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Primates are capable of discriminating depth with remarkable precision using binocular disparity. Neurons
in area V4 are thought to play a role in fine stereoscopic depth perception because V4 neurons are
selective for relative disparity, which is the crocial visual cue for discrimination of fine disparity. However,
there has been no direct comparison of responses of V4 neurons and fine disparity discrimination. In this
thesis, I investigated the relationship between neuronal responses in V4 and perceptual decisions about
fine disparity.

I conducted a series of experiments in monkeys discriminating whether the center disk of a dynamic
random-dot stereogram was in front of or behind its surrounding annulus. I first behaviorally tested the
reference frame of the disparity representation used for performing this task. After learning the task with a
set of surround disparities, the subject generalized its responses to untrained surround disparities. The
results suggest that the decisions were generated from a neural representation of disparity in a relative
frame of reference. I then recorded single-unit responses from V4 while the monkeys were performing the
task. I quantified the sensitivity of V4 neurons in relation to psychophysical performance of the subjects. I
found that neuronal thresholds were higher than the behavioral thresholds on average. The most sensitive
neurons reached thresholds as low as the behavioral thresholds, indicating that V4 contains the disparity
signals that are sufficiently reliable to support psychophysical performance. I then examined trial-to-trial
covariation between responses of V4 ncurons and fine disparity judgments. For subthreshold disparities,
the monkeys made frequent errors. The variable decisions were predictable from the fluctuation in the
neuronal responses. The predictions were based on a decision model in which each V4 neuron transmits
the evidence for the disparity it prefers. I finally altered the disparity representation artificially by means
of microstimulation to V4. The decisions were systematically biased when microstimulation boosted the
V4 responses. The bias was toward the direction predicted from the decision model, establishing a causal
link between V4 responses and fine disparity discrimination.

Taken together, I conclude that disparity signals carried by V4 neurons underlie precise
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discrimination of fine stereoscopic depth. No other areas have been found to contribute to fine disparity
discrimination in a bottom-up manner. V4 may play a unique role in stereopsis among a number of visual
cortical areas representing stereoscopic depth.
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