The relation between neural entrainment and speech intelligibility
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Objective correlate of speech understanding Experiment 1: effect of stimulus SNR Experiment 3: effect of playing Tetris

» Speech envelope is a primary cue for speech understanding (Shannon et al., 1995) The eesuie o memeimils dhedks 17 ifhe feeenssuasien

% quality at a higher SNR is higher than the reconstruction
| quality at a lower SNR. If the reconstruction quality in-
$ creases monotonically with SNR (e.g. the left hand figure)
Y the percentage correct will be 100%.

| The right hand figure shows a significant correlation be-
%If tween reconstruction quality and stimulus SNR over 33
: subjects (Spearman’s p = 0.85,p < 0.001).

-  Both figures are obtained using a grand average decoder

s with an 0-75 ms integration window and a 0.5-4 Hz pass
band.
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» Cortical neural activity tracks the neural envelope of running speech (Peelle and Davis, 2012) 0.30 subject12 e
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» Reconstruction of speech envelope from cortical activity is possible (Ding and Simon, 2011) B
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Research question
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Question 1: Does the reconstruction quality of the speech envelope correlate with behaviourally measured speech understanding?

Question 2: Does the reconstruction quality of the speech envelope depend on how much attention the subject paid to the stimulus? Hypothesis: attention(subject) | =
SNR(EEG) | = reconstruction quality |

Question 3: Can we remove/reduce the effect of attention by choosing optimal signal processing parameters?
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Figure: Integration window: 0-75 ms. Watching Tetris Figure: Integration window: 0-75 ms. Playing Tetris

Reconstruction quality (Spearman correlation)
Reconstruction quality (Spearman correlation)
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-0.05 - » Reconstruction quality increases quasi-monotonically when subjects were attentively

listening to speech sentences while watching a Tetris game (Spearman p = 0.7).
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2. Methods
9.50 7.60 5.50 -1.00 o T S T S S S S S S S S R » When playing a Tetris game, the reconstruction quality did not increase with SNR
Participants SNR (¢B) T e e e T (Spearman p — ~0.5).

Figure: Example result. The reconstruction quality increase monotonically. Figure: The reconstruction quality at different SNRs for 33 subjects. Spearman’s » These results do not correspond with the results from the previous conditions. However,
3 experiments: » BioSemi system with 64 electrodes Correlations outside the grey band are significant. p(reconstruction quality, stimulus SNR) =0.85,p < 0.001). playing Tetris introduced many motor and muscle artefacts, something which was not

1. 33 young normal hearing subjects, aged 21-29 years » Flemish story to train linear decoder: 15 minutes St 5 L i R present in the previous conditions. Also the cognitive load increase when playing Tetris
A ENAES ENS CREEe TR & Sl gasl SREaile eleeel which decreases the entrainment of the auditory stimulus.
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2. 4 young normal hearIng subJ.ects, aged 22-29 years > Llstenmg.t.o Flemish Matrix speech sentences at > 5 SNRs © 0060 s @ ® O ® ® O 0 The monotonicity is maximal with an 0-75 ms integration
3. 8 young normal hearing subjects, aged 19-23 years > 2-4 repetitions ® 00 ¢ window (left figure) and a 0.5-4 Hz pass band (right
7F " -
200 —. . ‘ . 83.3 . . . . . . 83.3 flgure). _ 4- CO"C'US'O“
These results can be explained as follows: early responses
-, - 0000 Q or @ ©® ® l.e. <75 ms) are less modulated by attention com-
3 EEG conditions N < 1ees g e ) . y . 1. We found that reconstruction quality of the speech envelope increases with stimulus SNR
s (OO 0 0 0 0 o ' — <| e  pared to later responses (i.e. > 75 ms). Frequencies . . . .
c 150 - 5 NANYXY ® 2 lower than 4 Hz contain more prosodic information of when choosing an integration window of 0-75 ms and a pass band of 0.5-4 Hz. Our
1. Maximal attention: anwering questions about the speech stimuli @ 006060600090 g g § o e T hypothesis is that the integration window minimises the affect of attention on the level of
- - - c - 50. i : . ' . entrainment (Puvvada and Simon, 2015: O'Sullivan et al., 2014).
2. Watching an animated movie 3 060006009 2 | %4 L ® ® S, %00 noise compared to the phonemes of the speech signal _ ( _ _ T ) o
3. Playing tetris 2@ ® O O® O 2 S = el e Fove) e @enmalns with speee frellialbiliy ot & 2. When subjects were watching a movie while listening to the speech stimuli, we found
O o —_ i E . . . . 5 . . . . - . . _ . .
2 o000 gl s @ @ O S subject-specific level (Ding and Simon, 2013). m.onotonlcally increasing recc.)nstructlc.)n quality with stlmulu:? S.NR in the 0-75 ms integration
S g =] Q 333 window. Other integration windows did not show a monotonic increase as shown by the lower
O .
50 —. ¢ 6 = 2 O = correlations.
Signal processing o0 o . 3. When subjects were playing Tetris while listening to the speech stimuli, we did not find this
> i monotonic increase. We found the monotonic increase when the same subjects attentively
oL listened to the speech stimuli. While this can be the result of failing to remove the effect of

Noise 0.0 0 ' | | ' ' ' . 0.0 attention, it can also be due to artefacts.
0 ” i h > > i 1 i X ) i ° ’ ° Research question 1: The reconstruction quality increases as the SNR of the stimulus increases.

Lower bounds (ms) Lower bounds (Hz) ) _ _ _ _ _
L . . o . . Research question 2: When the attention of the subject was diverted to a movie or a Tetris
] BP Figure: The measure of monotonicity as a function of lower and upper bound of Figure: The measure of monotonicity as a function of lower and upper bound of _ _
EEG BN — decode N . e fieaon whndew. he el wees i game, we found a decrease of reconstruction quality at some SNRs.
Q filter ‘I SN R, Research question 3: By choosing an integration window from 0-75 ms we were able to reduce
e v the effect of attention in the movie condition but not in the Tetris condition.
N SN Ry
. Correlation . Experiment 2: effect of watching a movie
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correlation using only the early responses is significantly higher than the 0-250 ms integration window (tested using Zou's confidence interval). For the maximal attention condition, we found no
significant difference. For the early responses, the movie condition shows more monotonic results compared to the maximal attention, we think is due to less variation in the attention level.
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