
Susceptibility to distraction in autism spectrum disorder:
Probing the integrity of oscillatory alpha-band suppression
mechanisms

Jeremy W. Murphya,b, John J. Foxea,b, Joanna B. Petersa,c, and Sophie Molholma,b

aThe Sheryl and Daniel R. Tishman Cognitive Neurophysiology Laboratory, Children’s Evaluation
and Rehabilitation Center, Department of Pediatrics and Department of Neuroscience, Albert
Einstein College of Medicine, Van Etten Building – Wing 1C, 1225 Morris Park Avenue, Bronx,
NY 10461, USA

bProgram in Cognitive Neuroscience, Departments of Psychology and Biology, City College of the
City University of New York, New York, NY 10031, USA

cProgram in Clinical Psychology, Ferkauf Graduate School of Psychology, Yeshiva University,
Louis E. and Dora Rousso Building, 1165 Morris Park Avenue, Bronx, NY 10461, USA

Scientific Abstract

When attention is directed to one information stream over another, the brain can be configured in

advance to selectively process the relevant stream and suppress potentially distracting inputs. One

key mechanism of suppression is through the deployment of anticipatory alpha-band (~10Hz)

oscillatory activity, with greater alpha-band power observed in cortical regions that will ultimately

process the distracting stream. Atypical attention has been implicated in autism spectrum disorder

(ASD), including greater interference by distracting task-irrelevant inputs. Here we tested the

integrity of these alpha-band mechanisms in ASD using an intersensory attention task. EEG was

recorded while participants were cued on a trial-by-trial basis to selectively deploy attention to the

visual or auditory modality in anticipation of a target within the cued modality. Whereas typically

developing children showed the predicted alpha-band modulation, with increased alpha-band

power over parieto-occipital scalp when attention was deployed to the auditory compared to the

visual modality, this differential pattern was entirely absent at the group level in the ASD cohort.

Further, only the ASD group showed impaired performance due to the presence of task-irrelevant

sensory information. These data suggest that impaired modulation of alpha-band activity plays a

role in increased distraction from extraneous sensory inputs in ASD.
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INTRODUCTION

In a crowded noisy restaurant, one might employ selective attention to focus on the menu

while ignoring the discussions at neighboring tables. In this situation, both visual (the text

printed on the menu) and auditory (the surrounding conversations) inputs compete for

limited neural resources. Selective attention serves to bias competition between multiple

inputs toward the input that immediately serves the behavioral goals of the organism (e.g.,

choosing an entree at the restaurant) (Desimone and Duncan 1995), both by enhancing

processing of relevant sensory inputs and by suppressing processing of those that are

irrelevant. Canonical features of Autism Spectrum Disorders (ASD), particularly those

falling within the diagnostic category of rigid and repetitive behaviors, have been

hypothesized to result in part from atypical selective attention (Ciesielski, Courchesne et al.

1990; Townsend and Courchesne 1994; Ciesielski, Knight et al. 1995; Teder-Salejarvi,

Pierce et al. 2005; Remington, Swettenham et al. 2012). Previous investigations have

suggested 'overselective' attention in ASD (Lovaas, Schreibman et al. 1971), referring to a

tendency to attend intensely to one stimulus while completely disregarding other sources of

information, as well as impairments in the orienting and subsequent reorienting of attention

(Wainwright-Sharp and Bryson 1993; Burack 1994; Courchesne, Townsend et al. 1994;

Iarocci and Burack 2004; but see Iarocci and Burack 2004). More recently, however, there is

mounting evidence that individuals with an ASD also have a specific deficit in filtering out,

or inhibiting, distracting task-irrelevant information (Christ, Holt et al. 2007; Christ, Kester

et al. 2011; Adams and Jarrold 2012). For example, in variations on the flanker visual

filtering task (Eriksen and Eriksen 1974), in which participants must detect a visual target

that is surrounded by varying degrees of distracting information, individuals with an ASD

are more impaired by the presence of distractors than are TD individuals (Christ, Holt et al.

2007; Christ, Kester et al. 2011; Adams and Jarrold 2012). Further support comes from an

fMRI study on selective attention by Ohta, Yamada et al. (2012) in which there was reduced

suppression of distractor information in visual cortex in ASD compared to TD adults.

Unfortunately, with ceiling performance for both groups, there was no behavioral correlate

to this reduced suppression of neural activity and thus it is not clear if this reflected impaired

visual suppressive mechanisms in ASD, or alternatively that such suppression was simply

not necessary to perform the task. Yet additional evidence for suboptimal biasing of the

brain's neural resources in ASD comes from electrophysiological investigations of selective

attention, which have reported poorer discrimination performance and more false alarms to

non-target stimuli, and reduced selective neural processing of information that is to be

attended versus ignored in ASD (Ciesielski, Courchesne et al. 1990; Ciesielski, Knight et al.

1995; Teder-Salejarvi, Pierce et al. 2005).

Non-invasive high-density recordings of the brain's electrical activity have demonstrated

that spectral power in the alpha rhythm (~8–14 Hz) modulates in accord with the

distribution of attention. This has been shown under spatial (Worden, Foxe et al. 2000;

Kelly, Lalor et al. 2006; Rihs, Michel et al. 2007; Banerjee, Snyder et al. 2011), feature-

based (Snyder and Foxe 2010), and intersensory (Foxe, Simpson et al. 1998; Fu, Foxe et al.

2001; Gomez-Ramirez, Kelly et al. 2011) manipulations of attention. Alpha is typically

greater over task-irrelevant cortical areas, and it is thought that alpha activity acts to filter
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out irrelevant sensory input (Foxe, Simpson et al. 1998; Fries 2001; Kelly, Lalor et al. 2006;

Thut, Nietzel et al. 2006; Rihs, Michel et al. 2007; Capotosto, Babiloni et al. 2009; Romei,

Gross et al. 2010; Bollimunta, Mo et al. 2011; Foxe and Snyder 2011; Buschman,

Denovellis et al. 2012). Since individuals with an ASD show abnormalities in the

suppression of task-irrelevant information, here we sought to evaluate, for the first time to

the best of our knowledge, the integrity of these alpha suppression mechanisms.

We recorded high-density EEG while children and adolescents with an ASD and age and IQ

matched typically developing controls performed a cued intersensory selective attention

task. In this paradigm, on each trial participants receive a cue followed by a unisensory or

bisensory stimulus. The cue informs them whether to perform a visual or an auditory target

detection task, thus biasing their attention toward one sensory modality and away from the

other. Previous work from our laboratory has shown this to induce robust suppression of

information in the task irrelevant sensory modality, as indexed by increases in alpha power

in the interval between the cue and the imperative stimulus over parieto-occipital regions

when an individual is attending the auditory modality and must ignore distracting

information in the visual modality (Foxe, Simpson et al. 1998; Fu, Foxe et al. 2001; Gomez-

Ramirez, Kelly et al. 2011). This has been interpreted as a 'full-field' suppression of visual

inputs, which are wholly irrelevant when the participant has been cued to attend only to the

auditory stimuli. Here we assessed the degree to which both ASD and TD children deploy

alpha strategically, and related this to behavioral indices of distractibility by task-irrelevant

sensory information.

METHODS

Participants

We chose to restrict the participant age-range to between 9 and 16 years, a range within

which participants were expected to be able to follow task instructions. Twenty ASD

children and adolescents (4 female) and 20 age and nonverbal IQ matched TD children and

adolescents (4 female) participated in the experiment (see Table 1A for participant

descriptives). An additional 7 participants (4 ASD) were excluded from the study due to an

inability to successfully perform the task. Five (3 ASD) had chance-level behavior during a

preliminary psychophysical titration session, and an additional 2 (one ASD) passed this

stage of the study, but performed below chance during the experimental session (see Table

1B for excluded participant descriptives).

For the ASD group, diagnoses of ASD were made using both the Autism Diagnostic

Interview-Revised (ADI; Lord, Rutter et al. 1994) and the Autism Diagnostic Observation

Schedule (ADOS; Lord, Rutter et al. 1999) and confirmed by judgment of an experienced

clinician. All participants passed the algorithmic thresholds for diagnosis of ASD on both

the ADI and ADOS. Of the 20 children in the ASD group, 9 had a diagnosis of autistic

disorder and 11 of Asperger’s disorder. Parents were asked to refrain from giving their

children (n=4) stimulant medication in the 24 hour period prior to the testing session. Five

children were taking other psychoactive medications (aripiprazole, sertraline, gabapentin,

atomoxetine) at the time of participation.
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Exclusionary criteria for both groups included a nonverbal IQ below 80, and a history of

head trauma, epilepsy, or premature birth. Nonverbal IQ was measured with the Wechsler

Abbreviated Scale of Intelligence (Weschler 1999), the Wechsler Abbreviated Scale of

Intelligence-Second Edition (Weschler 2011), or the Wechsler Intelligence Scale for

Children-Fourth Edition (WISC-IV; Weschler 2003). All participants were screened for

normal or corrected-to-normal vision as well as normal hearing. Exclusion criteria for the

TD group included use of psychoactive medications or a history of developmental,

psychiatric, learning, or attention difficulties as assessed by a parent history questionnaire.

TD children were also excluded if they had a biological first degree relative with a known

developmental disorder.

Participants were matched in a pair-wise fashion, such that no TD-ASD pairing exceeded a

threshold of ± 1 SD with respect to performance IQ (PIQ) or ~1 year of age. An analysis of

variance (ANOVA) indicated that there were no significant differences between participant

groups in age (F(1,38) = 0.003, p = 0.95), PIQ (F(1,38) = 0.007, p = 0.93), or full-scale IQ

(FSIQ) (F(1,38) = 2.40, p = 0.13). A between groups effect, however, did reach significance

on the measure of verbal IQ (VIQ) (F(1,38) = 7.46, p = 0.009), reflecting that the ASD

group tended to have lower (though within normal range) VIQ scores than their TD

counterparts.

Before participation, a parent or legal guardian of each child provided written informed

consent, and written or verbal assent was obtained from each child. All procedures were

approved by the Institutional Review Board of the Albert Einstein College of Medicine,

where the experiments were conducted, and conformed to the tenets for the responsible

conduct of human research as laid out in the Declaration of Helsinki. Participants received a

modest fee ($12/hour) for their efforts.

Stimuli and Task

A cued intersensory attention task was employed in which each trial consisted of an

instructional cue, an intervening blank preparatory period, followed by a task-relevant

second stimulus (S2) (see FIG 1). Instructional cues were used such that participants were

directed only to respond to targets within the cued sensory modality (auditory or visual) and

to ignore any stimuli in the uncued sensory modality.

Visual stimuli were presented on a gray background. The cue stimulus consisted of a simple

gray line-drawing depicting either a pair of headphones(~3° square visual angle, Weber

contrast = −0.14) or a computer monitor (~3° square visual angle, Weber contrast = −0.10).

These cue stimuli instructed the participant as to which sensory modality (auditory or visual)

was to be attended when the S2 arrived. The S2 stimuli took the form of either a unisensory

stimulus in the cued modality or a compound bisensory auditory-visual stimulus. For both

cue conditions, the likelihood of receiving a bisensory S2 was 63% and the likelihood of

receiving a unisensory S2 was 37%. Participants performed a go/no-go detection task on the

S2 within the cued modality, responding with a button click on a computer mouse using the

index finger of the right hand. Participants were cued pseudorandomly on a trial-by-trial

basis to attend to either the visual or auditory components of the upcoming S2 event. The

likelihood of a task switch or repeat (i.e. attend to the same modality as the previous trial or
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switch to the other modality) was manipulated such that the probability of a given trial being

a repeat rather than a switch trial was 70%.

The auditory S2 stimulus consisted of two sequentially presented sinusoidal tones (100 ms

duration; 60 dB SPL; 10 ms rise/fall) with a 5 ms interval between presentations. On non-

target trials, the two tones were of identical frequency and participants were asked to

withhold responses when no difference between the tones was detected. On target trials, the

two tones presented were of different frequency. One of the two tones was 2000 Hz,

whereas the frequency of the other tone was psychophysically titrated based on each

participant’s performance using a staircase procedure administered prior to the main task

(see Procedure below). When subjects detected a frequency difference between the pair of

tones, they were instructed to respond with a fast, accurate button push.

The visual S2 stimulus consisted of a pair of gabor patches (100 ms duration, 4.8° in

diameter, 0.25 cycles per degree) centered 5.2° to the left and right of the fixation cross. On

target and non-target trials the two gabors were of different and identical orientation,

respectively. As with the auditory stimuli, the orientation difference between the gabors was

psychophysically titrated for each participant (see Procedure below), and participants were

instructed to respond to targets with a button push. The likelihood of receiving a target

stimulus within the cued sensory modality was set at 20%.

The stimulus onset asynchrony (SOA) between the cue and target (i.e. the Cue-S2 period)

was fixed at 1300 or 1350 ms1 similar to previous applications of this paradigm from our

laboratory. A black fixation cross (subtending 0.3° vertically and horizontally) was

presented in the center of the monitor throughout testing. The inter-trial interval (i.e., the

S2–Cue period) was randomized (2000 to 3000 ms, square distribution) during which the

fixation cross remained on the screen (see FIG 1 for a schematic of the stimulation

paradigm).

Procedure

Participants were seated in a double-walled, darkened, sound-attenuated, electrically

shielded booth (International Acoustics Company, Bronx, New York). Visual stimuli were

presented on a LCD monitor positioned 100 cm from the participant. Auditory stimuli were

presented on a single speaker centered directly behind the monitor. Stimuli were delivered

using Presentation software (Neurobehavioral Systems, Albany, CA). All participants

underwent a staircase procedure at the beginning of testing for each of the two tasks. This

procedure, known as the Up-Down Transformed Rule (UDTR) was used to rapidly equate

performance across the two tasks and across participants (Wetherill and Levitt 1965) before

1Participants were run on one of two “identical” testing rooms. After data collection it became apparent that the interaction of the
stimulus presentation software with the operating system installed on one of the systems resulted in a delay of the onset of the auditory
S2 stimulus by 50 ms, as verified by a two channel oscilloscope (Tektronix TDS2012C, Beaverton, Oregon). In total, of the 20
participants in each diagnostic group, 11 ASD and 9 TD individuals were run on the experimental setup with the 50 ms delayed S2
auditory stimuli (see Figure 1). Diagnostic groups were similarly represented in each testing booth and there were no significant
differences in participant characteristics as a function of ‘Booth’. We performed analyses to determine how 'Booth' might impact any
of the dependent measures (RT, d-prime, and alpha power). We analyzed the data in precisely the same manner as reported below, but
used Booth as the grouping variable in place of Diagnosis. Neither main effects of Booth or interactions with Booth approached
significance for any of these analyses, suggesting that the small timing difference did not significantly influence any of the results
reported below.
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the beginning of the formal experimental sessions. The UDTR procedure employs different

rules that converge on specific levels of accuracy. We used a 3-up, 1-down rule, meaning

that, when a participant made three consecutive correct responses, we adjusted the stimulus

one step harder and for any incorrect response, we adjusted the stimulus one step easier.

This rule necessarily converges on an accuracy level of 79.4%. Importantly, the UDTR

procedure employed only unisensory S2s. Thus, the acquired thresholds used for the

remainder of the experimental session reflected performance on the unisensory target

detection task only (i.e., without a task irrelevant stimulus in the uncued modality), and as

such, left open the possibility of either task facilitation or interference with the addition of

the second task-irrelevant stimulus.

During the experimental session, participants were instructed to respond as quickly and

accurately as possible to targets within the cued modality and to withhold responses

otherwise. Each participant completed approximately 20 blocks of 27 trials each, resulting in

the collection of ~270 trials per cue condition.

Behavioral Measurements

To obtain measures of behavioral performance d-prime and reaction time (RT) measures

were calculated. Only correct RTs (i.e., hits) within the latency window of 200 to 2000 ms

following the onset of the second tone in the cue auditory condition, and following the onset

of the gabors in the cue visual condition, were included.

The d' measure is widely used to assess the detectability of an imperative stimulus in a

manner independent of a given individual's response criteria, or fluctuations thereof. d' is

computed by taking into account the probability of correctly responding to targets when a

target is present (termed a 'hit') and the probability of incorrectly initiating a response in the

absence of a target (a 'false alarm')(Green and Swets 1966). For the estimation of d', hits

were calculated using the same 95% threshold time window as in the case of the RTs.

Correct responses to targets outside this window were labeled as misses. Inspection of the

behavioral data (d') on a block-by-block basis, indicated that several participants had

temporarily waned in task performance, or even ceased to perform the task, for certain

blocks. In order to restrict our analyses to periods in which participants were clearly

performing the task, we discarded any blocks in which the average d' value in either the cue-

visual or cue-auditory conditions fell to zero or below. d' values of zero indicate that the

probability of a false-alarm is equal to the probability of a hit, and thus detection can be said

to be at chance. This threshold is quite liberal but it ensured that participants were

performing the task above chance for all analyzed blocks.

Prior to the exclusion of blocks based on these criteria, the TD group completed a mean

21.15 (SD = 2.98) blocks, and the ASD group completed a mean 21.15 (SD = 3.25) blocks.

Of these blocks, 9.42% (SD = 12.68) were rejected in the TD group and 14.16% (SD =

17.80) were rejected in the ASD group. An Independent samples t-test indicated that rates of

block rejection were not statistically different between diagnostic groups (p>0.3). Across

diagnostic groups the rate of block rejection bore no statistically reliable relationship to the

age of the participant (r = 0.07, p > 0.6). Block rejection showed a negative trend as a

function of PIQ, but did not reach statistical significance (r = −0.26, p = 0.09), and breaking
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this analysis out among the two diagnostic groups did not reveal a significant relationship

for either group (TD: r = −0.18, p > 0.4; ASD: r = −0.32, p > 0.2). Furthermore, across the

two groups, the relationship between block rejection and VIQ was not significantly different

(r = −0.21, p > 0.2), nor was this relationship significant within either of the two groups

(TD: r = −0.03, p > 0.8; ASD: r = −0.27, p > 0.3).

EEG Acquisition and Preprocessing

Continuous EEG was recorded, with a band-pass of DC to 134 Hz, from 72 scalp electrodes

(Biosemi Active Two System: Amsterdam, Netherlands) at an analog-to-digital sampling

rate of 512 Hz. Biosemi replaces the ground electrodes that are used in conventional EEG

systems with two separate electrodes: Common Mode Sense (CMS) and Driven Right Leg

(DRL) passive electrode. These two electrodes create a feedback loop, thus rendering them

as references. EEG data were processed using MATLAB (The MathWorks Inc., Natick,

Massachusetts). Scripts from the FieldTrip toolbox (Donders Institute for Brain, Cognition

and Behaviour, Radboud University Nijmegen, the Netherlands. See http://www.ru.nl/

neuroimaging/fieldtrip) as well as the EEGLAB toolbox (Delorme and Makeig 2004) were

applied for the analysis of the data.

The offline analysis of the EEG data proceeded as follows. First, the recorded data were

low-pass filtered at 40 Hz (Butterworth IIR, 23 db/octave, zero-phase), high-pass filtered at

0.5 Hz (Butterworth IIR, 20 db/octave, zero-phase), and re-referenced to FPz, a central

fronto-polar site. Next, in order to retain as many trials as possible while minimizing

artifactual contributions from blinks and eye movements, we employed the following

artifact correction procedure. For each participant, an independent component analysis

(ICA) was performed on the data, concatenated over all data blocks, using the infomax

algorithm (Bell and Sejnowski 1995) as implemented in the EEGLAB toolbox. Following

the ICA decomposition, we used a two-step procedure to identify components reflecting

occulomotor activity. First, we computed the mutual information (MI) shared between the

time-courses of EOG channels (one vertical EOG channel, and a bipolar horizontal EOG

channel) and the component time-courses. Any component that exceeded a threshold of 3

standard deviations beyond the median MI was marked as artifactual. Second, the

component topographies were manually inspected to ensure that the components

automatically identified as EOG-related also presented close correspondence to topographies

representing horizontal or vertical EOG-activity. All remaining components identified as

EOG were removed, and the data were transformed back to sensor space.

Following the ICA procedure, data were epoched from −1000 to 2500 ms around the onset

of the cue stimulus. Errant electrodes were identified on a trial-by-trial basis, such that if an

electrode exceeded a z score of 3 in 1) its variance, 2) its range, or 3) its mean, then it was

considered bad. If a given trial contained more than 3 bad electrodes across the array of 72

channels, then it was discarded. Otherwise, bad electrodes were interpolated using 3 to 4

nearest neighbors. Finally, over all scalp electrodes, a trial rejection threshold of ± 120 µV

was used.

Murphy et al. Page 7

Autism Res. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.ru.nl/neuroimaging/fieldtrip
http://www.ru.nl/neuroimaging/fieldtrip


Frequency Analysis

To measure changes in oscillatory power in the preparatory period, the data were analyzed

using a short-term Fourier transform (STFT) approach (as implemented in the EEGLAB

function newtimef), with fixed data segments of 250 ms multiplied by a hanning window,

and 5 ms steps. Only bisensory S2 stimuli, which accounted for 67% of the total trials, were

submitted to this analysis. This resulted in physically identical stimuli (within participant)

across the two cued attention conditions. Since the STFT technique employed a fixed

window size of 250 ms for all frequencies examined, a given time point in the STFT time-

course reflects the spectral decomposition of the original data over this entire window.

Although the hanning window employed in the analysis emphasizes data in the center of the

window relative to the edges, care must still be taken when interpreting the output of the

STFT. To avoid spectral input from the post-stimulus period, we used a causal STFT

technique. Specifically, rather than centering the window around a data point of interest for

the STFT, the window incorporated data from −250-0 ms for a given time point in the

decomposition. Although this temporally smears the data forward in time to an extent, it

nevertheless insures that a given data point in the STFT only reflects activity up to that

point, and not after it. The power spectra were then baselined by subtracting the mean power

spectra from −750 to 0 ms prior to cue onset, and dividing by the standard deviation in this

period. This method produces baseline-adjusted z score values (Roach and Mathalon 2008),

thus normalizing across possible inter-subject variability in raw power. All alpha power

indices are in these baseline-adjusted z-scores unless otherwise noted.

RESULTS

Behavioral data

A UDTR procedure was performed to equate performance among participants on the

unisensory S2 conditions as described above. The mean frequency difference between the

2000 Hz standard and the deviant tone, as estimated by the UDTR, was 98.00 Hz (SD =

65.54) for the ASD participants, and 77.75 Hz (SD = 69.25) for the TD participants.

Likewise, for the visual target, the mean polar angle of the deviant gabor relative to the

horizontally oriented standard was 14.00° (SD = 10.66) for the ASD participants, and 13.40°

(SD = 10.02) for the TD participants. The threshold estimates between the diagnostic groups

were not statistically different for the auditory (t(38) = .93, p > 0.3) or the visual (t(38) =

0.18, p > 0.8) tasks.

Detection (d-prime) analysis

D-prime data for each condition is presented in Table 2A. Within the cue-visual task, the TD

exhibited a slight increase in detection on bisensory relative to unisensory S2 conditions

(Vbi = 2.14(.83) versus Vuni = 2.06(.85)), whereas the ASD group exhibited a decrease on

bisensory relative to unisensory trials (Vbi = 1.89(1.00) versus Vuni = 2.10(.93)). Within the

cue-auditory task, both groups showed a decrease in detection on bisensory trials relative to

unisensory trials. This difference was numerically greater in the ASD group (ASD: Abi =

1.45(.95) versus Auni = 1.90(.70), TD: Abi = 1.62(.83) versus Auni = 1.86(.68)).
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The d-prime data were statistically analyzed using a mixed model ANOVA with diagnostic

group (ASD, TD) as the between-groups factor, and Cue (cue to visual, cue to auditory), S2

(unisensory S2, bisensory S2), and Trial (switch trial, repeat trial) as within-groups factors.

A main effect of Cue (F(1,38) = 5.953, p = 0.019) reflected that detection was better for the

cue visual (M = 2.05, SD = 0.85) compared to the cue auditory trials (M = 1.71, SD = 0.74).

A main effect of S2 (F(1,38) = 13.26, p = 0.001) further supported that target detection was

better on unisensory (mean = 1.98, SD = 0.65) than bisensory trials (M = 1.77, SD = 0.75).

Interpretation of these main effects is modulated by several interactions.

Interference effects—A Cue × S2 interaction (F(1,38) = 8.48, p = 0.006) was followed-

up with paired t-tests comparing unisensory to bisensory S2 conditions within each cue

condition (collapsed across Diagnostic Group). This revealed a significant effect of S2 in the

cue auditory condition (t(39) = 4.49, p <0.001), but not in the cue visual condition (t(39) =

0.87, p > 0.4). On cue auditory trials, detection was better on unisensory (M = 1.88, SD =

0.68) compared to bisensory trials (M = 1.54, SD = 0.88), whereas on cue visual trials this

relationship did not holdup statistically.

A Diagnostic Group × S2 interaction (F(1,38) = 5.05, p = 0.030) was followed up with

separate paired t-tests comparing unisensory to bisensory S2 conditions (collapsed across

Cue conditions) within each of the diagnostic groups. There was no significant effect of S2

for the TD group (t(19) = 1.15, p > 0.30). Within the ASD group, there was a significant

effect of S2 (t(19) = 3.690, p = 0.002) that was driven by a decrease in d-prime on bisensory

trials (M = 1.67, SD = 0.86) relative to unisensory trials (M = 2.00, SD = 0.72). These results

indicate that task irrelevant sensory information in the bisensory trials interfered with

performance in the ASD but not the TD group (FIG 2A).

Switch effects—A Cue × Trial interaction (F(1,38) = 8.90, p = 0.005) as well as a Cue ×

S2 × Trial interaction (F(1,38) = 6.07, p = 0.018) also reached significance. In order to

disentangle these, follow-up two-way ANOVAs with factors S2 and Trial were performed,

for each cue type. The ANOVA on the cue-auditory data revealed only a main effect of S2

(F(1,38) = 20.17, p<0.001), that was driven by better overall detection in the unisensory

trials (M = 1.88, SD = 0.68) compared to the bisensory trials (M = 1.54, SD = 0.88). The

ANOVA on the cue-visual data showed a main effect of S2 (F(1,38) = 9.85, p = 0.003) as

well as an interaction of S2 × Trial (F(1,38) = 9.50, p = 0.004). Follow-up paired t-tests

revealed a significant reduction in target detection for unisensory switch trials compared to

the unisensory repeat trials (t(39) = 3.23, p = 0.003), whereas the comparison of cue-visual

bisensory repeat trials to their switch counterparts did not reach statistical significance (t(39)

= .57, p > 0.6).

Thus, within the cue-visual task, a cost of switching was observed in the unisensory (switch:

M = 1.88, SD = 0.99, repeat: M = 2.27, SD = 0.93) but not the bisensory S2 trials (switch: M

= 2.00, SD = 0.94, repeat: M = 2.02, SD = 0.90). Notably, the lack of an interaction between

Trial and Diagnostic Group in the main ANOVA indicates that this switch cost did not differ

statistically between ASD and TD groups.
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Reaction-time analysis

RT data for each condition is presented in Table 2B. A 2 × 2 × 2 × 2 mixed model ANOVA

was conducted on the RT data with the within group factors of Modality (auditory, visual),

Trial (repeat, switch), and S2 (unisensory, bisensory), and the between group factor

Diagnosis (ASD, TD).

Across the diagnostic groups, participants were faster to respond to visual targets (M =

848.95 ms, SD = 184.41) compared to auditory targets (M = 904.30 ms, SD = 193.63) as

indicated by a main effect of Modality (F(1,38) = 5.33, p = 0.027). Participants were also

marginally faster to respond to unisensory targets (M = 862.46 ms, SD = 177.34) compared

to bisensory targets (M = 890.80 ms, SD = 180.65)(F(1,38) = 4.06, p = 0.051).

Interference effects—The main effects of Modality and S2 were mediated by a three-

way interaction of Modality × S2 × Diagnosis (F(1,38) = 6.77, p = 0.013). In order to further

investigate this interaction, we performed paired t-tests within each diagnostic group and

modality comparing unisensory and bisensory targets. Of these, only the comparison of

visual unisensory to visual bisensory targets within the ASD group reached significance

(t(19) = −2.91, p = 0.009)(FIG 2B). This indicates that the three-way interaction of Modality

× S2 × Diagnosis was driven by a modality specific (visual) difference between RTs to

unisensory and bisensory targets within the ASD group, such that, in this group, unisensory

visual targets (M = 834.31, SD = 227.25) were responded to faster than bisensory visual

targets (M = 912.06, SD = 225.81)(FIG 2B).

Electrophysiological data

Observation of the spectral activity in the alpha band (8–14 Hz) in FIGs 3 and 4 reveals

clear task-dependent alpha power modulation in the expected direction in the TD group

starting at about 1000 ms after the presentation of the cue stimulus. In contrast, in the ASD

group there is very little indication of task-based modulation. Statistical analyses were

focused on the last 200 ms prior to the onset of the S2 stimulus since previous work has

shown that the strongest task-dependent modulations in the alpha-band occur in this

timeframe (Foxe, Simpson et al. 1998; Worden, Foxe et al. 2000; Rihs, Michel et al. 2007;

Gomez-Ramirez, Kelly et al. 2009). Within this latency window, electrodes over parieto-

occipital scalp, where intersensory selective-attention alpha modulations are typically

observed (Foxe, Simpson et al. 1998; Fu, Foxe et al. 2001; Gomez-Ramirez, Higgins et al.

2007), were selected (P1,P3, P5, P7, P9, PO7, PO3 and O1 on the left, and P2, P4, P6, P8,

P10, PO8, PO4, and O2 on the right). These data were subjected to a 2 × 2 × 2 mixed model

ANOVA with factors Cue, Hemisphere, and Diagnostic Group.

A main effect of Cue (F(1,38) = 10.08, p = 0.003), and a Cue × Diagnostic Group interaction

(F(1,38) = 4.67, p = 0.037) reflected that TD participants exhibited greater task-dependent

alpha power modulations (cue auditory: Mean = 1.42, SD = 3.48; cue visual: M = −0.81, SD

= 1.51) than the ASD participants (cue auditory: M = 0.40, SD = 1.89; cue visual: M =

−0.02, SD = 1.19). Additionally, a main effect of hemisphere (F(1,38) = 4.27, p = 0.046)

indicated that alpha power in this time window was greater over the right hemisphere (M =
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0.41, SD = 1.79) than over the left (M = 0.08, SD = 1.83) across conditions and diagnostic

groups.

Follow-up paired t-tests within each diagnostic group comparing cue-auditory alpha to cue-

visual alpha (collapsed across right and left hemisphere) were run to unpackage the Cue ×

Diagnostic Group interaction. The t-test on the TD group revealed a significant difference

between cue conditions (t(19) = 3.32, p = 0.004) due to greater alpha power in the cue-

auditory condition. The analysis of the ASD group showed no significant difference between

cue conditions (t(19) = 0.85, p > 0.4).. FIG 5A depicts the topographic distribution of alpha

in the two cueing conditions as well as their difference. It is evident that the task-related

alpha modulation is largest over the posterior scalp in the TD participants. To explore

whether the apparent differences in alpha modulation between the ASD and TD groups were

the result of the regions on the scalp that were selected for analysis, paired t-tests were

performed within each diagnostic group comparing alpha power in the two cueing

conditions over all scalp electrodes. As before the average alpha power in the 200 ms

leading up to the onset of the S2 stimuli was used for the analysis. The False Discover Rate

(FDR) was used to correct for multiple comparisons (Benjamini and Yekutieli 2001). In the

TD group, a pattern of significant difference between cueing conditions distributed over

posterior scalp regions was again evident (FIG 5B bottom). Comparisons in the ASD group

yielded no significant electrodes (FIG 5B top). Of note, in the ASD group, even prior to

FDR correction no comparisons reached significance.

Exploring the relationship between task-based modulation of alpha power and task
performance

An exploratory correlation analysis was performed to test the relationship between

modulations in alpha power and behavior. If increases in alpha power over parieto-occipital

cortices reflect active suppression of visual throughput when performing a demanding

auditory task, then greater alpha power increases during the auditory task relative to the

visual task should be positively related to performance on the auditory task. Generally,

previous work has used one of two approaches in relating alpha indices and behavior, either

by (1) comparing these metrics within participants by sorting individual trials (Thut, Nietzel

et al. 2006; Kelly, Gomez-Ramirez et al. 2009), or (2) by comparing these metrics across

individuals (Dockree, Kelly et al. 2007; Hanslmayr, Aslan et al. 2007; Yamagishi, Callan et

al. 2008). Within participant approaches are arguably more sensitive to alpha-behavior

relationships, as they exploit the fact that the attentional system - and the nervous system as

a whole - is not time-invariant, and as such these measures can exhibit high variance

throughout an experimental session. On the other hand, to the degree that this mechanism is

successfully deployed in all neurologically typical individuals, one might predict a weak

between participant relationship for alpha and behavior. Nevertheless, here we were more

interested in inter-individual relationships between alpha and behavior, under the assertion

that the reduced task-dependent alpha modulation in the ASD group reflects the atypical

functioning of a mechanistic process with behavioral consequences. We were further

motivated to take a between participant approach due to the relatively low trial numbers

within conditions for each participant (i.e., binning alpha power into quintiles as a function

of performance, as is sometimes done, would produce extremely noisy estimates).
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For each participant the data point within the original 200 ms window of analysis for which

the subtraction of cue visual alpha from cue auditory alpha yielded the highest value was

used. We reasoned that this alpha modulation index between conditions ought to more

faithfully index strategic deployment of alpha, compared to absolute alpha power on one or

the other cueing conditions. We further focused on alpha activity over the right hemisphere

where it tends to be largest (Foxe, Simpson et al. 1998; Gomez-Ramirez, Higgins et al.

2007; and the present data), using the same right hemisphere electrodes as in our original

analysis. For the performance metric, we took the d-prime value for the cue-auditory

condition, averaged for uni- and bi-sensory targets.

For the ASD group the correlation was significant at r = 0.56, p = 0.01, whereas for the TD

group it was not (r = −0.25, p = 0.29)(FIG 6A). For completeness we performed the same

analyses for the corresponding left hemisphere electrodes, which revealed no significant

relationships between the two measures (ASD: r = 0.32, p = 0.17; TD: r = −0.21, p = 0.38).

When the above analyses were performed using only d-prime values from bisensory cue

auditory trials the same pattern of relationships were obtained.

As suggested by a reviewer, we additionally explored the correlation between VIQ and task-

related alpha power modulation, as well as the relationship between VIQ and behavioral

performance. The two participant groups, while matched for age, sex, and PIQ, nevertheless

had different mean VIQ scores (ASD: M = 107.50, SD = 13.26; TD: M = 119.15, SD =

13.70).

The alpha modulation index demonstrated a significant positive relationship to VIQ among

the ASD participants, over the right hemisphere (r = 0.45, p = 0.05). This relationship was

not statistically significant over the left hemisphere for the ASD participants (r = 0.03, p >

0.8), nor was it for either hemisphere in the TD participants (Left: r = −0.2, p > 0.4; Right: r

= −0.1 p > 0.5). Performance on the visual task was positively correlated with VIQ in the

TD participants (r = 0.5, p = 0.02), but not the ASD participants (r = 0.4, p > 0.09). VIQ was

not significantly related to d-prime on the auditory task in TD participants (r = −0.01, p >

0.8) or in ASD participants, although this exhibited a trend toward significance (r = 0.4, p =

0.08).

DISCUSSION

Recent evidence points to impaired inhibition of irrelevant sensory information in autism.

Here we tested a key mechanism by which the processing of irrelevant sensory information

is thought to be suppressed, task-dependent modulation of oscillatory power in the alpha

band. Whereas the TD group showed alpha modulation as would be predicted based on

highly replicated findings in adults, in the ASD group there was no evidence at the group

level for task-based modulation of preparatory alpha power. The behavioral data were well

aligned with these neurophysiological findings. That is, task irrelevant sensory information

interfered with performance in the ASD but not the TD group. Specifically, the ASD group

showed significant reductions in target detection for the bisensory versus unisensory S2

stimuli, and was slower to respond to visual targets that were accompanied by irrelevant

auditory information. In contrast, TD group performance was not significantly affected by
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the extraneous sensory information. These behavioral data suggest a higher degree of

interference in ASD participants within contexts involving distracting information in task-

irrelevant modalities. Together these findings point toward reduced suppression of task-

irrelevant distracting information in ASD, and altered functioning of neural oscillatory

mechanisms employed in top-down selective attention.

Previous findings on the integrity of alpha oscillatory activity in ASD

Previous investigations examining alpha band activity in individuals with an ASD have

employed either resting-state paradigms, in which the participant sits inactive while EEG is

recorded (Chan and Leung 2006; Murias, Webb et al. 2007; Coben, Clarke et al. 2008;

Mathewson, Jetha et al. 2012) or recorded during passive visual stimulation (Isler, Martien

et al. 2010; Milne 2011). Findings regarding alpha power over posterior parieto-occipital

areas in ASD individuals relative to controls are highly ambiguous, and often contradictory.

Alpha power at rest has been reported to be greater (Chan and Leung 2006), reduced

(Murias, Webb et al. 2007), and no different (Coben, Clarke et al. 2008). Mathewson, Jetha

et al. (2012) proposed that a degree of variability in the findings may be due to whether the

participants were at rest with their eyes open or closed. This is of particular interest as it has

been known since the early EEG recordings by Berger (Berger 1929) that alpha power is

greater over posterior scalp when the eyes are closed and that it reduces substantially when

the eyes are opened. Mathewson, Jetha et al. (2012) reported that alpha power was similar

between groups during an eyes-closed resting condition, but ASD individuals exhibited

greater alpha power in an eyes-open resting condition. This was interpreted as greater alpha

modulation as a function of cue condition in the TD group relative to the ASD group, similar

to what we observe in the current findings. Investigation of alpha oscillatory activity during

visual stimulation has suggested reduced desynchronization during periods of stimulation in

ASD children compared to TD controls (Isler, Martien et al. 2010), although without a pre-

stimulus measurement of alpha power it remains unclear whether this was a reflection of

differential modulation of alpha power with visual stimulation or an overall increase in alpha

power in the ASD group. Further, it has also been reported that inter-trial phase locking in

ASD adolescents is reduced relative to controls (Milne 2011). Thus, there is some evidence

in the literature of decreased alpha modulation and increased variability of phase in the

alpha band with visual stimulation.

Correlations between task-dependent deployment of alpha and performance in ASD

In our data, exploratory analysis revealed that greater task-related modulation of alpha

power predicted better performance on the auditory selective attention task in the ASD

group. It is important to note however that the ASD group exhibited a unique pattern of task-

modulated alpha power in which half of the participants had either no alpha modulation or

showed alpha modulation in the opposite of the predicted direction (greater alpha on cue-

visual than cue-auditory trials; FIG 6B). Significantly, it is the participants who had this

opposite pattern of modulation who performed worst on the auditory task. These alpha

'misfires' likely help power the relationship found in the ASD group. The specific

relationship between performance on the auditory task and right hemisphere alpha in the

ASD participants suggests that when these mechanisms are effectively deployed, they

engage right-hemisphere biased posterior top-down attentional control mechanisms. A right
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hemisphere bias for posterior attentional processes is a highly replicated finding in the

literature (Mesulam, 1981; Corbetta et al., 1993; Szczepanski et al., 2010), and alpha

modulation on selective attention tasks has been shown to parallel this right hemisphere bias

(Fu et al., 2001; Gomez-Ramirez et al., 2007; Banerjee et al., 2011). In contrast, the TD

group did not reveal a significant relationship between alpha modulation and performance.

This may be considered surprising in the face of a number of reports showing alpha power

modulation to be predictive of performance on visual spatial selective-attention tasks (Thut,

Nietzel et al. 2006; Yamagishi, Callan et al. 2008; Kelly, Gomez-Ramirez et al. 2009), a

detection task (Hanslmayr, Aslan et al. 2007), and a sustained attention task (Dockree, Kelly

et al. 2007). As noted earlier, we were constrained in our approach to investigating the

relationship between alpha modulation and behavior. A likely explanation for the failure to

observe a significant relationship in the TD group is that without the negative alpha values

that were present in the ASD group we were simply underpowered to observe such a

relationship (see results section).

When we probed the relationship between verbal IQ (VIQ) and our dependent measures we

found that in the ASD group task-based alpha modulation correlated with VIQ, whereas this

was not the case in the TD group. As for the behavioral data, only the TD group

demonstrated a significant relationship between VIQ and performance, and only for the

visual task, but there were trends toward significant correlation between behavior-VIQ in the

ASD group as well. Together these findings hint at a role for language in the effective

deployment of cued attention. Indeed, the disruption of inner speech has been shown to

affect performance on a cued attention task where the cue required a degree of decoding,

such as in the present study (i.e., retrieving the association between a symbolic cue and the

appropriate task)(Miyake et al., 2004), and inner speech has been hypothesized to be

reduced in ASD participants (Williams and Jarrold, 2010; Lidstone et al., 2009; Wallace et

al., 2009; Whitehouse et al., 2006). Alternately, the nature of the observed correlation

between VIQ and alpha modulations in ASD could be mediational in nature insofar as ASD

individuals with high verbal ability could use inner speech to compensate for dysfunction

elsewhere in the cortical networks of executive function and selective attention. While these

propositions are appealing in that they tie together the language dysfunction and attentional

abnormalities observed in ASD individuals, these interpretations are nevertheless highly

speculative, and a relationship between VIQ and cued attention is only modestly supported

by our current post hoc analyses. Further work is clearly needed to adequately explore the

complex relationship of language to neurophysiological and behavioral indices of selective

attention, and the interplay of cue decoding, in both TD and ASD individuals.

Alpha oscillations, top-down attention, and the neural dysconnectivity hypothesis of ASD

A distributed network of top-down attention is theorized to direct alpha-band attentional

mechanisms in sensory cortices (Klimesch, Sauseng et al. 2007; Foxe and Snyder 2011).

This is necessarily subserved by long-range white matter tracts that allow for

communication between dorso-lateral prefrontal cortex, the frontal eye fields, parietal

cortex, and sensory specific areas. The current data as it pertains to ASD individuals could

thus reflect inefficient communication between spatially separated regions of the dorsal

network of top-down attention.
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There is compelling multimodal evidence for disordered neural connectivity in ASD

(Courchesne and Pierce 2005; Uhlhaas and Singer 2006; Murias, Webb et al. 2007;

Casanova and Trippe 2009; Lazarev, Pontes et al. 2010; Just, Keller et al. 2012). Some of

the more consistent evidence comes from diffusion tensor imaging (DTI) studies, which

have reported reduced integrity of several white matter tracts in this group (see Müller, Shih

et al. 2011 for review). Importantly, differences in white matter integrity do not appear to

reflect a global reduction in ASD individuals but rather evidence is emerging in support of a

pattern of sparing of certain tracts (and even increased integrity in some tracts relative to

controls, for instance see Thomas, Humphreys et al. 2011) and reduced integrity of others.

Among the investigated tracts, the superior longitudinal fasciculus (SLF) has been

associated with reduced indices of integrity (Sahyoun, Belliveau et al. 2010; Shukla, Keehn

et al. 2011). The SLF is the primary candidate tract for top-down attentional signals

originating in the frontal cortices and traveling to the posterior parietal cortex. Damage to

the SLF produces visual neglect (Doricchi and Tomaiuolo 2003) and direct electrical

stimulation of this tract in the right hemisphere results in a profound rightward bias on a line

bisection task (Thiebaut de Schotten, Urbanski et al. 2005). Our findings indicate reduced

modulation of preparatory alpha power during top-down selective attention. Given the

compelling case for long range dysconnectivity in ASD, this dysfunction may well indicate

reduced long-range communication between cortical regions that play an interactive role in

top-down selective attention.

A recent functional imaging study from Ohta, Yamada et al. (2012) lends support to both

dysconnectivity among brain regions in ASD as well as reduced suppression of irrelevant

sensory information. In a visual spatial-selective attention fMRI design, as previously

mentioned, these authors found that suppression of distracting information in visual cortex

was reduced in adult ASD participants, and that while functional connectivity between the

intraparietal sulcus (IPS) and visual cortices increased with the demands of the task (and

thus presumably the need to suppress the unattended stimuli) in the TD participants, it did

not in the ASD participants. Reduced top-down suppression of task-irrelevant information

via connectivity between the parietal lobe and visual cortices may thus be central to

deficiencies of selective attention in ASD.

Evidence for typical task switching in ASD

In addition to investigating alpha suppressive mechanisms in ASD, our design was also

sensitive to whether intersensory switching was compromised in ASD, as would be

suggested by clinical observations as well as by some experimental findings (Courchesne,

Townsend et al. 1994; Reed and McCarthy 2012). Contrary to what one might predict based

upon the literature, there was not an increase in the cost of switching tasks in ASD under the

current conditions. Both diagnostic groups exhibited similar, albeit delimited, switch costs

(i.e., performance decrements following task switches compared to repetitions of the same

task). Specifically, d-prime values were poorer for trials in which participants switched to

the visual task after previously performing the auditory task as compared to repeating the

visual task. This switch cost was only present for the unisensory target stimuli (i.e., a visual

stimulus alone with no auditory distractors). Thus within the visual modality there was an
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advantage to repeating the task on unisensory trials, but this advantage was lost on bisensory

trials. It is thus possible that the presence of distracting stimuli in the unattended modality

offset the behavioral benefit conferred by a repetition of the task. To summarize, a rather

specific switch cost was observed in our measure of detection, and this did not differ

between the ASD and TD groups.

These findings add to a body of research regarding task switching in ASD (see Geurts,

Corbett et al. 2009 for review). The rigid and repetitive behaviors often observed in ASD

individuals have led to the reasonable proposition that cognitive mechanisms associated with

task switching are impaired in this group. As yet, there is no consensus on the severity (or

presence) of task switching deficits in ASD. One study that was similar to the present did

identify such deficits (Courchesne, Townsend et al. 1994). In this study participants

switched between a visual and an auditory task, both of which required the detection of a

rare oddball stimulus. ASD participants demonstrated poorer accuracy relative to controls

when a target occurred between 400 and 2500 ms after a task switch, but their performance

was very similar to the TD group at latencies beyond this, suggesting a switching deficit in

the ASD group only at short preparatory intervals. Importantly, the detection of a target in

the attended modality served as the cue to switch attention to the alternate modality. In the

present study, on every trial, a visual cue explicitly cued one of the two attention conditions,

and this onset 1250 ms prior to the arrival of the to-be-attended stimuli. This might be

considered a more overt and effective cue than the one used by Courchesne, Townsend et al.

(1994).

The current findings indicate that ASD individuals are able to switch between simple

auditory and visual tasks in a manner much like that of their neurotypical counterparts. This

combined with null findings from several other studies gives grounds for caution

surrounding assertions of a global deficit in task switching in ASD individuals (Pascualvaca,

Fantie et al. 1998; Poljac, Simon et al. 2010; Stoet and Lopez 2011; de Vries and Geurts

2012).

Conclusions

While we are presented with many instances in which the integration of information from

multiple sensory modalities confers greater insight into our environment (e.g., face-to-face

conversation in a noisy conference hall)(Ross, Saint-Amour et al. 2007; Ross, Molholm et

al. 2011), there are other instances in which sensory information from one modality can

interfere with performance of a task requiring sensory input from another modality. Here we

find evidence that mechanisms of selective attention are not as effectively instantiated in

ASD as they are in TD. Namely, the typical modulation of preparatory alpha band activity,

which is associated with the suppression of the processing of task-irrelevant sensory

information, was not observed in the ASD group. Further, behavioral data revealed that task-

irrelevant sensory inputs interfered with performance in the ASD but not the TD group,

indicating that "irrelevant" information is not typically dampened in ASD. This finding

provides a potential explanation for the delimiting of the environment that is commonly

observed in ASD.
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Fig 1.
Schematic of the experimental paradigm. At time 0 participants received a pictorial cue (200

ms in duration) indicating which stimulus modality to attend. Next came a blank interval

during which only the fixation cross was presented. This was followed by presentation of the

“S2” stimulus. For trials including auditory tone pairs, the first tone onset at 1300ms (*or

1350ms: for half of the participants the auditory stimuli were unintentionally delayed by 50

ms), and the onset of the second tone was at 1405 ms (*or 1455 ms for half the participants,

again due to the delay in the auditory stimuli). For trials including the visual stimulus, visual

stimulation always onset at 1355 ms.
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Fig 2.
(A) Unisensory and bisensory d-prime data for the two diagnostic groups, collapsed across

auditory and visual trials. (B) RT data for unisensory and bisensory S2s within the cue

auditory and visual conditions. Asterisks indicate significant differences at α < 0.05. The

error bars indicate ±1 SE (standard error).
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Fig 3.
Spectrograms of the subtraction of the cue-visual condition from cue-auditory condition,

averaged over the left or right parieto-occipital electrodes used in the statistical analysis.

Time zero indicates cue onset. The head map at upper right indicates the electrode positions.

Units are baseline normalized z-scores.
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Fig 4.
Alpha waveforms (8–14 Hz) for cue-auditory and cue-visual conditions, averaged across left

or right parieto-occipital electrodes used in the statistical analyses. Head map at upper right

indicates the electrode positions. Units are baseline normalized z-scores. The semi-

transparent color represents ± 1 SE.
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Fig 5.
(A) Topographic representation of alpha power for the two cued attention conditions and

their subtraction, averaged over the 200 ms before S2 onset. Units are baseline normalized

z-scores. (B) Topographies representing t-scores of significant electrodes resulting from

paired t-tests of cue-auditory versus cue-visual alpha power in the 200 ms window prior to

S2 onset across all electrodes, FDR corrected for multiple comparisons.
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Fig 6.
(A) Scatter plots depict the relationship between alpha power modulation (cue auditory

minus cue visual) and behavioral performance (d-prime) on the auditory task. Solid lines

represent the least squares fit of the data. (B) Scatter plots depict the relationship of average

alpha power on auditory and visual trials for each participant in the ASD group (left) and the

TD group (right). Solid lines delineate equality between conditions.
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Table 1

Means and standard deviations (in parentheses) for the demographic data of the participants (A) and excluded

participants (B).

A. Participant demographics

TD ASD

Age 12.20(1.93) 12.22(1.71)

PIQ 108.65(13.37) 108.25(15.78)

VIQ 119.15(13.70) 107.50(13.26)

FSIQ 115.70(13.01) 109.10(13.91)

N 20 20

No. of females 4 4

B. Excluded participant demographics

TD ASD

Age 11.87(2.97) 12.27(2.82)

PIQ 111.33(12.86) 105.25(18.86)

VIQ 111.67(7.77) 88.25(27.32)

FSIQ 113.00(10.58) 96.50(23.44)

N 3 4

No. of females 2 0
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