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Goals wit h kids? Audit ory development
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Audibility
• How well we can hear a specific 

sound
• Children can only develop what 

they hear
• Determined by:

• Hearing thresholds
• Level and location
• Noise 
• Device (if present)
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Hearing Thresholds
• Hearing loss results in loss of 

audibility for speech and other 
important sounds.

• Greater hearing loss = more 
limited audibility



Audibility with Mild Hearing Loss



Audibility with Severe Hearing Loss



Hearing aid candidacy

• Audibility
How does ear canal acoustics influence diagnostic assessment?

How does the hearing loss impact audibility?



Fit children with mild bilateral hearing loss?

30 dB HL

20 dB HL

To fit or not to fit?



Fit children with mild bilateral hearing loss?

30 dB HL

20 dB HL

To fit or not to fit?

?

Clinical equipoise

Uncertainty about 
clinical decisions in the 
face of limited or 
unclear evidence



Is mild bilateral hearing loss a developmental 
risk?



Is mild bilateral hearing loss a developmental 
risk?

Yes.





Hearing aid candidacy

• Audiogram method



Hearing aid candidacy

• Audibility method – 3 month-old





Why do thresholds change?
We know the RECD affects 
hearing aid measurements, but 
how do they affect thresholds??



Ear canal growth

Effective stimulus level will 
decrease as the ear canal 
volume increases

In dB HL, thresholds will appear 
to be worse over time as ear 
canal grows



Does amplification help children with mild 
bilateral hearing loss?







Significant negative 
correlation between hours 
of hearing aid use and 
encoding activity.  More 
activity indicates less 
efficiency in rehearsal.



Significant negative 
correlation between 
activity in the right 
side of the brain 
during maintenance 
phase.

More 
normalized 
neural activity

Less 
normalized 
neural activity



Clinical 
implications

Children who wear their hearing aids less than 
60 hours/week (~8.5 hours/day) show atypical 
neural activity during working memory 
encoding and maintenance.



Finding Appropriate Solutions to Treat Reduced Audibility in Kids



How could we solve this calibration 
problem?

• Calibrate to the ear canal like we do for OAE using a similar probe
• Measure sound level in the ear canal 

• Calibration
• Self-generated noise during assessment



dB HL vs. FASTRAK experimental dB HL







Unaided SII Criterion

PTA-based criterion
• Did not reflect effects of ear-

canal acoustics
• Not based on language 

outcomes data
• Not easy to quantify impact of 

hearing on audibility

Unaided SII criterion
• Reflects effects of ear-canal 

acoustics on thresholds
• Based on language outcomes 

data
• Quantifies impact of hearing on 

audibility



KIPA Audibility Calculator
http://kipagroup.org/charts/

http://kipagroup.org/charts/


SPL-o-gram SII Snapshot

For each band –
Audibility x FIW =
weighted audibility

SII = Sum of 
weighted audibility 
of all frequency 
bands



Target vs. Actual (RMS error)

Fitting data 
compared to 
DSL targets

Calculate RMS 
error of 
deviations 
from target at 
5., 1, 2, and 4 
kHz

RMS error < 3 dB 
is a good fit



Children: How can I tell if there’s enough 
audibility?
• Low RMS error (< 3 dB ideally)
• Normative range for audibility

Bagatto et al. 2015
www.dslio.com

http://www.dslio.com/


Real Ear to Coupler Difference
• Infant ear does not approximate 

adult ear
• Greater SPL for same input compared 

to adult

• RECD is applied to:
• Threshold (Inserts + ABR)
• Targets for gain and output



What If I Can’t measure RECD?
• Use age-related averages if

• Lack of cooperation? 
• Cerumen? 
• Middle ear dysfunction?



Can we use immittance to predict RECD?

McCreery et al. under review









Next steps

• Develop model to allow clinicians to predict measured RECD/wRECD 
based on:

• 226 Hz tympanometry
• Wideband immittance



Performance on monosyllabic words in quiet



SSN = Speech-shaped noise
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CO = Co-located
Sep = Separated



To refer or not to refer?

47

Wait and see 
with hearing aid?

Refer for cochlear 
implant candidacy 
evaluation
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Hearing thresholds (PTA)
Speech perception/
Auditory skills
Aided audibility



Hearing aid fitting outcome: audibility

How much audibility is enough?

49Input (dB SPL)

Aided 
SII

Profound hearing loss

Input (dB SPL)

Aided 
SII

Severe hearing loss

Quar et al. 2019

x  Pre-adjustment
Post-adjustment



Better-ear aided SII @ average input

Language composite:
Receptive vocabulary

Syntax
Pragmatics

.53 ..68.61

50

1.5 SD below CTH mean

What level of audibility signals risk for delay in children with hearing aids?

182 Children with hearing aids (CHA)
76 Children with typical hearing (CTH)

Wiseman, McCreery &  Walker (in prep)



Audibility guidelines

0%

100%
53% 68%

51

At-riskInsufficient Optimal

Aligns with other estimates:
Stiles et al. (2012) - 65%
Tomblin et al. (2020) – 71%



Clinical Take-aways

Use unaided 
audibility to assist 
with candidacy 
decisions

1
Measure real-ear-to-
coupler difference 
(RECD) when 
possible

2
Verify aided 
audibility within the 
normative range for 
prescription

3
Measure aided 
speech recognition 
at verification levels

4



Thank you!
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