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Effects of luminance contrast on the color selectivity of

neurons in the monkey visual cortex
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i SCNADEE
Summary of thesis contents

Color perception is influenced by the luminance information in various situations. The most

notable example is the change in appearance of color stimulus due to the change in luminance

contrast against the background. For example, when the luminance of stimulus becomes higher

than the background, the appearance of achromatic color is shifted from black to white, and brown

also changes to orange.

In the monkey visual cortex, color information is processed along the ventral visual pathway that

originates from V1 and consists of areas V2, V4 and the inferior temporal (IT) cortex, and area V4

and IT cortex have been thought to play important roles in color perception. Several recent

studies have examined the effect of luminance contrast on the color selective responses in V4 and

IT but the results are divergent. Some study reported little effect of luminance contrast on the

responses of color selective neurons in posterior IT cortex (PIT) and V4, but other study has found

large effects in V4. One possible cause of the discrepancy is the range of colors tested: in the

former study, only color stimuli with high saturation at the edge of the gamut were employed while

colors with low saturation were used as well in the latter study. So far, no study has compared the

effect of luminance contrast across the whole range of colors with both high and low saturation

between V4 and PIT. Furthermore, there has been no study that examined the effect of luminance

contrast on the color selective responses in anterior IT cortex (AIT).

In this study, | aimed to fully understand the effect of the luminance contrast on the responses of
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color selective neurons in V4, PIT color area (PITC) and AIT color area (AITC) in a systematic

way. For this purpose, | compared the responses of neurons to color stimuli with different

luminance contrast using stimuli that evenly distributed across the entire color gamut of the display.

While the macaque monkey was performing a fixation task, neuron activities were recorded from

V4, PITC and AITC. | examined the effect of luminance contrast on the color selectivity of each

neuron as well as the effect of luminance contrast on the representation of color in the population

responses of neurons in each area. Two color stimulus set were used to test the color selectivity of

neurons. Both color stimulus set contained 16 colors that consisted of 15 chromatic colors whose

chromaticity coordinates were evenly distributed on the chromaticity diagram and one achromatic

color whose chromaticity coordinate was equal to the gray background. In one set (bright set), the

luminance of the stimuli (20 cd/m?) was higher than the background (10 cd/m?), and in the other set

(dark set), the luminance of the stimuli (5 cd/m?) was lower than the background.

To examine the effect of the luminance contrast on the color selectivity of each neuron, Pearson’s

correlation coefficient was calculated between the responses to stimuli in the bright set and those to

stimuli in the dark set for each neuron. | found that correlation coefficient for AITC neurons was

on average significantly higher than those for neurons in V4 and PITC. This indicates that the

patterns of color selective responses in AITC neurons are stable to the change in the luminance

contrast of stimuli than those in V4 and PITC neurons.

Next, to examine how the population responses of color selective neuron varied depending on

the luminance contrast, Pearson’s correlation coefficient was calculated between the responses of a
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population of color selective neurons recorded from each area to a color stimulus in the bright set

and that in the dark set with the same chromaticity. In V4, the correlation between the population

responses to bright stimuli and dark stimuli was lower for cyan to blue colors and higher for

magenta to red colors. In PITC, the correlation was lower for colors with low saturation around

neutral color. In AITC, in contrast to V4 and PITC, the correlation was high for all colors.

These results indicate that the effect of the luminance contrast on the color representation is

markedly different between V4, PITC and AITC. Of these three areas, the pattern of the effects of

luminance contrast on the population responses in PITC is most similar to the effect of luminance

contrast on the perceptual color appearance. This suggests that population responses of PITC

neurons are closely related to the formation of color appearance. In addition, this study shows that

the separation between color signal and luminance signal takes place in a stage higher than PITC.
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