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Abstract 
Recent work on visual selective attention has shown that individuals with Autism Spectrum 
Disorder (ASD) demonstrate an increased perceptual capacity. The current study examined 
whether increasing visual perceptual load also has less of an effect on auditory awareness in 
children with ASD. Participants performed either a high- or low load version of a line 
discrimination task. On a critical trial, an unexpected, task-irrelevant auditory stimulus was 
played concurrently with the visual stimulus. In contrast to typically developing (TD) children, 
children with ASD demonstrated similar detection rates across perceptual load conditions, 
and reported greater awareness than TD children in the high perceptual load condition. 
These findings suggest an increased perceptual capacity in children with ASD that operates 
across sensory modalities. 
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Autism Spectrum Disorder (ASD) is a life-long condition, characterised by impairments in 
social communication and the presence of restricted and fixated interests (DSM-V; American 
Psychiatric Association, 2013). Alongside these core features, individuals with ASD also 
display an unusual profile of perceptual strengths and weaknesses both in the visual and 
auditory domain (Simmons et al. 2009; O’Connor, 2012).  Since perception provides an 
important input channel for higher-order social and cognitive processes (Johnson, 2005), 
understanding how individuals with ASD perceive their environment may be an important 
step to understanding the social and cognitive deficits associated with the disorder. 
 
The most prominent theories attempting to account for perceptual anomalies in ASD, such 
as Weak Central Coherence (Frith, 1989; Happé and Frith, 2006) and Enhanced Perceptual 
Functioning (Mottron et al. 2006), have focussed on explaining enhanced processing of 
local, low-level information or scene-detail in stimuli.  For example, in the visual domain, a 
preference for local processing could be reflected by performance on the Navon task 
(Plaisted et al. 1999), the embedded figures task (Shah and Frith, 1999) and the block 
design task (Shah and Frith, 1993; Happé, 1996); and in the auditory domain by a higher 
incidence of perfect pitch (e.g. Heaton, 2003) and enhanced frequency discrimination skills, 
at least in a subgroup of those with ASD (Bonnel et al. 2010; Jones et al. 2009). 
 
Recently, there has been a new proposal that ASD might be characterised by an increased 
perceptual capacity (Remington et al. 2009, Remington et al. 2012b, Swettenham et al. 
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2014). This proposal attempts to account for enhanced processing of low-level information 
and scene-detail, as well discrepant findings in visual selective attention in ASD, where 
some studies suggest high distractibility (e.g. Adams and Jarrold, 2012; Burack, 1994; Christ 
et al. 2007; Geurts et al. 2008) and others suggest greater focus (e.g. O’Riordan, 2004; 
O’Riordan et al. 2001; Plaisted et al. 1998). This work has been based on the idea of 
applying Lavie’s Load theory of selective attention in ASD (Lavie, 1995).   
 
According to Load theory, the extent to which irrelevant distractors will be processed 
depends on the level of perceptual load of the task. The perceptual load of a task can be 
manipulated by increasing the number of different task-relevant items (e.g. by increasing the 
number of additional visual stimuli in a search display) or by increasing the perceptual 
processing requirements (e.g. making a line discrimination task more subtle) (Lavie, 1995; 
Lavie and Tsal, 1994).  It is not just the number of units in a task-relevant display which 
constitutes perceptual load, but even for single item displays “perceptual load correlates with 
the amount of information required to process each unit in order to produce the required 
perceptual response” (Lavie and Tsal, 1994, p. 185). A key assumption of the model is that 
while perceptual processing is limited in capacity, it proceeds automatically and involuntarily 
until it runs out of capacity (Lavie, 2005; Lavie, 2010). It follows then that under conditions of 
low perceptual load any spare capacity after the processing of task-relevant stimuli 
automatically “spills-over” to process irrelevant distractors. In tasks of high perceptual load 
however, full processing capacity is engaged, leaving no additional capacity to process 
irrelevant distractors (Lavie, 1995). It follows then that the level of perceptual load at which 
task-irrelevant stimuli are no longer processed relates to an individual’s perceptual capacity. 
It is important to note at this point that the effects of perceptual load on attention can be 
distinguished from the effects of task difficulty. Perceptual load can be manipulated by 
increasing the number of task-relevant items or by increasing perceptual processing 
requirements, thereby placing higher attentional demands on available resources (i.e. 
increasing data “resource limits” (Lavie, 2005; Lavie, 2010). Task difficulty on the other hand 
can be increased by manipulations of extreme sensory degradation, altering sensory “data 
limits” (e.g. by manipulating contrast or size of a target) (Lavie and de Fockert, 2003). Lavie 
and de Fockert (2003) demonstrated that whereas an increase in perceptual load resulted in 
reduced distractor processing, task difficulty (as defined above) disrupts task performance 
while having no effect on distractor processing. 
 
The main competing account to Load theory is Dilution theory (Tsal and Benoni, 2010a, 
2010b). On this account, the reduction in distractor interference observed under high 
perceptual load (in tasks manipulating search set size) occurs as a result of the diluting 
effect of the distractor by neutral items. To demonstrate this, Tsal and Benoni (2010a) 
presented participants with a low perceptual load/high dilution search task, where the 
number of non-target items matched a typical high perceptual load display, but with these 
non-target items being clearly distinguishable from the target item (i.e. red target among 
black non-targets). In this condition, ostensibly a low load condition as the target “pops-out”, 
the mere presence of non-target items (neutral letters) was sufficient to eliminate distractor 
processing. According to Tsal and Benoni (2010a, 2010b), the features of the non-target 
search items (e.g. neutral letters) competed with those of the distractor, thus degrading the 
quality of its visual representation and leading to reduced distractor processing. Lavie 
however has attempted to counter this claim by demonstrating that in low perceptual 
load/high search set size displays, capacity in fact spills over into processing the non-target 
items in the search array, therefore ruling out an alternative explanation in terms of dilution 
(Lavie and Torralbo, 2010). Lavie and Torralbo (2010) also point out that their interpretation 
of perceptual load effects in terms of dilution only pertain to one specific manipulation of 
perceptual load. That is, manipulating the relevant search set size and measuring its effect 
on distractor response competition effects. However, recall that apart from increasing the 
number of relevant items in a search task (e.g. by increasing the search set size), perceptual 
load can be manipulated by increasing the processing requirements of items in the relevant 
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task (Lavie, 1995; 2005). For example, a more subtle line discrimination task should demand 
considerably more attentional resources than a gross line discrimination task. There have 
been a number of published studies that have manipulated the perceptual load of a single-
element display (e.g. line discrimination) and demonstrated reduced distractor interference 
with increased perceptual load either behaviourally (Cartwright-Finch and Lavie, 2007; 
Remington et al. 2014; Macdonald and Lavie, 2011; Swettenham et al. 2014) or by reduced 
neural responses evoked by task-irrelevant information in high perceptual load single 
element displays (Schwartz et al. 2005; Carmel et al. 2011). 
 
Remington et al. (2009), using a hybrid between a visual search task (Treisman and Gelade, 
1980) and a flanker task (Erikson and Erikson, 1974), assessed the extent to which visual 
distractors were processed under different levels of visual perceptual load in a group of 
adults with ASD and neurotypical adults (matched for chronological age and IQ). When the 
perceptual load of the task was low (1 or 2 items in the search array), both groups were 
slower to search for a target in the presence of incompatible distractors compared to neutral 
distractors.  This interference effect suggests that both participant groups were processing 
distractors, despite being told to ignore them. However, when perceptual load was higher (4 
items in the search array) only the ASD group displayed an interference effect, suggesting 
that they continued to process distractors at a higher level of perceptual load than the 
comparison group. At even higher levels of perceptual load (6 search array items) there was 
no interference effect in either group.  These findings strongly suggest that individuals with 
ASD have a higher perceptual capacity.  Capacity was not exhausted until there were 6 
items in the search array for the ASD group, compared to 4 items in the search array for the 
neurotypical group. 
 
Two recent studies which directly manipulated perceptual load as a dependent variable have 
provided further support for the claim that ASD is characterised by an increased perceptual 
capacity. Remington, Swettenham and Lavie (2012b) demonstrated higher levels of 
distractor detection at high levels of perceptual load in adults with ASD compared to a 
control group. In addition to a central letter search task participants were asked to report the 
presence or absence of a shape which had appeared at the same time as the central letter 
display on 50% of trials. For control participants, detection sensitivity for the shape declined 
as the visual perceptual load of the central letter search task increased. In contrast, 
detection sensitivity remained high even under conditions of high visual perceptual load in 
participants with ASD, despite no cost in accuracy or reaction time on the central search 
task.  Swettenham et al. (2014) also asked participants to report awareness of a task-
irrelevant stimulus, however this time the appearance of the irrelevant stimulus was 
completely unexpected.  Using an inattentional blindness paradigm, Swettenham et al. 
(2014) presented children with ASD and age-and IQ-matched TD children with either a 
subtle- (high perceptual load) or gross line discrimination task (low perceptual load). On a 
critical trial, an unexpected, additional visual stimulus (black square shape) was presented 
together with the central line discrimination cross in one of four possible locations in the 
periphery. Once participants had responded to the line discrimination they were asked 
whether they had noticed anything else. The results indicated that while high visual 
perceptual load reduced awareness of an unexpected visual stimulus in typically developing 
(TD) children, awareness rates remained high for children with ASD even when the 
perceptual load of the central task was high. As the effects of perceptual load on attention in 
ASD have to date only been shown within the visual modality, it is currently not known 
whether this extends to contexts of cross-modal selective attention. Indeed, the only studies 
that have investigated cross-modal attention in ASD have produced conflicting results and 
did not manipulate the perceptual load of the task. Casey et al. (1993) for instance showed 
that autistic savants were less accurate (i.e. made more omission errors) than age-, and 
gender-matched controls at detecting visual and auditory target stimuli presented 
simultaneously in a continuous performance test (CPT). This suggested to the authors that 
autistic savants are impaired in their ability to respond to more than one task simultaneously. 
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However, the small sample size in each group (n= 10), substantially lower IQ scores in the 
ASD group, and ceiling performance of TD participants on both unisensory visual/auditory 
and cross-modal CPT tasks suggest the need for further exploration. 
 
In contrast, Ciesielski et al. (1995) found similar behavioural performance between groups 
on an auditory-visual divided attention task, yet an atypical activation pattern of event-related 
potentials (ERPs) as measured by the slow negative wave (SNW) in adolescents with high-
functioning ASD relative to controls. The slow negative wave is thought to reflect voluntary 
attention towards target stimuli and is modulated by increasing task demands. This effect 
was observed in TD subjects, with reduced frontal auditory and visual SNW’s in the divided 
attention condition compared to the focused attention condition. Such task related 
modulation of the SNW however was not found in participants with ASD, suggestive of 
atypical voluntary attentive processing at the neural level. Nonetheless, individuals with ASD 
were able to perform the task as well as TD controls. This dissociation suggests that 
individuals with ASD did not need to deploy attention to the same extent as TD controls to be 
able to perform the task. It is difficult to tell whether these findings could be explained by an 
increased perceptual capacity in ASD. For example, in the divided attention condition, stimuli 
were presented in a serial order (2 flashes and 2 sounds presented in a random sequence), 
which suggests that performance on this task was dependent on rapid switching between 
target items rather than being able to process more perceptual information simultaneously. 
Perceptual load was also not directly manipulated in either of the above studies and hence it 
remains unclear whether the effects of perceptual load in ASD in the visual domain also 
translate to cross-modal contexts of attention.  
 
In the current study, we examined whether increasing perceptual load in the visual modality 
influences awareness in the auditory modality in a group of children with ASD and a 
neurotypical comparison group. Does an increased perceptual capacity in ASD influence 
perceptual awareness across modalities? 
 
In neurotypical adults, it has now been shown that increasing the perceptual load in a task 
reduces the incidence of inattentional deafness (Macdonald and Lavie, 2011; Raveh and 
Lavie, 2015). Inattentional deafness refers to the phenomenon that participants often fail to 
notice an unexpected auditory stimulus on a critical trial when their attention is engaged in 
the primary task, yet report awareness on a following control trial when they are told to 
ignore the primary task stimulus and instead pay attention to anything else. Across three 
experiments, Macdonald and Lavie (2011) demonstrated that whilst awareness rates were 
not affected on a gross line discrimination task (low perceptual load), significantly fewer 
participants reported awareness during a subtle line discrimination (high perceptual load). 
Importantly, these effects remained when high- and low perceptual load trials were 
intermixed, therefore ruling out other explanations in terms of top-down factors such as load 
anticipation (cf. Handy and Mangun, 2000; Murray and Jones, 2002; Theeuwes et al. 2004). 
The authors concluded from these findings that vision and hearing share a common 
attentional resource, as performing a visual task with high perceptual load exhausted all 
available attentional capacity and led to reduced awareness of an additional auditory 
stimulus. In the low perceptual load task however, attentional resources were not fully 
depleted and available resources automatically spilled-over into processing of the auditory 
stimulus. 
 
Conflicting evidence was recently provided by a study investigating the effect of visual 
perceptual load on auditory distractor processing across typical development. Matusz et al. 
(2015) asked 6-year-olds, 11-year-olds and adults to search for a coloured shape according 
to a conjunction of features (a red square or a green circle) amongst other non-target shapes 
(red and green triangles, circles, and squares). The perceptual load of the task was 
manipulated by either presenting the target shape alone (low perceptual load), or together 
with three non-target shapes (high perceptual load) in one of six possible locations. Auditory 
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distractors (voice recordings of a person saying “red” or “green”) were presented through 
speakers and were either compatible or incompatible with the target response. The results 
indicated that auditory distractors were processed by all age groups regardless of the level 
of perceptual load. This would suggest that across development, processing of auditory 
distractors is not dependent on the level of visual perceptual load. However, in this study, the 
auditory distractor was presented for a longer duration (500ms) than the visual search 
display (200ms), suggesting that the longer temporal overlap between visual and auditory 
stimuli in the high load condition (due to longer search times) could have offset any 
perceptual load effect. In addition, this experimental design only provides an indirect 
measure of distractor perception (via RT performance). Indeed, reaction time costs incurred 
on incompatible versus compatible trials may not necessarily reflect increased distractor 
perception, but instead relate to post-perceptual processes such as response selection. 
Based on the findings from neurotypical adults that attentional resources are allocated 
across sensory modalities (Macdonald and Lavie, 2011; Raveh and Lavie, 2015) and the 
recent findings suggesting that perceptual capacity is increased in ASD (Remington et al. 
2009, 2012b; Swettenham et al. 2014), we reasoned that children with ASD would also show 
reduced inattentional deafness under high visual perceptual load. 
 
 
 
Methods 
Participants  
44 typically developing (TD) children, attending a local mainstream school, and 29 children 
with a diagnosis of Autism Spectrum Disorder (ASD), attending a school specifically for 
children with a diagnosis of ASD, took part in the study.  Informed consent was received 
prior to the experiment. All participants with ASD had received a clinical diagnosis of ASD 
from a trained, independent clinician using the ADOS and following criteria listed in the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (American Psychiatric 
Association, 1994). ASD diagnosis was also confirmed at the time of testing using the Social 
Communication Questionnaire (Rutter et al. 2003); with all participants in the ASD group 
scoring above the recommended cut-off score of 15. None of the participants had any other 
neurological disorder. The experimental design of this study is a factorial design with two 
independent predictors (‘Perceptual load’: high vs. low and ‘Group’: ASD vs. TD), with all 
participants being randomly distributed across the two ‘perceptual load’ conditions. 
Participants were excluded if they obtained a score of less than five correct on the six non-
critical trials, were incorrect on the critical trial or were unable to hear the tone on the control 
trial. These exclusion criteria were necessary to make sure that all participants were 
engaging with the primary task on the critical trial that featured the additional auditory 
stimulus. Three children with ASD scored less than five correct non-critical trials (all in the 
high perceptual load condition) and therefore were removed from the sample. Including 
these participants in a separate analysis produced the same findings reported later. The 
remaining 26 children with ASD (14 in the low load condition and 12 in the high load 
condition) and 44 typically developing children (21 in the low load condition and 23 in the 
high load condition) were matched for chronological age and non-verbal ability scores using 
the Raven’s Standard Progressive Matrices (Raven, Raven and Court, 1998) (see Table 1). 
An independent samples t-test indicated that there were no significant differences in non-
verbal ability scores and chronological age between groups, between perceptual load 
conditions and between group/perceptual load conditions (maximum t-value = 1.84, 
minimum p-value = 0.07). 
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Table 1 Descriptive statistics for each group 

Group Statistic 
CA range 
(years : months) 

Raven’s  
Score 

Cross-
judgment task 

SCQ 
score 

ASD (n= 26)      

Low load (n= 14) M 10:4 34.5 6.64 19.71 
 SD 0:6 6.9 0.63 3.79 
 Range 9:3 – 11:5 24  – 45  15  – 24 
      
High load (n= 12) M 10:6 36.7 6.58 18.92 
 SD 0:6 5.1 0.52 2.84 
 Range 9:6 – 11:9 24  – 46  15  – 26 

TD (n= 44)      

Low load (n= 21) M 10:3 38.5 6.86  
 SD 0:5 6.2 0.36  
 Range 9:4 – 11:2 27  – 46   
      
High load (n=23) M 10:2 38.2 6.65  
 SD 0:3 6.4 0.57  
 Range 9:5 – 10:8 27  – 49   

Note: 
CA = Chronological Age 
SCQ = Social Communication Questionnaire 
 
Stimuli and Procedure 
Microsoft Visual Basic (version 6) was used to create computer-based stimuli that were 
presented on an IBM Lenovo Thinkpad 14.1” personal laptop (1440 x 900 pixel resolution). 
The participant’s chair was positioned directly in front of the computer screen such that 
viewing distance was 60cm. 
 
Target displays consisted of a black cross (RGB: 0, 0, 0), centered at fixation, and appearing 
on a white background (RGB: 255, 255, 255), with either the horizontal (H) or the vertical (V) 
line of the cross being longer than the other one (presentation was randomised across the 
first 6 trials, and counterbalanced across participants on trial 7). Perceptual load of the 
primary visual task was manipulated by increasing the complexity of perceptual operations 
involved in the line discrimination task (Lavie, 2005). This was achieved by adjusting the 
visual angle of one of the arms of the target cross, so that perceptual identification was more 
demanding on attention. In the high perceptual load condition, a cross with a shorter arm 
subtending 2.4° and a longer arm subtending 3.9° appeared, whereas in the low load 
condition, a cross with a shorter arm subtending 0.9° and a longer arm subtending 3.9° 
appeared (see Figure 1). This manipulation of perceptual load has previously been 
successfully applied in TD adults in an inattentional blindness (Cartwright-Finch and Lavie, 
2007) and inattentional deafness paradigm (Macdonald and Lavie, 2011). 
 
All children were tested individually in a room at their school. Prior to starting the computer 
task, the experimenter made sure that each child was able to correctly discriminate which 
line of a cross presented on an A4 sheet of paper was the longer one. Participants were then 
told that the cross would only appear very briefly on the screen, and that they need to fixate 
on the middle of screen and then tell the experimenter which line of the cross was longest. 
They were also told that they would need to wear headphones as part of the experiment. 
None of the children enquired further about the purpose of the headphones or whether they 
were going to hear something. 
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Each of the six experimental trials began with the presentation of a fixation circle subtending 
0.15° in the middle of the screen (1500ms); followed by a blank screen (96ms), a centrally 
located target cross (170ms), and finally a visual mask (496ms). A blank screen was then 
displayed while participants provided their verbal responses. This procedure was kept 
consistent across all eight trials (see Figure 2 below). 
 
 
Fig 1 
Illustration of stimuli used in (a) the low perceptual load condition and (b) high perceptual 
load condition 
 

 
Note: In each perceptual load condition, presentation of the two crosses was randomised 
across trials 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8 
 

Fig 2 
Procedure of experimental trials 

 
Responses to the cross task were either obtained by children’s verbal responses referring to 
the lines as “the one going up and down” (H) vs. “the one going across” (V), pointing to 
visual aids placed next to the computer depicting each possible target cross scenario, or 
making appropriate hand gestures. The experimenter then entered their response on the 
computer. On the seventh and critical trial, the same procedure applied, but an auditory 
stimulus was played concurrently with presenting the cross. Responses to the cross task 
were recorded as in the previous trials, yet participants were also asked whether they had 
noticed anything else. This is the standard way of assessing awareness on the critical trial in 
inattentional blindness/deafness paradigms (e.g. Simons and Chabris, 1999; Memmert, 
2006; Remington et al. 2014; Cartwright-Finch and Lavie, 2007; Macdonald and Lavie, 
2011). Participants responded verbally, giving details of the critical stimulus (i.e. imitating the 
beep sound) where possible. The auditory stimulus used was a 180-Hz pure tone of 69.4dB 
played through a pair of Sennheiser HD 25-1-II stereo headphones. The intensity level was 
measured prior to the experiment by a Bruel & Kjaer 4153 artificial ear together with an Ono 
Sokki CF-350Z spectrum analyser. The critical trial was subsequently repeated in a control 
trial, which measured awareness of the critical stimulus in absence of attention to the visual 
task. Participants were told prior to the control trial to ignore the cross stimulus and instead 
attend to any other stimulus they might notice. Only those participants who successfully 
identified the critical stimulus on the control trial were included in further analyses. Data from 
four children (2 TD and 2 ASD children) was excluded prior to analysis due to an inability to 
notice the critical stimulus on the control trial (no change in final sample size reported 
earlier). 
 
Results 
Cross task performance 
A 2x2 between-subjects ANOVA was conducted to analyse the frequency of correct 
responses on the line discrimination task according to group (ASD vs. TD) and perceptual 
load condition  (high load vs. low load).  The results indicated no significant main effect of 
group (ASD: M = 6.62; TD: M = 6.75), F(1,66) = 1.201, p = .277, ηp

2 = .02; no main effect of 
condition (high load: M = 6.63; low load: M = 6.77), F(1,66) = 1.048, p = .310, ηp

2 = .02; and 
no significant interaction between group and condition, F(1,62) = 0.317, p = .575, ηp

2 = .005. 
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Awareness of critical stimulus 
Participants were considered to be aware of the critical stimulus (CS) if they reported 
hearing something on the critical trial, and were able to accurately describe the auditory 
stimulus verbally or by imitating the beep sound. Awareness rates as a function of 
perceptual load and group are shown in Figure 3. 
 
Fig 3 
Percentage of participants reporting awareness of the auditory stimulus (critical stimulus: 
CS) according to perceptual load and diagnostic group (error bars: standard error) 

 
 
Detection 
Due to the binary nature of the dependent variable, a hierarchical logistic regression analysis 
was carried out to predict awareness of the auditory stimulus (0 =“No”, 1 =”Yes”) according 
to perceptual load, diagnostic group, and their interaction. In a first step, an intercept-only 
model was compared against a model with perceptual load and diagnostic group as 
predictors. The latter model was subsequently compared to a full model including the 
interaction between perceptual load and diagnostic group. All statistical analyses used 
maximum likelihood ratio tests (model comparisons based on differences in -2 log likelihood) 
rather than the Wald statistic generally reported in hierarchical logistic regression analyses in 
order to account for a smaller sample size. The statistical cutoff criterion for all predictors 
was set at .05. 
 
The first regression model predicting awareness of the critical stimulus (CS: unexpected 
auditory stimulus) from perceptual load and diagnostic group performed significantly better 

overall than the intercept-only model, 2 (2) = 10.054, p = .007. The Hosmer and Lemeshow 

test also indicated a good fit of the model to the data, 2 (2) = 3.322, p = .190. When 
controlling for the effect of group, there was a significant effect of perceptual load on 
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awareness, 2 (1) = 4.467, p = .035, with participants in the high perceptual load condition 
being 0.342 times less likely to notice the stimulus than participants in the low perceptual 
load condition.  
 
Table 2 Logistic regression analysis predicting awareness of the critical stimulus from 
perceptual load condition and diagnostic group 
 

Variable B SE B df 

Maximum 
Likelihood 
Estimation 
(MLE) 

p 
Odds 
ratio 
(OR) 

95% CI of OR 

Perceptual 
load 

-1.074 .518 1 4.467 .035* .342 .124 - .943 

Group 1.212 .537 1 5.357 .021* 3.361 1.173 - 9.632 

Load X Group 2.251 .823 1 7.479 .006** 9.5 1.892 - 47.689 

Note: 
* p < .05 
** p < .01  
 

Diagnostic group also significantly predicted awareness of the CS, 2 (1) = 5.357, p = .021 
with participants in the ASD group being 3.4 times more likely to notice the critical stimulus 
(for maximum likelihood ratio tests, odds ratio and CI of odds ratio see Table 2).  
The interaction between perceptual load and diagnostic group was tested by comparing a 
full model that included all predictors (perceptual load, group, and their interaction), against a 
reduced model with only load and group as predictors.  The likelihood ratio test revealed a 

significant interaction between perceptual load and group, 2 (1) = 7.479, p = .006, 
suggesting a different effect of perceptual load on detection between groups. In particular, 
whereas in the low perceptual load condition detection rates did not differ between groups 

(TD: 57% vs. ASD: 64%), 2 (1) = .179, p = .672, detection rates were significantly reduced 
for the TD group compared to the ASD group in the high perceptual load condition (TD: 17% 

vs. ASD: 66%), 2 (1) = 8.498, p = .004. An additional logistic regression analysis also 
confirmed that neither non-verbal ability scores nor scores on the SCQ was a significant 
predictor (both p > .05) of awareness rates of the CS in the ASD group. 
 
Discussion 
This study demonstrates greater awareness for an unexpected auditory stimulus (critical 
stimulus: CS) overall and a reduced effect of visual perceptual load on CS awareness in 
children with ASD compared to typically developing (TD) children. Importantly, the increased 
rates of CS awareness in children with ASD, when visual perceptual load was high, are not 
likely to be explained by a trade-off in line discrimination accuracy. These findings suggest 
an increased perceptual capacity in children with ASD that operates across sensory 
modalities. 
 
According to Load theory, awareness of task-irrelevant stimuli depends on whether sufficient 
perceptual capacity is available to process additional information, after processing of task 
relevant stimuli has finished. Thus, a high perceptual load task should result in low 
awareness rates for task-irrelevant stimuli, as all processing capacity is already exhausted 
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by performing a primary task. In contrast, a low perceptual load task should result in high 
rates of awareness of task-irrelevant stimuli as spare capacity automatically “spills over” to 
process additional task-irrelevant stimuli (Lavie, 2005). As awareness rates for the 
unexpected auditory stimulus (CS) remained unaffected by increasing perceptual load of the 
central task in children with ASD, yet dropped significantly in TD children, the findings 
suggest that children with ASD had processing resources left-over to also attend to the CS, 
whereas TD children did not. Our findings therefore provide further support for the 
hypothesis that individuals with ASD have a higher perceptual capacity. 
 
Both groups showed equally high performance rates in the high as well as the low 
perceptual load conditions of the line discrimination task. Of course this was not surprising 
given that we excluded any participant who did not meet our criteria of 5 out of 6 correct 
discriminations on non-critical trials and a correct discrimination on the critical trial (when the 
CS was presented).  It is worth noting though that only three participants failed to reach 
these inclusion criteria. All three were children with ASD in the high perceptual load 
condition.  It is not possible to tell exactly why these three participants did not perform well 
on the line discrimination task, this may have been due to a lack of motivation, a 
misunderstanding of instructions or a genuine difficulty in making discriminations. However, 
for the purpose of this study it was important only to include participants who we could be 
confident were successfully performing the central task when the CS appeared. Any 
differences in CS awareness are therefore unlikely to be due to a lack of engagement with 
the central task. The participants’ performance on the central task was only measured in 
terms of accuracy on the line discrimination task and not in terms of reaction time. In the 
current study we decided that it was important to keep the number of trials to a minimum in 
order to ensure that as many children as possible continued to engage with the task.  Given 
the small number of trials and therefore larger variability in reaction times across trials, it is 
unlikely that in the current task design, reaction time would have been a reliable measure of 
task performance. Future research could attempt to increase the number of trials and also 
measure participants’ reaction times in order to obtain a more nuanced measure of task 
performance. Such reaction time data could help rule out the possibility that increased 
detection rates occurred because the ASD participants had more time to divert attentional 
resources from the primary task to the unexpected auditory stimulus. Whilst we cannot 
completely dismiss this explanation with the current data, it seems unlikely given the 
experimental set-up. The auditory stimulus was a single, unexpected event and as a result, 
participants were neither expecting the additional auditory stimulus nor the surprise question 
following the critical trial. As the auditory stimulus was unexpected, it seems unlikely that 
task strategies influenced detection rates such that participants prepared to divert attention 
to the unattended modality prior to the critical trial. The results also indicated that overall 
cognitive abilities (non-verbal ability scores) and ASD symptomatology (SCQ scores) were 
not able to account for the increased awareness rates of the CS in the ASD group, 
suggesting that the results were not simply driven by a subgroup of more able children with 
ASD (i.e. those with higher non-verbal ability scores and lower SCQ scores). However, we 
do note that our sample, as well as those from previous studies (Remington et al. 2009, 
2012b; Swettenham et al. 2014) only included participants with ASD that were matched on 
non-verbal ability scores with typically developing participants. To date there have been no 
studies examining perceptual capacity in children with ASD who also have learning 
difficulties. Could the difference in awareness rates between the ASD and TD group be due 
to under reporting by the TD group?  For example, there is evidence that individuals with 
autism are less concerned about social pressures and more ready to report veridical 
experience (e.g., Bowler & Worley, 1994).  This seems unlikely as a main explanation for the 
findings given that the difference between the groups in reporting rates occurs in one load 
condition (high load) but not in another (low load) despite the auditory stimulus being the 
same in both.    
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Reduced awareness rates in TD children on the other hand cannot be attributed to the low 
intensity of the auditory stimulus. On both the critical and control trial, the auditory stimulus 
was played at hearing levels well above threshold and was therefore easily perceivable, and 
all participants noticed the auditory stimulus and were able to describe it on the control trial 
when their attention was not focused on the primary visual task. The observed group effect 
is also unlikely to be caused by any differences in cognitive abilities as all participants were 
carefully matched for performance on the Raven’s Progressive Matrices.  
 
The pattern of results for the typically developing children is in line with load theory and 
previous demonstrations of the effect of visual perceptual load on inattentional deafness in 
typically developing adults (Macdonald and Lavie, 2011). Our study therefore demonstrates 
the cross modal effect of perceptual load on selective attention in typically developing 
children. That is, the extent to which children were able to notice the presence of an 
unexpected auditory stimulus was dependent on whether sufficient attentional resources 
were available after the processing of a primary visual task. This parallels findings within the 
visual modality on an inattentional blindness task, where typically developing children also 
showed load-dependent effects on awareness of a visual CS (Remington et al. 2014). 
Furthermore, on a visual search task with varying levels of perceptual load, both children 
and adults exhibited interference effects from distracting flankers under low, but not high 
levels of visual perceptual load (Huang-Pollock et al. 2002).  
 
The finding of reduced inattentional deafness under load in children with ASD extends 
existing work on the effect of perceptual load on selective attention in ASD. In particular, 
whereas previous demonstrations of an increased perceptual capacity in ASD have only 
been within the visual domain (Remington et al. 2009; 2012b; Swettenham et al. 2014), the 
current findings suggest that this increased capacity operates across sensory modalities. 
However, the one-trial nature of the inattentional deafness paradigm means that one should 
be cautious to not overstate the conclusions of this single study. Whilst our findings suggest 
a perceptual advantage for children with ASD attending to information in two modalities, 
there is some evidence in the literature that suggests that perceptual processing may be 
impaired in ASD when participants are required to integrate stimuli from different sensory 
modalities (see Marco et al. 2011, for a review). Whereas typically developing individuals 
generally benefit from the presentation of multisensory stimuli, showing enhanced 
performance on detection and discrimination tasks (Perrott, Saberi, Brown and Strybel, 
1990; Spence and Driver, 1997; Stein, London, Wilkinson and Price, 1996), individuals with 
ASD often show reduced behavioural facilitation and reduced cortical activation in response 
to multisensory stimuli (Russo et al. 2010; Brandwein et al. 2013). Brandwein et al. (2013) 
for example, found that children with ASD were slower to respond to audio-visual (AV) 
stimulus pairs on a simple reaction time task than TD children, and showed less widespread 
cortical activation in the AV condition, particularly at early stages of information processing. 
Integration of multisensory stimuli in the context of speech perception also seems to be 
impaired in ASD. For example, individuals with ASD are reported to be less susceptible to 
the McGurk effect (De Gelder et al. 1991; Smith and Bennetto, 2007, but also see Iarocci et 
al. 2010; Williams et al. 2004), in which the simultaneous presentation of a speech sound 
(e.g. /ba/) with an incongruent visual stimulus (e.g. /va/) can result in inaccurate auditory 
perceptions. These findings indicate that individuals with ASD do not integrate visual and 
auditory information in the same manner as TD children. Others however have suggested 
that these differences are due to poorer lip reading abilities in ASD (Iarocci et al. 2010; 
Williams et al. 2004), as well as the confounding effects of using social (e.g. faces) and/or 
linguistic stimuli, which are inherently more difficult for individuals with ASD to process. 
Indeed, when using basic, non-social stimuli, Van der Smagt et al. (2007) found that children 
with ASD were as susceptible as TD children to the sound-induced double-flash illusion 
where the number of beeps has been shown to produce the percept of additional illusory 
flashes (Shams et al. 2002).  
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However, the present study and the above work on multisensory integration (MSI) in ASD 
differ considerably in terms of task requirements. While both the MSI tasks and our current 
task involve the processing of simultaneously presented stimuli from different sensory 
modalities, a typical MSI task is a perceptual task where perception of a stimulus in one 
modality is enhanced by the presence of a stimulus in another modality through a process of 
integration. The inattentional deafness procedure employed here is a selective attention task 
where the additional auditory stimulus does not facilitate the processing of the visual 
stimulus (or vice versa). Instead, the emphasis is on whether an unexpected and therefore 
genuinely unattended auditory stimulus captures attention according to the level of visual 
perceptual load of a central task. Also, whereas in MSI tasks stimuli from both modalities are 
generally presented throughout the experiment (and hence receive deliberate attention), the 
complete absence of expectation of the additional stimulus in our design means that 
processing of the additional stimulus is not dependent on any deliberate attentional 
allocation towards it. 
 
The current study demonstrated that visual perceptual load had a different effect on 
awareness of a task-irrelevant auditory stimulus in children with ASD compared to TD 
children. In future studies, it would be interesting to examine whether a stimulus that 
conveys biological and socially relevant information (e.g. a person greeting another person) 
would produce similar results. In the visual domain, there is evidence that social stimuli (e.g. 
faces) do not capture attention to the same extent in ASD compared to TD children. 
Remington, Campbell and Swettenham (2012a) for instance demonstrated that unlike TD 
adults who processed distracting faces regardless of the perceptual load of a task, adults 
with ASD only processed distracting faces at low levels of perceptual load, but not at high 
levels of perceptual load. These findings suggest that in the typical population, social stimuli 
have a “special status” and are processed in an automatic fashion regardless of the 
perceptual load of a relevant task (see also Lavie et al. 2003). From these results, it could be 
predicted that under high perceptual load, a socially relevant but unexpected auditory 
stimulus captures attention in TD individuals, yet in ASD individuals, receives less 
processing priority and therefore leads to lower awareness rates.  
 
Finally, our findings might also provide an explanation for the common observation by 
parents and clinicians that children with ASD experience difficulties and even distress if the 
environment features too many sensory stimuli. An increased perceptual capacity in ASD 
that operates across sensory modalities would allow children with ASD to process more 
sensory information at any one time, even if in some circumstances this information is 
distracting for their current task behaviour. Educational and therapeutic programmes should 
therefore aim to exploit the advantages of such an enhancement, but equally provide a 
learning environment within which the potentially detrimental effects are minimised. 
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