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Background Brain: Motor, Parietal and Occiptal ICs encode juggling events

@ a. S13, IC 22 [Somatomotor]
T Cr T C. Tg Cg TL ER:SR [dB]

b. $13, IC 18 [Somatomotor]
= Tr  Cgr T, C. Tr Cgr . C. ER_SR[dB]

Towards complex skill learning: Juggling

Juggling is a tractable model of a complex motor skill, with a history 100 e ——— T, e—— - I
of behavioral study from the 1970s2® and more recent demonstrations Ol - - w0 -_ e e -
of neurostructural changes during its learning®. It extends traditional o) s £ %f B
computational neuroscience approaches to motor skill learning. - c e e o
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Aim 1: Develop a neurobiological model of

juggling skill e
Quantify and discover brain correlates of juggling skill. —= v
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by trajectory variance by ball-hand distance by phase stability Somatomotor, Parietal and Occiptal ICs timed to key events of juggling cycle: Catch, Throw, Ball
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Apex. Prominent 70Hz narrow-band activity previously observed in rhythmic dystonia".

Aim 2: Determine the effect of slow-tempo train- o ¢ . :
ing on performance, offline gain and the brain  BYain + Behavior: Ball Apex Perturbations

Novel visuo-haptic VR to simulate juggling under reduced gravity. Ball apex is a critical perceptual event in the control of juggling’. We examine how the
apex position is encoded in parietal components, revealing the natural coordinates of ball
BehaViOr position are measured symmetrically about the midline.
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with throw, catch and apex events
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Performance Ball Apex Variability
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Discussion

S Apex T o . o
o Throw . Brain + Behavior Dynamics
Catch . . : . . : Cr . : :
) >‘*cn Interesting aspects of skill may lie not on mean, which is highly constrained by jug-
AN el T e gling, but on within-trial and between-trial variation. Trial-trial and cycle-cycle analy-
) e sis has examined in finer grain how brain supports behavioral response.
L% Motor control Targets
A Timing of ball throws becomes increasingly precise with skill. Suggests ball throw is
o o a proactive spatiotempora goal, while catch events are more reactive to ball trajec-
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Performance correlates with temporal precision of Y
throw timing. Catch timing absorbs cycle variance. Behavioral correlation modes
Hand .. d oh | PCA decomposition of fluctuations in hand position at throw and catch suggest
and position and phase temporal structure three orthogonal processes—-next step: search in brain to see if these dissociate.
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°J?E-CL h d h. : EdbA andb- I e Spatial perturbations of ball apex position were reliably encoded as variations in
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" LGP LT coordinates for lateral perturbations is represented in the brain with body mid-line
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" Kim, Iversen, Chang, Kothe & Miyakoshi. (in prep) Juggler’s ASR: Artifact subspace reconstruction using order statistics to correct periodical artifacts with short intervals.



