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Evaluat|0n procedures UNIVERSITATSKLINIKUM
Organized along the ascending auditory system GIESSEN UND MARBURG

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests

- Speech in noise tests

Ascending
- Speech in quiet tests auditory

system
- Loudness scaling

- Threshold measurements

- Real-ear (insitu) measurements

- Coupler measurements
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Eval U_at|0 n procedu re§ UNIVERSITATSKLINIKUM
Perceptive vs. non-perceptive Sl
Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests

- Speech in noise tests

Perception
- Speech in quiet tests involved
- Loudness scaling
- Threshold measurements
- Real-ear (insitu) measurements
Perception
not involved

- Coupler measurements




Evaluation procedures

TUKGM
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Verification vs. validation GIESSEN UND MARBURG
Toolbox
- Questionnaires, diaries
(satisfaction, benefit etc.)
Validation:

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests

- Directional/spatial hearing tests

- Speech in noise tests

- Speech in quiet tests

| _ I_;Jd_n;s_s_s_c;l;n_g _____________

- Threshold measurements

- Real-ear (insitu) measurements

- Coupler measurements

Assessment of
user benefit

and

matching
with
user needs

Verification:
Matching
with targets




Hearing aid evaluation
A multidimensional task

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests
- Speech in noise tests
- Speech in quiet tests
. Loudness scaling
- Threshold measurements

- Real-ear (insitu) measurements

- Coupler measurements
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ISTS: International speech test signal

U KGM

UNIVERSITATSKLINIKUM

IEC 60118-15 (draft): Signal processing in hearing aidsGiessen unp MarsUrG

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests
- Speech in noise tests
- Speech in quiet tests
. Loudness scaling
- Threshold measurements

- Real-ear measurements = ISTS

- Coupler measurements = ISTS

Level in dB SPL

One-third-octave band spectrum

I 30-65%
I 55-99%

0
0.26 0.5

1

Frequency in kHz

ISTS and real speech corresponds in terms of:
-Long-term and short-time spectrum
-Fundamental frequency
- Modulation spectrum

-Comodulations
-Pause duration

99%

percentile

LTASS
65%

30%

| percentile



Evaluation of noise reduction schemes
ISTS plus stationary speech shaped noise

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests
- Speech in noise tests
- Speech in quiet tests
. Loudness scaling
- Threshold measurements

- Real-ear measurements

- Coupler measurements = ISTS
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Evaluation of frequency response fitting | ocrsrsrimicun
Real-ear measurements with ISTS (ISMADHA) GIESSEN UND MARBURG

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests
- Speech in noise tests
- Speech in quiet tests
. Loudness scaling
- Threshold measurements

- Real-ear measurements = ISTS

- Coupler measurements

Real Ear Aided
Response (REAR)

Real Ear Unaided
Response (REUR)

Real Ear Insertion Response (REIR) = REAR - REUR



Evaluation of frequency response fitting e e

Real-ear measurements with ISTS (ISMADHA) GIESSEN UND MARBURG
HA input relative to normal hearing HA output relative to hearing impairment
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Evaluation of frequency response fitting e e

Real-ear measurements with ISTS (ISMADHA) GIESSEN UND MARBURG
HA input relative to normal hearing HA output relative to hearing impairment
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Evaluation of frequency response fitting e e

Real-ear measurements with ISTS (ISMADHA) GIESSEN UND MARBURG
HA input relative to normal hearing HA output relative to hearing impairment
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Evaluation of speech recognition in noise
SRT for Oldenburg sentences in noise (OLSA)

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests

- Directional/spatial hearing tests

- Speech in noise tests = OLSA

- Speech in quiet tests

- Loudness scaling

- Threshold measurements

- Real-ear measurements

- Coupler measurements

UNIVERSITATSKLINIKUM
GIESSEN UND MARBURG

Procedure
Name Verb Number Adjective Noun
Peter got three large desks.
Kathy sees nine small chairs.
Lucy\ bought five old shoes.
Alan \ gives eight dark toys.
Rachel \ sold P four\ thin / Spoons.
Barry likes Six green mugs.
Steven \\‘ has 7/ / two \\ cheap // ships.
Thomas kept ten \ pink/ rings.
Hannah wins twelve red’ tins.
Nina wants some big beds.

Lucy has four
red shoes.

Trial #




Evaluation of speech recognition in noise

SRT in dB SNR
for OLSA sentences
o

SRT for OLSA: Example
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Evaluation of speech recognition in noise

UNIVERSITATSKLINIKUM

Just Follow Conversation Test (JFC) GIESSEN UND MARBURG

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests
- Speech in noise tests = JFC
- Speech in quiet tests
. Loudness scaling
- Threshold measurements

- Real-ear measurements

- Coupler measurements

Procedure

Adjustment by test person of SNR that allows “just
following conversation”

Signals:
Speech: running conversation/dialogue or
repeated single sentence
Noise: unmodulated / modulated noise

Presentation levels:
Speech: adaptive level
Noise: fixed level, e.g. 65 dB

Turning wheel Touch screen



Evaluation of speech recognition in noise
JFC: Test vs. retest

UNIVERSITATSKLINIKUM

GIESSEN UND MARBURG

JFC in dB SNR (retest)
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Test vs. retest
short-term

Gurtler 2008 |
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JFC [dB SNR] retest

Test vs. retest
long-term

Girtler 2008 |
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Evaluation of speech recognition in noise e e

JFC: Example GIESSEN UND MARBURG
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Evaluation of speech recognition in noise
Acceptable Noise Level Test (ANL, Nabelek 1991)

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests
- Speech in noise tests = ANL

- Speech in quiet tests

- Loudness scaling

- Threshold measurements

- Real-ear measurements

- Coupler measurements

UNIVERSITATSKLINIKUM
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Procedure
4 )
Step 1
Signal: speech
Adjustment of speech to
“most comfortable level”
Result: Most Comfortable Level (MCL)

\_ J
4 I

Step 2
Signal: Speech in background noise

Adjustment of background noise to
“acceptable long-term level”
Result: Background Noise Level (BNL)

N/

Step 3
Calculation of acceptable noise level

Result: Acceptable Noise Level
ANL = MCL - BNL

For evaluation of noise reduction:
A ANL = ANL(NR_¢) - ANL (NR_)

AN




Evaluation of speech recognition in noise
ANL: Example

A ANL in dB SNR

10
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Schliiter & Holube 2009
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Ease of listening test
Assessment of self-rated listening effort

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests
- Speech in noise tests
- Speech in quiet tests
. Loudness scaling
- Threshold measurements

- Real-ear measurements

- Coupler measurements

UNIVERSITATSKLINIKUM
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Procedure

Assessment of self-rated listening effort

Signals:

Speech: running conversation/dialogue
or repeated single sentences
(http://hearcom.eu )

Noise: unmodulated / modulated noise

Presentation levels:

Fixed SNR: e.g. + 5 dB, - 5 dB
Individual SNR: adjusted to 60-90 % speech
recognition score

Please use the slider to scale your listening effort 1A

Not at all difficult 5

STOP

Somewhat difficult 4} |
Moderately difficult 3._

Rather difficult 2 Your preference_ 3

CONTINUE

Extremely difficult 41



http://hearcom.eu/

~ s TUKGMe
ase o i IS enlng es UNIVERSITATSKLINIKUM
Example: Noise Reduction off/on GIESSEN UND MARBURG

Not at all _

difficult 1 Noise reduction off
B Noise reduction on
I T
Somewhat
difficult S
A
‘ —
Moderately - T o
difficult J_ Il =

]
—

Rather I_—I
difficult .
¢
Extremely

difficult
ICRA 1 noise ICRA 4 noise ICRA 1 noise ICRA 4 noise
@ -5dB @ -5dB

@ +5dB @ +5dB




Quality rating
Assessment of self-rated listening effort

Toolbox

- Questionnaires, diaries
(satisfaction, benefit etc.)

- Quality rating - absolute or relative
(sound, intelligibility, preference etc.)

- Ease of listening tests
- Directional/spatial hearing tests
- Speech in noise tests
- Speech in quiet tests
. Loudness scaling
- Threshold measurements

- Real-ear measurements

- Coupler measurements

100

80 |

60 |

40 |

20 |

Procedure

Setting
A

Setting
B

Switch A/B

Condition Cond. Cond. Cond.
A B C D

UNIVERSITATSKLINIKUM
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Bl A better

1 No difference
B B better




Overview on questionnaires (1) TS ST
Performance and satisfaction in everyday-life GIESSEN UND MARBURG

Oldenburg Inventory (in German available only)
- by Holube & Kollmeier 1991 & 1994
- 18 items total
- 1 subscale (6 items) on speech understanding in noise
(=> noise reduction)

Gothenburg Profile
- by Ringdahl et al. 1998
- 20 items total
- 1 subscale (5 items) on speech understanding
(not particularly on speech in noise)

Abbreviated Profile of Hearing Aid Benefit (APHAB)
- by Cox & Alexander 1995
- 24 items total
- 1 subscale (6 items) on speech understanding in background noise
(=> noise reduction)



Overview on questionnaires (2) TS ST
Performance and satisfaction in everyday-life GIESSEN UND MARBURG

Glasgow Hearing Aid Benefit Profile (GHABP)
- by Gatehouse 1999
- 4 items with closed set of responses + 4 open items
- 2 items on speech understanding in noise
(=> noise reduction)

Satisfaction with Amplification in Daily Life (SADL)
- by Cox & Alexander (1999)
- 15 items
- some items can be used for evaluation of noise reduction

International Outcome Inventory for Hearing Aids (I0I-HA)
- by an international work group (Cox et al. 2000)
- 7 items
- some items can be used for evaluation of noise reduction

Speech, Spatial and Qualities of hearing scale (SSQ)
- by Gatehouse & Noble (2004)
- 49 items
- 1 subscale (14 items) on speech understanding
- some of these 14 items can be used for evaluation of noise reduction
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Final remarks and summary

- Hearing aid evaluation procedures can be classified
into two groups:

- verification tools

- validation tools

- Verification means mostly objective (sometimes
also subjective) measurement of hearing aid
performance to be compared with prescribed targets

- Validation means assessment of benefit from and
satisfaction with hearing aids to be matched with the
personal fitting goals

- For the evaluation of noise reduction algorithms
appropriate methods are available on several levels of
the signal path/auditory system
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