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The identification performance of single neurons in the primary visual cortex was quantified by
measuring how accurately one could know the stimulus based upon the neuron's response. We found
that for a typical neuron a response of 10 action potentials, following one briefstimulus presentation,
was sufficient to classify the stimulus as belonging to a relatively small region in stimulus space, with
a high degree ofconfidence. The performance was better than that which could be attained through linear
summation of excitation and inhibition alone. The results suggest that the enhanced performance is a
consequence of two nonlinear mechanisms: contrast gain control and expansive response exponent.

Cortex Receptive fields Spatial vision Contrast Gain control Noise Spatial frequency

INTRODUCTION

Recent work in the visual cortex of the cat and the monkey
has uncovered two nonlinearit ies. One is a contrast gain

control or normalization mechanism (Albrecht &
Hamilton, 1982; Sclar & Freeman, 1982; Li & Creutzfeldt.
1984; Albrecht & Geisler, 1991. 1994: Bonds, l99l;
Robson,  1991;  Geis ler  & Albrecht ,  1992;Heeger,1992a.
Carandini & Heeger, 1994). The other is an expansive
response exponent,(Albrecht & Hamilton, 1982; Sclar,
Maunsell & Lennie, 1990;Albrecht & Geisler, 1991,1994:
Heeger, 1992b: DeAngelis, Ohzawa & Freeman, 1993;

Mclean & Palmer, 1994). These two nonlinearit ies may
substantially improve identif ication performance in
comparison to that which could be attained through
linear summation alone. The potential importance of
these nonlinearit ies motivated us to develop techniques
for measuring the identif ication performance of single
neurons, under high degrees of stimulus uncertainty
(i.e. when the stimulus is free to vary along one or more
dimensions). We show here that because of the nonlinear
mechanisms the identi{ication performance of neurons in
the primary visual cortex of the macaque monkey is
remarkably good.

METHODS

Our techniques for measuring the identification
performance of single neurons are based upon Bayesian
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methods from statistical estimation and decision theory.
To apply these methods it is necessary to know both the
mean and the variabil ity of the neuron's responses along
the stimulus dimensions of interest. Therefore. we
measured the means and SDs of responses of individual
neurons within the primary visual cortex of macaque
monkeys (Macaca./ascicularis) to repeated presentations
of sine-wave stimuli while varying contrast, spatial
frequency, direction of motion, and spatial position. The
stimulus duration for an individual trial was 200 msec: the
performance of the neuron during this time frame should
be roughly comparable to the performance of the neuron
during ordinary saccadic inspection of a visual scene.
In this paper we report the measurements for spatial
frequency and contrast on a sample of 89 neurons.

The procedures for single neuron electrophysiology.
from the anesthetized and paralyzed preparation, have
been described (Albrecht & Hamilton, 1982; Albrecht &
Geisler, 1991). The stimuli were drift ing or f l ickering
spatio-temporal sine-wave grating patterns, presented on
a Conrac studio monitor with a frame-rate of 100 Hz.
Detailed methods of stimulus presentation and response
analysis have been described (Hamilton, Albrecht &
Geis ler ,  1989;Geis ler ,  A lbrecht ,  Salv i  & Saunders,  l99 l ) .

RESULTS

Figure 1(A) shows the responses of a representative
neuron measured as a function of contrast. for three
different spatial frequencies. For each spatial frequency
the responses increased and then saturated; saturation
occurred at the same contrast. but the final response level
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