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Perspectives on routine verification and
personalized fine tuning...

» These are essential for bass & treble... we can
probably do fit the mid-frequencies fairly well
regardless of how we do it. So will OTCs though!

* Why:

More high frequency variation in hearing loss
configuration and ear canal acoustics.

More high frequency error in any assumed transfer
function: from microphone location effects to
RECDs.

More low frequency error if we don’t personalize
venting

» But: we have better tools than ever before!

How does broadband hearing aid fitting
impact the wearer?

Preference and performance.
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How does extended bandwidth fittings on speech
recognition, preference and loudness.

« Current hearing aids offer broader
bandwidth; recent lab studies with
simulators indicate that bandwidth may be
worthwhile (Alexander, 2017; McCreery et al., 2014;
Jakien et al., 2016).

Wearable devices may facilitate provision of
a period of real world use and adaptation,
which may maximize bandwidth for new high
frequency sound for some listeners.

Bandwidth perception arises from a synergistic
combination of bass and treble, at least in normally
hearing listeners.

Bandlimising only

* Moore & Tan studied sound
quality for speech (shown here)
and music in normally hearing
listeners.

« High frequency audibility and
low frequency audibility
interact... both together provide PIC & M chie 5 et Tt s o) G i ot

. low-frequancy cutoff, and the z axis shows the mean rati
best sound quality. e

Moore & Tan, 2003
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Extended bandwidth fittings in
hearing aids that you can’t buy
in Canada.

Folkeard et al. (2021): speech, loudness, preference
Vaisberg et al., (2021): sound quality

The Earlens system drives the TM directly, and
claims a 100 to 10,000 Hz bandwidth:

http://earlens.wpengine.com/wp-content/uploads/2019/09/Dundas-AAA-2019.pdf




This is the device in place:

(yes you can
run a tymp...
open access
article here).

Lucas, Folkeard, Levy, Dundas, Scollie & Agrawal, 2022

Candidacy and participants:

= 28 passed screening for inclusion and consented
+ 13 excluded or withdrew (mostly ear size/condition)
= 15 completed the trial (mean age 72y, 7 female).

= Mainly experienced users (9.8 y experience, SD 7. 4 y).
Participant Audiograms

Right ear Left ear
O,
10
= 201
T 301
m 40+
T 50+
o 60 ¥ ¥
S 701
W 801
E 90
= 100
110
120
'iﬁ\")(%é’qNW‘me%(bgs\?(ﬁec‘?NW‘hV@%%S
o (=N o o

Frequency (kHz)

10/31/2022



We used the programming software to “kill” high
frequency output for the narrow condition:

LR @

R= Siew = e N W ——

Aided loudness ratings were louder for the fullband.
Bass energy increased loudness too.

Loudness results

The 123-4455
band condition was
condition louder than the
Loud il s
was A 313-4455
significantly o 2 condition.
louder than v Conditio
o - " ~ 123-10869 H
all others. PTTTETE 7 =i g

== 313-10869 Hz
~ 313-4455 Hz

The Full

lUncomfortably loud

Comfortable, slightly soft {

Soft

Very soft

52 56 60 64 68 72 76 80
Level (dB SPL)

rolkeard et al., 2021
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Word-final plurals were detected about 25% more
often with full bandwidth.
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Folkeard et al., 2021

Consonants were recognized 9% more often.
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100

Consonant Recognition in Noise
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Folkeard et al., 2021
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Folkeard et al., 2021
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Sound quality ratings were best for speech & music when
both low and high frequency energy was available:

Pop music Male speech

* The full band reference signal had

significantly better sound quality than *

all other conditions except 123-10,000 o ; 0

Hz, indicating that this is similar to the a0 0

functional bandwidth of the system. 20 H 0 D&
» When low frequencies are filtered out: o

o Low Cut
Female speech 1123
313

MUSHRA Rating

High frequency filtering does not change
sound quality. %

This is consistent with Moore & Tan’s

results: sound quality depends on full " A
bandwidth, not just high frequency " .
audibility. ,

LowPassClpped 4455 5583 6957 10869 Reference  Low-PassClipped 4455 5583 6987 10869 Reference
Higl High

o
S
5

Vaisberg et al., 2021

Preference was mixed but does not favour the
narrowband condition.

Preference results
40%

30% A

20% A

Percentage

10%

0% A

Strong 5K band
YWeak 5k band
No preference
Weak full band
Strong full band

Folkeard et al., 2021
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Extended bandwidth fittings in
regular air conduction hearing
aids

Van Eeckhoutte et al, (2020)
https://doi.org/10.1080/14992027.2020.1750718
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Participants and hearing aid fitting:

Pure tone audiometry
N =26 adults (69 y Rgitear Leftoar
average) 10
 Fitted with DSL v5 using
2017-2018 RIC devices
= 4 week use period
¢ Measurement of actual
hearing aid bandwidthas = 1001

Threshold (dB HL)
=]
o

fitted. 1204
e Outcomes measured Jrovie e e *"*S\i‘”-;- X 3""""" D A
post-acclimatization. Frequency (kHz)

The aided output was manipulated with the hearing aid software to
remove output >5 kHz. This setting was only used in lab.

Speechmap/D5L 5.0a adult

Max TM SPL disabled

140 LL'J

Fullband condition was to
about 6500 Hz on average.

Less than Earlens but still
broader than older hearing
aids.

On-ear verification (dB SPL)

20 s00 | 10w 2000 4000 B000 16000

Frequency {Hz)
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Extended bandwidth increased loudness.

Loudness results

Uncomfortably loud

Loud
BW
Comiortable, slightly loud - EBW
== RBW
Comiortable HA
— Both
= Left
Comfortable, slightly soft ~ Right
Soft4
Difference = 0.8 dB
Very soft

54 58 62 66 70 74 78 82
Level (dB SPL)
Figure 4. Mean loudness judgments from all participants for EBW, RBW, bilaterally and monaurally (only EBW) aided listening conditions, Error bars show one stand-

ard error of the mean. Sigmoidal fits for each condition are plotted in the form of thin lines in the same colour on top of the data. EBW — Extended Bandwidth,
RBW — Restricted Bandwidth, HA — hearing aid (colour in the online version).

Extended bandwidth produced a small improvement
in high frequency speech sound recognition.

Table 2. Differences in consonant confusions between the EBW and RBW condilions.
Response differences

B @ D F G H J K L M N P R SH S TH T v w Y Z

b Al W M g My & N i e Il s W W Ml i i

Stimuli B 6 0 0 1 - 0 0 0 6 -3 0o 0 -1 0 0 -1 o -3 2 0 0

w0 7 -1 0 [ 1 [ 0 o 0 0 -3 -1 (] 0 0o 0 0

D [ 0 -1 2 0 1 o 0 -1 ¢ 0o 0 0o o0 0 0 [ 0

F o 0 0 [ 0o 2 1 o a8 0 1 «o 0 -1 o -1 -1 o 0 0

G 1 [ 0 1 0 1 -1 -1 [ 1 ¢ 0o o o 0 0 [ 0

H 1 0 o i] o o 0 1 [ | 0 0 -2 o o0 1 0 6 0 -1

J 0 6 -1 -2 [ R | 1 6 o o 0 0 0 o0 D0 O 1 0 0 0

K [ 0 0 [ | 0 =1 o o o0 0 0 0 o0 o0 1 0 o 0 0

L o 0 0 0 1 0 0 1= ¢ -5 o0 5 0 0 ©o 0 -1 (] 0

M [ 0 0 [ 0 ¢ -1 =6 3 1 6o o o o0 0 0 2 3 0

N o 0 1 0 0 -1 0 0 o o =1 6 0 0 o -1 0 2 0o 0 0

P 1 o -1 [ 0 6 ¢ o0 0 -3 0 0 0 0 0 0 [ 0

R -1 [ 0 [ 0 0 o6 2 -1 o 2 0 o o0 0 0o -1 1 -1

SH 0 -4 0 -2 0 -1 0 0 o 0 -1 1 ¢ 0 6 0 0 1 0o 0 0

s 0 1 -2 =18 o0 -7 0 -2 -1 -2 -1 -3 0 1 3 -4 0 0 0o 0 -3

TH -4 0 3 76 -1 0 0 1 ] 0 0 -1 - L 1 -2 -1 0 1

T 0 -6 0 o -1 11 =13 ¢ o o0 o 0 0 -1 2 0 0o 0 0

v 3 [ 2 -3 [ S 0 o o 0 0 o -2 "0 6 2 0 -4

w1 0 0 1 -1 0 0 0 0 -1 o 0o 1 0o 0 0o 0 3 3 0 1

Y o 0 0 6 -t -3 -2 0 o o o0 0 0 0 o0 1 0 3 1 2 =

Z_ -5 0 -3 1 -1 0 0 [ e S 0 0 9 -1 0 =10 -1 0 24

Positive values on the diagonal indicate better performance in the EBW condition. Absolute values equal to or more than 10 are shown in bold font
and underlined.
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Similar performance as for Earlens: S, T, Z improved:
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Similar to Alexander (2016); Consistent with Stelmachowicz et al. (2004); Dubno & Levitt (1981)
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Figure 5. Subjective preference as measured by a paired comparison task.
RBW — Restricted Bandwidth, NP — No Preference, EBW — Extended Bandwidth.

Preference results were skewed toward preference
for extended bandwidth (but not for all listeners):

10/31/2022
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Let’s compare that to a recent similar study in children:
(adults) (kids)

Subjective preference

Subjective preference

60%

L 50%
R 40%
w0 .

%

5

Tl

z

10%
o
g &
[
=
]

s =

Proportion
w
S
]

ng RE'
Weak EBW

trong EBW

0%

@ N o & N N
s e : <& 5 \Z &
Figure 5. Subjective preference as measured by a paired comparison task. ) S \,,‘,\“’ X &
RBW — Restricted Bandwidth, NP — No Preference, EBW — Extended Bandwidth. o° Ky ‘\0‘2 i 5
Van Eeckhoutte et al, (2020a) Van Eeckhoutte et al, (2020b)

1
Bandwidth impacts:

* What is the audible bandwidth that can be fitted?
Broadband fittings were feasible at the individual level.
* Adults: 6 to 7kHz +/-2kHz, using DSLv5-Adult targets
* Children: 7500 on average using DSLv5-Child with BTEs
* As hearing loss increased, bandwidth decreased.

e Impacts:

Adults: Preference is either neutral or in favour of bandwidth for most of
these listeners. Not highly predictable.

Children: Majority prefer extended bandwidth.

Both: Slight increase in loudness. Improved recognition of high frequency
phonemes.

10/31/2022
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Clinical strategies for
maximizing bandwidth

1. Routine verification while fine tuning,
aiming for a broadband fitting.

—>0n ear whenever possible.
—->Consider bass response per program.

16



Be aware that some prescriptive targets roll off high
frequencies, limiting our use of extended bandwidth.

|Speechmap/D5L 5.0a adult

|5 peechmap/NAL-NL2Z

[P - =

o
T e ¢ ¥ T el T ol | r—————— T SR
230 S04 1k 2N 4 Bk tok 250 400 1k 2k Ak Bk 1k
oo | Pl 3= Ol bt | oo | EE s | e @ sisein
BT '.._i Speach adlFl L] s I BT+ Mgl 1 Spescnsio) [E] 2ol e
weiacusom wlfl | Avates  [EENETENN | =il [ eacinem wjf | Avoies  IEETNEN — [I] ~

On ear measurement of a vented or open fittings shows
the combined effects of both the vent and the aid:

* In the low frequencies:
Normal pitch cues, binaural cues
for localization (interaural time
differences) from the normal
acoustic path.

* In the high frequencies:

Electroacoustic gain to provide ____|
access to consonants.

11407 Max TM SPL 120

T T T T T d
250 500 1000 2000 4000 8000

10/31/2022
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For programs that will receive sound through the
vent, we can roll off the low frequencies.

For programs that do not include vent-transmitted sound,
consider the role of ‘bass compensation’:

=
—_—— —

11407 Max TM SPL 120

* In the low frequencies:
This audibility will be missing from 1
a program.
* In that program, | can verify the
low frequency response by:

110

Using as my test
signal. —_l
* One practical challenge | will have %} -~
in doing this is: . o1

T T T T T d
250 500 1000 2000 4000 8000

10/31/2022
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2. Measure and match the RECD for a
more accurate SPLogram.

This helps you define foamtip versus earmold in a
more accurate way.

Most of us who verify will map the auditory area in
dB SPL. (terms: speechmapping, SPLogram, REAR, in situ)

100
E
C g0
S
c
g 60
4
g
0
20
https://en.wikipedia.org/wiki/Real_ear_measurement
0 https://www.audiologyonline.com/articles/verification-
100 1000 10000 counseling-digital-hearing-instruments-13085

Frequency (Hz)

ANSI S3.46, 2013
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When we do this, we view the fitting against the
auditory area.
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When we do this, we view the fitting against the
auditory area.
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G Upper Limits of Comfort
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3

40
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Frequency (Hz)

Seewald et al., 2005, influenced by earlier work the 1980’s by Skinner & Pascoe

10/31/2022
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RECD variability affects accuracy of the displayed thresholds.

Measuring it should optimize this transform. (if we choose insert phones)

Measured transforms are reliable to
within 2 to 5 dB across frequencies:

RECDs in Adults (n=109)
40
35 °
30 ®
]
< 2 L Re}
G 20 5 2 ;-
g1 a sl BRN
;i 10 | - B B R i-—
g 5 2 &5 1yt '
x 0 . gy
5 -
-10
100 1000 10000
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140
With individual RECD X
120 ——
N K
</“‘7
— e
= 100 ;
i ¥
]
(s
5 80
w

//

()-\__”__U

-
a
(%]
20

0
100 1000 10000

Frequency (Hz)

Munro & Davis, 2003; Munro & Howlin, 2005; O’Brien, et al, 2010; Sinclair et al., 1996; Vaisberg et al., 2016

If we use average RECDs, the prediction is less

accurate:

Average corrections

[
B
S

With average RECD

= I
o o o o
=] o =3 1=

*

dB SPL in Ear Canal

=
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N
o

100 1000 10000
Frequency (Hz)

Individual corrections

140
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120

dB SPL in Ear Canal
g = B

B
1=

<

=}

100 1000 10000
Frequency (Hz)

10/31/2022
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Because RECDs Measured with Foam Tips vs Earmolds are
not the same, a new correction has been developed to
predict one from the other. This illustrates the average
differences between the two:

RECD (dB)
»

== «RECD Foam tip

== RECD Earmold

Frequency (kHz) Moodie et al, 2016

3. Use phonemes to crosscheck the treble
end of your fitting.

With calibrated /s/ and /sh/

https://www.uwo.ca/nca/pdfs/clinical _protocols/THP_Amplification%20Protocol_2019.01.pdf

22



Major concept 1: Maximum audible output frequency

Speechmap/DSL 5.0a child
140

1304
1204

1104 *

Scale (dB) | SPL
N . Audiometry

Child Amplification Laboratory - Sep 26, 2014 12:24am audioS@@mJ
M‘ Instrument | BTE =

Mode Testbox [ |

" L. ® Presentation | Single view [

Format Graph  [¥]|
g
|

Where peaks

Age 10 years

Transducer Insert+Mold

ucL Average
% RECD Entered
BCT NFA

Test  Stimulus Level Sl
1 Specchetai g feT
2l =
s T T
aNy
Unaided avg (65) [T

T T
250 500

, Curve Hide / Show

T T T
1000 2000 4000 8000

Acknowledgement to Boystown group for MAOF concept

cross threshold
is the upper limit
of the MAOF
range.

Major concept 2: Calibrated /s/

90  Implemented in
38 I Audioscan Verifit,
- sol Otometric Aurical, and
g 50 Interacoustics Affinity
~= 40} ] hearing aid analyzers.
> 301 .
(]
— 20t . .
. » Measures if upper limit of
tor . .
-==/s/ audible bandwidth
oL - - deli / t
500 1500 3000 elivers an /s/ or not.

Frequency (Hz)

Scollie et al, 2016, JAAA

10/31/2022
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1
Steps

1. Verify and tune the hearing aid to DSL (FL off):
Mark the lower & upper limits of the Maximum Audible Output Frequency
(MAOF) range.

2. Assess candidacy:
Measure aided /s/ at 65 dB SPL. Does the upper corner fall within the MAOF
and/or passband? If not, frequency lowering candidacy may be a factor.

3. Fit frequency lowering if indicated:
Tune to the weakest possible setting that moves the upper corner of /s/ into
the audible passband of the device.

This fitting has an MAOF of about 6000 Hz and does
not make /s/ audible:

Speechmap/DSL 5.0a child Child Amplification Laboratory - Sep 30, 2014 8:14pm audiosc=m
140 4 - 2 ‘ Instrument | BTE =
130 Mode Test box _I
il " L * Presentation Single view [ ||
Format | Graph &
110 Scale (dB) | SPL [
(oo Audiometry |
80 + Age 10 years
80 Transducer Insert+Mold
ucL Average
704 RECD Entered
60 - BCT NfA
20
a0
30 o . . Test Stimulus Level Sl
o 1 E[Speechfsld(ﬂ Avg (65) |82
. T 2 |ll[nbn_s_shor~1 [Avg(65) | &
10 4 e P S 3 azl [
0 a7
Unaided avq (65) 11
R . : : 2 : . Curve Hide i Show
250 500 1000 2000 4000 8000

10/31/2022
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fine tuned:

Frequency lowering can improve /s/ audibility, if

[Speechmap/DSL 5.0a child audioseam)

Child Amplffication L aboratory - Sep 30, 2014 :14pm DSL 5.0a child Child Amplification L aboratory - Sep 26, 2014 12:33am audiose=n)
1404 ‘l Instrument | BTE I=| 140 4 ) Instrument [ 8E =
.| Mode Testbox | ol ‘ Mode. Testbox [ ]
. X Xy x Presentation | Single view | » * x Presentation | Single view [ ]|
. X * Format Graph ~l 120 * Format Graph [+
110 * Scale (dB) SPL & Scale (dB) SPL =
111 Audiometry | Audiometry |
90 Age 10 years Age 10 years
a0 Transducer Insert+Mold Transducer Insert+Mold
ucL Average ucL Average
70 RECD Entered RECD Entered
&0 3 ES ZS BCT NiA
50
40
30| Test Stimulus  Level SII 304 Test Stimulus  Level SiI
O F F 1 =[Speech-std(1) [Avg (65) [62 O \ t l I l l e 1 =[Speech-std(1) [Avq (65) [61
204 20 9
R i = 2 |[|[nbn_s_shor~1[Avg (65)[ & - 2 |[|[nbn_s_shor~1[Avg(65)[ 8
10| . e LY 10 T E 3 /nbn_sh_sho~1[Avg (€5) 38
ol 4 = o 4 [nbn_s_shor~1[Avq(65)[ 8
Unaided avg (65) 11 Unaided avg (65) 11
- - : ; . . , Curve Hide / Show - " " " " | Curve Hide / Show
250 500 1000 2000 4000 8000 250 500 1000 2000 4000 8000

Word Final Plural Detection

100 7
o Off
95 4
A Default
90 1 £S3 (weak)
85 4 ES2 (mid)
@ ES1(strong)
80 4
- ® Maximum
§ 75 4 | =——Trendline x
E - " |
<Y 70 4o
4 LJ .
65 1

Audibility as °
measured v
with REM 0

-10 0 10 20 30

Peak /s/ sensation level (dB)

Scollie et al, 2016, JAAA

Aided /s/ at 10 dB SL provided best outcomes in this study:

10/31/2022
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4. Use new tools for simulated real ear

measurement and vented fititngs

Improve bass accuracy with test
box (aka S-REM) verification

https://www.audiologyonline.com/articles/audioscan-vent-corrections-27884

Recall that S-REM was

originally developed for a fully

closed fitting. b |
Romemots

In on-ear measurement, sound |

can both enter a vent and exit

from a vent.

26
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This is a real ear measurement of an open fitting.

* In the low frequencies: 07 Vs T SPL 10 :
What part of this signal would o '
be measured on a sealed test 1o
box (coupler) measurement?
Would this fitting look over or
under targets? N

Actual fittings may look either over or under targets when
measured on a sealed coupler.

« Fittings without low
frequency gain will look
under.

» Fittings with low
frequency gain will look

0} (a) Open Domes l (b) Semi-Open Domes

SREM-REM error (dB)

over.
* If you “fix” that in the e
coupler, it will be wrong o
in the ea r. 250 500 1000 2000 4000 8000 IZS{! 500 1000 2000 4000 8000

Frequency (Hz)

Scollie, Folkeard, Pumford, Abbasalipour, & Pietrobon (2022)
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1
Some aided sound exits the ear through the vent:

Simulated Vent Leakage
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https://www.audiologyonline.com/articles/audioscan-vent-corrections-27884

Some unaided sound enters through the vent, and
there may be a residual open ear resonance as well.

Simulated REOG

s, W 0 s N
. -‘-“\‘:\\_ N, | ‘
“ \\.\. =
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NS ——, e
o _.___‘_'.\'\ \ 0 ; |
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New “vent models” in the VF2 create a simulated “vent” in
the test box. This is a software correction, not a real vent.

Hearing Instrument
) O ) )
Coupler
Test box speaker Microphone
Generator N N
simulated REOG I Click here for how to do this.

Simuiated Vent] _}  Simulated o = i Vent|
Occlusion REUG W RECD " Leakage

Legend e

—> Digital signal path

----» Acoustic signal path
Analyzer
I:l Transformation

@ Acoustic power sum

O Start/End

Click here for validation study.

Here are the menu items for this feature:

RITE RITE
Mold/Custom Dome/Sleeve

MNone
Occluded Power/Double
5 (0.5-1.5mm) Closed
M({l.6-2.5mm)
L (2.6-4.5mm)

Open

Semi-open
Open
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This case has little low frequency gain:
i e L b

140 Max TM SPL 120

130

120

110

100

0

L

T0

0

50

0

30

u »

10 ) T b - 10 et

= Original REM Closed Dome Fitting '1:' S-REM without venting correction
250 500 1k p a0 - 16 0 0 1k ak k. ok 26k

& Verlfit2
e v
[ Domersieeve_v|

T

Simulatedventing S-REM Menu : S-REM with venting correction
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5. Personalize bone conduction fittings with

new skull simulation and prescription
strategies.

Hodgetts & Scollie, (2017)
DSL prescriptive targets for bone conduction devices:

adaptation and comparison to clinical fittings

Implementations to date:
Oticon Medical, Audioscan

DSL targets can be used for test box
Veriﬁcation in VF1 (check serial number) or VFZ.

This is the

Note the

abutment. ' blug /red
Connect the mal"klngs for
hearing aid to left/right setups.

this.

e )r/ Updated software
provides targets.
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Verify and fine-tune to targets to fit a full audible
bandwidth (note low frequency differences).

[Speechmap/DSL-BCD adult

140

"

Targets for Speech (65
dB shown here)

100

Device response for
Speech (65 dB shown
here)

User’s thresholds in dB
FL.

Routine REM

~

Vent and bass RECD for
compensation accurate maps

Verification Phonemic

for air or bone cross check

10/31/2022
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Thanks for coming back to CAA.

Thanks for caring about making hearing aid fittings
full and clear and the best they can be.

Thanks for coming to this talk today.
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