
bence ölveczky  - harvard university

neural circuits underlying motor skill learning and execution



learning to eat spaghetti ‒ an essential motor skill
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how does the brain underlie motor skill learning and execution?
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using songbirds to probe motor sequence learning

sound generation in songbirds
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how does the brain underlie motor skill learning and execution?
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how does the mammalian brain underlie motor skills?

tennant et al, 2010, joveoscar, 2011

primate rodent



how does the brain underlie motor skill learning and execution?



high-throughput  automated animal training of rodents

poddar et al. (2013)



a new motor skill learning paradigm in rodents

press 1 delay (700 ms) press 2 reward

kawai et al, neuron



a new motor skill learning paradigm in rodents
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learned motor sequences are highly stereotyped and idiosyncratic 
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learned motor sequences are highly stereotyped and idiosyncratic 
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continuous kinematic tracking

kawai et al, neuron
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neural circuits underlying motor skill execution

“…the development of motor skill occurs in the motor cortex.”
from wikipedia (2014):
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lesioning M1+M2
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lesioning M1+M2

kawai et al, neuron



motor cortex lesions do not interfere with the learned skills 

in
te

r-p
re

ss
 in

te
rv
al
 (m

s)

0

700

3000 trials
10-day
break

contra
lesion

ipsi
lesion

only 1 of 11 rats showed a significant effect of the lesions 

kawai et al, neuron



hmmm..

…the development of motor skill occurs in the motor cortex?



most motor skill learning paradigms probe dexterity 

kinoshita et al, 2012, nature whishaw (youtube)

primate rodent

motor cortex is essential for executing dexterous skills



not all movements require cortical ‘control’
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corticospinal system necessary for individuated joint and digit movements (dexterity)



while motor cortex is required for dexterity....
....subcortical controllers can generate ‘basic’ movements

monkey with complete, bilateral lesion of the corticospinal system

Lawrence and Kuypers, 1968, Brain

not all movements require cortical ‘control’
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skill learning - acquiring and executing task-specific motor sequences
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but what does motor cortex do?



does motor cortex contribute to learning?
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motor cortex lesioned animals can not learn the task
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asymptotic behavior of a rat trained on the task 
for 2 months after bilateral motor cortex lesions



• rats can be trained to produce stereotyped  complex task-specific motor sequences

conclusions 
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• rats can be trained to produce stereotyped  complex task-specific motor sequences
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Gary Neal low-fiving imaginary teammates

be automatic - don’t think!



Yips



the centipede’s dilemma

A centipede was happy ‒ quite!

Until a toad in fun said, "Pray, which leg moves after 
which?“

This raised her doubts to such a pitch, she fell exhausted 
in the ditch.

Not knowing how to run.
Katherine Craster in Pinafore Poems, 1871



control of over-trained movements

your thoughts



motor cortex

control of over-trained movements



light-sensitive ion channel

perturbing motor cortical activity

motor cortex

control of over-trained movements
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