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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 Frpiensy n o ()
audibility for speech and other R ST s A
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important sounds. %
* Greater hearing loss = more =
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Audibility with Mild Hearing Loss
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Audibility with Severe Hearing Loss
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Infants are not average adults:
Implications for audiometric testing

By Richard C. Seevoalel and Susan D, Scollic

Froquency (Hr)
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+ Assessment

Ear canal acoustics

* 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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Is mild bilateral hearing loss a developmental

Fit children with mild bilateral hearing loss? isk?

Clinical equipoise FIREAGINGR VORI MRV ISOEE

GE. EDUCATIONAL
BEHAVIOR OF CHILDRE!

30 dB HL E

Uncertainty about

clinical decisions in
’? the face of limited or

unclear evidence

FIGURE 3. Mean performance of the six subgroups on the
20 dB HL ® PPVT-R. None of the scaled score means was within L5
standard deviations of the population mean of 100.
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Is mild bilateral hearlr?sgkrlkoss a developmental Hearing aid candidacy
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Hearing aid candidacy Ear canal growth

* Audibility method — 3 month-old

Average conversation at 1 meter Effective stimulus level will

= e W ' F— decrease as the ear canal
— 120 (5 30 volume increases
100 « .
B ' & In dB HL, thresholds will
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Does amplification help children with mild
bilateral hearing loss?
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Audibility-Based Hearing Aid Fitting Criteria for Children With Mild Bilateral
= Hearing Loss
Ryan W_McCreery 8 Elizabeth A Walker ? Derek J Stiles © Meredith Spratiord,? Jacob J. Oleson 9 and
. DawnaE Lewis?

I + Author information + Article notes » Copyright and License information Disclaimer
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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

— lterative piecewise regression
« Finds point in unaided SlI where relationship between SlI and language
changes
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Unaided Sl Criterion

Hearing aid candidate

Unaided Sl Criterion

Unaided Sl criterion
Reflects effects of ear-canal

PTA-based criterion
« Did not reflect effects of ear-canal

acoustics acoustics on thresholds
« Not based on language outcomes « Based on language outcomes data
data * Quantifies impact of hearing on

« Not easy to quantify impact of audibility

hearing on audibility
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What is hearing aid verification?

o KIPA Audibility Calculator
http://kipagroup.org/charts/
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Which prescription for children?
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© — Loudness-based prescription
. Unaided Audibility — Most common adult prescription in our clinic
Aided Audibility (SIl) " (i .
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Q\/—\)L NL Hearing aid verification outcomes

—| eech audibility —

Main prescription for general clinical use « Unaided and aided SlII

Same philosophy as NAL-NL2 - building on trusted solution
Incorporating 10+ years of experience and data of NAL-NL2 use e RMS el —
Leveraging advancements in optimisation and machine learning

Fixing known pain points (e.g. compatibility with GN hearing aids) . Fit-to-target

T . o —| ible bandwi —
Specialised MODULE prescriptions for specific use cases

« Maximum audible output

Gain Fitting for P
Patients with Gam,\f'o‘itsl;g for Future Modules frequency (MAOF)
Environments

Minimal
Hearing Loss
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Sotware version 20,4 .
peechmap/DSL 5 child - Single view

Aided Audibility

)
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Instrument BIE

Mode.

For each band —

Srem Audibility x FIW =
S"Jf’iﬁ" weighted audibility

24 months
InsertsFoam

Sl = Sum of
i weighted

L) audibility of all
frequency bands
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Sll band importance and bandwidth
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Target vs. Actual (RMS error)

ware version 264
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Presentation
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Scale (48)

Audiometry

Age 2amonths

Transducer InsertsFoam
Average

RECD Average

Bet NA

Binaural No

REAR  Stimuus  Level S
1= Speech-std(1) Avg(60) 73

2|l mPo 0 NA

a

a
Unsided avg (50) 2

Fitting data
compared to
DSL targets

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

Better match to targets = better audibility

Speechmap/DSL 5.0a child Test  Stimulus
190 1

Level s SPeechmap/DSL 5.0a child Test
Lol e

Stimulus  Level Sl

v
i
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RMS error: 2.3
Aided Sl (65): 91

Does it matter if hearing aids are fit

close to DSL targets?

INTERNATIONAL JOURNAL OF AUDIOLOGY
utps:/édoiorg/10.1060/14992027.2023. 2203645
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ORIGINAL ARTICLE

Comparing criteria for deviation from hearing aid prescriptive targets in children

Kathryn B. Wiseman® @), Elizabeth A. Walker® (5, Meredith Spratford® (®, Marc Brennan® @ and Ryan W.

MeCreery® @

“Child Auditory Technology Laboratory, Boys Town: National Research Hospital, Omaha, NE, USA; *Department of Communication Sciences and
Disorders, University of lowa, lowa City, IA, USA; ‘Audibility, Perception, and Cognition Laboratory, Boys Town National Research Hospital,
‘Omaha, NE, USA; “Department of Special Education and Communication Disorders, University of Nebraska-Lincoln, Lincoln, Nebraska, USA
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Is a 3 dB criterion more advantageous than
a 5 dB criterion?
Does a 3 dB criterion resultin...

...than a 5 dB criterion?
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Aided audibility »

Aided Speech Intelligibility Index (SIl) @ 60 dB input 0

H0 sio « * R T

Speech recognition Frequency
PBKwords in quiet > [0 ] [ Speech-std(F)
S - Eew
Language measures DN eeour
Expressive vocabulary (WASI Vocabulary) N - Speech lf) i
53
Morphosyntax (CASL Syntax Construction) I z = )
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Average Input Level

2001 n = 2162 measurements of 307 childrer

[zox] 20 [51%]

<3dB
35dB
>5dB

RMS error category

n

Half of hearing aid
fittings had
large error

20
RMS error
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Speechsounds
cgmpletelyaum::luec Deviation from target negatively
impacts audibility
Mild

Moderate

I Fitting error (RMS error)
l Audibility (aided SII)

Speechsounds .02 decrease in aided Sl for
completelyinaudible % every 1 dB increase in RMS
000 * Yea error

Severe |

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

CASL Syntax Construction Std. Scors
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DegreeofHL -

B 3-5d8 >5d8
Error Category (RMS error)

Mild Moderately Severe
- Modoste — — Sevece o Prolound
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How can you measure RMS error?
Speechmap/DSL 5.0a child audioscarn
Instrument | BTIE O]
Mode | Testbox Q|
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When we can’t match target?

Degree of hearing loss
— Severe +

Configuration

— Sloping / Reverse Sloping
Bandwidth

Poor earmold fit

— Replace

EEELEERER LR

Children: How muchaudibility?

* Low RMS error (< 3 dB ideally)
* Normative range for audibility

B: 65 dB SPL
. N

- N N

i

i N

2w

£

LR Bagatto et al.
» 2015
» www.dslio.com

o W m % 4 ® s 7 % s w00
Pure Tone Aversge (48 L)

51

RMS error for average by coupling

avgRMS

Conclusions for teen fitting quality

RMS errors are
larger than

* 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)

were observed
at younger
ages

RMS error did
not vary by
fitting type

* Trend for larger RMSe with
RITE and non-custom dome
fittings

53

Variation in Audibilty (SII)
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Can we assume all children have well-fit hearing aids? . o
Language scores as a function of audibility

Target vs. Measured SII
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Tomblin et al., Chronological Age

2015 Roor Ry
Real ear or Simulated? RECD in Infants
* Real-ear measurements T
— Hearing aid output is measured 1% Measure RECD ;EM
in the ear with a probe 130 b [ Seale (48) sPL e
microphone . :: 0 é?:;::e coupler :L"
* Real-ear-to-coupler-difference i = il This  TueNov 11 Tr08am
(RE CD) i * g: : Interval Weekly B
— Probe microphone measurement D] g \11_;:1’:"“"' s
is applied to hearing aid ™ 10 e jverage
measurements in the coupler o g Avg RECD 3 fraees
01 oo 250 500 1000 2000 4000 8000
a0 Level SN
'S TOWN
2 3 ot Researen
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What affects RECD? RECD: Average vs. Measured

* Noise » Patient's RECD always the preferred method.
* Abnormal TM + Age-related averages available
— Perforation . s .
— PE Tube * If patient's RECD differs from averages
« Middle ear effusion — PE tube /Perforation
« Ear canal size — Stenosis/small ear canal
— Noise ?

» Probe tube insertion depth

BOYS TOWN
National Research
Hosaital
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Age Related Averages (Bagatto et al,
‘02)
25
4000 Hz
8 e
-15
0 20 40 80 80 100 120
D Age (months)

What If | Just Can’t?

» Use age-related averages if
— Lack of cooperation (by baby)
— Cerumen or drainage

Both Ears”?

* Tharpe et al. (2001) / Munro et al.

— Between-ear RECDs modestly correlated

— Generally reasonable to measure only one ear
* Look for obvious physical differences

— Unilateral P.E. tube

— Unilateral middle ear dysfunction
— Ear canal anomalies

Can we use immittance to predict RECD?

McCreery et al. 2023/2024

BOYS TOWN i
National Research
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Changes

m|dd|e ear * 16 months (tubes extruded)
status

67

Instrument BTE + HA2
| Mode Test box
Presentation Single view
Format Graph
Scale (dB) SPL

ucL Average
RECD Entered
RECD coupling Foam tip

BCT NiA

Test  Stimulus Level
1

a
Unaided avg (65)
Curve Hide / Show

TSpeechmap/DSL 5.0a child Dec 23, 2020 403pm audIioSEzIm)

Audiometry
Age 8 months
HL transducer | Insert+Foam

sl

related tO * 3 months (ABR — normal middle ear)

8 months (post PE tube placement)

Initial fitting at 3 months

* Low RMSe
+ Aided SIl =85
* Audible bandwidth > 6000 Hz
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3 months

EEY et Stmuivs Level SH
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Rl 00 |90 | J———
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Speechmap/DSL 5.0a child Dec 23, 2020 411pm audiosczn
Instrument BIE+HA2 v
| Mode. Test box
Presentation Single view

Graph =
SPL

Audiometry
Age 8 months.
HL transducer Insert+Foam
et Average
RECD Entered
RECD coupling | Foam tip
BCT NiA

Test Stimulus  Level SiI

L Socechostd(plAvo 6975 ]
2 ||| T T A
3

a
Unaided avg (65) 9
Curve Hide  Show
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Test
1

2 || T

Stimulus Level Il
I Speechsta()lAvg (65)]

3 months

70

RECD in ear with Tympanostomy
tube

peechmapi Dec 23, 2020 414pm
Instrument BIE+HA2 [v]
Testbox [
Presentation | Single view | |
Graph  [¥]
Scale (dB) sPL [
|

Audiometry

Age 16 months
HLtransducer | Insert+Foam

Average
Entered
RECD coupling Foam tip
CT NA
Test Stimulus  Level SiI

1

2 ||| TS TN
3

a
Unaided avg (65) il

72

Curve Hide  Show
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N

TSpeechmap/DSL 5.0a child Dec 23, 2020 421pm audioscain
Instrument BTE+HA2 [v]
o oo Well-fitted L
Presentation | Single view | | X ’ Audioloaqist’s role
Format Groph vl hearing aids g
j Scale (dB) SPL 8]
Audiometry
Age 16 months . . . . .
HL transducer | InsertsFoam * Use verification and pediatric prescription
Average
[ Entered * Measure the RECD or do in-situ (> 5 years) verification
RECD coupling Foam tip
set = * Do not rely on functional gain / aided sound field
Test Stimuus  Level i + Make new earmolds and hearing aids frequently
2 | Y T TR — Every 3-6 months under 3 years
3
o
Unaided avg (65) n
Curve Hide / Show

h
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Hearing aid use

O DataLogger o = B
O Parent Report
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16% end up as low users in elementary
school

se (hours)

Average dai

Stert high in

Stert high

—— Stert high &

se (

= Start fow incranse (n=6)
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What child and family factors relate to HA use?

» Chronological age, SES, degree of hearing
foSS Waiker 2013)

* Issues with managingshaasiacaid noz etal.
2014) , Malleable!
— frustration

— confusion

——=tackof confidence
» Perception of benefit with hearing aid

How can we counsel consistency of
use?

Communication
diary

Datalogging

Emphasize
link
between
auditory
stimulation
and
language

| D W W—

78
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Type of report Association between self/parent report

8
3

®

2 £
3

15 18
£ Report Type: 3 Respondent
5 B Self H Parent
O & Parent B0 - 5al
*g ™ Datalogging §
T o

5 & 5

0 0

Self Parent  Datalogging ] s 10 15 2 25

Datalogging (hrs)

Report Type
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How often do adolescents wear HAs? Self-report by degree of hearing loss

»
b

=
* o +
3 Mild Moderat Severe
< = e
20 T
&}
£ 1% 6 Respondant ;
3 1% - self B 10
po B 8 Porent 3
3 L8 8 Datalogging g . .
3 3 3 ' |
g | xs + -
2 5 | < :
x g » T
1 0
]
e, e - -y 1 2 3
e o e [Py Category of Better-Ear Pure Tone Average (dB HL|
Respondent gory ge ( )

Situational hearing aid use Take-aways
i * Teens are using their hearing aids about 10-12 hours/day
2 Riiis » Good agreement between self/parent report and
g” [ Aars datalogging
5 | E”“ « Same trends observed as in studies of younger children
3 — Degree of hearing loss
Bl N i — Socioeconomic status (*)
§88°85:°¢ — Situational patterns
) Situation
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Language scores by daily HA use

'
102 fi
<10 hours. P
100 & o
° Ty 115125hars
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8
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a 0“:\ 74
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Tomblin et al.,
2015
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Hearing aid use

» Average hours per day that hearing aids are worn.
— Self-report
— Parent-report
— Data logging
* >10 hours / day is ideal
— Quality time vs. quantity of time
» Data from Walker et al. 2025

To refer or not to refer?

Wait and see Refer for cochlear
with hearing aid? ? implant candidacy
° evaluation

BOYS TOWN i
National Researeh

Hosoital

Cochlear
implant
candidacy

Communication

Audiologic

Hearing thresholds (PTA)
Speech perception/
Auditory skills
Aided audibility

88

Using audibility adds to CI candidacy

—§)

Effect of ear canal
acoustics on threshold

Hearing aid
output

Froquency (i)
v e o wn

ot |z
3

o™ Hearing loss
configuration
Impact of hearing loss on

e=shesEhAbIY

89

Hearing aid fitting outcome: audibility

How much audibility is enough?

Profound hearing loss Severe hearing loss

60 =
0 x Pre-adjustment 50 //
¢ Post-adjustment //
a0 40
Aided Aided
si sir
20 20 *
| snnnct
b / |~ 10
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Arficle
The Speech Intelligibilty Index and the 162 Children with hearin ads (CHA)
Pure-Tone Avemge as Predictors of 76 Children with typical hearing (CTH)
Lexical Ability in Children Fit
With Hearing Aids

Darek 1. S Rth A Barter,” o Karka K. McGrogar® 120 . 120

What level of audibility signals risk for delay in children with hearing aids’
150

130

110

Language composite:

1
1
1
1
[
1 H
[
[
1 H
1
1
1
Receptive vocabulary 1

Receptive 100 50 1.5 SD below CTH mean

vocabulary Pragmatics
(PPVT-II) 90
80
50
70
80

0.0 0.2 04 08 08 1.0
Better-ear aided SII

.., AJAN Thank YOU!

Tutorial

The Speech Intelligibility Index: Tutorial and
Applications for Children Who Are Deaf and Hard
of Hearing 'Q'

Kathryn B. Wiseman,” ) Caitlin Sapp,” Derek Stiles,”" Elizabeth A. Walker, ™
and Ryan W. McCreery® )

for

Hearing Rescrch, Boys Town Nutional Rescarch Hospital, Onuaha, NE " Department of Audiology, University of North Carolina,
sapel Hill “Dxpariment of Otolaryngology and Commenication Enhacement, Bosan Children's Hospital, MA “Deparim
Communication Scicnces and Disonders, University of lowa, lowa Cily
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