












 
Supplementary Fig. 4. Frequency preference maps. Best modulating frequency (BF) for 
significantly tuned voxels in each participant are projected onto cortical surfaces. Left and right 
hand tuning is depicted in separate maps. Dashed white lines indicate the central sulcus (c.s.). 
Ant., anterior; Sup., superior 
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Supplementary Fig. 5. Voxel tuning across sensorimotor cortical regions. Regions are defined 
using Human Connectome Project parcellations2. (a) Number of tuned voxels in sensorimotor 
regions. (b) Proportion of tuned voxels in each sensorimotor region with response profiles more 
consistent with Gabor tuning rather than Gaussian tuning according to Akaike Information 
Criterion. BA, Brodmann area; S1, primary somatosensory cortex; S2, secondary 
somatosensory cortex; SMA, supplementary motor area; PMC, premotor cortex; M1, primary 
motor cortex.  
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Supplementary Fig. 6. Frequency tuning parameters are highly consistent across participants. 
(a) Distribution of gain parameters from Gaussian and Gabor functions fitted to tuned voxels. 
Black traces indicates group average. Inset shows gain parameters sorted according to left 
hand and right hand tuning functions. Bars indicates group average and dots indicate individual 
participant averages. Gains were significantly larger for right hand tuning (t(6) = 2.47, P = 
0.048). (b) Distribution of baseline parameters from Gaussian and Gabor functions fitted to 
tuned voxels. Conventions as in a. Baseline values did not differ significantly between hands 
(t(6) = 1.63, P = 0.16). (c) Distribution of frequency selectivity as indexed by the full-width at 
half-maximum (FWHM) of the each Gabor or Gaussian tuning function’s dominant peak. 
Conventions as in a. FWHM did not differ significantly between hands (t(6) = 1.94, P = 0.10). (d) 
Distribution of phase parameter values from the Gabor tuning functions. Plotted Gabors indicate 
canonical profile associated with each phase value. Conventions as in a. Although phase 
distributions differed between hands (Watson’s two-sample test of homogeneity; U2 = 0.82–
5.66, P < 0.001), there was a consistent pattern for non-uniform phase distributions (Rayleigh 
test, P < 1e-15) with peaks at j = 0.5p and 1.5p. 
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Supplementary Fig. 7. Encoding model based on activity of phase-locking neural populations. 
(a) Vibration frequency can be encoded in the timing of spiking activity in somatosensory 
cortical neurons3–5. Rasters show idealized activity in neurons whose spikes occur at particular 
phases of each vibration cycle. At low frequencies, the neurons can fire on every cycle. At high 
vibration frequencies, phase-locking neurons may skip cycles occurring during their refractory 
period. Accordingly, the frequency response profile for phase-locking neurons can be described 
by a low-frequency range over which rates increase monotonically before plateauing at higher 
frequencies. This profile is captured by a rectified linear activation unit (ReLU). (b) ReLU 
encoding model assumes that a voxel’s response to any given vibration frequency is the 
weighted sum of the activity in a set of ReLU functions (representing different populations) with 
different slopes. Slopes are hyperparameters and the weights are estimated in model fitting. 
Note that the assumption of different slopes implies that the neural populations represented by 
the ReLU functions are implicitly selective for frequencies. (c) ReLU encoding model (red trace) 
captures tuned response patterns in example voxels (black dots). (d) Bars indicate voxel-
averaged scaled model performance within each participant. The model is trained on one fold of 
data and tested on a held-out fold. Model performance is the correlation between the model 
predictions and the test data, normalized by the correlation between the two folds of data (which 
represent the maximum correlation possible given the noise in the data). Error bars indicate 
s.e.m. (e) Correlation matrix indicates the similarity between multivoxel activation patterns 
predicted by the encoding model and the held-out fold. For decoding, the algorithm identifies the 
model-predicted pattern yielding the highest correlation with an observed pattern to infer the 
frequency condition. (f) Cross-validated decoding performance for both hands and each hand 
separately. Black line indicates group averaged accuracy. Colored dots indicate individual 
participants. Chance performance is 11%. 
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Supplementary Table 1 – Number of tuned voxels in the left and right hemispheres  
 
PARTICIPANT LEFT 

HEMISPHERE 

RIGHT 

HEMISPHERE 

1 6009 6701 

2 273 321 

3 10357 11027 

4 7668 8024 

5 1423 1329 

6 7974 8877 

7 6088 5446 

Counts indicate the number of tuned voxels in each participant. Vibration-responsive voxels 
were considered tuned only if they exhibited reliable across-fold correlations (r > 0.2) and 
significant tuning function fits (FDR corrected q < 0.05). A voxel was included in the counts only 
once regardless of whether it was tuned for both hands. 
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Supplementary Table 2 – Number of voxels tuned to the contralateral hand, ipsilateral 
hand, or both hands 
 

PARTICIPANT CONTRA IPSI BOTH 

1 5348 4986 2376 

2 148 248 198 

3 8684 9267 3433 

4 6640 5646 3406 

5 1167 1152 433 

6 5917 6906 4028 

7 5370 4467 1697 

Counts indicate the number of voxels over the left and right hemispheres in each participant 
that exhibited tuning only for the contralateral (CONTRA) or the ipsilateral (IPSI) hand. Voxels 
that were tuned for both hands are indicated in the 3rd column.  
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Supplementary Table 3 – Voxel-level frequency preferences 
 

PARTICIPANT BF MEAN BF MEDIAN KS STAT P VALUE 

1 237 267 0.99 1e-15 

2 258 273 0.99 1e-15 

3 238 252 0.99 1e-15 

4 187 179 0.99 1e-15 

5 202 195 0.99 1e-15 

6 221 216 0.99 1e-15 

7 212 238 0.99 1e-15 

Values indicate best modulating frequency (BF) statistics in each participant. KS, Kolmogoroz-
Smirnov test statistic 
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