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A 

D 

111 that not only auditory cortex regions are involved in the selective neural 

112 processing of concurrent speech, but that a fronto-parietal attention 

113 network contributes to selective neural processing through late 

114 suppression of the ignored talker. 
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Figure 1: Experimental design, forward model, and neural selectivity. A) Two mixed talkers (female & male) 

were presented on both ears without spatial segregation (diotic). B) The signal-ta-noise ratio (SNR) between 
attended (signal) and ignored (noise) talker was varied between -6, 0 and +6 dB by either raising the level of the 
attended talker or the ignored talker. Length of ramps and plateaus were drawn from uniform distributions. C) 

Neural selectivity here expressed as classification accuracy in detection of the attended and ignored talker 
averaged across subjects. Shown here is accuracy as obtained by prediction of EEG signals (Fiedler et aI., 2017) at 
single EEG channels and single voxels in source space, respectively. Highlighted channels of topographic maps 
indicate that the lower bound of the confidence interval (bootstrapped mean on the group level) was greater 
than the 95%-confidence bound of a binomial distribution (ClO.95 = 60%). D) Temporal response functions (TRF) 
to the attended and ignored talker were extracted by a forward (encoding) regression model based on the 
assumption that the measured EEG signal is the superposition (convolution) of the envelope onsets (of the 
attended and ignored talkers) and the TRFs, respectively. TRFs reflect the neural response evoked by a single 
envelope onset. 
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Figure 2: Temporal response functions (TRF) to continuous speech of concurrent talkers under 

balanced SNR (0 dB). TRF p-weights depict average across subjects and average across channels of 

interest. Confidence bands (95%) were obtained by bootstrapping the mean across subjects. Horizontal 

lines indicate time ranges of significant difference from zero obtained from a cluster-based permutation 

test at the group level. Topographic maps show l3-weights of clusters averaged across the cluster time 

range. Highlighted channels are part of the significant clusters. Source localizations show the 20% most 

strongly contributing voxels. A) Response to the attended talker (green, upper topographic maps) clearly 

show a cascade of three components (PhRF-N1 TRF-P2TRF). Response to the ignored talker (red, lower 

topographic maps) only show a P1 TRF, whereas the N1TRF and P2TRF are suppressed. B) Significant 

differences between neural responses to the attended and ignored talker are present in the N1 TRF-and 

P2TRF-timerange. Thin grey lines show single subject TRFs averaged across channels of interest. 

139 Attention modulates neural responses to concurrent speech 

140 Next, we assessed in greater detail the unfolding of attentional selection of 

141 to-be-attended speech in time. To this end, we estimated the TRFs from the 

142 balanced SNR trials of 0 dB (i.e. independent of the SNR manipulation) and 

143 assessed the most prominent response components and their modulation 

144 by attention. We inspected both the TRFs to the attended and ignored 

145 talker individually (Fig. 2A), as well as the difference between the TRFs to 

146 the attended and ignored talker (Fig. 2B) to examine signatures of neural 

147 selectivity. 
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Figure 3: Temporal response functions (TRF) to continuous speech of concurrent talkers contrasted 

as dominantvs. non-dominant talkers and attended vs. ignored talkers, respectively. TRF [3-weights 

depict average across (N = 18) subjects and average across channels of interest. Confidence bands (95%) 

were obtained by bootstrapping the mean across subjects. Schematic bar graphs indicate the 

investigated contrast. Black horizontal lines indicate time ranges of significant difference obtained from a 

cluster-based permutation test at the group level. Topographic maps show ~-weight differences of 

clusters averaged across the cI uster time range. Highlighted channels are part of the significant clusters. 

Source localizations show the 20% most strongly contributing voxels with full opacity. A) Responses to 
the non-dominant attended talker are delayed compared to the dominant attended talker. B) A late 

component appeared in the response to the dominant ignored talker, which involved parietal regions. C) 

Late negative response (N2TflF) to the dominant ignored talker appears anti-polar to the response to the 

dominant attended talker. Inset: Magnitude of the attended-ignored TRF difference summed across all 

time lags for dominant and non-dominant talkers. D) Non-dominant talkers show significant but 

decreased attention-related differences. 

224 Neural selectivity increases by way of a late cortical representation of 

225 ignored speech 

226 We established two measures to quantify the encoding and the selective 

227 neural processing of the talkers during the unfolding of the neural response 

228 reflected in the TRFs. First, neural tracking is a measure of how strongly a 

229 single talker is represented (i.e., encoded) in the EEG. Second, neural 

230 selectivity quantifies how accurately an attended talker can be identified as 

231 attended and an ignored talker as ignored, respectively. 
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Figure 4: Unfolding of neural tracking and neural selectivity reveals late neural selective 

processing of the ignored talker. Neural tracking and neural selectivity were estimated based on 

the extracted TRFs to the attended (green), the ignored (red), as well as both talkers (grey). 

Confidence bands (95%) were obtained by bootstrapping. Highlighted channels (topographic maps) 

are part of a significant cluster. Source localizations show the 20% most strongly contributing voxels 

with full opacity. A) Neural tracking across all time lags (-100-500 ms). Scatterplots (bottom) show 

single-subject data averaged across channels of interest. Grey lines indicate overall neural tracking of 

both talkers at the 45°-line. B) Unfolding of neural tracking across time lags under SNR of-6 (left) and 

+6 dB (right). C) Contrast of neural tracking between the dominant and non-dominant ignored talker. 

D) Correlation of change in neural tracking and change of neural selectivity at T = 256 ms. E) Neural 

selectivity across all time lags (-100-500 ms). Scatterplots (bottom) show single-subject data 

averaged across channels of interest. Grey lines indicate overall neural tracking of both talkers at the 

45°-line. F) Unfolding of neural selectivity across time lags under SNR of -6 (left) and +6 dB (right). G) 

Contrast of neural selectivity between the dominant and non-dominant ignored talker. 
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Figure 51: Unfolding of neural tracking and neural selectivity under the 

balanced 5NR of 0 dB. Neural tracking and neural selectivity were estimated 

based on the extracted TRFs to the attended (green), the ignored (red) as well as 

both talkers (grey). Confidence bands (95%) were obtained by bootstrapping. 

Highlighted channels (topographic maps) are part of a significant cluster. A) 

Neural tracking across all time lags (-100-500 ms). Scatterplots (bottom) show 

single-subject data averaged across channels of interest. Grey lines indicate 

overall neural tracking of both talkers at the 45°-line. B) Neural selectivity across 

all time lags (-100-500 ms). Scatterplots (bottom) show single-subject data 

averaged across channels of interest. Grey lines indicate overall neural selectivity 

of both talkers at the 45°-line. 
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877 13.73, P = 0.002). No interaction between SNR and attention was found 

878 (F1.61.27A2= 1.93, P = 0.171; see appendix for more details). 
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Figure 52: Peak latencies extracted from TRFs of single subjects for dominant (purple), 

balanced (black) and non-dominant talkers (attended and ignored). 
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Figure 53: Peak amplitudes extracted from TRFs of single subjects for dominant (purple), balanced 

(black) and non-dominant talkers (attended and ignored). 
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