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MOTIVATION

Physics of sound

Pressure disturbance propagation

The pressure disturbance can be:
* Strong * Aperiodic
* Weak * Periodic

HAfM 2017, Serman & Amold

Sound Experience
Experience of the pressure
disturbance propagation

- Front-end capacities

Cognitive abilitigs,
memories,

@emollons efc

MOTIVATION

Physics of sound

Sound Experience
Experience of the pressure
disturbance propagation

Front-end capacities

Cognitive abilitigs,
memories,,

ﬁemotions efc
2l
-

Pressure disturbance propagation

The pressure disturbance can be:
« Strong * Aperiodic
* Weak * Periodic

Factors linking the physics and
experience of music with HAs:
Gain shaping, Compression,
Directionality and Noise reduction.
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NORMAL HEARING SENSITIVITY

Discomfort levels
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IMPAIRED HEARING SENSITIVITY, GAIN and DYNAMIC RANGE (DR)
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HA PROCESSING: DYNAMIC RANGES

DRnormal hearing DRhearing aid DRhearing impaired
120 dB 120 dB Distortion :
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HA PROCESSING: GAIN

Average Hearing Threshold
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Target gain curve for soft (50 dB) input signal
Target gain curve for medium (65 dB) input signal

Target gain curve for loud (80 dB) input signal
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HA PROCESSING: COMPRESSION

Compression
Attack time Characteristic gain curve:
Release time More gain for soft than for loud
Output level . input levels.
Attack time:

Time needed for the gain for the
loud inputssignal to drop (to the
wished for value).

Release time:
Time needed for the gain for the soft
input level to come back to its full value.

Input level

==xxu: = |inear amplification
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HA PROCESSING: COMPRESSION

Fast compression (10ms attack / 100ms release times)

Al e

- o a.

Fast reactionto loud sounds, loss of sound quality.

Slow compression (ca.900ms attack / 1500ms release times)

Al e

High sound quality, but short, loud sounds will be overamplified.

HA PROCESSING: NOISE REDUCTION & DIRECTIONALITY

fan noise N
microphone noise ~ SIreet noise

transient noises

speech and speech
interferers

impulse like noises

noises with very slow modulation fast changes
most interesting modulation analysis
range A —.

. !

Directionality and direction dependent noise reduction:

1%

9° o _
Qe(. Y @ e undesired

desired
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THREE DIFFERENT MUSIC PROGRAMS STUDY AT NATIONAL CENTRE FOR AUDIOLOGY;
UNIVERSITY OF WESTERN ONTARIO (UWO)
General idea:
- Leave the sound as natural as possible (less processing)
- But! Have “emergency breaks“ (fast compression for abrupt level changes)
- Wide dynamic range and optimised gain shape for music. RECORDED MUSICIAN Dt
MuUsIC SETTING
/— N =26: N =2 Case studies
RECORDED b r 4' LIVEMUSIC MUSICIAN 2% @ 15 male, 11 female @ Active musicians
MUSIC @ SETTING @ Age =20-84 (M =70,8) years I Singer,
@ Bilateral sensorineural hearing loss J Trombonist
@ Pure tone audiogram (PTA] : .
Expected: Expected: Expected: PTA (05, 1,2, 4)9: 50 EiB ) One week of usual music practice
@ Quieter environment @ Louder environment, @ Louder environment, @ Experienced HA user
@ More compressed music @ More dynamics @ More dynamics . .
Sound quality ratings: @ r———
Hearing Aids (HA): Hearing Aids (HA): Hearing Aids (HA): 7 5music examples Al o/ [e[lF]la]
& Emphasis on linearity & Adaptive compression J Less adaptivity — to & Recordings with 5 different HAs,
(slow compression) & Moderate directionality preserve the dynamics generic formula(reference), anchor
4 TruEar (simulated pinna 4 Trukar &Headphones
\ directionality) ]
1 12
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UWO STUDY: OVERALL RESULTS
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DO RATINGS FOR MUSIC & UNIVERSAL PROGRAM DIFFER?

Universal Program recordings
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Music Program recordings

DO RATINGS FOR MUSIC & UNIVERSAL PROGRAM DIFFER?

Universal and Music programs, av. all HAs
absolute ratings
Average of 5
i l I i i i different HAs

(4 manufacturers).

SRS SIS S S A S A S A
R OO O S (e S
SIS T G R S o R S
FIFITFI SISy
Classical Pop Favourite Jazz Folk Overall

Universal and Music programs, 3 best HAs
absolute ratings

: ts. s ‘ [

Average of 3
different HAs (2

manufacturers).
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STYLES RATED BETTER WITH MUSIC PROGRAM
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Universal Program: Classical
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THE CASE OF REFERENCE & FAVOURITE MUSIC

Simulation (Pure Tpx S (108/45)
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Music Program: Reference and Primax ratings
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DO RATINGS DIFFER ASA FUNCTION OF INDIVIDUAL FACTORS?

o
8

Pitch [Hz]

2
8

Questions:

« Self-reported difficulties in speech in noise (SiN)

« Outcome expectancy

« Loudness sensitivity

* Music listening habit

« Age, PTA, HA Experience

 Music education/current musical activities

Same? Different?

Tonal Working Memory Test (TWM)

v v A
60 « Stimuli: sinus tones
& )
- - « No of trials: 8
500 - _
® ® « No of distractors: 6
- -
T %(—/ « Task: same or different
150 Distractors « Pitch change: 0 & 1.9 semitone
o time [ms] « Outcome: % correctand reaction time
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DO RATINGS DIFFER ASA FUNCTION OF INDIVIDUAL FACTORS?

. WHAT ?2? 5>
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Tonal working
b ) memory ? Speechin
Musicianship ? noise
problems ?
Universal Music
Program Program
Loudness "g:;;ﬁg
tolerance ? .
habit ?

DO RATINGS DIFFER ASA FUNCTION OF INDIVIDUAL FACTORS?

* Music listening habit
Infrequent music listeners: Universal and Music

Ninfrequent =8 programs, av 3 best HAs
requent =14 ) o i
J Therewere no significant [ 1
differencesin Age and PTA 4 1 L
between the two groups.
J Therewere nosig. differences |

between the 2 programsin the

Y S S i B o S B S S e e
group of frequent listeners. 5 § sq § 5 §-\ § § § §e § §<\
Classical Pop. Favourite Jazz Folk Overall

* Musicianshi
P Nonmusicians: Universal and Music programs,
Niusician =11 . average of 3 best HAs absolute ratings
Nognmsicin =15 =

J Therewere no significant
differencesin Age and PTA
between the two groups.

J Therewere nosig. differences

between the 2 programsin the &
group musicians. &
Classical Pop. Favourite Jazz Folk Overall
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DO RATINGS DIFFER ASA FUNCTION OF INDIVIDUAL FACTORS?

« Tonal working memory
=6 Slow&bad TWM: Universal and Music programs,
average of 3 HAs absolute ratings.

Liniin

Nooodnwm
Neaanum =6

J Therewere no significant
differencesin Age and PTA
between the two groups.

J Therewere nosig. differences
between the 2 programsin the

remaining3 groups. e s G s S VS e S5
Classical Pop Favourite  Jazz Folk Overall

« Self reported speech in noise
(SiN) problems

Good SiN: Universal and Music programs,
Ngoodsin =9 average of 3 HAs absolute ratings
Npagsin =13 =

& Therewere nosignificant differences [ % " \ ‘ k %
inAge and PTA between the two
groups. | | » » o

J Therewere nosig. differences

b h o & 2 a a & a a a & a & a
etweenthe?2 programsinthegroup & & & & ¥ & ¥ & F & F &
- d $ $ S 3 $ $
with self-reported SiN problems. = = = = = s
Classical Pop Favourite Jazz Folk. Overall
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DO RATINGS DIFFER ASA FUNCTION OF INDIVIDUAL FACTORS?

« Self-reported loudness tolerance

Loudness intolerant listeners: Universal and
Music programs, av. 3 HAs absolute ratings

Niougtoterant =5
loudintolerant = 17

J Therewere no significant
differencesin Age and PTA
between the two groups.
There were nosig. differences
between the 2 programsin the
group thatcould tolerate loud
sounds better.

o
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SUMMARY: INDIVIDUAL FACTORS INFLUENCING MUSIC PROGRAM RATINGS

Tonal working memory:

slow and bad
Musicianship: Speech in noise
none Music problems: none
Program
Loudness Music listening:

infrequent

tolerance: low
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MUSIC PERFORMANCE PROGRAM: 2 Case Studies

« Two active musicians from the study were fitted with Primax HAs,
with the Musician Setting Program, and were asked to try the
HAs out for one week and compare them to their own

instruments.
Case study 1 Case study 2
Performance: Performance:
Voice (singing) Trombone
10 10
Listening: Live 2 Performance:
A Performance: Band Speech and
Umnslzﬁi ol Speech and Performance TN music
music \
Listening: Piano Listening: Car
Listening: Rock istening:
n'Roll Classical
Listening:
X @home
- OwnHA Primax - OwnHA - Primax
Musician Musician
Setting Setting P

24
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SUMMARY

J We found evidence for better sound quality ratings of the music program over the

universal program.

J These are style specific: Sound quality of classical, jazz and folk music was rated

significantly higher when listened with music program across 3 different HAs.

JIndividual factors musicianship, music listening habit, loudness sensitivity and tonal

working memory influence sound quality ratings for music and universal program.

J Music performance program was rated as highly successful in 2 case studies, the

only critical point being listening to speech and music signal at the same time.

THE FUTURE Ilvontof

the hearing company
J Measure uncomfortable sound levels J Musical style, musical taste and other
(and match DR sic and DRingividuar) individual factors of the subject should
be intelligently recognized by the music
4 Do not use only musicians as subjects program

J Investigate individual tastes

© Sivantos Pte. Ltd. 2016. Al rights reserved.
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INDIVIDUAL FACTORS INFLUENCING MUSIC LISTENING WITH HAS

Musical Tonal working Music listening hal Speech in noise Loudness
background memory problems sensitivity

bl actively creating  Outcome measures How often do you When | sit together with | feel

ion music TWM test: listen to music? agroup of people ina uncomfortable in
= currentlyplays  Mean split % correct Rarely = (never), few busy envi , Ican  loud envi
instrument Mean split Reaction times/month, few follow the conversation.  Robust = strongly
* singsinachoir  time: times/week Bad SiN = strongly disagree, ~disagree, slightly
atleasttwicea Good TWM: Good &fast ~ Often = every day. slightly disagree disagree
week Bad TW: Bad & slow Good SiN =slightly agree,  Sensitive = slightly
strongly agree agree, strongly agree
PTA, PTA, Age: PTA, Age: PTA low: PTA, Age: PTA, Age:
Age, nosig. no sig. differences group “often” hasa  no sig. dif no sig. dif
W0 differences between both groups  sig. higher HL below  between both groups between both
between both 1kHz(t=-2.195,p< groups
groups -05%) TWM:
PTA, Age, TWM: group robust has a
no sig. differences higher % correct (z
between both =-1.803,p=.101)
groups
N Nrusician =11 Ngoodgtast =6 Nigrely =8 Noooasin =9 Nighust =5
Noonmusician =15 Noadesiow = 6 Nofren =14 Neagosin =13 Neensite =17
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