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Real-time constraints to learning and control of voluntary movement
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This thesis seeks to elucidate the real-time constraints of cortical feedback loops for
motor control. It investigates how a series of planned movements are gradually
integrated into a fast skillful movement, and how the recruitment of sensory feedback

may be altered through stages of learning.

In the first study, a general computational framework for combining and learning
modalities with different latenciés is proposed, based on the actor-critic algorithm. In
simulations, it is shown that modules can effectively be combined and learned under the
proposed framework for visuomotor tasks. The faster module could learn a more
optimal motor skill without interference from the slower module. Furthermore, a slow
general-purpose module could be used to train a fast specialized module that would take

over control; after learning, the slower module would still contribute to robustness.

In the second study, behavioural long-term change in a sequential, manual motor task is
mvestigated. It is found that subjects indeed changed their gaze strategy with learning.
First, in slow performance, subjects would fixate each manual target. Then, in fast
performance gaze fixated strategic points between targets. It is suggested that subjects
need to make a trade-off for the loss of vision of gaze shifts on one hand, and of

peripheral vision on the other.

Overall, this thesis demonstrates how real-time constraints are important factors for

understanding the psychology and neurophysiology of motor skill learning.
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