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Supplementary Table S1. Effects of biofeedback on the outcome metrics in Experiment 2. Bold text indicates 

statistical significance. 

 

Outcome metric Estimate Standard Error t value Pr(>t)* 

Cross-validation accuracy 3.166 2.042 1.55 0.08 

WD -5.937 17.811 -0.333 0.605 

IDNN 1.653 0.685 2.413 0.012 

IDAN 7.18 3.168 2.267 0.012 

MSD 0.225 0.287 0.782 0.237 

MSA -4.095 3.611 -1.134 0.854 

*one-sided p-values based on 1000 permutations 

 

 

Supplementary Table S2. Effects of normalized time on the outcome metrics in Experiment 2. Bold text 

indicates statistical significance. 

 

Outcome metric Estimate Standard Error t value Pr(>t)* 

Cross-validation accuracy 3.406 2.858 1.192 0.141 

WD 9.808 24.433 0.401 0.336 

IDNN 1.978 0.967 2.047 0.032 

IDAN 9.881 4.352 2.27 0.018 

MSD 0.219 0.397 0.553 0.323 

MSA -4.327 5.007 -0.864 0.785 

*one-sided p-values based on 1000 permutations 

 

 

Supplementary Table S3. Estimates of covariate effects on cross-validation accuracy in Experiment 2. Bold text 

indicates statistical significance. 

 

Covariate Estimate Standard Error t value Pr(> |t| or < -|t|)* 

Xij = 0 for baseline phase and 1 for feedback phase† 

Phase 2.307 1.666 1.385 0.206 

WD -0.023 0.019 -1.248 0.324 

IDNN -0.814 0.759 -1.072 0.252 

IDAN 0.147 0.127 1.152 0.298 

MSD 3.959 1.897 2.086 0.051 

MSA -0.030 0.047 -0.648 0.179 

Xij = normalized time‡ 

Normalized time 2.691 2.264 1.189 0.244 

WD -0.026 0.019 -1.390 0.265 

IDNN -0.723 0.755 -0.957 0.292 

IDAN 0.147 0.129 1.145 0.300 

MSD 3.756 1.894 1.983 0.049 

MSA -0.033 0.048 -0.693 0.143 

*two-sided p-values based on 1000 permutations 
†R2 = 0.595 
‡R2 = 0.587 



Supplementary Table S4. Differences in the outcome metrics between session 1 and session 2 accounting for 

the effects of normalized time in Experiment 3. Bold text indicates statistical significance. 

 

Outcome metric Estimate Standard Error t value Pr(> |t| or < -|t|)* 

Cross-validation accuracy 0.713 1.153 0.618 0.586 

WD -8.18 14.379 -0.569 0.59 

IDNN -1.837 0.677 -2.712 0.013 

IDAN -7.706 3.561 -2.164 0.038 

MSD -0.451 0.283 -1.594 0.135 

MSA 22.943 3.095 7.412 < 0.001 

*two-sided p-values based on 1000 permutations 

 

 

 

Supplementary Table S5. Estimates of covariate effects on cross-validation accuracy in Experiment 3.  

 

Covariate Estimate Standard Error t value Pr(> |t| or < -|t|)* 

Normalized time 2.336 1.335 1.751 0.091 

WD 3.125 1.573 1.987 0.095 

IDNN -0.020 0.013 -1.447 0.176 

IDAN 0.614 0.423 1.452 0.160 

MSD -0.002 0.078 -0.020 0.981 

MSA 0.298 0.831 0.358 0.719 

*two-sided p-values based on 1000 permutations 
R2 = 0.498 

 

 

 

 

 

 

 

 



 
 

Supplementary Fig. S1. Visual display used to provide feedback to participants during Experiment 2. The 

ultrasound transducer was secured to the residual limb with a stretchable fabric cuff. Participants viewed the 

acquired ultrasound images in real-time, as well as the Pearson correlation value between the current ultrasound 

image and the first image recorded in the sequence (blue circle). The correlation value was inverted and 

graphically displayed in real-time such that peaks corresponded to high muscle deformation (i.e., dissimilarity 

from rest) and valleys corresponded to low muscle deformation (i.e., similarity to rest). Previous correlation 

values remained on the display (red line) to help participants achieve consistency in the magnitude of muscle 

contraction. 



 
Supplementary Fig. S2. Pearson correlations between cross-validation accuracy and the SMG feature space 

metrics for all participants in Experiment 1. Marker colors differentiate each participant (see Fig. 1 in main text). 

Asterisks indicate statistical significance (α = 0.05). 

 

 

 

 
Supplementary Fig. S3. Bars indicate the average WD for each participant during Experiment 1. Grasp-

specific values are overlaid to illustrate the distribution around the average. 



 
Supplementary Fig. S4. Bars indicate the average IDNN for each participant during Experiment 1. Grasp-

specific values are overlaid to illustrate the distribution around the average. 

 

 

  
Supplementary Fig. S5. Bars indicate the average IDAN for each participant during Experiment 1. Grasp-

specific values are overlaid to illustrate the distribution around the average. 



 
Supplementary Fig. S6. Bars indicate the average MSD for each participant during Experiment 1. Grasp-

specific values are overlaid to illustrate the distribution around the average. 

 

 

 
Supplementary Fig. S7. Bars indicate the average MSA for each participant during Experiment 1. Grasp-

specific values are overlaid to illustrate the distribution around the average. 



 
 

Supplementary Fig. S8. Cross-validation accuracy as function of elapsed training time. The two sections of 

each plot correspond to the baseline and feedback phases. The transducer was removed and repositioned 

between the third and fourth datasets for Am7 because he requested a break from data collection. 

 



 
 

Supplementary Fig. S9.  Adapted confusion matrices [1] represent the temporal evolution of classification performance across all datasets collected 

during Experiment 2. The squares in each confusion matrix are divided into six columns representing the six collected datasets for that subject. Thus, 

confusion between grasps for each dataset is illustrated by the individual columns. For example, key grasp was identified correctly in 80% of the frames 

in dataset 1 for Am5 (yellow bar) and was confused with tripod in 20% of the frames (maroon bar). The blue bars shown for Am7 indicate that the 

point motion during the third dataset could not be processed. Although Am7 performed this motion, the associated file became corrupted and was 

unusable. Confusion for this dataset is shown only for the remaining four motions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Supplementary Fig. S10. SMG feature space metrics for each participant over the six datasets collected during 

Experiment 2. Error bars represent standard deviation across grasps. 

 

 

 

 

 

 

 

 
 

Supplementary Fig. S11. SMG feature space metrics for Am1 during sessions 1 and 2 of Experiment 3. Error 

bars represent standard deviation across grasps. 

 

 



 
 

Supplementary Fig. S12. SMG feature space metrics for Am3 during sessions 1 and 2 of Experiment 3. Error 

bars represent standard deviation across grasps. 

 

 

 

 

 

 
 

Supplementary Fig. S13. SMG feature space metrics for Am5 during sessions 1 and 2 of Experiment 3. Error 

bars represent standard deviation across grasps. 
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