OO  UNIVERSITAT
uuuuw

Systems Neuroscience & [IIf] oes
Neurotechnology Unit

Hochschule fiir | ]
Technik und Wirischaft ™
. . . des Saarlandes
Neurocenter, Saarland University Hospital I

o R R
—/‘i 4 3
PE

Objective Listening Effort Estimation by
Electroencephalographic Methods



Systems Neuroscience & [iml] oes . . . .
’F«eurmechnologyum III@W “““““ : . Listening Effort — Hearing Impaired Persons

« Listening
— is the process of hearing with intention
and attention for purposeful

activities demanding the expenditure of
mental effort (Kiessling et al., 2003)

— is effortless for normal hearing persons
in ideal listening situations

« Hearing Impaired Persons

— speech comprehension in noisy
situations is usually an effortful process

— cognitive processing demands are
needed to obtain an acceptable level of
audibility
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Listening Effort
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Overview (I)

Main objective:

Development of a neurodiagnostic system,
which reduces listening effort in hearing aid weatres.

» development of a quantitative neurophysical model of atency

brain structure interaction >
— simulation of attention effects on evoked
auditory late responses (ALRSs) potential

amplitude

« analysis of a new approach to estimate listening effort
— extraction of the instantaneous phase of
ALR sequences

« validation of the new measure by experimental data
(gained from different studies)
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Listening - processing of auditory information

1. analytical stage: decomposition into discrete sensory elements
2. synthetical stage: recombination into a perceptual stream

bidirectional, complementary mechanism

PN
bottom-up top-down
exogenous, endogenous,
purely data-driven, subconsciously/
effortless consciously driven,
effortful
Bregman, A. S. (1990). MIT Press, Cambridge Kahneman, D. (1973).

Prentice Hall, EnglewoodCliffs



UNIVERSITAT

Systems Neuroscience & Nﬁﬁw 0ES

Neurotechnology Unit =~ "o Model: endogenous augmentation - ASA

S =
- os Sacrtarios N
Neurocenter, Sanrland University Hospital

endogenous, effortful modulation:
perceptual filling

phonemic restoration

serial stream scanning

degraded automatic stream formation:
missing fine structure
suppressed frequencies
. . . top-down processing
missing modulations P

streamn selection

Shinn-Cunningham, B. G., & Best, V. (2008). W
Trends in Amplification, 12(4), 283-299 exogenous __ W2
w3
& , Limbic
endogenous —— System
factors T-

THALAMUS

gain selection
(G1,G2,G3)

C Trenado, L Haab, DJ Strauss.
IEEE Trans Neural Syst Rehabil Eng. pp. 17:46-52, 2009
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Attention Effects on ALRS

* N1 wave
— influenced by exogenous and g,
endogenous factors E;«S

— reflects selective attention

— amplitude is enhanced by increased
attention to the stimulus

¢ 01 02 03 04 05 0B OF 08

Hillyard, S. A., Hink, R. F., Schwent, V. L., & Picton, T. W. (1973). Tima (a0c)
Science, 182(4108), 177-180.
Naatanen, R., & Michie, P. T. (1979). Biological Psychology, 8(2), 81-136

» Model of corticothalamic feedback dynamics

— predicts endogenous and effortful corticofugal modulations of
ALR single sweeps using large-scale ALR simulations

— predicts larger (instantaneous) phase synchronization stability for an
increased endogenous modulation of the bottom-up data in the range
of the N1 wave

D. J. Strauss, F. Corona-Strauss, C. Trenado, C. Bernarding, D. J. Strauss, F. I. Corona-Strauss and M. Froehlich.
W. Reith, M. Latzel and M. Froehlich. Conf Proc IEEE Eng Med Biol Soc, pp. 1777-1780,

Cogn Neurodyn (2010); 4(2):119-31. 2008
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Calculation of the Synchronization Stability

» set of M ALR sweeps
X={xyme€L*(R):m=1,...,M}

« complex wavelet transform

5 dadb
Wy + L*(R) — L*(R?, > )
(Wya)(a,b) = (2, $ap) 1 Ay

» we define the wavelet phase synchronization stability (WPSS) by

M
1
Top(X) = - Z et ars(Wyzm)(a,b))
m=1

« the WPSS was calculated for M = 100 target stimuli using a scale of a =40
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Extraction of Neural Correlates (ll)

Synchronization Stability and Listening Effort

« we define the wavelet phase synchronization stability (\WPSS) by

M
1 rar - a
Lop(X) = 7 Z ot Ar8(Wywm)(ash))

m=1
« we suggest for a fixed a and b and a suitable experimental paradigm

Listening Effort oc I'y, 5( )

* we define the measure Listening Effort (LE) as the mean of the WPSS in the
range of the N1-wave

« the larger the WPSS, the larger the cognitive effort to solve an auditory
paradigm

D. J. Strauss, F. Corona-Strauss, C. Trenado, C. Bernarding, W. Reith, Bernarding C, Corona-Strauss FI, Latzel M, Strauss DJ.
M. Latzel and M. Froehlich.Cogn Neurodyn (2010); 4(2):119-31. Conf Proc IEEE Eng Med Biol Soc. 2010;1:6817-20
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Comparison: Experiment vs. Model (Feasibility Study)*

D. J. Strauss, F. |. Corona-Strauss, C. Trenado, C. Bernarding, W. Reith, M. Latzel and M. Froehlich. Cogn Neurodyn (2010); 4(2):119-31.
D. J. Strauss, F. |. Corona-Strauss , and M. Froehlich. Conf Proc IEEE Eng Med Biol Soc., 2008, 1777-1780.

Stimulus effects (different noise types, noise onsets)

F.l. Corona-Strauss, C. Bernarding, M. Latzel, and D.J. Strauss. In Proceedings of the 5th International IEEE EMBS Conference on Neural
Engineering, pp. 140-143, 2011.

Investigation of later ALR components (P300 component) and
extraauditive factors

C. Bernarding, D.J. Strauss , M. Latzel, F. I. Corona-Strauss. Conf Proc IEEE Eng Med Biol Soc. 2010;1:6682-5

Extraction of the WPSS in a more realistic listening environment*

C. Bernarding, F. I. Corona-Strauss, M. Latzel , D. J. Strauss . Conf Proc IEEE Eng Med Biol Soc. 2010;1:6817-20

Extraction of the WPSS in different age groups and
hearing impaired persons*

C. Bernarding, D.J. Strauss, R. Hannemann, M. Latzel, H. Seidler, U. Jobst, A. Bellagnech, M. Landwehr , and F.I. Corona-Strauss
Conf Proc IEEE Eng Med Biol Soc. 2011, 2323-2326.
C. Bernarding, D.J. Strauss, R. Hannemann et al., 2013. Brain Research Bulletin



Experimental Validation

Comparison:
Experiment vs. Model
(Feasibility Study)



Experimental Paradigm and Subjects

Experimental Paradigm

« auditory stimuli: pure tones (duration:40ms)
» set of paradigms
— ,Difficult Paradigm (DP)“: three tones (1kHz, target:1.3kHz, 1.6kHz)
— ,Easy Paradigm (EP)“: three tones (0.5kHz, target:1.3kHz, 2.1kHz)
« enhancement of the entropy of the paradigms
— tones had randomized order and randomized
interstimulus intervall of 1-2 s
— maximum effort is required to detect the target tone
(response button)
« presentation at 70 dB SPL to the right ear

(calibration, EN 60645-3: 2007, Test signals of short duration)

Subjects

« 20 subjects (27 £ 4.1 years,11 male, 9 female)
« student volunteers, no history of hearing problems
* normal hearing thresholds (< 15 dB HL)
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Data Acquisition Experimental Setup
. b|03|gr1al amplifier e [ —@5%@
« sampling frequency: 512 Hz Serl Por] = K
 artifacts: rejected by an amplitude T e o=
threshold of 50 pV LI
« bandpassfilter: 1 to 30 Hz Cz = Cononr
D2
A1 . - .
« Ag/AgCl-electrodes Inclusion Criteria
— right mastoid

(ipsilateral to the stimulus),  identifiable waveform

vertex (common reference), of the N1-P2-complex

upper forehead (ground)

— electrodes impedances < 5kQ x x\

C> 20 included subjects
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Neurocenter, Saarland University Hospital

Single-Sweep-Matrices Grand Average of the
WPSS

0.8
40 —DP
30 EP
30 0.6 (measurement)
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. w
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data 8
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0 : % D.J. Strauss, F. Corona-Strauss, C. Trenado, C.
& T 1 L L e | Bernarding, W. Reith, M. Latzel and M. Froehlich.
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Tin | Tine e Cogn Neurodyn (2010); 4(2):119-31.
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Individual Result

* 64 channel recording

solving relaxing

WPSS for the target tone
is much larger in temporal
and parietal areas DP

— for the difficult compared to
the easy conditon -
— for solving the paradigm
compared to the relaxation EP
phase

e R ———— i ——
o o

D. J. Strauss, F. Corona-Strauss, C. Trenado, C.
Bernarding, W. Reith, M. Latzel and M. Froehlich.
Cogn Neurodyn (2010); 4(2):119-31.



Experimental Validation

Extraction of the WPSS in a more realistic
listening environment



Experimental Paradigm

Gaussian window
25ms  25ms

auditory stimuli: consonant-vowel syllables
(female VOiCG, adapted, calibrated en so645-3: 2007))

set of paradigms / \
— ,Difficult Syllable Paradigm (DSP)*: o\

different plosives, same vowel

— ,Easy Syllable Paradigm (ESP)":
different plosives and different vowels 6
O

maximum entropy paradigms e

— randomized order of the syllables
and the interstimulus interval (1-2s)

the paradigms were embedded in female
multi-talker babble noise (SNR +5dB)

intensity level: 65 dB SPL



Subjects and Inclusion Criteria
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Subjects Inclusion Criteria

« 21 subjects (25 £ 3.52 years, - identifiable waveform of the
12 male, 9 female) N1-P2-complex

* student volunteers «  80% correctly detected

* no history of hearing problems target syllables

* normal hearing thresholds
(<15 dB HL) :> 18 included subjects

Subject’s instruction

 detection of the target stimuli (response button) ] J\ \/\

* ignoring the background noise
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Grand Average of the WPSS (different scales) Sca'eS;J:q”:”cy -------
27 Hz
50 si2hz
DSP bsp-esP 40 640Hz
..................... 0 833Mz .
20 12.80 Hz

scales

100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
time [ms] time [ms]
ESP significance map
20 [ -
30 |
9 i
w 40 f I
g L
50 | [ |
60 [
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
time [ms] time [ms]

Bernarding C, Corona-Strauss Fl, Latzel M, Strauss DJ.
Conf Proc IEEE Eng Med Biol Soc. 2010;1:6817-20

black areas:
significant
difference
(p<0.05)
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Grand Average of the WPSS
(over all the 18 subjects, M=70 sweeps, scale a=40)

grand normalized Listening time-resolved
average of the WPSS Effort-Levels  one way ANOVA
1,0 1,0
] —DSP ] ——D&F
0,8 ——ESP |
% - 1 0,14
= 06 S o6- 5
_._qc_), ] L'DJ_J ] i significance level ( p 0.05)
5 04- '% § 0,01-
§ 0,2 L_"
1E-34
0,0 : . . . . . , : : : : : : :
0 200 400 600 800 0 200 400 600 800
time [ms] time [ms]

Bernarding C, Corona-Strauss Fl, Latzel M, Strauss DJ.
Conf Proc IEEE Eng Med Biol Soc. 2010;1:6817-20
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Auditory Late Responses Synchronization Stability

10

” gOOd“ 4+ ——DSP ’ ——DSP
ALR 21 —ESP 2 08 ——ESP
example

o o o
N o [e]
‘ :

o
N
!

amplitude [pV]
N
synchronization stability

0 200 400 600 800 0 200 400 600 800
time [ms] time [ms]

: : 1,0
“ : ——DsP ——DSP
,bad 4 o

: ——ESP
ALR *
example

o o o
IN o ©
! ! ?

o
N
!

amplitude [pV]
N
synchronization stability

@©
o
[«

0 200 400 600 800 : 200 400 600 800
time [ms] time [ms]

o

Bernarding C, Corona-Strauss Fl, Latzel M, Strauss DJ.
Conf Proc IEEE Eng Med Biol Soc. 2010;1:6817-20



Experimental Validation

Extraction of the WPSS In

different age groups and hearing impaired
persons



Experimental Paradigm

« auditory stimuli: consonant-vowel syllables
(female VOiCG, adapted, calibrated en so645-3: 2007))

Gaussian window
25ms 25ms

* set of paradigms
— ,Difficult Syllable Paradigm (DSP)":

different plosives, same vowel |
— ,Easy Syllable Paradigm (ESP)“:

different plosives and different vowels

* maximum entropy paradigms
— randomized order of the syllables and the interstimulus interval (1-2s)

* intensity level
— 65 dB SPL (normal hearing, mild hearing impaired subjects)
— adjusted intensity (moderate hearing impaired subjects)
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A total of 94 subjects participated in the study

* 24 young subjects (13 m/11 ), g
normal hearing levels = :::::4:(‘#‘
(ynh; aged 21 to 35 years, mean age: 25.25 £ 4.01 years, % 0. A, o *e

« 21 middle-aged subjects (9 m/13 f) > “1_gyuh \‘\.\F.
normal hearing levels ] i \
(manh; 40 to 60 years, mean age: 51.15 + 5.64 years) _ =0

. 25 middle-aged subjects (15 m/10 f) . “A— .Z'
with mild hearing loss 27— = sf—-ff
(mild; 45 to 63 years, mean age: 51.87+ 5.82 years) , - f;nqﬂuenc;;Hz] e

24 middle-aged subjects (9 m/15 f)
moderate hearing loss
(mod; 43 to 57 years, mean age: 51.12 + 5.53 years)

C. Bernarding, D.J. Strauss,
R. Hannemann et al., 2013
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Individual Results

Normal hearing

_subject
(PTA: 18.75+24.28, 57 years)

Mild hearing impaired

subject
(PTA: 33.759.31, 55 years)

Moderate hearing

impaired subject
(PTA:45+21.98, 50 years)

WPSS
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»
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e
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e
»
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Summary and Conclusions
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s sairios W l 1

« listening effort correlates can be assessed by the instantaneous phase
synchronization stability of auditory late responses in

—_

different listening conditions
different age groups WPSS was extracted in
normal hearing persons —  atotal of 160 subjects

hearing impaired persons

« strong theroretical basis for the experimental results

» development and validation of a new neuroscientific/ corticothalamic
model of selective attention/ listening effort

« WPSS is a solid measure
(compared to the fragile amplitude information)
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Main objective:

Development of a neurodiagnostic system,

which reduces listening effort in hearing aid weares.

« analysis of a new approach to estimate listening effort
— extraction of the instantaneous phase of
the oscillatory EEG
— calculation of the angular entropy

Overview (Il)
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DES

Let Vo (-) = |a| =2 ((-— )/a)) where ¢ € L*(R) is
the wavelet with 0 < [, |U(w)]*|w|™'dw < oo (¥(w) is the
Fourier transform of the wavelet), and a,b € R, a # 0. The
wavelet transform W, : L?(R) — L?(R?, 444%) of a signal
v € L?(IR) with respect to the wavelet ¢ is given by the inner
L?—product Wy2)(a,b) = (x,%,4)r2. The instantaneous
phase of a signal x € L“(R) can be achieved by taking
the complex argument from the complex wavelet transform
with the signal: ¢, = arg(Wyz)(a,b)). We divided the
phase values into N bins and each bin has the probability
pi, I ={—m,—7m+ =, ..., +7}, with Z p; = 1. Then, the

T
normalized angular entropy can be defined by

p; - Inp;
H=— .
Z In NV

el
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First Study - Oscillatory Activity

Oummﬁmi}t,” P
. Corin, B, EEC f;:ft.‘?:n‘& ‘Eﬁm( G
Focus: Angular Entropy as a possible new measure for the .. ™45 G,
. . . . e " s ”‘f)'r ¢ Osciy fa,
quantification of large-scale listening effort correlates. gy,

,,,,,,,,

« Assumption: Angular entropy reflects phase synchronization effects of the
ongoing activities due to an increased attention on the relevant (speech) signal.

« We expect that smaller values of the angular entropy reflect a more "ordered”
process of the phase distribution.



)
Sys‘EITIS Neuroscience & UNIVERSITAT

NeuroTechnnIogy Unlt e

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Data acquisition

EEG, 32 channels, fs=512Hz, Cz
reference, forehead ground,

impedances <5kOhm

Data analysis

Signals were filtered (0.5-40Hz)

Extraction of the EEG data during the
presentation of the sentence (trigger
signal)

Artifacts were rejected if either the
maximum amplitude threshold exceeded
+70uV or the standard deviation exceeded
+40uV within a moving time window
(window size: 50ms)

@
s \)
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J
@
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A\ \
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LQ(’ (_, -©- Q’ H©
@2 120X 208 201 200

First Study - Oscillatory Activity

> @ 8@ (._, &
H\QLGQ. {

[
)

Q9

\\G@QQG



Neurotechnology Unit ~-~. = =~ St u d y I
Neurocenter, Suarland University Hospital

Paradigm 1 (PD1): I
This paradigm consisted of the original PD | Uik
|

sentences, presented without
any background noise. |

e

Paradigm 2 (PD2):

The second paradigm was built by the original PD Ii
Sentences, embedded in the (SNR 0dB)
speech simulating background noise (SNR of

0dB, cocktail-party environment).

Paradigm 3 (PD3): PD Il

25% of the information of each sentence was (SNR 10dB)
removed. The sentences were also embedded

in the speech simulating background noise.

!
f
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Stimulus presentation

monaural (right side),intensity
65dB SPL

duration of the complete
experiment: approx. 40min

Subjects

13 normal hearing (<15dB HL)
subjects (mean age 24.28+3.12
yrs, 7 F/ 6 M).

12 included subjects (too many
EEG artifacts)

Listening Effort Scale

mihelos

sehr
anstrengend

deutlich
anstrengend

wenig
anstrengend

mittelgradig
anstrengend

sehr wenig
anstrengend

extrem
anstrengend

Study |

Instruction of the subjects

» First part of the experiment
(more active condition)

pay attention to the sentence,
not to the distracting
background noise,

to follow each sentencel/try to
understand each sentence,

to repeat the last word of
each sentence after the signal
(response was noted by the
experimenter).

After the presentation of each
paradigm: subjective rating of
the required listening effort.

« Second part of the experiment
(more passive condition)

The subjects were instructed
to relax, not to listen actively
to the sentences, to repeat if
the signal was presented
(signals were randomly
presented).
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Power Spectrum Analysis

In order to compare the new proposed measure with traditional analysis
methods, we analyzed also the power spectrum of the EEG data.

For the calculation of the power spectrum of each band, the Fourier
transform was applied.

The following frequency bands were analyzed:

* Theta (4-8Hz)

« alpha (8-12Hz)

* beta (12-30Hz)

C. S. Herrmann, M. Grigutsch, and N. A. Busch, Event-related potentials: A methods handbook.
Cambridge, MA: MIT Press, 2005, ch. EEG oscillations and wavelet analysis, pp. 229-259.
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Study I: Results

Listening Effort Scale

« anumber was added to each level of the scale (ranging from 1 (very
little effort) to 7 (extreme effort)).

« For each paradigm, the following ratings were obtained (mean % s.d.):
 PD1:1.16£0.38 (no effort),

« PD2:2.7520.96 (very little effort - little effort),

« PDa3: 3.3311.15 (little effort — moderate effort).

Speech Intelligibility

» All subjects could repeat correctly 100% of the last words of the first
paradigm (PD1; original sentences).

« For the other paradigms, the performance was only slightly reduced:
« PD2 amean of 97.91£1.62%
« PD3 a mean of 98.41+3.17%.
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Study I: Results

EEG Power Spectrum

The power for each
frequency band and condition
(A and B) is illustrated as a
bar graph (from left to right
(light grey to black): theta-,
alpha- and beta band).

None of the power spectra
showed a statistical
significance ((oneway)
ANOVA, p>0.05) between
the two conditions.

Condition

F3 Fa

R TR
Tl dm L Tt
1u T
W la I
"’Ll th i
Il
e Tn tu
Results of the EEG power spectrum analysis for PD1
(representative for all paradigms;p>0.05). The three main
blocks of the power spectrum correspond to one
frequency band (left to right (light grey to black): theta-,

alpha- and beta band). Each bar of one block corresponds
to one condition (left: condition A, right: condition B).
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Study I: Results

Angular Entropy

» Results of the ANOVA for the
analysis of the angular entropy
(cond. A vs. B) for each paradigm

* Only electrode positions are
depicted, where the difference of the
angular entropy between the
conditions was significantly
different(p<0.05).

* The angular entropy was always
significantly enhanced for condition
B (relaxing part) compared to
condition A (solving the paradigm)
for the shown electrode positions.

« Most of the involved electrodes are
located in the frontal areas (e.g. F3,
F4, FC4) within the theta range.

ELECTRODE POSITIONS, IN WHICH THE (ONE-

WAY) ANOVA TEST FOR THE ANALYSIS OF THE
ANGULAR ENTROPY REVEALED SIGNIFICANT

DIFFERENCES (CONDITION A VS. CONDITION B).

frequency | scale PDI PD2 PD3
band

3 10 FC4 F3,Fp2
14 03, F4 FC4
16 F4, FC4 -
18 F4 -
22 FP2 - FC5

« 24 - PO4 -
26 - FC3
30 - T7 F8, FO6
32 - F3 -
34 T7 FPI -
36 - P4, F3 CP2
38 P8 -

f 40 - - T7.P8
4 F3 F3,FPL.F2 -
46 - Fp2 -
48 Fi, FC4 F4 T7
50 F7 FC2 FC4, P8
52 F8 CP2 -
54 P7 0Z P4
56 - - CP6
58 - CP2 -
60 PO3, T7 PO4
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A n g U I ar E n t r O py 0.9957 '£p2 @ condition A (solving) o condition B (relaxing)

0.9956

« The grand averages of the angular [ ‘ l l | i

entropy (over all the 12 included
subjects) for two scales

— a=40 (corresponds to the a/6-border)

— a=48 (corresponds to the center of the | ..« ‘ ‘ ‘ [ { i [
th eta ba n d ) - FC4 ® condition A (solving) @ condition B (relaxing) 8 FC4 @ condition A (solving) © condition B (relaxing):

« The angular entropy is enhanced for ‘ ‘ i ‘

condition B (relaxing part) compared l ‘
to CO n d iti O n A (SO IVi n g th e p a ra d ig m ) . 0.9957 |cpg @ condition A (solving) @ condition B{re\a;ingl 0.9957 | p7 @ condition A (solving) o condition B (relaxing)

« This means, that the angular phase
for the effortful condition is not { [ [ ‘
uniformly distributed, i.e. the phaseis | = [ LI LT o | [T

Angular Entropy

0.9956

Angular Entropy
Angular Entropy

Angular Entropy
Angular Entropy

Py

0.9956

Angular Entropy

Angular Entro

more "ordered” and synchronized in .
these conditions ‘ [

PD 1 PD2 | PD3
scale a=48




Study |l

Obijective

Estimating neural correlates of listening effort in realistic
hearing aid settings by means of oscillatory EEG activity
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Stimuli

« Speech material:

— German sentence test (Oldenburger
Sentence Test (OLSA) Each sentence
has a five-words structure: subject -
verb - numeral - adjective - object

— filtered (1/3 octave band, 18channels,
frequ. range 250-6kHz o en
61260:1905) )Jand attenuated speech
material to simulate a moderate
hearing l0Ss (N3, IEc 60118-15:2008).

« Background noise:

— ,multitalker babble noise®

— consists of 5 speech sequences
(composed by 150 Sentences of the
OLSA Test, male speaker). Each
sequence was shifted in time by one
sentence and finally, the sequences
were added together.

— the babble noise starts 5s before the
presentation of the sentences (Lutsetal.,

2010)

ISMADHA Standard Audiograms - Flat and Moderately Sloping
250 500 Tk 15k 2k 3k 4k Gk N3
0 . n . . . N . A . :
10 + & + + + \ /
30 V \
40 »
K \\‘ ——n1
501 —a—N2
60 N
‘ | —a—nN4
| N5
—a— NG
0 .\‘0\. | 7
) ) '\’\.\: .
b —\‘\\ \ .
N a o o
110
20
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sentencel sentence?2 sentence3 sentence4 sentence5 sentenceb6

+

/

sequence s EIENRY

o
logady il il iy
o

+

sequence 5

il
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- T Experimental Paradigms

Auditory Paradigms (duration: 5min each)

*Test la: Presentation with hearing aid (Control
Measurement, ,First Fit") for acclimatization

— Audiogram: moderate hearing loss (vs, Iec 60118-
15:2008).

— UCL 0.5,1,2,4kHz = 80dB HL
— Mastergain: 18dB
— Speech enhancement 8-15dB
*Test Il: Gain reduction
— Mastergain: 9dB
*Test lll: Gain reduction in the speech area,
— resulting in 11dB Mastergain
*Test IV: Reduction: Speech enhancement
— to 4-5dB
*Test V: Increase: Speech enhancement
— to maximum level 12-24dB ioe oen e
*Test VI: Omnidirectionale microphone
*Test VII: Automatic/ TruEar

*Test Ib: Presentation with hearing aid (Control
Measurement, ,First Fit*, c.f.Test1a)
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« Stimuli presentation:

—speech material: 60 dB SPL
—background noise: 60 dB SPL

(SNR: 0 dB)

* Loudspeakers arrangement
(S=Signal, N=Noise):
—Test la,b-IV.: S0° N 0°

—Test VI-VII.:

* Auditory task

—Repetition of the last word
(after tone- signalization (1kHz))

—Evaluation of listening effort by
a subjective scale after each test

S 0°N 180°

Study Design & Setup

[

-

pC
Signal EEG f Stimulation Unit
! o imulation Uni
active Electrodes N Biosignal a
Amplifier Audio Amplifier

F 3 F Y
EZR Trigger
Controller i

Signal

‘ HA- Hearing Aids

M E=R- Electrodermal
Skin Response
Electrodes

#® EEG Electrodes

Fef.Point

*Mote: the electrodes shown are not
showing the final position,

J:I.BD“
1 2 3 4 5 6 7
mihelos sehr wenig wenig mittelgradig deutlich sehr extrem
anstrengend anstrengend anstrengend anstrengend anstrengend anstrengend




Data acquisition and Analysis

Continuous EEG recording
(Electrode positions according to
10/20 system, 16 channels)

CECENC
< e

@ @ @ @ O

Extraction and analysis of the
instantaneous angular phase
entropy as possible objective
measure of listening effort.
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Normal hearing subjects
* 15 subjects (7m/8f)

Mean pure tone audiograms

« Mean age: 24.8+2.59 years 15— . . . . ——
=©-HL right
10t =d=HL left |
Inclusion criteria: = . W
* 50 % of correctly recognized-
0

repeated words in test 1b 125 250 500 1000 2000 4000 6000

(control measurement) 10

« 85 % artefactfree EEG data .

2 -
Included subjects: % ©
* 14 subjects (7m/ 7f) 025 250 500 1000 2000 4000 6000

 Mean age: 24.78+2.69 years Frequency [HZ]



Linear Fit: Different Approaches
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Approach 1
« ,pseudo” frequency fa (wavelet transform) to fit the line
» Res. structure= unwrapped_phase - 2pi*t*fa;

Approach 2

* Linear fit

* Res. structure = unwrapped_phase —linear fit
« c.f. phase modulated signals

Approach 3

« Calculation of the instantaneous frequency

« Fitaline using the mean of the instantaneous frequency

* Res. structure = unwrapped_phase - 2*pi*mean(instfreq)*t
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unwrapped phase

8000 I
6000
4000
2000
0
2000 | | | | |
0 20 40 60 80 100 120
time [g]
w1 straight line straight line straight fine
3 T T T T 8000 T T T T T 8000 T T T T T
g
G000 G000 + ]
2
4000 4000 + J
1
20001 2000 + ]
D 1 1 1 1 1 D 1 1 1 1 1 D 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 il 80 100 120
time [g] time [5] time [g]
w1 residual structure residual structure w1 residual structure
0 T T T T T 100 T T T T T 0 T T T T T
"
50r 1 At E
-1
21 .
-2
3t _
3 L L L L L 00 L L L L L 4 L L L L L
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 il 80 100 120
time [g] time [5] time [g]

. /
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unwrapped phase
8000 T

5000 | /

4000 +

2000 +

-2000

0 20 40 50 80 100
time [s]

linear fit
8000

120

5000 |- ]

4000 F /
2000 /
0

time [s]

residual structure

120

20 40 50 80 100
time [s]

unwrapped phase-linear fit=residual structure

120

=

Instantaneous phase

radians

] A : f, 3 B _.r_a-)"r’d‘h_”x'“*w
é 3 real-l, WT) = EEG 5 "____,:u—_.—an-\Q
1 rl (’Ii F Fﬁ; f |}71 = /’//«'/’/;'//-A:Q:N\\ ‘}\9 il
A [t | =117 AT
| i J{ - ?il sl e |/ FTT \?\ )
Al ’) { ¢ P AMAA ’MI 2Tl p a.’?—‘i“\ ™SS
rf, 2 i{!‘ ! )}[ }’t | e | Aol Ny )
f‘!’J ‘,‘.’ ﬁp %" 1f #‘\,H tjﬁj‘f E{ ¢ j"’ ;,Tq é‘ o \S i &Y = I/_{,Ejgi’/.l' } f
? | | |\ 1 = TR <, % |/
" % I 1 j phase atan *l # 5j ) \:L\;_? \\?;_“_&/ ):/J el
] band pass 12 10 30 Hz o W] =
I I I - & ry ) 3

time, 5 ms steps

[] 2
real v(t)

imag-|/

“It D unwrapped analytic phase, AP(t)

radians

steps added

imaginary v't)

no temporal filter

W 40 0 60

time, 5 ms steps

time, 5 ms steps

Freeman et. al (2003).

band pass filter
12-30 Hz

Application of Hilbert
transform to scalp EEG
containing EMG.
Human Brain Mapping
19(4):248-272

000

1250
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Neurocenter, Saarland University Hospital

subjective LE-Scale (median)

extrem . . .
sehr| i
deutlich - 1 i angular entropy, T8, scale 40
0.7 T T T T T T T
mittelgradig |- 3 E
- 0.6
wenig i
0.5
sehrwenig E >
04
5
mﬂhelos 1 1 1 1 I 1 1 1 E
1a 2 3 4 5 6 7 1b S 03
test 2
m
0.2
repeated words (mean)
90 | T T T T T T T
I correct 0.1
807 [false .
I no resp
70+ a 0
2 3 4 5 6 7 1
601 | hearing aid settings
50+ _
=
40+ .
30- _
20+ _
10+ -
0 | ] | ] ] u u m
1a 2 3 4 5 6 7 1b

test
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Multidimensional data analysis (e.g. Parafac)

— decomposing EEG-data
(Channel x Frequency x Subjects x Paradigm)

— extracting significant activities from EEG

 region of interest (electrode channels)
» scales/frequencies

1.0 1.0 1.0
0.8 f 0.8 0.8
Condition 0.6 0.6 06
e 0.4 04 0.4
) 0.2 0.2 0.2
0 0 0
40 60 80 0 100 200 13 57 911 2

Hz ms subject condition

1.0 1.0 1.0
Tin 08 08 08
3 06 06 06

0.4 04 0.4

02 0.2 02
Subject a0 60 80 D 100 200 °T 35701 ° 1 2
Hz ms subject condition

Morten Mgrup, Lars Kai Hansen, Christoph S. Herrmann, Josef Parnas, and Sidse M. Arnfred, Parallel
Factor Analysis as an exploratory tool for wavelet transformed event-related EEG
2005
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Thank you for your
attention!
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