Receptive field models fail to predict responses of V1 neurons to natural movies

Introduction

Much effort has gone into characterizing the receptive field properties of visual
cortical neurons. However, the extent to which receptive field models are capable of
accounting for the responses of visual neurons to natural scenes is largely
unexplored. In this study, we compare the activity of neurons in area V1 of the
anaesthetized cat, recorded in response to a natural movie, to the predictions of a
simple-cell receptive field model. We find that in most cases the receptive field
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model fails to adequately capture neural responses.
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Discussion and Conclusions

For nearly all cells studied (for which we were able to
obtain receptive field maps), the receptive field model
failed to predict the actual response of the neuron.
Correlation coefficients hover well below 0.5,
meaning that the receptive field map per se is of
limited value in helping us to understand how a
neuron behaves under realistic conditions.

Obviously we will have to take into account other
factors in order to explain how V1 neurons respond
under natural conditions. In addition to their
feedforward input from the LGN, neurons in layer 4
receive massive input from other cortical neurons:
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Cortex

LGN

Lumping together the effects of feedforward input
from the LGN and recurrent input from cortex and
calling it the "receptive field" is not a good idea. In
order to properly understand what cortical neurons
are doing, it may well be necessary to model their
response as a function of not only the input, but
of other simultaneously recorded cortical neurons
as well.
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