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Supplementary Discussion

At high noise densities, the noise experienced by the visual system and, in turn,
the symmetry detection threshold is dominated by the external noise provided by the
noise mask’. The threshold is achieved when the signal to noise ratio (i.e., the ratio of
symmetry pairs to unpaired dots) reaches a certain level. Suppose that an observer can
detect symmetry with a certain probability if there are k symmetry pairs in a 1-color
pattern with &’ unmatched dots. Given the fourth-power law*?*, we would expect the
observer to detect symmetry in a two-color pattern with a signal-to-noise ratio of
0.84*k/2 in each color. Sum up the color components, and the threshold for the 2-
color pattern at a given noise density should be about 0.84 times, or 0.076 log units,
lower than for the 1-color pattern. Similarly, the threshold for the 4-color pattern

should be about 0.15 log units lower than for the 1-color pattern.

Supplementary Method

Threshold Measurement



To ensure that our result would not be contaminated by a difference in salience
or sensitivity to early visual features, we set the contrast of each color component at
three times its detection threshold. We used a temporal 21FC paradigm to measure the
contrast threshold for symmetry detection in the colors used in the experiment for
each observer. In each trial, a vertical symmetric target was randomly presented in
one of the two intervals while a balancing control was presented in the other. The
density of both images was 1%. The duration was 233ms and the inter-stimulus
interval (1SI) was 600ms. An audio tone indicated the beginning of each interval. The
observers’ task was to judge which interval contained a vertical symmetric pattern.
An audio feedback was provided for the response. The PSI threshold-seeking
algorithm® was used to determine the contrast level for each trial and to measure the
threshold at 75% correct level. There were 40 trials for each threshold measurement.
The threshold was an average of 4 to 10 measurements. The order of the tested colors

was randomized.

With this measurement, we got the contrast threshold for each color for each
observer. In the experiment, we set the contrast of each color at three times its

threshold for each observer based on this measurement.

Model Implementation

Our experiment used a 2IFC design, in which one interval contained a symmetric
target and a noise mask (target interval), while the other interval contained a
balancing control and a noise mask (non-target interval). In an n-color condition, the

target, balancing control, and noise mask contained an equal density of dots in each
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color. Let the density of the symmetric target and balancing control in the image be
D:’, and that of the noise mask be Dy,’. In the n-color condition, the density of the
symmetric target or balancing control of a specific color is thus expressed as D;’/n and

that of the noise mask as D, /n.

The j-th color-selective symmetry channel is excited by a symmetric target or
signal of its preferred color. The noise of its preferred color inevitably contains
spurious symmetric pairs which occur completely by chance. These spurious pairs
should also produce its excitation. However, the density of these pairs is the square of
the density of the noise, which is negligible compared to either the symmetric target
or noise itself. Therefore, for the sake of simplicity, we did not take the effect of these
pairs into consideration in our model. Hence, in the target interval, including the
target itself and the mask, the excitation of the j-th symmetry channel in equation (2)

was expressed as

o (S1)

while in the non-target interval, including the balancing control and the mask, E'

j,nt+m?

was Zero.

All the image components produce inhibition to the j-th channel, including the
symmetric target or signal of its preferred color, the symmetric component of its non-

preferred color, the noise component of its preferred color, and the noise component



of its non-preferred color. Here, we set the inhibitory sensitivity to a channel from the
image components of its non-preferred color as zero, since our previous paper showed
that the presence of dots of one color had little, if any, influence on detecting a
symmetric pattern of another color®. We also used a typical value of 2 for the power q
for the divisive inhibition term”®. Hence, equation (5) in the target interval was

expressed by
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while in the non-target interval it was expressed by

n
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where the subscript of inhibitory sensitivity Si denotes the contribution from each
stimulus component; t denotes the target or symmetry component; and m, the noise

component.

We fixed the internal noise in the j-th channel, o2 in equation (7), at 1, because
there was no difference in the TvD functions among the three 1-color conditions in

our data. The external noise to the channel, o> in equation (7), was set to be v+(D’n



/n)?, since the density of the external noise is D’w/n. Hence, the standard deviation of

the response distribution in each channel in equation (7) was expressed by

o - v-(D'mj i, (s4)

In addition, since we used a typical value of 2 for the power for the divisive
inhibition input g, we can combine inhibition and noise terms and simplify the model
by approximating the response of the individual channel in equation (4) in the target

interval by

. (SeDnJ , (55)

and the response in the non-target interval, R ’jn+m, by zero, where the parameters Si;,
Sim, z” and p are free parameters in the model. The decision variable, d’, therefore

becomes

d-=, (S6)



where y= 1, 0.82, and 0.70 for the 1-, 2- and 4-color conditions respectively®.

In practice, we also fixed Se; at 1000 for all conditions as an anchor point, since
we set the contrast of each color at three times its symmetry detection threshold.

Hence, there are 4 free parameters in each condition.
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