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Supplementary Figure 17 | Temporal structure of neuronal activity. 

a) Average event rate. Each line represents the mean number of events per frame 
across all trial types and summed across all neurons. b-c) Trial averages of 
unclassified neurons ordered by their peak activity (for classified neurons see Fig. 5). b)
Neurons in naïve animals (first session). The arrowhead indicates an enhanced 
activation of neurons during the reward period in naive animals. c) Neurons in expert 
animals (fourth session). d) Fraction of neurons with peak firing rate during the trial. 
Dotted lines indicate first day, the solid lines the fourth day in classified (brown) and 
unclassified neurons (black). In naïve mice there was an over-representation of neurons 
active during the reward period (red arrowhead). In expert mice these effects 
disappeared for classified and unclassified neurons (see Fig. 5). These neuronal 
dynamics are consistent with an unexpected reward delivery in naïve animals and a 
predicted future reward delivery after pole contact in trained animals. Note also that 
unclassified neurons have peak activity spread out throughout the entire trial. These 
neurons could serve to assign the appropriate temporal credit to the performed motor 
actions based on actual and/or expected reward delivery. Alternatively, these neurons 
could play a role in orchestrating the appropriate sequence of motor actions during 
learning. e-f) Temporal structure of the sum of activity of different classified neuron 
types (licking, red; touch, blue; mixed, magenta; whisking, green). e) Naive animals. f)
Expert animals (fourth session). Whisking cells are active early, followed by touch (or 
mixed neurons conveying contact information) and then lick neurons. Whisking neurons 
exhibit a second peak that is correlated with high-amplitude post-reward whisking (see 
Fig. 2g). Skilled performance in a sensorimotor task is linked to a reorganization of 
neuronal firing of specific response-types in an appropriate sequence.g) Average 
number of licks per trial as a function of behavioral performance (each symbol 
corresponds to an animal; lines are linear fits). d’ is a measure of behavioral 
performance (expert > 1.75, corresponding to approximately 80 %).
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Supplementary Table 2 | Dynamics of classified neurons. 

Matrix of changes in response classification across subsequent days. Only neurons 

that were at least one day categorized as Touch, Licking, Whisking, Mixed or 

Unclassified are shown (n=286 unique neurons, across 5 animals and 6 sessions).  

                                  

Day(n)

Day(n+1)

Silent Lick Touch Whisk Mixed Unclassified

Silent 507 23 2 29 7 179

Lick 18 30 1 0 7 7

Touch 7 0 7 0 6 2

Wisk 33 1 0 114 0 46

Mixed 2 2 3 1 14 1

Unclassified 114 7 0 44 3 213
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