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1. Normal hearing

•Starts with Fletcher & Munson

•Relating physical attributes of sound
• Intensity

• Frequency

• to perception of sound
• Loudness

• Pitch

•How does loudness vary with 
frequency?



Fletcher-Munson curves (1933)

Fletcher, H., & Munson, W. A. (1933). Loudness, Its 
Definition, Measurement and Calculation. The 
Journal of the Acoustical Society of America, 5(2), 
82-108.
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Normal hearing

•Modern loudness contours based on participants 18-25

•Normal hearing = threshold loudness response



2. A-weighting and dBA

•Sound level in dB doesn’t match 
loudness well

•A-weighting filter developed to 
simulate human loudness response 



A-Weighting curve

•dBA used for:
• Loudness

• Hearing damage risk

• Annoyance

• Other health impacts

• Assessment

• Control

• Regulation

• Design
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Dominant model in acoustics

•Normal hearing
• Usually assumed to be total non-clinical population

• Tacit assumption that it includes most individuals

• Assumed in virtually all design (etc)

• All outdoor environments

• All buildings and rooms

• All products that make noise

• All audio devices

• Almost all music, education, performance

• Impaired hearing
• Hardly ever designed for

• Hearing aids about the only exception



Awkward question

•Does A-Weighting work for 
everyone?

Angus Carlyle & Matthew Hawkins (2009), You are Ear



3. Aural Diversity

•John Drever (2018)

•Binary normal/impaired not a good fit

•Hearing differences are very widespread

• “Everybody hears differently”





Aural diversity

•Lots of implications for:
• Design of buildings, environments

• Design of products

• Music

• Audio

• Regulation and assessment of noise



4. Autistic people and sound

•Several types of hearing/processing difference:

•Sensitivity to sound

•Picking sounds out of background

•Perfect pitch

•Structure and scale

•Auditory capacity



Autism and hyperacusis

“I can't stand those hand dryers 
and it amazes me whenever I 
see people nonchalantly using 
them like the sound is nothing. 
It's very painful for me. I won't 
go in restrooms that have them 
unless it's absolutely necessary 
and if someone uses the dryer 
while I'm in there, I plug my 
ears. I don't care if I look like an 
idiot.”

Drever, J. (2013). Sanitary Soundscapes: the noise effects from ultra-rapid 
’ecological’ hand dryers on vulnerable subgroups in publicly accessible toilets, 
AIA-DAGA 2013.

Habib M’henni (2022). Silent applause during Wikiconvention Francophone 
2022, Wikimedia Commons 
https://commons.wikimedia.org/wiki/File:Applaudissements_%C3%A0_la_Wikic
onvention_Francophone_2022.webm (Accessed 8 May 2023).

https://commons.wikimedia.org/wiki/File:Applaudissements_%C3%A0_la_Wikiconvention_Francophone_2022.webm


Autism and hyperacusis

•Loudness discomfort ratings 
for speech 

• Hypersensitive autistic 
participants (filled circle, dashed 
line) 

• Non-autistic (empty circles)

• Non-hypersensitive autistic (filled 
circles, solid line)

Dunlop, W. A., Enticott, P. G., & Rajan, R. (2016). Speech discrimination 
difficulties in high-functioning autism spectrum disorder are likely 
independent of auditory hypersensitivity. Frontiers in human 
neuroscience, 10, 401.



Autism and auditory processing

“I can't filter out background 
noise. So I can't hear the 
person speaking to me. I hear 
way too much”

“when there’s too much 
different sounds going on 
(when it is overwhelming, 
especially with people talking 
and/or machine sounds) it all 
blurs into one terrible wall of 
sound”

Chrith Abhayaratne on Twitter: IVMSP P4 session at IEEE ICASSP 2019 is 

getting busy. https://twitter.com/charithmetic/status/1128660780189196290

https://twitter.com/charithmetic/status/1128660780189196290


Auditory processing

•Oddball experiments common

•Mismatch Negativity 
differences at different EEG 
sites

•Small effect size for both pitch 
and duration oddballs

Dunn, M. A., Gomes, H., & Gravel, J. (2008). 

Mismatch negativity in children with autism and 

typical development. Journal of autism and 
developmental disorders, 38, 52-71.

Schwartz, S., Shinn-Cunningham, B., & Tager-Flusberg, H. (2018). Meta-

analysis and systematic review of the literature characterizing auditory 

mismatch negativity in individuals with autism. Neuroscience & 
Biobehavioral Reviews, 87, 106-117.



Autism and speech processing

•Detecting target 
speech with 
competing speech in 
other ear

DePape AMR, Hall GBC, Tillmann B, Trainor LJ (2012) Auditory Processing in High-Functioning Adolescents with Autism 
Spectrum Disorder. PLOS ONE 7(9): e44084.



Pitch

•~5% have absolute pitch

•Enhanced relative pitch

•… even with speech

Heaton, P., Hudry, K., Ludlow, A., & Hill, E. (2008). Superior discrimination of 
speech pitch and its relationship to verbal ability in autism spectrum 
disorders. Cognitive neuropsychology, 25(6), 771-782.



Structure & scale

“When I listen to music I can 
"zoom in" on different parts of 
it. I can find the structure of 
different parts and split it up.”

“I do that too! I guess it's one of 
our superpower. For me it's a 
positive trait. For all the artist 
friends I met, it's a positive trait 
to have someone that can 
somehow "really" listen and 
understand their creations.”



Autistic soundscape: Thematic map

Davies, W. J. (2022). Autistic Listening. In J. L. Drever & A. Hugill (Eds.), Aural Diversity (pp. 90-100). Abingdon: Routledge.



Auditory capacity

•Detecting target sound 
against 0-5 competing sounds

•Better performance -> higher 
auditory capacity?

Remington, A., & Fairnie, J. (2017). A sound advantage: Increased auditory 
capacity in autism. Cognition, 166, 459-465.



Many research gaps

•Positive experiences

•Translational research – e.g., room acoustic design

•Participatory design (e.g., what do autistic people think?)

•Differences in auditory attention (informational masking?)

•Modulating factors (signal, context, listener, etc.)

•Large cohorts



The Leverhulme 
Aural Diversity 
Doctoral Research 
Hub

•21 PhD places total

•Approx 6 this year

•Salford & Goldsmiths joint hub

• (6 = 4 Salford + 2 Goldsmiths)

Amit Patel/Simon Atkinson, Undertone at the Fifth Aural Diversity 
workshop 21 Jan 2023.



Conclusions

•Multiple differences in autistic listening

•Loudness, pitch, object parsing, speech in noise, attention, 
capacity, detail

•May not be apparent in behaviour

•More research needed!



Further info
Aural diversity 
network

https://auraldiversity.org/index.html

Aural diversity PhD 
funding

https://www.salford.ac.uk/school-of-science-
engineering-and-environment/laura-the-
leverhulme-trust-aural-diversity-doctoral-
research-hub

Aural diversity book https://www.routledge.com/Aural-
Diversity/Drever-
Hugill/p/book/9781032024998

Bill Davies https://www.salford.ac.uk/our-staff/bill-davies

https://auraldiversity.org/index.html
https://www.salford.ac.uk/school-of-science-engineering-and-environment/laura-the-leverhulme-trust-aural-diversity-doctoral-research-hub
https://www.routledge.com/Aural-Diversity/Drever-Hugill/p/book/9781032024998
https://www.salford.ac.uk/our-staff/bill-davies




After Davies, W. J. (2022). Autistic Listening. In J. L. 
Drever & A. Hugill (Eds.), Aural Diversity. Abingdon: 
Routledge.

Hearing
Convert acoustic signal 

to neural data

Listening
Parsing signal into sounds or 

objects

Understanding
Extract meaning from 

attended sound

Responding
Reasoning, reacting, motor 

signals, etc
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