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Abstract

Difficulty listening in noisy environments is a common complaint of individuals with autism 

spectrum disorder (ASD). However, the mechanisms underlying such auditory processing 

challenges are unknown. This preliminary study investigated auditory attention deployment in 

adults with ASD. Participants were instructed to maintain or switch attention between two 

simultaneous speech streams in three conditions: location (co-located versus ± 30° separation), 

voice (same voice versus male–female contrast), and both cues together. Results showed that 

individuals with ASD can selectively direct attention using location or voice cues, but performance 

was best when both cues were present. In comparison to neurotypical adults, overall performance 

was less accurate across all conditions. These findings warrant further investigation into auditory 

attention deployment differences in individuals with ASD.
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Introduction

Communication in everyday life depends crucially on the ability to dynamically shift 

attention between competing auditory streams. Many of us do so effortlessly, such as 

switching attention between different speakers at a party. Despite the apparent simplicity, 

selectively attending to one of several speakers is a complex task, involving perceptual as 
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well as cognitive processes (Lee et al., 2014; Shinn-Cunningham et al., 2017). Listeners 

must first segregate competing voices into separate auditory streams using perceptual cues 

such as the location and voice characteristics of the target speaker (Carlyon, 2004; Darwin, 

1997) and then selectively direct attention on the target speaker while ignoring competing 

speakers. Whereas auditory attention deployment has been well studied in neurotypical 

(NT) adults with normal hearing, it is relatively under-studied in individuals with autism 

spectrum disorder (ASD), who often demonstrate auditory processing differences (reviewed 

by Haesen et al., 2011; O’Connor, 2012). This study aims to investigate auditory attention 

deployment in young adults with ASD and NT participants.

ASD is a neurodevelopmental disorder characterized by restrictive and repetitive behaviors, 

as well as social and communication challenges (American Psychiatric Association, 2013). 

Although it is not a core feature of ASD, impairments of attention such as difficulty 

switching attention between tasks, abnormal distribution of attentional resources, and 

impaired cross-modal attention switching are commonly observed in adults and children 

with ASD (Allen & Courchesne, 2001; Reed & McCarthy, 2012). For example, school-

aged children with ASD show greater difficulty switching attention between visual tasks 

compared to typically developing children, and particular difficulty switching attention 

between visual and auditory modalities (Reed & McCarthy, 2012). In the visual domain, 

individuals with ASD may demonstrate abnormally narrow fields of attention, as well as 

difficulty disengaging attention from a visual target (Allen & Courchesne, 2001).

In the auditory domain, adults and children with ASD often demonstrate processing 

differences such as hyper- and hyposensitivity to sound, atypical orientation to auditory 

information, difficulty listening under noisy conditions, and inefficient auditory stream 

segregation (reviewed by Haesen et al., 2011; O’Connor, 2012). Past studies also suggest 

that adults with ASD have poor sound source localization: they are slower and less accurate 

in localizing noise bursts presented from speakers in the azimuthal plane compared to 

control participants (Teder-Sälejärvi et al., 2005).

Auditory processing differences have also been demonstrated specifically for speech sounds 

in ASD (Ceponiene et al., 2003; Jones et al., 2020; Kuhl et al., 2005; O’Connor, 2012; Otto-

Meyer et al., 2018). Toddlers with ASD may prefer non-speech sounds whereas typically 

developing (TD) children show a preference for infant-directed speech (Kuhl et al., 2005). 

Differences in auditory brainstem responses to speech sounds have also been reported in 

toddlers with ASD, suggesting inefficient processing of speech in comparison to their TD 

peers (Jones et al., 2020). Similar results have been observed in school-aged children with 

ASD: compared to TD children, children with ASD have less stable frequency-following 

responses to certain speech sounds, which may contribute to deficits in language and 

communication (Otto-Meyer et al., 2018).

Selective auditory attention in NT adults comes with a cost: listeners typically perform 

worse when asked to switch attention between talkers compared to maintaining attention on 

a single talker (Larson & Lee, 2013a, 2013b; Lawo & Koch, 2015; McCloy et al., 2017, 

2018). Responses are slower and less accurate when participants are required to switch 

attention between competing auditory streams (Larson & Lee, 2013b). Switching attention 
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between competing auditory streams also bears a greater cognitive load, as observed by 

increased pupillary responses (McCloy et al. 2017). Relatively few studies on auditory 

attention switching have focused on adults with ASD. Consequently, despite the broad range 

of auditory processing differences observed in adults and children with ASD, it is unclear 

whether adults with ASD demonstrate the same “switch cost” observed in NT adults.

To selectively direct attention to the desired speaker, listeners must first segregate competing 

voices into distinct auditory streams using a variety of perceptual cues. Binaural cues, or 

timing and intensity differences between the two ears, play a critical role in segregating 

competing talkers and help listeners localize where the voice of interest is coming from. For 

example, if the speaker of interest is standing to a listener’s right, their voice will arrive at 

the right ear faster and also louder than the left ear. The listener’s auditory system can use 

these binaural cues to differentiate the speaker of interest from the other competing talkers. 

When speakers’ voices are coming from the same location, or co-located, listeners are not 

able to use binaural cues because the voices arrive at the ears at the same time and loudness. 

To segregate competing voices in this situation, they must rely on voice characteristics such 

as pitch or loudness of the particular speaker.

NT listeners also benefit when multiple auditory streams come from different locations 

such that they can be spatially segregated (Bronkhorst, 2015; Brungart & Simpson, 2007; 

Ericson et al., 2004). Ericson et al. (2004) investigated the role of binaural cues on listener 

performance on a multi-talker listening task with one, two, or three competing speakers. 

They found that with one competing speaker, spatial segregation of the target and competing 

voices improved listener performance by approximately 25%; with two or three competing 

speakers, spatial segregation nearly doubled the percentage of correct responses (Ericson et 

al., 2004). Similarly, listeners perform better on a multi-talker speech perception tasks when 

competing talkers are spaced far apart, as opposed to close together (Brungart & Simpson, 

2007).

Prior research in NT adults also suggests listeners benefit when simultaneous auditory 

streams are composed of voices of different sexes (reviewed by Bronkhorst, 2015). For 

example, Brungart (2001) studied listener intelligibility of a target phrase masked by a 

competing phrase and found that listener performance was best when the target and the 

competing voices were different sexes. Likewise, Darwin et al. (2003) studied the effect of 

fundamental frequency and vocal-tract length changes on listeners ability to attend to one 

of two simultaneous sentences and found that listener performance increased dramatically 

when voices comprised speakers of different sexes. Despite the evidence regarding auditory 

attention deployment in NT adults, little is known about how auditory attention deployment 

differs in adults with ASD, and how these differences may contribute to social and 

communication challenges.

When multiple perceptual cues are available, such as both location and voice characteristics, 

listeners may find the most benefit (reviewed by Bronkhorst, 2015). For example, listeners 

are more accurate in identifying simultaneously presented vowel sounds when they differ 

in both pitch (F0) and location, compared to either cue on its own (Du et al., 2011). 

A priori knowledge of the target speaker’s voice characteristics and location may also 
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improve listener performance on selective listening tasks (Shinn-Cunningham & Best, 

2008), particularly when there are two or more competing speakers (Ericson et al., 2004). 

Relatively few studies have looked specifically at how adults with ASD use perceptual cues, 

including location and voice cues, to segregate simultaneous auditory streams and how that 

may differ from the patterns observed in NT adults.

This preliminary study was designed to investigate auditory attention deployment in young 

adults with ASD. Participants were presented with a selective listening task where they 

were asked to maintain or switch attention between one of two simultaneous auditory 

streams and repeat back two words as instructed. The spatial location of the two speech 

streams (co-located vs. spatially separated) as well as voice characteristics of the talkers 

(same voice versus male–female contrast) were also manipulated. Three research questions 

were investigated. First, do individuals with ASD perform worse when asked to switch 

attention between auditory streams? We hypothesized that participants with ASD would 

perform worse on switch attention compared to maintain attention trials, and thus, show 

a “switch cost” like NT adults. Second, can individuals with ASD make use of spatial 

location and talker voice cues to improve their ability to selectively listen to simultaneous 

speech streams? We hypothesized that they would perform best when provided with 

both location and voice cues. Third, do individuals with ASD show greater difficulty 

maintaining or switching attention between speech streams than age- and sex-matched 

comparison participants? We hypothesized that individuals with ASD would demonstrate 

greater difficulty maintaining and switching auditory attention across all conditions than 

comparison group participants.

Method

Participants

Twenty-four adults (aged 21–23 years) participated in the study. Our sample size was 

determined based on an a priori power analysis to detect group differences in a repeated 

measures analysis of variance (ANOVA) with 2 groups, 6 measurements (2 attention 

conditions by 3 cue conditions), and a correlation among repeated measures of 0.5. A 

sample size of 11 subjects per group was determined as sufficient to detect a group 

difference with a medium effect size of 0.5 with a power (1-β) of 0.8 and probability 

(α) of 0.05. Twelve participants with ASD were recruited from a larger longitudinal study 

conducted at the University of Washington. The original cohort consisted of 72 children 

diagnosed with ASD between the ages of 3 and 4 years. Diagnoses of Autistic Disorder, 

Asperger’s Disorder, or Pervasive Developmental Disorder—Not Otherwise Specified, were 

made according to criteria from the fourth edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-IV; American Psychiatric Association, 1994) by a licensed 

clinical psychologist or supervised graduate student using: (1) the Autism Diagnostic 

Interview-Revised (ADI-R; Lord et al., 1994), (2) the Autism Diagnostic Observation 

Schedule-Generic (ADOS-G; Lord et al., 1989), (3) medical and family history, (4) 

cognitive test scores, and (5) clinical observation and judgment (see Dawson et al., 2004 

for details). These participants were tested again at age 6, 9, and 13–15 years. Forty-six 

participants from the original cohort were re-contacted and invited to participate in this 
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current study. The remaining 26 were not contacted because they were already recruited for 

another study. Of the 46 participants contacted, 4 moved out of state, 2 were not interested 

in participating, 1 could not be scheduled, 24 did not respond to phone calls or emails, 2 did 

not meet our eligibility criteria of being able to speak in 3-word phrases, and 1 failed the 

audiometric screening. Twelve participants with ASD from the original cohort were enrolled 

in the study and tested at age 21–23 years of age. Twelve typically developing participants 

aged 21–23 years who did not participate in the original study were also newly recruited as 

age- and sex-matched comparison participants. Comparison participants reported no history 

of cognitive, developmental, or other health concerns.

Autism Diagnostic Observation Schedule—Second Edition (ADOS-2; Lord et al., 2012) 

and Wechsler Abbreviated Scale of Intelligence, Second Edition (WASI-II; Wechsler, 2011) 

scores were obtained for all 24 participants. One NT participant failed to complete the 

selective listening task because they were not able to tolerate the testing space (i.e., the 

participant reported having claustrophobia). Selective listening task scores from one ASD 

participant were omitted from group analyses due to poor data quality (audio recording was 

unintelligible). This resulted in a final sample size of 22 participants (n = 11 ASD; n = 11 

NT) (Table 1).

Procedures

The following measures were obtained over the course of several visits and as part of a 

larger study that included additional neurophysiological and behavioral measures. These 

results have not yet been published. Written informed consent was obtained from all 

participants in accordance with protocols reviewed and approved by the Institutional Review 

Board at the University of Washington.

ADOS-2

The ADOS-2 (Lord et al., 2012), a measure of autism symptom severity, was administered 

to all participants at the time of testing to confirm group inclusion (ASD vs. Comparison). 

All participants in the ASD group received a classification of autism or autism spectrum 

based on their performance on the ADOS-2. No participants in the comparison group 

received a classification of autism or autism spectrum based on their performance on the 

ADOS-2.

WASI-II

The WASI-II (Wechsler, 2011), a measure of intellectual ability, was administered to all 

participants at time of testing. The WASI-II Full Scale Intelligence Quotient (FSIQ-4), 

computed from the subtests: block design, vocabulary, matrix reasoning, and similarities, 

was obtained from each participant and provides an overall estimate of their general level of 

intellectual functioning.

Audiological Screening

There is a higher incidence of hearing loss in individuals with ASD (Klin, 1993; Rosenhall 

et al., 1999; Szymanski et al., 2012). In individuals with comorbid ASD and hearing 

loss, it would be difficult to differentiate whether it is hearing loss or auditory attention 
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deployment that affects performance on our selective attention task. Thus, normal hearing 

was an inclusion criterion to participate in this study. To ensure clinically normal hearing 

thresholds, all participants were required to pass an audiometric screen (≤ 20 dB hearing 

level at octave frequencies between 250 and 8000 Hz), a distortion product otoacoustic 

emission (DPOAE) screen, and an auditory brainstem response (ABR) screen.

Selective Listening Task

Participants completed the selective listening task while undergoing Magneto- and 

Electroencephalography (M-EEG) recording. Each trial began with an instruction spoken 

by the target speaker (male or female; see trial configuration illustrated in Fig. 1). The 

instruction was either “hold attention” or “switch attention”, which indicated whether to 

maintain attention on the target speaker for the duration of the trial, or switch attention 

to the other speaker midway through the trial. 1500 ms after the instruction onset, two 

simultaneous auditory streams began: the target stream to be attended and the distractor 

stream to be ignored. Each trial belonged to one of three cue conditions: spatial location, 

talker voice, or both cues presented together. For trials in the spatial location condition, 

the two streams were the same male or female voice spatialized to left and right sides at 

±30° azimuth (Fig. 2a). For trials in the talker voice condition, the two streams were a male 

and female voice co-located at either +30° or −30° azimuth (Fig. 2b). For trials with both 

cues, the two streams were a male and female voice, one spatialized to the left side and 

the other to the right side at ±30° (Fig. 2c). The participant’s task was to repeat back two 

compound words (e.g., “headphones, football”) from the target speaker at the end of each 

trial. On maintain attention trials, that would be the two words spoken by the target speaker. 

On switch attention trials, that would be the first word spoken by the target speaker and the 

second word spoken by the other speaker.

There were 8 blocks of 24 trials each, for a total of 192 trials. The sex and location of the 

target speaker was fixed within each block of trials. The two attention conditions (maintain, 

switch) and three cue conditions (spatial location, talker voice, both) were counterbalanced 

and intermixed within each block. Block order was randomly assigned for each participant.

On a separate day, participants completed two training blocks of the selective listening task 

which consisted of 24 trials each. During the training period, participants were told the 

correct answer after each trial. On the day of data acquisition, participants were offered one 

block of trials as a reminder, with no data taken. Participants were not given feedback during 

testing.

Auditory Stimuli

To generate the auditory stimuli two talkers (one male and one female) were fitted 

with head-mounted close-talking microphones. The four target words (football, footprint, 

headlight, headphones) were recorded a minimum of six times per talker. The clearest 

exemplar of each syllable in the target words was extracted from each talker’s recording 

using Praat and was resynthesized to monotonize the pitch to the mean pitch of that 

talker. Duration was also adjusted (separately for initial and final syllables) using Praat’s 

implementation of the PSOLA algorithm, to equate duration across all stimuli from either 
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talker. Stimuli were resampled in the frequency domain using the SciPy library (Virtanen et 

al., 2020) from 44,100 to 24,414 Hz for compatibility with stimulus delivery hardware. Two 

streams of two words were generated for each trial, for a total of 192 unique trials. Auditory 

stimuli were presented using sound-isolating tubal insertion earphones (Etymotic ER-2). 

Auditory stimuli were presented at 65 dB sound pressure level (SPL) against a white-noise 

background with pi-interaural-phase at 45 dB SPL. Speakers’ voices were spatialized to left 

and right sides using convolution with CIPIC head-related transfer functions (Algazi et al., 

2001).

Participant responses to the auditory stimuli were coded as “correct” if the subject 

successfully repeated back the two words spoken by the target speaker in the correct order. 

For example, in the maintain trial depicted in Fig. 1, the correct answer is “headphones, 

football.” If the participant said “headphones, football” during the response period, then 

their response was coded as correct and they were awarded one point. Participants were not 

awarded partial credit. For example, a response of “headphones, headlight” was coded as 

incorrect and the participant received zero points. Unintelligible responses were coded as 

incorrect.

Results

Attentional Demand

To investigate whether participants in the ASD group performed worse when asked to 

switch attention between the two auditory streams, paired samples t-tests comparing scores 

on maintain-attention versus switch-attention trials were conducted within the ASD group. 

Average performance on the maintain attention trials was 71% correct (SD = 14.4) while 

average performance on the switch-attention trials was 60.5% correct (SD = 20.6). The 

results of the paired samples t-test were not significant (Fig. 3, light blue vs. dark blue, t(10) 

= 1.67, p = 0.127, Cohen’s d = 0.50) indicating that the switch-attention trials were no more 

difficult than the maintain-attention trials for the ASD group.

Cue Condition

To investigate whether participants in the ASD group were able to use location and 

voice cues to selectively listen to simultaneous speech streams, scores in each attention 

condition were submitted to a one-way analysis of variance. Maintain-attention scores were 

submitted to a repeated-measures ANOVA with within-subjects factor Cue Condition. A 

significant main effect of Cue Condition on performance on maintain-attention trials was 

observed (Fig. 4a left; F(2, 20) = 9.70, p = 0.001, np2 = 0.492). Bonferroni adjusted post hoc 

pairwise comparisons showed better performance on maintain-attention trials with both cues 

compared to trials with just a voice cue (Fig. 4a left, light blue vs. dark blue bar; post hoc 

t-test, Bonferroni adjusted α = 0.017, p = 0.012) or just a location cue (Fig. 4a left, light blue 

vs. green bar; post hoc t-test, Bonferroni adjusted α = 0.017, p < .001).

Next, switch-attention task scores for individuals with ASD were submitted to a repeated-

measures ANOVA with within-subjects factor Cue Condition. A significant main effect of 

Cue Condition on performance on switch-attention trials was also observed (Fig. 4b left; 
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F(2, 20) = 7.42, p = 0.004, np2 = 0.426). Bonferroni adjusted post hoc pairwise comparisons 

also showed better performance on switch-attention trials with both cues compared to trials 

with just a voice cue (Fig. 4b left, light blue vs. dark blue bar; post hoc t-test, Bonferroni 

adjusted α = 0.017, p = 0.015) or just a location cue (Fig. 4b left, light blue vs. green bar; 

post hoc t-test, Bonferroni adjusted α = 0.017, p = 0.007), as in the maintain-attention trials.

Overall Task Performance Comparison

NT adults achieved a higher percent correct across all conditions (Fig. 4 right) compared 

with the ASD group. Overall, the NT group scored 90.7% (SD = 11.3) correct on maintain 

trials and 85.2% correct (SD = 13.3) on switch trials compared to 71.0% (SD = 14.4) 

and 60.5% (SD = 20.6) in the ASD group. To investigate how overall task performance 

differed in the ASD group compared to the comparison group, task scores from both groups 

were submitted to an ANOVA. A repeated-measures mixed ANOVA on task scores with 

between-subjects factor Group (ASD, NT), and within-subjects factors Attention Condition 

(Maintain, Switch) and Cue Condition (Location, Voice, Both) revealed significant main 

effects of group (F(1, 20) = 15.45, p = 0.001, np2 = 0.436), Attention Condition (F(1, 20) = 

5.96, p = 0.024, np2 = 0.229), and Cue Condition (F(2, 40) = 15.50, p < 0.001, np2 = 0.437). 

These results show that overall, we observed better performance in the NT group compared 

to the ASD group (ASDM = 65.77, SE = 4.00;) (ASDM = 65.77, SE = 4.00; NT M = 

87.97, SE = 4.00), better performance on maintain-attention compared to switch-attention 

trials (maintain M = 80.87, SE = 2.76; switch M = 72.87, SE = 3.70) and an effect of Cue 

Condition on performance.

Bonferroni adjusted post hoc pairwise comparisons on Cue Condition revealed better 

performance on trials with both cues compared to trials with just a voice cue (post hoc 

t-test, Bonferroni adjusted α = 0.017, p < 0.001) or just a location cue (post hoc t-test, 

Bonferroni adjusted α = 0.017, p < 0.001). We also observed a significant Cue Condition by 

Group interaction (F(2, 40) = 3.31, p = 0.047, np2 = 0.142), indicating that the effect of Cue 

Condition differed between the ASD group and the NT group. That is, participants in the 

ASD group performed better on trials with both spatial and voice cues while no difference 

was observed across cue conditions in the NT group. No other significant interactions were 

observed (Attention Condition by Group: p = 0.453; Attention Condition by Cue Condition: 

p = 0.203; Attention Condition by Cue Condition by Group: p = 0.964).

Intellectual Ability and Task Performance

As the two groups differed significantly in intellectual ability (t(20) = −3.29, p = 0.004, 

Cohen’s d = 1.40) we performed a follow-up exploratory analysis on the effect of 

intellectual ability on task performance. A linear regression was conducted to assess the 

relationship between WASI-II FSIQ-4 and overall performance on the selective attention 

task. WASI-II FSIQ-4 was not a significant predictor of overall performance on the 

selective attention task (β = 0.483, t = 1.83, p = 0.082, r2 = 0.144) suggesting no clear 

correlation between WASI-II FSIQ-4 score and performance on the selective attention task 

in these participants. To further investigate the relationship within each group, separate 

linear regressions were conducted for participants in the ASD and NT groups to assess the 
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relationship between WASI-II FSIQ-4 and overall task performance. WASI-II FSIQ-4 was 

not a significant predictor of overall task performance in the ASD group (β = −0.156, t = 

−0.472, p = 0.648, r2 = 0.024 ) nor the NT group (β = 0.603, t = 1.06, p = 0.317, r2 = 0.111).

Qualitative inspection of the data also supports these findings. For example, the two 

participants with the lowest FSIQ-4 scores (76 and 81) performed vastly differently on the 

task, with one participant averaging about 65% correct and the other participant averaging 

about 93% correct across conditions. Moreover, the participant with the lowest average task 

performance (about 43% correct) had a WASI-II FSIQ-4 score within 1 standard deviation 

of the mean (WASI-II FSIQ-4 = 96).

Discussion

The present study was designed as a preliminary investigation of auditory attention 

deployment abilities in young adults with ASD using a selective listening task. We observed 

three main findings in this study. First, no difference in performance on maintain-attention 

compared to switch-attention trials was present in the ASD group, contrary to what we 

predicted. While previous studies reported a “switch cost” (i.e., worse performance on 

switch attention trials) of auditory attention in NT adults, this difference was not found 

in our cohort of individuals with ASD. Second, participants with ASD performed best on 

trials with both location and voice cues compared to just one cue, suggesting that they were 

able to use both cues to improve performance on this selective attention task. Finally, we 

observed overall worse task performance in the ASD group compared to the NT group, with 

lower scores across all experimental conditions, suggesting difficulty deploying auditory 

attention in the individuals with ASD. Results from our study provide preliminary evidence 

that although participants with ASD were able to use pre-trial instructions as well as spatial 

location and talker voice cues to selectively direct auditory attention, they demonstrated 

greater difficulty on these tasks than NT participants. This finding warrants further studies 

with larger sample sizes into auditory attention deployment in ASD.

Individuals with ASD not only showed difficulty switching attention between competing 

auditory streams, but they also showed difficulty maintaining attention on one of two 

simultaneous auditory streams. This result suggests broad difficulties with selective auditory 

attention in ASD, consistent with past research on general auditory processing differences 

(reviewed by Haesen et al., 2011; O’Connor, 2012). While much of the research on 

auditory processing challenges in ASD has focused on children and adolescents, results 

from our study suggest difficulties with auditory attention deployment may persist 

into early adulthood. Furthermore, participants with ASD in our study all had normal 

hearing thresholds. Therefore, difficulties listening under noisy conditions may result from 

inefficient or abnormal integration of sensory information, rather than an inability to 

perceive sound.

One initially surprising aspect of our findings was that individuals with ASD did not 

demonstrate a “switch cost” when asked to switch attention between the two streams. 

Prior studies such as Larson and Lee (2013b) and McCloy et al. (2017) showed that NT 

adults performed worse on switch-attention compared to maintain-attention trials. However, 
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closer inspection of the data revealed that ASD participants also performed worse than 

NT participants on the maintain-attention trials, suggesting that both the maintain-attention 

and switch-attention conditions were equally challenging, and thus, did not demonstrate 

a “switch cost”. One possible explanation for this finding is that the ASD group had 

difficulties with segregating the auditory streams themselves, regardless of whether they 

were required to maintain or switch attention on a given stream. This explanation would be 

consistent with Lepistö et al. (2009), who observed inefficient auditory stream segregation in 

school aged children with Asperger syndrome.

As expected, we observed an additive effect of perceptual cues in the ASD group; 

participants performed better on trials with both cues compared to trials with just one cue, 

suggesting that they were able to use both location and voice cues. This finding is consistent 

with Du et al. (2011), who observed an additive effect of perceptual cues in normal hearing, 

NT adults. One important difference between our study and Du et al. (2011), however, was 

the auditory stimulus used. In our study, participants had to listen for compound words (e.g., 

headlight, football, etc.) as opposed to the single vowel sounds used in Du et al. (2011). 

When listening for a compound word, listeners may be able to identify the word even if they 

do not fully hear each sound. Therefore, our task is easier than the one used in Du et al. 

(2011). Nevertheless, individuals with ASD found benefit from having the additional second 

cue.

Difficulties with auditory stream segregation and selective auditory attention may contribute 

to the daily life communication challenges experienced by individuals with ASD, such as 

difficulty listening under noisy, real-world conditions. The results from this preliminary 

study indicate that individuals with ASD may struggle to maintain attention on just one 

speaker in the presence of competing speakers, such as at a party or in a classroom. 

Moreover, our results might suggest that individuals with ASD could benefit from having 

more perceptual cues available when distinguishing between several competing speakers. 

For example, this may translate to having better success listening at a party when having 

their communication partner step away from competing background speakers, especially 

when everyone shares similar voice characteristics (e.g., same gender voice).

There are several possible mechanisms to explain the preliminary observed differences in 

auditory attention deployment in adults with ASD, particularly the observation that while 

NT participants showed no difference in performance on trials with both cues compared to 

just one cue, ASD participants performed better on trials with both cues. One possibility 

is that individuals with ASD struggle using location cues to segregate competing auditory 

streams. In both maintain- and switch-attention conditions, task performance in the ASD 

group was lowest when speakers came from different spatial locations but comprised voices 

of the same sex. However, this was also the case for comparison participants. So, difficulty 

using location cues alone to segregate competing voices seems to be challenging for all 

participants based on the spatial separation used in this experiment (viz., ±30°), regardless 

of ASD status. Another possibility is that individuals with ASD struggle using talker voice 

cues. Compared to the NT group, who performed the same on trials with just a voice cue 

compared to trials with both cues, participants in the ASD group performed worse on trials 

with just a voice cue compared to trials with both cues. One alternative explanation may be 
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that individuals with ASD do not show particular difficulty with any one type of perceptual 

cue, but rather, that they benefit from having multiple perceptual cues to selectively direct 

auditory attention. Further research is needed to understand the underlying mechanisms 

involved in patterns of auditory attention deployment in young adults with ASD. Despite 

our small sample size, results from our study provide initial evidence that different patterns 

of auditory attention deployment are observed in young adults with ASD, and that such 

differences may contribute to social and communication challenges.

Individual differences in task performance is another possible explanation for the observed 

differences in auditory attention deployment in adults with ASD. Indeed, we see a high 

degree of individual variability in task performance in the ASD group. Some participants 

performed very well, on par with comparison participants, whereas others performed quite 

poorly. It is possible, therefore, that the poor performance of some individuals in the ASD 

group are responsible for the low group averages. However, we also observed individual 

variability in the NT group, with some participants performing very well and others 

performing at a similar level to ASD participants. Hence, it is unlikely that individual 

variability fully explains the observed differences in task performance in the ASD group and 

the NT group.

One important limitation to the current study is the small sample size (n = 11 ASD; n = 

11 NT). While a larger sample size would certainly add power to the analyses, this dataset 

provided the opportunity to generate new hypotheses and draw preliminary conclusions. 

Future research is needed to replicate this experiment in a larger sample. It should also be 

noted that the results from our study may not replicate across different age groups; different 

patterns of auditory attention deployment may be observed in children or older adults with 

ASD. Future studies should aim to investigate whether the trends observed in our study are 

consistent across different age groups.

In conclusion, preliminary results from our study suggest individuals with ASD can use 

pre-trial instructions as well as spatial location and talker voice cues to selectively direct 

auditory attention, though less accurately than comparison participants. Overall, individuals 

with ASD performed worse on the selective listening task compared to NT participants, with 

lower scores across all experimental conditions. Participants with ASD performed better 

when multiple perceptual cues were available. Our results provide early evidence of different 

patterns of auditory attention deployment in young adults with ASD. This warrants further 

studies with larger sample sizes to better characterize the differences between auditory 

attention deployment in individuals with ASD and NT adults as well as investigate possible 

mechanisms underlying such differences. Overall, results from our study demonstrate the 

importance of understanding differences in auditory attention deployment in ASD and how 

they may contribute to daily life communication challenges.
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Fig. 1. 
Trial configuration. Trials began with an auditory instruction (spoken phrase, “hold 

attention” or “switch attention”) spoken by the target speaker (male or female voice from the 

left side or the right side). 1500 ms after the cue onset, two simultaneous auditory streams 

began, with a 600 ms gap between the first and second words. In the maintain trial depicted 

above (solid line), subjects would hear “hold attention” in a male voice from the left or right 

side, attend to the male voice throughout the trial and repeat back, “headphones, football.” 

In the switch trial depicted above (dashed line), subjects would hear “switch attention” in 

a male voice from the left or right, attend to the male voice for the first word, then switch 

attention to the female voice for the second word and repeat back, “headphones, headlight.”
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Fig. 2. 
Schematic diagram of cue conditions. a location cue: same male speaker spatialized to left 

and right sides at ±30°; b voice cue: male and female speakers spatialized to right side at 

30°; c both cues: male and female speakers spatialized to left and rights sides at ±30°
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Fig. 3. 
Task performance as a function of attention condition in the ASD group. Mean ± SD shown 

with bars; Individual data points shown with solid lines. No difference in performance on 

maintain-attention compared to switch-attention trials for the ASD group (light blue vs. dark 

blue bars)
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Fig. 4. 
a Performance on Maintain-Attention trials as a function of Cue Condition in ASD and 

NT groups. Mean ± SD shown with bars; Individual data points shown with solid lines. 

* indicates p ≤ .017 (Bonferroni adjusted α). Better performance on trials with both cues 

(left: light blue bar) compared to one cue for the ASD group. No difference in performance 

on trials with both cues compared to one cue for the NT group. b Performance on Switch-

Attention trials as a function of Cue Condition in ASD and NT groups. Better performance 

on trials with both cues (left: light blue bars) compared to one cue for the ASD group. No 
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difference in performance on trials with both cues compared to just one cue for the NT 

group
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