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University of Northern Colorado Lab School

Yoshinaga-Itano et al. 1998

Benefits of early identification
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Boys Town National Research Hospital

Moeller, 2000
Family involvement
Circle – High
Triangle – Average
Square – Below average
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What is a pediatric audiologist?

Works at a 
children’s 
hospital or 

specialty clinic?

Likes children?
Pediatric 

training and 
experience? 

If the patient in your booth is a 
child, you’re a pediatric 
audiologist!
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How can we measure auditory experience?

Time in 
Sound?

Hearing aid 
use?

Degree of 
hearing loss? Speech 

audibility?

Auditory 
Dosage?

Duration Variables?

• Age of:
– Identification

– Amplification

– Intervention

Time in 
Sound?
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Duration variables and JCIH

• Age of identification (by 3 months)

• Age of amplification (within 1 month of ID)

• Age of intervention (by 6 months)

Age of identification

• Earlier is better
– Before 6 months vs. after 6 months

(Moeller, 2000; Yoshinaga-Itano et al. 1998)

• Led to widespread adoption of universal newborn 
hearing screening and early intervention programs
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1998 – Yoshinaga-Itano et al. 
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Age of identification of hearing loss
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2000 - Moeller
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Age of identification of hearing loss
6 months 12 months 18 months

Higher parental 
involvement

Lower parental 
involvement
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Duration variables

Time

Duration of 
HA use

Age of 
HA fitting

Age of 
HA fitting

Duration of 
HA use
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Reasons for Delay Now
Late-onset hearing loss
Mild or unilateral loss
Uncertainty in diagnosis
Loss to follow-up
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What now?

• Duration variables do not explain

• Demographic factors
– Degree of hearing loss 

– Socioeconomic status

– Additional disabilities?

– Cochlear implants

– Non-English-speaking homes
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Demographic Factors

Cochlear 
implant

Girls

Milder 
degree of HL

Greater 
degree of HL

Boys

Additional 
disabilities

Age of 
amplification 

-NS Ching et al. 2013

Demographic Factors

Advantages

• Puts findings in context

• Target intervention?

Disadvantages

• Not malleable

• Assumes demographic groups are 
homogeneous
– i.e. Girls, Mild HL, Late ID

• Send a frustrating message to 
parents/caregivers
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Poll Question

• What pure-tone average do you start to recommend 
hearing aids for children with bilateral hearing loss?
– A. 20 dB HL

– B. 25 dB HL

– C. 30 dB HL

– D. 35 dB HL

Findings are mixed between pure-tone average 
and outcomes

Fitzpatrick et al., 
2007

Wake et al., 2005

Delage & Tuller, 
2007

Davis et al., 1986

Moeller, 2000

Ramkalawan & 
Davis, 1992

Gilbertson & 
Kamhi, 1995

Degree of 
hearing loss?
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What does PTA not tell us?

How different 
configurations may impact 
speech understanding

How patient will 
perceive speech with 
hearing aids (aided 
audibility)

PTA = 
40 dB 
HL

Inaudible

Limitations for predicting speech recognition
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Problems with Pure Tone Average (PTA)

FULL

NO

Duration variables

Time

Duration of 
HA use

Age of 
HA fitting

Age of 
HA fitting

Duration of 
HA use
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Language at 3 years of age

NH (n = 53)
HH (n = 121)

< 85 

NH 
11.4%
HH 35.5%

Mean NH = 101.32; Mean HH = 88.83  (p = .001, d = 0.747) 

86-90

NH 5.6%

HH 12.3%

52.2%

Today’s Agenda

• Introductions

• Current state of outcomes in children who wear hearing aids

• Cumulative Auditory Experience

• Speech audibility

• Hearing aid use

• Special considerations for unilateral hearing loss
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Cumulative Auditory Experience

I
N
P
U
T

TIME

Degree of 
HL

(PTA) Outcomes

Malleable factors 
that influence 
relationship 

between PTA and 
outcomes.

Audiological 
Intervention

Does it matter if hearing aids are optimally fit?

Moeller & Tomblin, Ear & Hear
(2015)

Aided audibility
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Auditory Experience

Length of time (Age of hearing aid fitting)

Amount of 
hearing aid use

Audibility (Aided SII)

Components of “early intervention”
Hearing 
aid factors

Language 
intervention

Other factors
Family caregiver factors
Demographic factors
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Audibility and telephony

Audibility by age

Stelmachowicz et al. 2000

SII
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Audibility and speech recognition

• Depends on age
– Adults

– Older (9-12 years)

– Younger (5-8 years)

From McCreery & 
Stelmachowicz, 2011

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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Audibility

Audibility 

Aided 

Unaided 

Hearing aid 
fitting outcome

Hearing aid 
candidacy

Average speech spectrum
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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
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Audibility with Severe Hearing Loss
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Ear canal acoustics

• Assessment • Hearing aid fitting

Hearing aid candidacy

• Audibility
How does ear canal acoustics influence diagnostic 

assessment?

How does the hearing loss impact audibility?
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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
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Is mild bilateral hearing loss a developmental 
risk?

Is mild bilateral hearing loss a developmental 
risk?
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Is mild bilateral hearing loss a 
developmental risk?

Yes.
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Hearing aid candidacy

• Audiogram method

Hearing aid candidacy

• Audibility method – 3 month-old

57

58



2/9/2026

30

Hearing aid candidacy

• Audibility method – 10 year-old
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Why do thresholds change?

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

Audiogram in HL

• Inserts / ABR transducer
– Calibrated referenced to a 2 cc 

coupler
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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

QUESTIONS?
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65

VocabularyVocabulary

ArticulationArticulation

GrammarGrammar

Phonological processingPhonological processing

Speech recognition in noiseSpeech recognition in noise

Are there differences in outcomes for 
children with mild hearing loss, as a 
function of amount of hearing aid use?

Does amplification help children with mild 
bilateral hearing loss?
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Audibility-based candidacy

• Children who did not receive or did not wear hearing aids

• Compared two different criteria
– Level = 50th percentile for children with normal hearing

– Iterative piecewise regression
• Finds point in unaided SII where relationship between SII and language 

changes
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Convergence

• Both criteria suggested a break-point around unaided SII 
= 80 across three language outcomes
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Unaided SII Criterion

Unaided SII
80

Hearing aid candidate

100

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

Counselling Approach

• Non-dispensing Audiologist / SLP / Early Interventionist
– Explain:

• Audibility and why it is important for language

• How even small disruptions in audibility can affect communication

• Refer patient to fitting audiologist to assess impact of loss on audibility
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What is hearing aid verification?

Verification

Aided Audibility (SII)

Unaided Audibility (SII)

Targets

Audiogram 
thresholds

Maximum 
Output
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Aided Audibility (SII)
Unaided Audibility 
(SII)

MPO
Loud
Average
Soft

Aided Audibility

For each band –
Audibility x FIW =
weighted audibility

SII = Sum of 
weighted 
audibility of all 
frequency bands
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Aided Audibility (SII) to transfer functions

SII

SII band importance and bandwidth

Sentences
Words
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Audible bandwidth

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
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Better match to targets  better audibility

RMS error: 18.6
Aided SII (65): 58

RMS error: 2.3
Aided SII (65): 91

5 year 6 year

Does it matter if hearing aids are fit 
close to DSL targets?

83
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Fit to prescriptive targets

RMS error = mean error @ 500, 1000, 
2000, 4000 Hz

5 dB RMS-error guideline

Hearing aid verification in children

85

Is < 5dB or < 3 dB for children?

DSLv5 prescriptive targets ✙
Hearing aid output (60 dB input) ---------

Byrne & Cotton, 1988; Cox & Alexander, 1990; Baumfield & Dillon, 2001 
dB

 S
PL

Frequency

Is a 3 dB criterion more advantageous than 
a 5 dB criterion? 

Does a 3 dB criterion result in…

86

Better 
audibility?

Better speech 
recognition?

Better 
language?

…than a 5 dB criterion?
Wiseman (2022); Wiseman et al. (in prep)
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Speech recognition
PBK words in quiet

Aided audibility
Aided Speech Intelligibility Index (SII) @ 60 dB input

Hearing aid fitting error
RMS error of deviation from DSL v5 prescriptive targets 
at 500, 1000, 2000, and 4000 Hz

DSLv5 prescriptive targets
Hearing aid output (60 dB input) Language measures

Expressive vocabulary (WASI Vocabulary)
Morphosyntax (CASL Syntax Construction)

7
dB

 S
PL

Frequency

N = 307 children with hearing aids
Age = 5 months – 11.5 years

Half of hearing aid 
fittings had 
large error 

88
Wiseman (2022); Wiseman et al. (in prep)

n = 2162 measurements of 307 children  

20% 29% 51%
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Fitting error (RMS error) 

Audibility (aided SII)

Deviation from target negatively
impacts audibility

Mild

Moderate

Mod-
Severe

Severe

Speech sounds 
completely audible

Speech sounds 
completely inaudible

.02 decrease in aided SII for 
every 1 dB increase in RMS 
error

Wiseman (2022); Wiseman et al. (in prep)

Lower RMS error criterion has advantages for 
language outcomes, esp. for milder HL
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Clinical take away

Verify hearing aids using probe microphone measurements

Fit hearing aids to < 3 dB RMS error when possible

91

How can you measure RMS error?
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Bagatto, et al., 
2011

For PTA of 50 dB HL, SII 
could range from ~55-90.

Below dashed line 
= poor fit

Confidence intervals for SII when hearing aids are fit 
appropriately

When we can’t match target?

• Degree of hearing loss
– Severe +

• Configuration
– Sloping / Reverse Sloping

• Bandwidth

• Poor earmold fit
– Replace

93
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Children: How muchaudibility?

• Low RMS error (< 3 dB ideally)

• Normative range for audibility

Bagatto et al. 
2015
www.dslio.com

RMS error for soft by coupling

95
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RMS error for average by coupling

Conclusions for teen fitting quality

• RMS errors are larger than were observed at younger 
ages
– 5.5 dB RMSe (6 months – 12 years in McCreery et al. 2013)

– 8.1 dB RMSe (12-19 years in Walker et al. in preparation)

• RMS error did not vary by fitting type
– Trend for larger RMSe with RITE and non-custom dome fittings
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Children vs. Adults – DSL norms

Variation in Audibilty (SII)

FULL

NO
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Actual hearing aid fit quality

Below 
dashed line 
= poor fit

McCreery et al., 2015

Take home message:
Hearing aids are not appropriately fit for all 
children – 35% below normative mean, 
10% below 95% confidence intervals

Can we assume all children have well-fit hearing aids?

Target vs. Measured SII

Subject Number (n = 208)

0 50 100 150 200

S
II

0.0

0.2

0.4

0.6

0.8

1.0
Measured SII
Target SII
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Hearing aids for children can 
only benefit them when they 
are wearing them
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What factors predict the amount of time children 
wear HAs on a daily basis?
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Hearing aid use

Walker et al., in review

16% end up as low users in elementary 
school

Limited users:
• Mothers with some college
• Milder hearing loss (lower 

BEPTA)

Routine users: 
• Mothers with a bachelor’s or 

post-grad degree
• Worse hearing loss (higher 

BEPTA)

Walker et al., 2015

16% end up low 
users
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What child and family factors relate to HA use?

• Chronological age, SES, degree of hearing 
loss (Walker 2013)

• Issues with managing hearing aids (Munoz et al. 
2014)

– frustration 

– confusion

– lack of confidence

• Perception of benefit with hearing aid

Malleable!

How can we counsel consistency of 
use?

Find times 
when initial 
use is most 

practical

Communication 
diary

Datalogging Emphasize 
link 

between 
auditory 

stimulation 
and 

language

107
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109© image Source?

Fluid intelligence task

110
© image Source?
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No difference in accuracy or reaction time

111

For children with HL, more hearing aid use associated with 
greater normalization of brain activity in the frontal-parietal 

parts of the brain

112

111
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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 
and fluid intelligence tasks.

113

Clinical implications

114

• Brain is having to “work harder” to 
maintain functions

• Does that have an impact on 
fatigue?

• How can we measure fatigue 
throughout the day?

This Photo by Unknown Author is licensed under CC BY-SA-NC
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What variables are associated 
with HA use time?  

– Better-ear PTA and maternal 
education level significant (Higher 
PTA and higher maternal 
education level associated with 
higher use)

– Chronological age, age at hearing 
aid fitting, and optimality of 
hearing aid fitting were not 
significant

115
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Type of report

Association between self/parent report

117
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How often do adolescents wear HAs?

Self-report by degree of hearing loss

Mild Moderat
e

Severe
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120



2/9/2026

61

Situational hearing aid use

Take-aways

• Teens are using their hearing aids about 10-12 hours/day

• Good agreement between self/parent report and 
datalogging

• Same trends observed as in studies of younger children
– Degree of hearing loss

– Socioeconomic status (*)

– Situational patterns

121
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Language scores by daily HA use

Tomblin et al., 
2015

Consistent hearing aid use matters

• Support quality time vs. quantity of time

• Is their evidence to support “all waking hours”?
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124



2/9/2026

63

Audiologist’s Role

• Ask about hearing aid use and use data logging
– What situations are challenging?

– Where are you experiencing success?

• Support families

• Work with early intervention and other providers to 
support use

QUESTIONS

125
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Aided speech recognition

Underutilized 
resource How often? What 

stimuli?

Pediatric 
Minimum 
Speech 

Test 
Battery

Described by Uhler et al. 2017

Developed with input from a large number 
of pediatric audiologists, mostly in North 
America

English-based

Goal of standardizing pediatric speech 
recognition assessment

127
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Uhler et al. 2017

Pediatric MSTB
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What makes a good speech recognition 
test?

Performance on monosyllabic words in quiet

131
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133

There were no differences between groups 
for speech recognition in noise 

Take home message:
Do not rely solely on audiological outcome 
measures to determine benefit from HAs

Performance on monosyllabic words in quiet

133
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FASTRAK 
Speech 

Recognition 
Tests

Two-talker speech 
masker

Reverberation

Spatial separation of 
target and masker

Conditions

0° azimuth

90° azimuth

1. Speech Shaped Noise (SSN) Co-located

2. Two-Talker Masker (TTM), Co-located, No Reverberation

3. Two-Talker Masker, Co-located, Reverberation

4. Two-Talker Masker, spatially separated

135
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Introduction

CO-LOCATED

Target (T)

Masker (M)

Introduction

SPATIALLY 
SEPARATED

Masker (M)

Target (T)

137
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Introduction

T+M

CO-LOCATED
SPATIALLY 

SEPARATED

Phase 1
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Behavioral audiometry that 
reliably measures thresholds 
at low levels

Speech recognition test that is 
sensitive to difficulty of children 
with mild hearing levels1 2

141
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Enroll children at satellite 
clinics across the US

202
2

143

144



2/9/2026

73

Aided Speech Recognition Battery

SPEECH RECOGNITION CONTINUUM

Open and 
Closed set

Lexical 
neighborhood

PBK-50 CASPA
BKB or Child 

AZ-Bio

AGE

Use of context

KEYS

Open & Closed Set Test (O&C)

dertmer@purdue.edu

• Developed by: Ertmer, Miller, & Quesenberry,2004
• Appropriate for ages 18 to 24 months
• A measure of perception and production
• 10 items using realistic pictures
• Production followed by picture identification

145
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O&C: Administration

Mom:  And “keys”…  Child:  /tis/…  Mom: uh huh, where are they? 
Child: /tis/ + point.  Mom:  very good.

Open and Closed Set Task

2 year-olds

147
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Questionnaires

Parent, teacher, 
or child report Track progress

Can be 
completed from 
infancy through 

adulthood

Auditory Development 
Questionnaires

LittlEars – 6 
months – 2 

years

PEACH             
2 years or > 

28 on LittlEars

149
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LittlEARS

LittlEars
Predictors

• Age
• Audibility
• Receptive Language
• Open and Closed Set Speech 

Recognition
• Hearing Aid Use

Positive predictors

• Maternal education

Not predictive

151
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PEACH

PEACH 
Predictors

• Audibility
• Receptive Language

Positive Predictors

• Hearing aid use
• Maternal education level
• Open and Closed set 

speech recognition

Not predictive
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Questionnaires Conclusions

Use 
questionnaires 
from early ages

Discuss progress 
over time with 

parents and team

Available in many 
languages other 

than English

To refer or not to refer?

156

Wait and see 
with hearing aid?

Refer for cochlear 
implant candidacy 
evaluation

155
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157

Hearing thresholds (PTA)
Speech perception/
Auditory skills

Aided audibility

Using audibility adds to CI candidacy 

158

Leal et al., 2016; Nickerson et al., 2019
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Hearing aid fitting outcome: audibility

How much audibility is enough?

159Input (dB SPL)

Aided 
SII

Profound hearing loss

Input (dB SPL)

Aided 
SII

Severe hearing loss

Quar et al. 2019

x  Pre-adjustment
Post-adjustment

160
Better-ear aided SII

Receptive 
vocabulary
(PPVT-III)

Stiles, Bentler & McGregor, 2012

159
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What level of audibility signals risk for delay in children with hearing aids?

161Better-ear aided SII @ average input

Language composite:
Receptive vocabulary

Syntax
Pragmatics

.53 ..68.61

1.5 SD below CTH mean

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

Wiseman, McCreery &  Walker (in review)
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