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How do we learn?

FEEDBACK




Definition: Learning

Changes in internal processes that are
reflected by relatively stable changes in
performance.
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FIGURE 12.8 Effects of 100% versus 50% relative frequency of knowledge of results (KR) in acquisition and retention.
Reprinted, by permission, from C.J. Winstein and R.A. Schmidt, 1990, “Reduced frequency of knowledge of results enhances motor skill learning,” Journal of Experimental

Psychology: Learning, Memory, and Cognition 16; 910. Copyright © 1990 by the American Psychological Association.
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Learning IS ALWAYS a two step
process.

At each point in time we:

1) Calculate a prediction error
2) Update the previous value
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This applies to what is learned!

Recall that a memory is a collection of neurons
being activated.

PE’s can be used in principle to strengthen the
connections between these neurons to “learn”

the correct pattern.
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Thus, we choose/remember the top set of neurons because this choice
has a higher VALUE




This is a basic principle of decision making — always choose
the highest value option




Hebbian Learning &
Reinforcement Learning




So what does feedback actually do?




Thorndike’s Law of Effect

Actions that are followed by feelings of
satisfaction have a greater likelihood of being
generated again 1n the future, whereas actions
that are followed by feelings of dissatisfaction
have a lesser likelihood of being generated again
in the future.



What 1s a prediction error?



PE = Outcome — Expectation

New Value = Old Value + Prediction Error



Olds & Milner, 1954
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Trials




Correct trials (reward)
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Classical Conditioning




Classical Conditioning
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Figure 3. EEG Recordings. Top Left, an EEG cap placed over a patient’s scalp. Top Right, Example EEG Traces (4
seconds total) showing that different brain states correlate with different EEG waveforms. Bottom, Sample EEG
recording. Recordings from individual electrodes are shown in separate rows. Vertical lines mark 1 second inter-
vals.
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Human Models
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Miltner et al., 1997; Holroyd et al., 1998



Modification of Behaviour

A Movement Amplitude
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Chasing Theory
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Krigolson et al., 2009
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Correct!

Krigolson et al., 2009
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More Blobs
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Reward Positivity (uV)
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Propagation of Prediction Errors
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Prediction Error Amplitude
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