associated with reduced distractor suppression was evidenced later in 



the process - after stimuli presentation, which may point to reactive suppression rather than a 

preparatory one. It is therefore plausible to speculate that increased distractor suppression (as 

we report here) in the BAP is associated with enhanced preparatory top-down control. 

However, when reactive or dynamic control is called upon (such as when participants need to 

voluntarily switch from one element to another only following their appearance) performance 

can be impaired.  

One important limitation that is worth noting here is the generalizability of our 

findings to clinical ASD population. We note that our cohort had a majority of female 

participants which is not typical in clinical cohorts of ASD (Loomes et al., 2017). 

Importantly, however, sex did not mediate the effects we report and it is therefore not likely 

that the inclusion of female participants underlies the increased distractor suppression we 

record in the group with high expression of autistic traits. It is also worth highlighting that 

there is growing evidence that a significant minority of ASD diagnoses are associated with de 

novo genetic mutations (Iossifov et al., 2014), and thus may have different etiologies, neural 

and behavioral phenotypes. It may well be that the results we report here bare less relevance 

for this subset of ASD. 

We conclude based on our findings that neurotypicals with a higher expression of 

autistic traits demonstrate enhanced distractor filtering and attentional focus irrespective of 

the type of stimulus that need to be selected or suppressed. As such, it challenges previous 

conjectures that performance differences in ASD and BAP are solely associated with 

atypicalities in local/global processing or reduced sensitivity to social stimuli. We speculate 

that this enhanced distractor suppression may be especially visible when top-down selection 

and suppression can be utilized proactively without the need to dynamically change the focus 

of attention selection. This highlights a testable prediction that the benefit for high autistic 



traits we find here might disappear when suppression cannot be achieved through a 

preparatory top-down mechanism.   
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