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Adaptive behavior involves the ability of the brain to use error-related information to improve performance.
Critically, the timing of error-related brain activity should change during learning. During initial learning, error
detection cannot take place before feedback presentation, while during learned performance, error detection can
emerge earlier at the time of response execution.
We investigated learning-related changes in error processing using functional MRI. Participants learned, by trial
and error, arbitrary associations between visual stimuli and finger movements, receiving performance feedback
after each trial. Trials from two conditions, one enabling learning during the scanning session, and one not
enabling learning, were presented randomly intermixed during the course of the scanning session. The use of a
stringent reaction time deadline ensured the presence of a substantial number of errors even after learning.
Preliminary analysis of the imaging data indicated time-related changes in error processing in pre-SMA, anterior
cingulate cortex, and caudate nucleus. Over the course of learning a visuomotor association, error-related
activity in these regions shifted in time from feedback presentation (initial learning) to response execution
(learned performance) highlighting the dynamic nature of error processing in the human frontal cortex.
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