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An Experimental Study on The Timing of Error

Signal Acquisition in Visuomotor Learning.

Takumi Ishikawa

Abstract

An important issue in motor learning research is how the brain accepts the error
signals required for maintaining and improving task performance in a changing
environment. Previous research has demonstrated that the brain accepts error sig-
nals most effectively when visual feedback is synchronized with the end of reaching
movements, meaning that timing of error feedback is essential in motor learning.
The present study investigated this problem by behavioral experiments in which
timing of error feedback was manipulated. Specifically, I conducted two experi-

ments using shooting tasks. In the first experiment, the visual information of a
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thrown ball was blocked to examine whether or not the visual information of the
endpoint was required for prism adaptation. The result shows that magnitude of
prism adaptation was maintained when the endpoint position was not fed back
implying that visuomotor learning occurs regardless of the knowledge of success
or failure of the shooting task. In the second experiment, I examined how the
timing of visual feedback affected the visuomotor learning using a virtual shooting
task where subjects controlled their arm/wrist movements to meet a target on a
screen with a cursor as accurately as possible. The timing of visual feedback of
the impact position was manipulated so that it occurred either ahead of or behind
the true time of impact (task-end). The result shows that magnitude of adapta-
tion marked two distinct peaks when the visual feedback was given just after the
end of body movement and around the task end. This suggests that two different
error-acceptance mechanisms might work in parallel. To conclude, the present
study investigated the timing of error signal acquisition in visuomotor learning
and clarified that the knowledge of task performance was not essential for learning
of visuomotor transformation and that not a single error-acquisition mechanisms

worked in the brain.
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