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Fig. 1 Psychophysical tasks

(a) Contrast discrimination. Orientation fixed condition: two stimuli had the same orientation but different contrasts; Orientation changed condition: two

stimuli had different orientations and different contrasts. (b) Orientation discrimination. Contrast fixed condition: two stimuli had the same contrast but

different orientations; Contrast changed condition: two stimuli had different contrasts and different orientations. The stimuli were sine wave gratings of

5° in diameter with the mean luminance of 16 cd/m> The threshold for orientation discrimination or contrast discrimination was measured using a

temporal three-up one-down two-alternative forced choice (2AFC) procedure. The two stimuli were presented for 40 ms with an interval of 400 ms in

random order in each trial. Cross: fixed point.
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Fig. 2 Discrimination thresholds at Fixed and Mixed conditions for contrast and orientation

(a) Scatter plot of contrast thresholds of individual subjects between FixO and Mixed conditions. (b) That of orientation thresholds between FixC and

Mixed conditions. The dashed lines in (a, b) are the diagonal lines. (¢) The mean thresholds of contrast discrimination of FixC and Mixed conditions.

(d) That of orientation discrimination of FixC and Mixed conditions. *P < 0.01, paired ¢-test, n=18. Error Bars: s.e.m.
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Fig. 3 Correlation between threshold decrements and thresholds in the Fixed condition

(a) Contrast threshold differences between Mixed condition and FixO condition were plotted against contrast threshold of FixO condition. (b)

Orientation threshold differences between Mixed condition and FixC condition were plotted against contrast threshold of FixC condition. Dark lines in

(a, b) are the linear regression of the data. Correlation coefficient: —0.65 (a) and —0.71 (b), both P < 0.01. The three "x" in (a, b) indicate the data points

are over the diagonal line of Figure 2a, b, respectively.
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Contrast and Orientation Discrimination in Simultaneous
Orientation and Contrast Changes”

LIU Bing"?, WANG Yi""
(" State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract In natural vision, due to object, body, head, and eye movements, the contrast and orientation
information received by our eyes change simultaneously and rapidly, yet our visual system can efficiently and
accurately distinguish the contrasts and orientations under the dynamical conditions. The visual processes
responsible for discriminating orientations and contrasts occurred at this very short time scale, however, are poorly
understood. In the current experiments, we investigated the ability of human subjects to discriminate orientations
or contrasts using the briefly presented stimuli in which orientations and contrasts were changing simultaneously in
comparison with the stimuli in which orientation changes were discriminated when contrast remained constant or
contrast changes were discriminated when orientation was constant. We show that the discrimination threshold for
orientation or contrast when both contrast and orientation were varying was significantly lower than that for
orientation when contrast was fixed or than that for contrast when orientation was fixed. Moreover, the decreased
magnitude of discrimination thresholds to orientation or contrast was negatively correlated to the discrimination
threshold to orientation or contrast when only orientation or only contrast was varied. These results indicate that
the simultaneous changes in orientation and contrast enhanced the discriminability of subjects to contrast and
orientation. The subjects who had lower discriminability to orientation or contrast when only orientation or
contrast was changing had a relatively larger enhancement in their ability to discriminate contrasts and orientations
when both orientation and contrast were changing simultaneously. We suggest that human visual system is more
efficient at discriminating orientation and contrast when both parameters are changing which often occurs in
natural environments. Our study sheds light on the underlying visual processes.
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