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Abstract: In the primary auditory and somatosensory cortices, experience with a sensory
stimulus enlarges the pool of neurons representing the stimulus and results in
neurons in these cortical areas changing their stimulus preferences with learning.
In contrast, neurons in the primary visual cortex (V1) enhance their stimulus
selectivity with learning and preserve their stimulus preferences. Stability of
cortical representations in the primary visual cortex is critical for normal visual
processing; therefore, visual perceptual learning may require different neural
mechanisms than learning in other sensory modalities. Here we present a spiking
model of visual processing, in which learning leads to enhanced stimulus
selectivity of V1 neurons and, at the same time, preserves their stimulus
preferences. The learning in the model is due to strengthening of feedforward
connections from V1 to higher cortical areas, which in turn provide strong
feedback inputs into V1 neurons. The function of feedback projections is poorly
understood, and the model predicts that feedback inputs may increase excitatory
and inhibitory background activity, and the strong background activity has as
shunting inhibition effect on cortical neurons and results in their reduced neural
responses to the driving inputs. The model also predicts a decrease in input
resistance in the relevant V1 pyramidal cells during stimulation in vivo after
perceptual learning. Our study suggests that the basic principles of visual
perceptual learning are different from those in the auditory and somatosensory
modalities. This prediction can be tested by blocking long-term synaptic plasticity
in one of extrastriate visual cortical areas area (e.g. V2) with protein synthesis
inhibitors, which should reduce learning-induced improvement of behavior.
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