
Word discrimination @cutoff:  

T<5 Hz: 74 ± 3.4% 
T<6 Hz: 87 ± 1.2%

S<0.3 cyc/kHz: 68 ± 4.5%  
S<0.45 cyc/kHz: 83 ± 2.7%

z-score

Sp
ec

tra
l <

0.
3 
cy

c/
kH

z

Sp
ec

tra
l <

0.
45

 c
yc

/k
Hz

Cl
ea

n

Te
m
po

ra
l <

 6
 H

z

Te
m
po

ra
l <

 5
 H

z

0

0.05

0.1

0.15

E
n
co

d
in

g
 A

cc
u
ra

cy
 (

r)

n.s n.s

**
**

**
**

Methods

Research questions

Background

Percent correct words using IEEE sentences (male speaker) for different spectral and temporal modulation filters

p<0.05

What is the effect of modulation filtering on cortical tracking of spectro-
temporal features?

What is the effect of modulation filtering on cortical tracking of 
spectro-temporal features?

What is the effect of modulation filtering on speech intelligibility?

What is the effect of modulation filtering on speech intelligibility?

Can we recover spectro-temporal modulation degradation from neural 
representations? 

Differences in weights reveal the most degraded regions in the spectrogram.

The clean model cannot predict degraded conditions for our dataset.

Intelligibility decreases with increasing degradation (comparable to previous studies)

Can we recover spectro-temporal modulation degradation from 
neural representations? 

t-statistics for significance level:

Clean: t(12)=6.47, p<0.01 

Temporal<5 Hz: t(12)=-0.28, p=0.78 

Temporal<6 Hz: t(12)=0.11, p=0.91 

Spectral<0.3 cyc/kHz: t(12)=-1.66, p=0.12

Spectral<0.45 cyc/kHz: t(12)=-0.76, p=0.46

EEG

Stimuli: audiobook  snippets (3 min)

63 dBA/ch, male speaker

64-channel Bio-Semi Active Two

mTRF toolbox, fieldtrip

5 conditions x 5 presentations per cond.

Experiment progression

Behaviour

Stimuli: IEEE sentences (Lists 1-14)

63 dBA/ch, male speaker

Accuracy: Number of unique correct words

Modulation filter

13 adult (8 female), normal-hearing, right-

handed participants.

Age: 25 [20-30] years 

Temporal Spectral

Effects of spectral and temporal modulation degradation 
on intelligibility and cortical tracking of speech signals

Train model based 

on clean condition 

only

Predict responses for 

all conditions with that 

single model

Evaluate changes in 

prediction accuracy with 

respect to the clean model

Compare model weights 

of degraded and clean 

conditions

Evaluate intelligibility of speech without modulation information.

Get reference intelligibility values for EEG experiment.

Replicate previous findings (Elliot & Theunissen, 2009; Flinker et al. 2019).

Train an optimum 

model for each 

condition

Predict responses for 

each condition

Click to start
Trial 1

+

stimulus: ~3min

t=0

Question 1
Question 2

?

Click to start
Trial 2

Behaviour

EEG

) 

Spectral degradation Temporal degradation

Spectral

Clean TRFs (Cz) Di Liberto et al. (2015)

Temporal

Take-home messages

Cluster based analysis (N=5000), corrected for multiple comparisons 

Prediction accuracy of clean model for all conditions

Example envelopes for each degradation

Prediction accuracy of models for each condition

Envelope correlation w/clean for a single audio file

● Temporal and spectral modulations are fundamental for speech understanding, 
with temporal modulations being the most important (as shown in previous 
research).

● Systematic removal of spectral and temporal modulations leads to a decrease 
in encoding accuracy of EEG data.

● Comparing the model weights between clean and degraded conditions is a 
potential tool to capture spectral and temporal degradations from neural signals.
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● Spectro-temporal modulations are the fundamental building blocks of 

complex signals, carrying important cues for speech intelligibility.

● Consequences of missing spectral and temporal information are of 

particular importance for aging populations and recipients of hearing 

devices as they receive less spectro-temporal information, detrimental for 

speech processing.

● Cortical tracking in response to naturalistic stimuli has provided insights into 

speech processing and information transmission. 

● Assessing cortical tracking under situations with spectral and temporal 

degradations can help us better understand how stimuli are encoded in 

patient populations. 

● This could provide an objective measure to study information 

transmission when confronted with bottom-up degradations of speech signal.
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