










encoder and the training of the ECoG decoder share the same training/testing848

set partition.849
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Figure E1: The spectral energy distribution of the decoded and original speech
for five patients. Visualized by averaging the broadband spectrograms magni-
tude across time of all test samples.
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Figure E2: Normalized contrast of feedforward vs. feedback contribution.
(a) electrode level feedforward-feedback contribution contrast, normalized by
the sum of feedforward and feedback contribution magnitude. (b) elec-
trodes with large feedforward-feedback polarity with the normalized contrast
magnitude>0.9. (c) The histogram of the normalized contrast. Positive bins
correspond to anticausal polarization.

42

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted December 7, 2021. ; https://doi.org/10.1101/2021.12.06.471521doi: bioRxiv preprint 



Figure E3: Electrodes array and implant location of all five patients (P1-P5) in
our experiments. (a) The 128 electrodes on the hybrid density ECoG array. (b)
All electrodes on cortex (MNI). (c) All electrodes with usable data. Only data
from these electrodes are used to train the ECoG decoder models.
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Anatomical region p z
rSTG 0.0332 -2.9628
cSTG 1.607E-15 9.6234
rMTG 2.5108E-04 4.9359
mMTG 1.5257E-13 9.0185
cMTG 0.2269 1.5656
ventralprecentral 4.9511E-8 -7.1409
dorsalprecentral 0.4349 0.6525
postcentral 6.419E-04 -4.9612
cMFG 0.0248 3.1417
rMFG 0.1988 1.7202
parstriangularis 2.6715E-06 6.3518
parsopercularis 8.0693E-15 -9.6185
supramarginal 1.1144E-04 5.3919

Table 1: Statistics of data in Figure 3f. The P-value and Z-value are reported
for Wilcoxon sign rank test between feedback and feedforward contributions
across all electrodes and test trials within each anatomical region. The Z-value
represents the rank based test statistic with positive values reflecting anticausal
contributions and negative values reflecting causal contributions.
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Causal vs. Anticausal Causal during vs pre
Anatomical region P-value Z-value P-value Z-value
cSTG 2.6789E-17 9.6711 4.718E-04 3.696
rSTG 0.0343 -2.9457 6.2075E-04 4.7427
mMTG 3.2252E-13 9.0928 4.5863E-04 -4.0475
cMTG 0.3930 1.0021 0.2718 -1.1957
rMTG 1.8511E-04 5.1625 1.0173E-10 -8.9283
ventralprecentral 2.8012E-15 -10.0562 8.2757E-05 5.0475
dorsalprecentral 0.6492 0.2967 5.5615E-04 -3.4394
postcentral 3.0581E-08 -6.1286 0.3037 1.7462
supramarginal 1.9928E-07 6.0301 4.8257E-06 -6.0274
parsopercularis 8.6228E-18 -10.0274 0.5922 0.1582
parstriangularis 0.0162 3.9003 3.2532E-32 -12.4583
rMFG 0.0021 -4.9475 2.5714E-04 -5.0131
cMFG 0.0045 3.9862 3.0747E-09 -7.0652

Table 3: Statistics of data in Figure 4 and 5. Per anatomical region P-value
and Z-value are reported for Wilcoxon sign rank test between the causal (during
production period) model and the anticausal model (The positive/negative Z-
values represent the direction of the contribution where positive values denote
anticausal greater than causal), as well as the causal model between during-
and pre- epochs (The positive/negative Z-values represent the direction of the
contribution where positive values denote during production greater than pre-
production). Curves of each individual electrode and test trial are considered
as one sample, and are averaged across the time epoch to perform the Wilcoxon
sign rank test. The red marked regions in the table are highlighted to denote
no significance (P-value>0.05).
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Anatomical region
Causal
(pre)

Causal
(during)

Anticausal

cSTG - -352 168
rSTG - -256 -
mMTG -176 - 240
cMTG - - -
rMTG -192 - 312
ventralprecentral -196 -208 280
dorsalprecentral -192 -184 144
postcentral -248 -256 192
supramarginal -120 - 184
parsopercularis -248 -280 232
parstriangularis -240 -336 264
rMFG -248 -304 -
cMFG -248 -304 208

Table 4: Peak time of each anatomical region curves in Figure 5 a,b,c. Each
column reports the peak time of the temporal receptive field curves for the
causal model (pre-production), causal model (during production), and anti-
causal model, respectively. The peak of each region is calculated based on the
averaged curve (averaged across trials and electrodes within the region).
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