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Abstract

Prior studies of auditory hyperreactivity in autism have often not distinguished between different aspects of auditory
sensory discomfort, such as hyperacusis and misophonia. The present study rigorously characterises multiple forms of
auditory sensory hyperreactivity, using a mixture of laboratory-based psychoacoustic tasks and self- and caregiver-reported
questionnaires, and examines group differences and relationships among different measures. 18 autistic and 22 comparison
adolescents rated the pleasantness of conventionally-pleasant, conventionally-unpleasant, and misophonic trigger sounds at
intensities of 50 through 80 dB SPL. They also provided hearing thresholds, loudness discomfort levels, and filled out a
number of questionnaires; their caregivers completed additional questionnaires. Autistic participants rated conventionally-
pleasant sounds as being more unpleasant at intensities of 60 through 80 dB, but overall loudness discomfort caused by
pure tones did not significantly differ across groups, nor did ratings of common misophonic triggers appear to differ. Autis-
tic participants nevertheless self-reported more auditory hyper-reactivity, including hyperacusis and misophonia. However,
in the autism group, self-reported auditory hyper-reactivity scores were unexpectedly lower than caregiver-reported scores.
Psychoacoustic task and some questionnaire-based measures of misophonia converged well, but hyperacusis measures did
not converge well. Sound intolerance reportedly affected autistic participants’ quality of life. However, varied findings
with different measures, such as ratings of pure tones versus conventionally-pleasant sounds, emphasise the complexity
and seeming idiosyncrasy of sensory discomfort and distress in autism. Psychoacoustic sound rating tasks showed some
convergence and some divergence with questionnaire measures, pointing to the importance of multimodal measurement.
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patrick dwyer@latrobe.edu.au Sensory differences in autism are highly impactful, being

related to anxiety (Green et al., 2012), sleep problems (Tzis-
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chinsky et al., 2018), and diet (Chistol et al., 2018). Aver-
sive sensory stimulation can interfere with autistic people’s
social interactions and processing (Green et al., 2018; Taels
et al., 2023), and constrain the activities autistic people take
part in (Ismael et al., 2018). Moreover, reports link expe-
riences of sensory distress to trauma (Kerns et al., 2022).
Thus, it is hardly surprising that autistic sensory differ-
ences are related to quality of life (Scheerer et al., 2022).
Furthermore, early differences in sensory reactivity and
neural responsivity can predict later autism traits/diagnoses
(Baranek et al., 2018; Kolesnik et al., 2019).
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Sensory Phenotypes and Forms of Auditory Hyper-
Reactivity

Despite their profound impacts, autistic sensory reactiv-
ity and sensory experiences remain poorly understood.
Additional research using a wide variety of measures, and
examining multiple constructs, is needed to enhance our
understanding of how to conceptualise and measure autistic
sensory experiences.

Much of the literature focuses on broad constructs such
as sensory hyper-reactivity (being more strongly reactive
to sensory stimuli, especially aversive stimuli), hypo-reac-
tivity (being less reactive to sensory stimuli), and sensory
interests (being interested in or fascinated by exploring sen-
sory properties of things), but some of these broad patterns
may be modality-specific (Williams et al., 2023). Hearing
is particularly important; it is the modality in which autistic
and other neurodivergent people report the most distressing
sensory experiences (Wada et al., 2023; see also Stromberg
et al., 2022). However, even within this auditory modality,
hyper-reactivity alone does not appear to be unitary (Wil-
liams et al., 2021).

While there is debate regarding the conceptualization
of, and terminology for, forms of auditory hyper-reactivity
in autism and in the general population (Jastreboff & Jas-
treboff, 2015; Tyler et al., 2014; Williams et al., 2021), one
important pattern is misophonia, which appears to be com-
mon in autism (Dwyer et al., 2023, 2025; Williams et al.,
2022), though literature regarding misophonia in autism
is currently limited. Misophonic reactions are emotional
responses, especially anger and frustration, and disgust,
caused by trigger sounds (Jager et al., 2020); these often-
repetitive triggers can be seen as obnoxious and infuriating,.
Human-produced sounds such as chewing are particularly
common and aversive triggers, but non-human sounds such
as repetitive keyboard clicks can also trigger misophonia
(Enzler et al., 2021b; Hansen et al., 2021). Misophonic
reactions appear to be partly driven by participants’ identi-
fication of a sound as a trigger sound, not just by stimulus
properties (Heller & Smith, 2022; Savard et al., 2022). To
elicit misophonic reactions, trigger sounds do not necessar-
ily need to be perceived as loud (Enzler et al., 2021b; Swedo
et al., 2022).

In contrast, the term loudness hyperacusis is often used to
describe experiencing sounds of relatively moderate inten-
sity as uncomfortably loud, when these sounds are usually
not perceived as uncomfortably loud by others (Tyler et al.,
2014; Williams et al., 2021). Thus, where misophonia need
not involve perception of loudness, loudness hyperacusis
inherently does. However, it may be difficult to clearly dis-
entangle misophonia and hyperacusis from sensory over-
load: more general feelings of being overwhelmed by the
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intensity, diversity, or pattern of stimuli around oneself
(Scheydt et al., 2017; Taels et al., 2023); “intensity” implies
overlap with hyperacusis, while “pattern” could suggest
overlap with misophonia. These experiences can be difficult
to articulate using neurotypical language (Belek, 2018), but
such experiences of overload are often described in autistic
accounts of sensory reactivity (Belek, 2018; MacLennan et
al., 2022; Stromberg et al., 2022). The experiences appear
to be closely related to one’s sense of control over one’s
environment (Taels et al., 2023) and they can lead to stress,
disturbed thought processes (e.g., incoherent thinking),
mood and behaviour changes, perceptual disturbances, and
reduced attention (Scheydt et al., 2017). In turn, the idea of
sensory overload appears to overlap with noise sensitivity,
a concept sometimes used to describe heightened reactiv-
ity to sounds outside of loudness hyperacusis or other spe-
cific phenotypes (Williams et al., 2021), and which, in its
own right, could potentially have a fuzzy boundary with the
more specific sound aversions characteristic of misophonia.

Another sound intolerance construct is phonophobia, a
specific phobia of certain sounds or types of sounds, result-
ing in anticipatory anxiety and avoidance (Williams et
al., 2021); phonophobia is common in autism (Lau et al.,
2020). Just as misophonic reactions can be separated from
loudness/overload reactions, phonophobia might be dis-
tinguishable from more generalised sensory anxieties that
are common among autistic people, such as fears of loud
sounds (see Lau et al., 2020). The recent Multidimensional
Inventory of Sound Tolerance-Adult (MIST-A), designed
for use in autism, has a “fear/panic” dimension; however,
items appear not to capture anticipatory anxiety, but rather
panicked/distressed reactions to aversive sounds (Williams
et al., 2023; see also Scheerer et al., 2022). While not the
focus of this study, more research regarding measurement
of phonophobia in autism may be needed.

Though some of these sound intolerance dimensions can
be distinguished from one another, they may not be with-
out common roots. Even outside autism, greater loudness
discomfort appears to be related to misophonia symptoms
(Aazh et al., 2022), and contributions of autistic traits to
sound intolerance within autism might accentuate such rela-
tionships. This may be reflected in the more generalised,
modality-independent idea of sensory overload.

And beyond sound intolerance, there is at least one
other variety of auditory hyper-reactivity often observed in
autism. Autistic people can sometimes be more aware than
non-autistic people of background sounds or other stimuli;
this increased awareness of background stimuli is not always
distressing (Remington & Fairnie, 2017). Nevertheless, in
some contexts, autistic people’s increased awareness of such
stimuli can lead to auditory distractibility/filtering prob-
lems and difficulties focusing on following conversations or
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completing work (Dunlop et al., 2016; Dwyer et al., 2023,
2025; Scheerer et al., 2022; Taels et al., 2023).

Interestingly, some questionnaire-based sensory mea-
sures are intended to capture levels of sensory and perceptual
acuity (e.g., Ausderau et al., 2014; Dunn, 1997; Tavassoli et
al., 2016), and some measures or subscales have even been
constructed in order to capture a sensory “threshold” for
detection of or reaction towards stimuli (Dunn, 1997). How-
ever, questionnaire subscales intended to capture sensory/
perceptual acuity do not appear to converge with psycho-
physical thresholds (Dwyer et al., 2022). It seems possible
these questionnaires instead capture everyday sensory dis-
tractibility/filtering issues.

Lab-Based Sensory Ratings

Indeed, not only do existing questionnaires generally fail
to distinguish among these auditory hyperreactivity pheno-
types, but existing questionnaires— including ones intended
to capture sensory/perceptual acuity— show limited conver-
gence with other sensory measures, such as psychophysi-
cal detection/discrimination thresholds (Dwyer et al., 2022;
Quinde-Zlibut et al., 2020). In autism sensory research,
associations between supposedly-different constructs mea-
sured using comparable methods can be stronger than asso-
ciations between supposedly-similar constructs measured
using different methods (Wodka et al., 2016). Therefore,
multi-method investigation of processes and experiences
is an important direction for autism sensory research
(Uljarevi¢ et al., 2017) and it is possible that using psycho-
physical techniques to explore the pleasantness and comfort
of stimuli, rather than detection/discrimination, might result
in greater convergence with questionnaires.

Autistic people, on average, report finding stimuli
uncomfortably loud at lower intensity/volume levels than
do non-autistic controls (Demopoulos & Lewine, 2016;
Dunlop et al., 2016; Khalfa et al., 2004). Moreover, Dunlop
and colleagues (2016) found that autistic participants who
reported more discomfort to sound stimuli had higher scores
on a sound discomfort questionnaire. However, prior autism
studies have usually focused on ratings of a limited range of
stimuli, such as pure tones (Khalfa et al., 2004) and speech
sounds (Demopoulos & Lewine, 2016; Dunlop et al., 2016).
Behavioural reactions to naturalistic sounds have been
observed (McCormick et al., 2014; Siper et al., 2017; Tavas-
soli et al., 2016), but autistic people can experience internal
overload and distress while appearing behaviourally under-
reactive (Grandin & Panek, 2014, pp. 81-84). Michel and
colleagues (2023) recently examined ratings of a variety of
naturalistic stimuli, finding that autistic people, unlike non-
autistic controls, reported finding vocal sounds less pleas-
ant than non-vocal sounds. Furthermore, given theories

regarding endogenous neural noise in autism (e.g., Davis
& Plaisted-Grant, 2015; Sohal & Rubenstein, 2019), the
authors examined stimuli with varying harmonic-to-noise
ratios (that is, different levels of exogenous noise relative to
the main sound signal); while both autistic and non-autistic
groups found stimulus pleasantness was enhanced by higher
harmonic-to-noise ratios, this effect was reduced in autistic
people. However, harmonic-to-noise ratios appear to have
been confounded with sound types (and possibly additional
dimensions, such as frequency). Moreover, studies outside
of autism have gone farther, using ratings of naturalistic
sounds to draw distinctions between different sound intol-
erance phenotypes. For example, non-autism studies have
measured misophonic reactions using ratings of a variety
of potential misophonia triggers (Enzler et al., 2021b; Han-
sen et al., 2021; Heller & Smith, 2022; Savard et al., 2022).
Loudness distress, however, has its own profile; relative to
controls, hyperacusic participants often rate conventionally-
pleasant sounds, e.g., water flowing and birds chirping,
as more aversive, presumably due to them being too loud
(Enzler et al., 2021a). How autistic people would respond to
such paradigms remains unclear.

Informant Discrepancies

Another measurement challenge concerns reliance on proxy
reports. Most autism sensory studies, and even many studies
of older children and adults, have not collected self-reports
(Ben-Sasson et al., 2019). Non-autistic experts tradition-
ally assumed that autistic people lack self-insight (Johnson
et al., 2009), an ableist stereotype which contributed to the
neglect of autistic people’s perspectives. Only individuals
have direct access to their sensory experiences, whereas
behavioural reactions to stimuli can be misleading (Grandin
& Panek, 2014, pp. 81-84).

Few sensory questionnaires used in the autism field have
largely identical proxy- and self-report versions, making
it difficult to evaluate convergence across raters. A hand-
ful of studies suggest that autistic and general population
adolescents report more auditory sensory reactivity than
their caregivers proxy-reported (Keith et al., 2019; Milling-
ton et al., 2021). Pain ratings do not differ across self- and
caregiver-reports, but neither are autistic children’s reports
of pain associated with their caregivers’ (Bandstra et al.,
2012), and caregivers’ reports might be influenced by their
own mental health (Grosvenor et al., 2021). Adolescents’
ratings of their auditory hyperreactivity, but not caregivers’
ratings, have been found to significantly correlate with auto-
nomic reactivity to noise exposure, providing preliminary
evidence of convergent validity for self-reports, but not for
caregiver-reports (Keith et al., 2019).
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Present Study

In the present study, well-characterised samples of autistic
and comparison adolescents completed a mixture of self-
report questionnaire and lab-based sensory measures; their
caregivers also completed sensory questionnaires. In par-
ticular, the present study measured hyperacusis and miso-
phonia using multiple methods: not only questionnaires, but
also lab-based psychoacoustic tasks inviting participants
to report on the pleasantness and comfortability of pure
tones, conventionally-pleasant sounds, conventionally-
unpleasant sounds, and common misophonia triggers. In
addition, participants’ hearing thresholds were measured,
and their caregivers reported on participants’ real-world
enhanced perception experiences. Furthermore, the present
study’s questionnaire battery included measures and sub-
scales capturing broad information regarding other sensory
experiences and behaviours, such as experiences of sensory
fear/overload and experiences of auditory distractibility.
Hypotheses included:

1. Autistic participants, relative to comparison partici-
pants, would exhibit more auditory discomfort and
distractibility in self-report, caregiver-report, and lab-
based psychoacoustic measures, but their hearing acuity
would not differ.

2. Most measures intended to index the same sensory
constructs (especially measures of hyperacusis and
measures of misophonia) would converge, even if mea-
surement methods (i.e., psychoacoustic tasks versus
questionnaire-report) were different.

3. However, notwithstanding hypothesis 2, caregiver-
reports of enhanced perception would not be associated
with hearing acuity, and would instead converge with
auditory distractibility and sound intolerance.

4. Measures of different sensory constructs would con-
verge with one another (e.g., hyperacusis and misopho-
nia measures would converge) when both use the same
methods (e.g., when both are questionnaire-based, or
both are lab-based discomfort ratings).

5. Caregiver- and self-reported auditory hyperreactivity
scores would be associated with one another, but autis-
tic participants would self-report more atypical and
uncomfortable auditory sensory experiences, relative to
caregiver proxy-reports.

Methods

This study is part of a larger project (including electrophysi-
ology and attention tasks described by Dwyer et al., 2024).
Participants completed three in-person visits with a total
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scheduled time commitment of six hours, and had the option
to complete questionnaires at home or in the lab.

Participants

Participants aged 11-16 years old were recruited from com-
munity advertising via social media and community groups,
personal contacts, an autism-focused institutional research
registry (the UC Davis Mind Institute Research Participant
Registry), and a general population research registry (the UC
Davis Center for Mind and Brain's participant pool). This
age range was chosen to maximise the degree to which both
participants and caregivers would likely be available and
able to provide such reports. Study advertising described the
purpose as “studying how children on the autism spectrum
experience sights and sounds, and how their brains respond
to those experiences.”

18 autistic and 22 control participants provided useable
study data. As reported in Table 1, the autistic and compari-
son groups did not statistically differ in handedness or gen-
der, although there were some trends for groups to differ
in age and cognitive ability. Autistic participants had prior
autism diagnoses. All autistic participants’ diagnoses were
confirmed by clinicians in evaluations including Autism
Diagnostic Observation Schedule (ADOS)-2 (Lord et al.,
2012) during the study or <1 year previously. Comparison
participants had no suspected neurodivergence and no 1Ist
/2nd -degree autistic relatives. Participants in both groups
had trichromatic vision and at least 20/40 (corrected) vision.
In both groups, intellectual disability and hearing loss were
exclusionary. Further details are provided in Appendix B.

Wechsler Abbreviated Scale of Intelligence, 2nd
Edition (WASI-II)

The WASI-II (Wechsler, 2011) is a brief, standardised cog-
nitive ability measure. The block design and matrix reason-
ing subtests of an interchangeable assessment may more
accurately measure cognitive ability in autism (Nader et al.,
2016), so nonverbal cognitive ability composites based on
them were used to control for any group differences in cog-
nitive ability.

Sensory Questionnaires

Multidimensional Inventory of Sound Tolerance-Adult
(MIST-A)

The Multidimensional Inventory of Sound Tolerance-Adult
(MIST-A) is a self-report measure of decreased sound tol-
erance originally developed for adults, including autistic
adults (Williams et al., 2023). 24 items measure frequency
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of sound intolerance experiences, specifically misophonia
(8 items), loudness hyperacusis (9 items), fear/panic (3
items), and pain hyperacusis (4 items). Bodily/physiological
hyperacusis symptoms (8 items) and systemic nonspecific
symptoms (7 items) are indexed. These items are rated from
“Never (not in the past month)” (0) to “Very often (multiple
times per day)” (4); higher scores reflect greater sound intol-
erance. Finally, 8 Likert items regarding daily-life impacts
of diminished sound tolerance, rated from “Not at all” (0) to
“Very much” (4), measure impairment/impacts on quality
of life. 9 items are used for screening; if participants report
none of the screened sound intolerance experiences, scores
are assumed to be zero.

Vanderbilt Auditory Distractibility Questionnaire (VADQ)

The Vanderbilt Auditory Distractibility Questionnaire
(VADQ) is a brief, 7-item, unidimensional self-report mea-
sure of auditory distractibility originally developed for
use with autistic adults (Williams, 2021). Items are rated
from “Strongly Disagree” (0), reflecting minimal auditory
distractibility, to “Strongly Agree” (5), indicating greater
distractibility.

Duke-Vanderbilt Misophonia Screening Questionnaire
(DVMSQ)

The Duke-Vanderbilt Misophonia Screening Questionnaire
(DVMSQ) (Williams et al., 2022) is a self-report measure
validated in general-population and autistic adult samples
(Williams et al., 2022). If participants report being bothered
by specific sounds, even if they are not loud, participants
complete the measure; otherwise, scores are assumed to be
zero. 17 items generate total scores; higher scores reflect
higher levels of misophonia. Symptoms/experiences of
“Anger and Aggression” (4 items) and “Distress and Avoid-
ance” (5 items, including one cross-loading on “Anger and
Aggression”) are measured along with impacts/impairment
(7 items). In this study, references to jobs were omitted.

Brain-Body Center Sensory Scales (BBCSS)

The 50-item brief self- and proxy-report forms of the Brain
Body Center Sensory Scales (BBCSS) (Kolacz et al., 2018)
measure Auditory Hypersensitivity (9 items), Auditory
Hyposensitivity to Voices (5 items), Visual Hypersensitiv-
ity (10 items), Tactile Hypersensitivity (10 items), Affilia-
tive Touch Aversion (3 items), Selective Eating (6 items),
Ingestive Problems (3 items), and Digestive Problems (4
items). Response options range from “Almost Never” (1)
to “Almost Always” (4), with higher scores meaning more
of a given sensory difference; a “Not Sure/Not Applicable”
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option is ignored when scores are calculated. Due to this not
applicable option, the number of participants with useable
BBCSS data varies from subscale to subscale (see Supple-
mentary Tables A.16-A.17).

Sensory Experiences Questionnaire, Version 3.0 (SEQ-3.0)

The SEQ-3.0 is a 105-item caregiver-report sensory behav-
iour questionnaire (Ausderau et al., 2014) with items
scored from “Never/Almost Never” (1) to “Almost Always/
Always” (5), with higher scores meaning higher levels of a
sensory behaviour pattern. It assesses hyporesponsiveness
(HYPO), hyperresponsiveness (HYPER), sensory interests
and seeking (SIRS), and enhanced perception (EP)— with EP
being defined as “superior acuity in the awareness of specific
sensory stimuli” (Ausderau et al., 2014). However, SEQ EP
does not converge with psychophysical thresholds (Dwyer
et al., 2022), and some EP items were classified by Williams
et al. (2023) as HYPER items. The SEQ collects data from
five modalities— auditory, visual, tactile, gustatory/olfactory,
and vestibular/proprioceptive— and as the interpretability of
modality-independent sensory pattern scores from the SEQ
has been challenged (Williams et al., 2023), this study used
modality-specific scores.

Other Questionnaires

Several questionnaires were collected to characterise neuro-
divergent traits and anxiety in this study’s sample.

Social Communication Questionnaire (SCQ)- Lifetime Form

The lifetime version of the Social Communication Ques-
tionnaire (SCQ) is a 40-item, yes/no parent-report measure
of autistic characteristics, with a particular retrospective
focus on ages 4-5. Higher scores reflect greater autistic
characteristics; scores over 15 are considered indicative of
autism (Berument et al., 1999).

Strengths and Weaknesses of ADHD-symptoms and
Normal-behavior (SWAN)

The SWAN is an 18-item questionnaire inviting caregivers
to rate their child’s attention (9 items) and hyperactivity/
impulsivity (9 items) on a 7-point scale from “Far Below
Average” (3) to “Far Above Average” (-3); higher scores
reflect more ADHD traits (Swanson et al., 2012).
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Anxiety Scale for Children with Autism Spectrum Disorder
(ASC-ASD)

Both caregiver- and self-report versions of the 24-item
ASC-ASD (Rodgers et al., 2016) were collected. Items are
scored from 0 (“Never”) to 3 (“Always”); higher scores
reflect greater anxiety. Subscales include Anxious Arousal
(6 items), Performance Anxiety (5 items), Separation Anxi-
ety (5 items), and Uncertainty (8 items). Caregiver-report
data were available from all participants, but one self-report
participant did not complete the ASC-ASD.

Psychoacoustic Tasks

All psychoacoustic tasks were presented in an audiometri-
cally quiet, non-acoustically reflective chamber, using
pneumatic airbag suspension system to suppress external
vibrations. An experimenter was seated with participants;
this experimenter used earbuds to communicate with the
other experimenter(s), who monitored the chamber via
video and microphone. Additional details regarding the
tasks are included in Appendices C-E.

Hearing Thresholds

Hearing thresholds were measured in each ear with an Oto-
vation Amplitude T4 audiometer and Sennheiser HDA-200
audiometric headphones. Participants were told to “press
the button when you hear a tone, even if it was really soft
or you just thought you may have heard a tone” (see Appen-
dix C). Participants then listened to 1000 ms pure tones of
125, 250, 500, 1000, 2000, 4000, and 8000 Hz, with random
interstimulus intervals between 1200 and 2500 ms. Starting
intensity was 40 dB HL, and levels increased in steps of 5
dB or decreased in steps of 10 dB via a Hughson-Westlake
procedure, until the participant’s threshold, or —10 dB HL,
was reached. Lower thresholds reflect greater acuity.

Loudness Discomfort Levels (LDLs)

Loudness discomfort was measured binaurally (in both ears
together) with the Otovation Amplitude T4 system. Instruc-
tions were adapted from the British Society of Audiology
recommendations (2011) (Appendix D). Participants then
listened to 1000 ms pure tones of 250, 1000, 4000, and
8000 Hz, presented manually by the experimenters with
brief gaps between each tone. The initial intensity was 45
dB HL, increased in 5 dB steps until participants indicated
discomfort, or until the maximum intensity was reached
(95 dB HL @ 250 Hz, 105 dB HL @ 1000 Hz, 95 dB HL
@ 4000 Hz, 90 dB HL @ 8000 Hz). Intensity was then
decreased by 20 dB before resumption of 5 dB increases,

until participants had indicated discomfort or reached the
maximum intensity three times. Discomfort levels were
the average of these three intensities, unless the participant
was already uncomfortable at 45 dB HL, in which case only
lower-intensity runs were used (this occurred for three par-
ticipants, at 4000 and/or 8000 Hz). Lower discomfort levels
would suggest greater susceptibility to hyperacusis.

Core Discriminant Sounds (CDS)

A full description of the Core Discriminant Sounds (CDS)
task is presented in Appendix E, but briefly, it can measure
both misophonia (Enzler et al., 2021a) and hyperacusis
(Enzler et al., 2021b). Participants rate sounds on a visual
analogue scale (VAS) from “pleasant” (0) to “unpleasant”
(100). Participants were told that “maximally unpleasant
ratings should mean a sound is unbearable.” Sounds are
repeated twice at increasing intensities: 50 dB, 60 dB, 70
dB, and 80 dB SPL. If participants strongly disliked a sound
(VAS ratings>90), that sound was not presented again. Par-
ticipants listened to 7 conventionally-pleasant sounds (e.g.,
birds, fountain); 10 misophonia triggers, including breath-
ing/nasal sounds, mouth sounds, throat sounds, and repeti-
tive sounds; and 6 conventionally-unpleasant sounds (e.g.,
fingernails on chalkboard, scream) (see Enzler et al., 2021a;
Enzler et al., 2021b).

The logic of this task is to compare participant’s responses
to a control population (here, non-autistic, non-hyperacu-
sis, non-misophonic participants). The core discriminant
sounds (CDSs) are those optimally differentiating the two
populations (Enzler et al., 2021a; Enzler et al., 2021b). Rat-
ing misophonic trigger sounds as more unpleasant suggests
more misophonic reactions towards those sounds, as one
would expect. For hyperacusis, surprisingly, the CDSs are
pleasant sounds rather than unpleasant sounds. Presumably,
people experiencing hyperacusis have a less pleasant expe-
rience of typically-pleasant sounds when they are presented
at sufficient intensity, because of the aversion to loudness
inherent in hyperacusis.

CDS scores were calculated for misophonia (CDSyy;,)
and hyperacusis (CDSy,,5) based, on the degree to which
a participant’s response exceeded the 75% quantile of con-
trols’ ratings of misophonic trigger sounds (CDS,;,) and
conventionally pleasant sounds (CDSyy,,). Scores range
from 0 (meaning ratings equal or less than the 75% quantile
of controls) to 100 (meaning maximally unpleasant ratings).
75% quantiles are presented in Supplementary Table A.3.
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Analyses
Group Differences on Psychoacoustic Tasks

Hearing thresholds for each frequency and ear, LDLs at
each frequency, and CDS scores at all intensities were com-
pared across diagnostic groups using ordinal probit regres-
sion (Harrell, 2022; Ripley et al., 2022) in R (R Core Team,
2022), controlling for age and WASI Perceptual Reasoning
standard scores.

Associations among Sensory Measures

Associations among auditory hyper-reactivity measures
were examined using scaled, ranked regression in R, cova-
rying for diagnostic group: this effectively yields a Spear-
man’s correlation controlling for any group differences. Of
particular interest in the present study was convergence of
measures of misophonia (DVMSQ scores, MIST-A miso-
phonia, and CDSy;,, scores) and hyperacusis (MIST-A
loudness, pain, and hyperacusis symptom scores, CDSyyy 4,
and LDLs); but other forms of auditory hyper-reactivity
were also included in the analyses.

Separately, analyses examined whether SEQ auditory
enhanced perception scores were associated with Pure Tone
Average (PTA) hearing thresholds, or conversely whether
they showed more robust associations with measures of
sound intolerance/distractibility.

Full association matrices involving additional variables
are presented in Appendix A.

Auditory Hyper-Reactivity Group Differences

For subsequent group difference analyses, when measures
purportedly indexing the same sensory constructs (e.g.,
misophonia), were sufficiently associated— reflected by sta-
tistically significant (before any multiple comparison correc-
tion) scaled, ranked regression coefficients of 0.4 or greater,'
controlling for diagnostic group— composites were created,
analogously to the approach of Feldman and colleagues
(2021). In R, raw scores on the variables were converted
to scaled z-scores and averaged. The resulting composites,
and other auditory sensory measures, were compared across
diagnostic groups using Wilcoxon-Mann-Whitney tests,
with Cliff’s & as an effect size. Group comparisons of all
other sensory measures are presented in Appendix A.

! The inferential p-values from the scaled, ranked regression analyses
remain the same regardless of which variable is the predictor. How-
ever, coefficients vary depending upon which variable is entered into
the regression model as the predictor and as the response (see Supple-
mentary Table A.4). The average of these two coefficients was used to
determine whether the variables were sufficiently associated for the
creation of composites.

@ Springer

Caregiver-Child Reporter Differences

Finally, to compare parent- and child-reports of sensory
phenotypes, BBCSS auditory hyperreactivity subscale
scores were entered into a cumulative link multilevel model
using the ordinal package (Christensen, 2022) in R, con-
trolling for age and nonverbal cognitive ability with r as
an effect size (Kassambara, 2022) for follow-up Wilcoxon
paired tests.

Results
Group Differences on Psychoacoustic Tasks

As expected, groups did not statistically differ in hear-
ing thresholds averaged across ears, 5=0.52, p=.13,, 95%
CI=[-0.15, 1.20], nor did they differ in hearing thresholds
at any frequency in either ear (Supplementary Table A.1;
Supplementary Figure A.1).

Unexpectedly, there were also no statistical between-
group differences in loudness discomfort levels (LDLs),
either on average, b=0.37, p=.29, 95% CI=[-0.31, 1.05],
or for any frequencies examined (Supplementary Table
A.2), although visual inspection suggested a subset of autis-
tic participants strongly disliked high-frequency sounds
(Supplementary Figure A.2).

Also unexpectedly, CDS,;;, scores did not statistically
differ between diagnostic groups, despite some apparent
trends at 60 and 80 dB (Table 2; Supplementary Figure A.3;
see also raw sound ratings in Supplementary Figure A.4 and
scores for each trigger type in Supplementary Table A.13).
However, groups did differ in CDSy,, scores, reflect-
ing greater aversion to 60, 70, and 80 dB conventionally-
pleasant naturalistic sounds in autistic participants (Table 2;
Supplementary Figures A.3-A.4). The effect of group on
CDSyyya scores to 50 dB sounds did not approach sig-
nificance, suggesting 50 dB was too soft for most autistic
participants to experience an unusually negative reaction.
Participants’ median ratings of each conventionally-pleas-
ant sound, collapsed across intensities, are compared across
groups in Supplementary Table A.14; only ratings of foun-
tain and ocean (but not underwater) sounds significantly
differed between groups, and only before correction, but
autistic participants on average always gave somewhat
more unpleasant raw ratings to the sounds, contributing to
the CDSy, 5 effect. Ratings of conventionally-unpleasant
sounds appeared similar across groups (Supplementary Fig-
ure A.5, Supplementary Table A.12).
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Table 2 Results of ordinal probit regressions tests comparing autistic and non-autistic comparison participants’ core discriminant sound (CDS) scores for hyperacusis and for misophonia, control-

ling for age and nonverbal cognitive ability, separately at each intensity level, as well as on average. A false discovery rate correction for 10 comparisons was applied

CDS Hyperacusis

50 dB

CDS Misophonia
50 dB

70 dB 80 dB Average

60 dB

70 dB 80 dB Average

60 dB

12.30 (22.51)  20.19(28.65)  28.30(39.96)  38.13 (40.03) 21.72(27.55) 8.87(11.75)  14.03(16.81)  27.48(30.26)  33.57(37.75)  20.52 (20.67)

Autistic

Mean (SD)
Comparison

6.06

10.50 (17.64)

7.06 (10.81)

3.77

53

3.

14.92 (24.30)  15.05(25.16)  21.49 (31.94)  14.40 (20.76)

11.80 (17.64)

(8.22)

(5.90)
0.01*

(5.18)
0.21
0.23

Mean (SD)

DPraw

0.006**
0.03*

0.005**
0.03*

0.01%*

0.17
0.21

0.059
0.12
—0.72

0.08 0.16
0.21

0.14

0.69
0.69

0.03*

0.03*

Peor

-0.99

-1.03

—0.89

—0.88

-0.44

—0.48

—0.55

—0.63

-0.14

[-1.35,0.08] [-133,022] [-147,002] [-1.17,020] [-1.12,025] [-1.57,—-0.19] [-1.60,—0.18] [-1.75,-0.31] [-1.69,—0.29]

[-0.85, 0.57]

[95% CI]

Auditory Hyper-Reactivity Associations
Within-Construct Associations: Misophonia

Different measures of misophonia clearly converged, even
when these measures used different methods (Supplemen-
tary Tables A.4-A.7, Supplementary Figure A.6). Indeed,
the association between self-report questionnaire-based
DVMSQ and laboratory-based CDS,, scores, p,,,,=0.007,
Peoi=0.02, was comparable to that between DVMSQ and
likewise-questionnaire-based MIST-A misophonia scores,
Praw=0.001, p. =0.01. The association between MIST-A
misophonia and CDS,, scores did not approach signifi-
cance, p,,,,~0.12, p.,=0.20, although a trend was observed
in autistic participants alone, p,,,,=0.04, p.,,=0.15 (Supple-
mentary Table A.6).

Within-Construct Associations: Hyperacusis

Self-report questionnaire-based MIST-A hyperacusis symp-
tom scores and MIST-A loudness hyperacusis experience
scores were associated, p,,.,=0.002, p.,=0.01, as were
MIST-A hyperacusis symptom and pain hyperacusis expe-
rience scores, p,,,,=0.001, p..=0.01, as were MIST-A pain
and loudness hyperacusis experience scores, p,,,=0.0001,
Peor=0.002 (Supplementary Tables A.4-A.7, Supplementary
Figure A.7). Similarly, laboratory rating-based CDSyy,5
scores and average loudness discomfort levels (LDLs)
trended towards being associated, p,,,,=0.02, p.,,=0.06. But
contrary to this study’s hypothesis, scores from self-report
questionnaire and laboratory-based hyperacusis measures
were not related, p,,>0.56, p.,>0.68.

Other Auditory Hyper-Reactivity Associations

As expected, self-report MIST-A scores from various sub-
scales tended to converge with one another (Supplementary
Tables A.4-A.7); a number of these self-report subscores
also tended to converge with self-report VADQ auditory
distractibility scores and BBCSS auditory hypersensitivity
scores. There were also some associations with self-report
DVMSAQ scores.

However, there were no statistically robust relationships
between psychoacoustic sound comfort/pleasantness ratings
and self-report MIST-A or BBCSS auditory hyperreactivity
scores.

Similarly, as expected, different psychoacoustic scores
converged with one another across constructs: CDSyy 4
and CDS,;,, scores were robustly related, p,,,=0.0001,
Peor=0.002, and CDS,;,, scores tended to converge with
loudness discomfort levels, p,,,=0.03, p_,=0.08.
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Caregiver-report SEQ and BBCSS auditory hyper-
responsiveness/sensitivity scores were strongly related,
Praw<0.0001, p.,<0.0001, but these caregiver-report sub-
scores seldom converged with self-report scores. SEQ audi-
tory hyper-responsiveness was only robustly associated with
MIST-A fear/panic scores and nonspecific symptom scores,
while BBCSS caregiver-report hyper-sensitivity was only
robustly associated with its BBCSS self-report equivalent.

Complete association matrices are presented in Supple-
mentary Table A.8.

Auditory Enhanced Perception Associations

Unexpectedly, SEQ Auditory EP scores were not related
to hearing thresholds or sound intolerance/distractibility,
even before p-value correction (Supplementary Tables A.9-
A.11). Instead, exploratory analyses found that auditory EP
was predicted by SEQ Auditory Interests, Repetitions, and
Seeking (SIRS), p=0.74, p,,,,<0.0001, p.,=0.0002 (Sup-
plementary Table A.8). This effect could be observed in
both the autistic, Spearman’s p=0.70, 95% CI=[0.35, 0.88],
Praw=0-001, and comparison, p=0.52, 95% CI=[0.12, 0.77],
Praw =0.01, groups.

Auditory Hyper-Reactivity Group Differences

For analyses of group differences in auditory hyper-reac-
tivity phenotypes, following procedures described in the
“Analyses” section, composite scores were created for
misophonia (from DVMSQ and CDS,;,,), self-reported
hyperacusis (MIST-A loudness and pain hyperacusis and
hyperacusis symptoms), and caregiver-report auditory
hyperreactivity (caregiver-report SEQ and BBCSS auditory
hyperresponsiveness/hypersensitivity).

Autistic participants experienced more misophonia,
hyperacusis, auditory fears/panic, auditory enhanced per-
ception, auditory distractibility, generalised auditory hyper-
reactivity reactivity, and impairment/quality of life impacts
from sound intolerance, all corrected p<.04 (Table 3).
Groups did not significantly differ in nonspecific auditory
symptoms, p=.22 (Table 3).

Group differences on all sensory measures examined in
this study can be found in Supplementary Table A.12. Nota-
bly, the composite misophonia group differences in Table 3
appeared to be driven by self-reports rather than ratings of
sounds presented in the laboratory. We were curious whether
this might reflect the types of triggers identified by partici-
pants, and indeed, autistic participants’ DVMSQ responses
mentioned some triggers that were not presented in the CDS
task (Supplementary Table A.15). Interestingly, some of
these triggers— such as singing (mentioned by two autistic
participants)— might conventionally be considered pleasant.

@ Springer

Although analyses in Table 3 use a composite measure of
self-reported hyperacusis, group differences appeared to be
driven by loudness hyperacusis; group differences in pain
hyperacusis and bodily symptoms did not reach significance
(Supplementary Table A.15).

Caregiver-Child Reporter Differences

As reported above (Supplementary Tables A.4-A.7), care-
giver- and self-reports of auditory hyperreactivity were
moderately and significantly associated.

Autistic participants generally experienced more audi-
tory hyperreactivity than controls, x>=30.46, Praw<0.0001,
Peor<0.0001 (Supplementary Table A.16). There was also
a significant effect of the age covariate, X2:3.94, p=.047,
and at a trend level of nonverbal cognitive ability, y*=3.26,
p=.07; Spearman’s correlations suggested the effect of age
may have reflected less caregiver-reported auditory hyperre-
activity in older autistic participants, p=—0.53, p=.02. There
was no main effect of reporter (caregiver- vs. self-), y>=0.18,
Draw=0.68, but there was an interaction between reporter
and diagnostic group, ¥*=7.60, p,,,=0.006, p.,=0.009.
Unexpectedly, Wilcoxon paired tests suggested autistic
participants usually self-reported /ess auditory hyperreac-
tivity than their caregivers reported for them, »=.59, 95%
CI=[0.22, 0.84], p,4,,=0.01, p.,=0.04, while control partici-
pants’ self- and caregiver-reports did not significantly differ,
r=.28, 95% CI=[0.02, 0.65], p,,,=0.21.

As an additional exploratory analysis, scores from other
BBCSS subscales were examined (Supplementary Table
A.16). Autistic participants similarly self-reported /ess
atypical sensory phenotypes than reflected by their caregiv-
ers’ proxy-reports on a number of subscales; furthermore,
typically-developing participants sometimes self-reported
more sensory issues than caregivers proxy-reported for
them. Convergence between raters was generally poor.

Because BBCSS items can be left blank, sensitivity anal-
yses were conducted on participants with more complete
data (Supplementary Table A.17). Patterns of results were
overall very similar to the main analyses reported here and
in Supplementary Table A.16.

Discussion

The present study characterised auditory sensory pheno-
types in autistic and non-autistic adolescents using a mix-
ture of psychoacoustic tasks and caregiver-report/self-report
measures.
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Group Differences

As expected, autistic participants did not differ from com-
parison participants in hearing acuity, but overall, they
reportedly exhibited generalised auditory hyper-reactivity
and sound intolerance-related impairment/quality of life
impacts, as well as auditory fear/panic. Moreover, as pre-
dicted, autistic participants appear to have experienced
more misophonia and auditory distractibility, consistent
with prior research (Dwyer et al., 2023, 2025; Scheerer et
al., 2022; Williams et al., 2022), although group differences
in misophonia were not statistically significant when relying
on ratings of misophonic triggers presented in the laboratory.
In supplementary analyses, groups did not appear to differ
in median laboratory ratings of conventionally-unpleasant
sounds either, likely reflecting ceiling effects due to highly
negative ratings of the sounds in each group.

Instead, in laboratory visits, autistic participants generally
gave unusually negative ratings to conventionally-pleasant
sounds at intensities of 60 dB SPL (a normal conversational
volume) or higher, a pattern which would canonically be
interpreted as suggestive of elevated susceptibility towards
hyperacusis and loudness discomfort— and indeed, autistic
participants did self-report more hyperacusis, particularly
loudness hyperacusis. However, as autistic and control par-
ticipants did not apparently differ in loudness discomfort
towards pure tones, at least at lower frequencies, some cau-
tion should be exercised in assuming that loudness/volume
alone drove the auditory discomfort experienced by most
participants in the autism group. Rather, autistic participants
may often have had negative reactions towards some specific
sounds that are not typically misophonia triggers, includ-
ing some conventionally-pleasant sounds, perhaps finding
them distressing and overwhelming, or at least somewhat
aversive, when presented at sufficient volumes. Although in
this study median ratings of only two of the conventionally-
pleasant sounds significantly differed between autistic and
nonautistic participants (Supplementary Table A.14), and
then only before correction, this may reflect this study’s
small sample.

However, complicating misophonia measurement, as
noted in Supplementary Table A.3, in this younger sample,
non-autistic children rated mouth sounds extremely nega-
tively at all intensities, largely preventing them from being
used to compute CDS,y;, scores. This might reflect greater
emotional reactivity in children. Future studies should con-
sider presenting sounds at even softer RMS intensities, such
as 40 dB. It is possible that the visual analogue response
scale— ranging as it did from pleasant to unpleasant with
no other labelled points— may have been interpreted differ-
ently by different participants, which would increase ran-
dom variability.

@ Springer

Meanwhile, self-reports of elevated loudness hyperacusis
in the autistic group could conceivably capture other reac-
tions not necessarily specifically caused by sound volume.
Experiences of loudness distress in the real world might
take place in complex environments, with many overlap-
ping stimuli. Thus, self-reported loudness distress in ques-
tionnaires might have been difficult to disentangle from
generalised sensory overload and reactivity.

Thus, from the present study’s results, it is not entirely
clear whether autistic participant’s unusually negative reac-
tions to some conventionally-pleasant sounds may have
involved mechanisms similar to or distinct from misopho-
nia. A further issue may be the question of what misophonia
is— various models have been put forward to explain miso-
phonic reactions. Most straightforwardly, certain types of
sounds (e.g., repetitive) may trigger emotional reactions
in some people, though the properties eliciting such reac-
tions have not been systematically mapped. Alternatively,
some suggest misophonic aversions are driven more by
motor movements and imagery (Kumar et al., 2021), though
this account struggles to explain why misophonic triggers
include non-motor sounds (Hansen et al., 2021). A new
theory suggests misophonia can be understood as a reaction
to violation of social politeness norms (Norena, 2024); if
so, insofar as autistic people can be more resistant to con-
formity and arbitrary authority (Spith & Jongsma, 2019;
Yafai et al., 2014) but can also show greater desire to punish
harmless norm violations (Dempsey et al., 2022)— a seeming
contradiction potentially reflecting developmental change,
heterogeneity, or context— it is unclear how this might apply
to autism. Studies considering cross-cultural social norm
diversity, different trigger types, and systematic manipula-
tion of sound properties may be best suited to investigate
these possibilities within and outside autism.

Notwithstanding these questions, the complexity of the
sound intolerance observed in the autistic group emphasises
the importance of validating and accommodating autistic
experiences of sound intolerance. It may also suggest that
laboratory rating-based misophonia measures in autism
or adolescents could require more trigger sounds and/or
clearer response scales.

Associations among Measures

Exploration of the relationships among auditory reactivity
measures suggested several informal “clusters” of measures
that were often related to one another but less often related to
measures from other “clusters.” First, laboratory-based psy-
choacoustic discomfort indices— that is, Core Discriminant
Sound misophonia (CDSy;,) and hyperacusis (CDSyyp)
scores and, at least before correction for multiple compari-
sons, loudness discomfort levels (LDLs)— appeared to be
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related to one another. They did not appear to converge with
questionnaires, except that CDS,;;, scores were associated
with those from the DVMSQ misophonia measure. Second,
self-reported scores from the MIST-A sound intolerance
questionnaire, the VADQ auditory distractibility measure,
and the BBCSS auditory hyper-reactivity subscale tended to
converge with one another, and to some extent with DVMSQ
scores. Third, caregiver-reported auditory hyper-reactivity
from the SEQ and BBCSS tended to relate to one another,
and to some extent they also converged with self-report
questionnaire measures, but not with psychoacoustic scores.
Finally, contrary to expectations, auditory enhanced percep-
tion did not statistically associate with auditory hyper-reac-
tivity and distractibility measures, but exploratory analyses
suggested a robust relationship between auditory enhanced
perception and sensory interests/seeking.

This was partly consistent and partly inconsistent with
the study hypotheses. In general, common methods were
expected to result in convergence between measures (e.g.,
self-report sensory questionnaires would converge with one
another), as were shared constructs (e.g., misophonia mea-
sures would converge with one another). Most self-report,
caregiver-report, and psychoacoustic discomfort measures
did indeed tend to converge with other measures using
the same methods, but measures putatively capturing the
same constructs using different methods seldom converged.
An exception was the DVMSQ, which did converge the
CDSyi0» SUggesting that emotional misophonic reactions in
autism are a relatively coherent construct. This may further
imply that the DVMSQ’s precise instructions and specific
focus on misophonia experiences makes it more comparable
to the specific context of a laboratory task. Alternatively,
participants generally filled out questionnaires during or
soon after the psychoacoustic task lab visit, and DVMSQ
responses could have been influenced by memories of the
CDS.

Unexpectedly, self-report and psychoacoustic measures
of hyperacusis failed to converge with one another, despite
being intended to capture aspects of the same construct.
However, there are several reasons to be cautious about
drawing overly strong conclusions from this null effect. For
one, the present study’s autism group was small, leading
to a risk of Type II error. For another, it is possible that a
dedicated, hyperacusis-specific questionnaire would have
converged more with psychoacoustic task responses than
relevant MIST-A scores.

Alternatively, hyperacusis might be difficult to disen-
tangle from other forms of auditory discomfort, such as
misophonia and sensory overload. This possibility could
be consistent with the observation that the autistic group’s
reduced liking of moderately-loud, conventionally-pleasant
sounds did not appear to be accompanied by overall aversion

to loudness in pure tones. Conceivably, some convention-
ally-pleasant sounds might have been idiosyncratically dis-
liked, perhaps consistent with the wide range of misophonia
triggers reported by autistic participants in Supplementary
Table A.15, leading to misophonia-like reactions being cap-
tured in the ratings of the conventionally-pleasant sounds.
It is also possible that autistic people may have tended to
find a wide range of sounds mildly less pleasant, perhaps
reflecting sensitivity to subtle stimulus features, or perhaps
skepticism of sounds related to past experiences of auditory
discomfort.

As for auditory enhanced perception (EP), although the
association between EP and sensory interests/seeking was
unexpected, it may reflect the SEQ’s item content. Audi-
tory EP on the SEQ is indexed by four items, and while
one (e.g., “How often does your child notice sounds in the
environment...before other people do?”) appears to reflect
EP of background stimuli, others require the individual to
generate sounds (e.g., “How often does your child have the
exceptional ability to copy environmental sounds...”). In
practice, children might often engage in sonic imitation as a
way of further exploring interesting stimuli, which could be
a form of sensory seeking, raising questions about the valid-
ity of EP as measured by the SEQ. While sonic imitation is
also a coping strategy used by many people with misopho-
nia (Ash et al., 2023), perhaps to provide a sense of control
over the triggering stimulation, it is not clear that the SEQ’s
auditory EP items refer to aversive sounds, and SEQ audi-
tory EP did not appear to be associated with misophonia.

Reporter Differences

In this study, autistic children were expected to self-report
greater auditory hyperreactivity than indicated by their
caregivers’ proxy-reports. However, this pattern was not
observed. On the contrary, for auditory hyperreactivity and
several other forms of sensory experience, autistic partici-
pants’ caregivers reported more atypical sensory processing
than was indicated by participants’ self-reports. Moreover,
this was the opposite of the pattern observed in the com-
parison group, where for some forms of sensory experience
examined in the supplementary materials, comparison par-
ticipants self-reported more sensory discomfort and issues
than suggested from their caregivers’ proxy-reports.

There are many possible interpretations of autistic par-
ticipants’ caregivers’ tendency to report higher levels of
sensory processing differences. First, autistic participants
may have struggled to understand and self-report their inter-
nal experiences, perhaps due to interoception difficulties
(Trevisan et al., 2021). In this interpretation, despite lacking
direct access to autistic participants’ experiences, caregivers
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may have been better able to interpret the observations they
made.

Second, caregivers’ responses may have been influenced
by behaviours occurring when participants were younger.
Although the BBCSS is worded in the present tense, the ver-
sion in this study contained no explicit directions to base
responses on a particular timeframe.

Third, caregivers might be more experienced advocates:
as autistic adolescents often have limited involvement in
advocacy activities such as school and transition planning
meetings (Wagner et al., 2012), they may not be practiced at
articulating autism-related differences.

Fourth, there could be a reference effect, whereby autistic
and comparison participants’ interpretations of the response
options may have been influenced by their own experiences.
For example, autistic participants might rate an experience
as occurring merely “sometimes” when a comparison par-
ticipant might rate it as occurring “often,” due to autistic
participants dismissing atypical sensory experiences as
commonplace.

Finally, as this study did not explore identity or inter-
nalised stigma, one cannot exclude the possibility that
autistic participants’ answers might have been implicitly
influenced by a desire to minimise differences between them
and neurotypical children, while caregivers’ roles in provid-
ing support might conceivably have had an opposite impact
on their perspectives.

The present study’s sample appears quite similar in age,
cognitive ability, and gender to the sample from Keith et al.
(2019)’s study of self- and caregiver-reports on the BBCSS,
and Keith and colleagues found autistic participants self-
reported more auditory sensory hyperreactivity than indi-
cated by parents’ proxy-reports. It is unclear what factors
might have caused the difference between the outcomes of
the two studies.

Limitations and Future Directions

Although the present study has the advantages of a rigorous,
comprehensive battery of sensory measures and other sam-
ple characterization measures, its sample size is limited, due
to the large amount of data collected from each participant
(including attention tasks not reported in this manuscript).
This prohibits examination of heterogeneity in sensory phe-
notypes, and readers should bear in mind that individual
autistic people’s auditory hyperreactivity profiles are likely
to diverge from the average/medial patterns described here.
It also means that the study’s statistical power to detect
associations is limited, so there is a risk of Type II error.

In addition, the present study uses some measures that are
not validated for children and adolescents. When the study
was designed, measures of specific sensory phenotypes such
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as misophonia were primarily designed and validated for
use by adults. However, participants appeared to understand
task instructions without a great deal of difficulty. The coher-
ent patterns of results obtained in the CDS task suggests it
can be used in further research with autistic and adolescent
populations, but future studies should modify stimuli and
response options to reduce ceiling effects and ensure scale
clarity. Future research should also determine whether ele-
vated CDSy,, 5 scores reflect hyperacusis or another pattern
of sound intolerance, like idiosyncratic disliking of sounds.
The CDS will only be clinically usable with autistic ado-
lescents after this additional research has validated it and
generated suitable norms for that population. In the mean-
time, expert practitioners may find interviews a useful com-
ponent of evaluations (Siepsiak et al., 2023), as interviews
may provide more context than is offered by psychoacoustic
tasks, or even by the validated misophonia questionnaires
for children that are fortunately now emerging (e.g., Rap-
poldt et al., 2024; Rinaldi et al., 2022).

Participants in this study were sometimes attending
school or sometimes away from school due to summer
break; others were homeschooled. Such differences in par-
ticipants’ real-world sensory environments may have influ-
enced responses to the questionnaires. It is also possible
participants’ responses to multiple measures intended to
address similar constructs were influenced by order effects,
but we did not systematically manipulate or counterbalance
order, so we cannot assess this.

Furthermore, while debates on representativeness of
autism studies often focus on online research (e.g., Redgaard
etal., 2022), similar issues affect in-person studies. As study
advertising referred to sensory experiences, participants fac-
ing unusually serious sensory barriers may have been more
likely to be recruited.

Lastly, the present study has very limited representation
in terms of gender (exacerbated by the exclusion of some
female participants who did not meet autism criteria when
seen by clinicians) and no representation of participants
with intellectual disabilities, and many of the measures used
in this study were not designed to be accessible for people
with intellectual disabilities. Future research should strive to
develop rigorous measures of highly specific sensory phe-
notypes that are accessible for neurodivergent individuals
with and without intellectual disabilities, including children.

Summary

The present study used multiple methods to rigorously char-
acterise auditory sensory phenotypes in autistic adolescents,
finding, relative to controls, evidence of more auditory
fear/panic experiences, more misophonia, more auditory
distractibility, more hyperacusis and/or experiences of
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auditory overwhelm, more impact of auditory sensory dis-
tress on daily quality of life, and more negative ratings of
conventionally-pleasant sounds at modest intensity levels,
perhaps reflecting aversions to particular sound patterns
rather than discomfort caused by loudness/volume alone.
The study’s autistic adolescents appeared to self-report less
atypical sensory experiences than described in their caregiv-
ers’ proxy reports, the opposite of the patterns seen in prior
research with autistic young people, raising questions about
the factors driving differences between reporters’ observa-
tions. Furthermore, although the study found evidence of
convergence between some psychoacoustic and question-
naire-based measures of misophonia, self-reported and
psychoacoustic measures of hyperacusis failed to converge,
emphasizing the complexity of the constructs underlying
atypical sensory experiences and the difficulties involved
in measuring them. Future studies should endeavour to
develop and validate measures of specific sensory con-
structs such as misophonia in autistic children and youth,
including those with intellectual disabilities or who do not
speak verbally; to continue efforts to explore the construct
of loudness hyperacusis and its relationship to constructs
such as sensory overload; and to collect additional measures
(e.g., of interoception, autonomic arousal, identity) and/or
conduct cognitive interviews that may aid in understanding
differences between caregiver- and self-reports.
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