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General Results

• Preserving TFS in signal and masker increased perfor-
mance (Fig 4).

• TFS is beneficial for speech perception against fluctu-
ating masker [cf. 2].

 • The ERP showed a sustained contingent negative varia-
tion (CNV) after masker onset (Fig 5). CNV amplitude de-
creased when TFS was preserved.

• Reduced CNV when preserving TFS indicates decreased 
selective attention [6] and cortical arousal [7].

 
• Preserving TFS increased the alpha (8-13 Hz) suppression 

after onset of first and second numeral (Fig 5).
• Alpha suppression might index enhanced downstream 

auditory processing and facilitation of speech percep-
tion [8].

Age-Specific Results

• Old subjects required a significantly better SBR (Fig 3).
• Old subjects’ reaction times were more strongly modu-

lated by preserving TFS (Fig 4).
• Effect of TFS preservation on alpha suppression after first 

numeral was stronger for old subjects (Fig 5).
• Old subjects’ speech processing mechanisms are more 

strongly bottom-up driven by TFS manipulations [cf. 9]. 

Conclusions

• Preserving TFS in speech...
 ... increases intelligibility, 
 ... reduces the need for selective attention,
 ... facilitates cognitive operations performed on the   

 speech signal. 

Fig 4. Behavioral Results
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Fig 5. EEG Results
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Fig 1. Components of the Speech Signal

Fig 2. Temporal Fine Structure Manipulation

Si
gn

al
-t

o-
Ba

ck
gr

ou
nd

 R
at

io
 (d

B)

0

-10

-20

Young Old

p = .001

TFS Preservation (kHz)

%
 P

er
fo

rm
an

ce
 g

ai
n

0

10

20

0

-1

1

%
 C

on
fid

en
ce

 g
ai

n

0

10

20

30

40

Young
Old

≤ .11 ≤ .21 ≤ .4 ≤ .76 ≤ 1.45

0

-.1

-.2

-.3

-.4

RT
 g

ai
n 

(z
-s

co
re

)

TFS Effect: p < .01
Age Effect: p = .48
Interaction: p = .55

TFS Effect: p < .01
Age Effect: p = .61
Interaction: p = .82

TFS Effect: p < .01
Age Effect: p = .01
Interaction: p = .06

Frequency (kHz)
.11 .21 .4 .76 1.45

TFS Preservation ≤ .76 kHz
A

m
pl

itu
de

TFS Preservation ≤ .21 kHz

No TFS Preservation

2.76 5.25 10

Intact TFS

Sine-tone

0

ERP
High TFS Low TFS

A
m

pl
itu

de
 (µ

V
)

3

-3

Preserving TFS decreases ERP 
amplitude; p < .01

z
4

-4

1st Numeral 
(.5 s)

“75” “51”

2nd Numeral 
(~3.225 s)

Young

Old

Stronger Alpha suppression 
for old subjects; p < .01

z
3

-3

Preserving TFS increases 
alpha suppression; p < .02

z
5

-5

Alpha (8-13 Hz)

All 
channels

Po
w

er
 c

ha
ng

e 
(%

) 100

Materials

Fz

Masker 
onset (0 s) Distracting speech masker
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• The speech signal in each frequency band can be divided 
into two components ([1]; Fig 1):

 1) slowly fluctuating Temporal Envelope 
 2) fast carrier signal (Temporal Fine Structure; TFS).
• TFS has proven beneficial for speech perception in the 

presence of a fluctuating masker [2].
• Prior studies suggest that sensitivity to TFS might decline 

with age [3,4].
• In an electroencephalography (EEG) study, we investi-

gated the neural mechanisms sensitive to manipulations 
of  TFS in speech for young and old listeners.

• Twenty young (20-30 years) and 20 old (60-70 years)   
subjects performed a masker-obliterated auditory   
number comparison task.

• Materials: Two spoken numerals (signal) embedded in a 
distracting  speech masker (background; Fig 5) 

• Task: Indicate whether the second numeral was smaller 
or larger than the first.

• Manipulation: Replace TFS in frequency bands above a 

cutoff value  by an envelope-modulated sine-tone   
and preserve TFS below cutoff (Fig 2; [1]).

• Adaptive tracking: Determine subject-specific 
Signal-to-Background Ratio (SBR; Fig 3) for 70% correct 
performance on materials without TFS.

• Experiment: Materials were presented at individual SBR. 
Materials were amplified and equalised to adapt to au-
diometric thresholds using the CAMEQ procedure [5]. 
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