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Chromatic assimilation unaffected by perceived depth
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Abstract
Chromatic assimilation is a shift toward the color of nearby light. Several studies conclude that a neural process
contributes to assimilation but the neural locus remains in question. Some studies posit a peripheral process, such as
retinal receptive-field organization, while others claim the neural mechanism follows depth perception,
figure0ground segregation, or perceptual grouping. The experiments here tested whether assimilation depends on a
neural process that follows stereoscopic depth perception. By introducing binocular disparity, the test field judged in
color was made to appear in a different depth plane than the light that induced assimilation. The chromaticity and
spatial frequency of the inducing light, and the chromaticity of the test light, were varied. Chromatic assimilation
was found with all inducing-light sizes and chromaticities, but the magnitude of assimilation did not depend on the
perceived relative depth planes of the test and inducing fields. We found no evidence to support the view that
chromatic assimilation depends on a neural process that follows binocular combination of the two eyes’ signals.
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Kruysbergen, 1987; King, 1988; Moulden et al., 1993; Monnier &
Shevell, 2003; Shevell & Cao, 2003). These neural processes may
be separated into peripheral (plausibly retinal) mechanisms, such
as receptive-field organization (de Weert & van Kruysbergen,
1987; Jameson & Hurvich, 1989; de Weert, 1991), or more central
(almost surely cortical) processes that mediate depth perception,
figure0ground segregation, and perceptual grouping (Fuchs, 1923;
Festinger et al., 1970; King, 1988; Taya et al., 1995; de Weert &
van Kruysbergen, 1997). Of course, optical, peripheral, and central
processes all may contribute to assimilation.
Despite these studies, evidence for a central neural process of
chromatic assimilation is not compelling. De Weert and van Kruysbergen (1997) provide a qualitative description but no data to
support their claim that color appearance depends on the relative
perceived depth of visual stimuli. Fuchs (1923), King (1988), and
Taya et al. (1995) assume that assimilation occurs after perceptual
grouping, an assumption not tested and at odds with the view that
assimilation aids optimal perceptual segmentation and grouping by
increasing the similarity of nearby objects (van Lier & Wagemans,
1997).
The experiments here investigated whether assimilation involved a central neural process at or beyond the level of binocularly mediated depth perception. They determined how color
appearance varied with the perceived relative depth of inducing
and test lights. Initially, conditions for chromatic assimilation were
established using lights perceived in a single depth plane. Then the
relative perceived depth of the inducing light was changed by
varying binocular disparity. The inducing light could appear either
in front of or behind the test field judged in color.

Introduction
The color appearance of a light depends not only on its spectral
composition but also on other lights seen nearby. For example, a
patch that appears yellow in the dark appears greenish against a
uniform long-wavelength (“red”) background (Shevell & Wei,
1998). This is an instance of color contrast, which is a shift in
appearance away from nearby light.
This paper focuses on a related but opposite phenomenon
called chromatic assimilation, in which color perception shifts
toward the appearance of nearby light. Whether nearby light
causes contrast or assimilation depends on several factors, including its chromaticity, luminance, and spatial frequency (Helson,
1963; Fach & Sharpe, 1986; Wyszecki, 1986).
Assimilation is described by von Bezold (1876) though relatively little research critically considers its physiological underpinnings. The eye’s optics can cause assimilation with high
spatial-frequency patterns. Spread light and chromatic aberration
blur the retinal image (Marimont & Wandell, 1994; Smith et al.,
2001) and in consequence some light falls upon photoreceptors
corresponding to a neighboring region of the scene. Most investigators, however, conclude that assimilation depends also on neural
processes following transduction (Hurvich & Jameson, 1974; DeValois & DeValois, 1975; Fach & Sharpe, 1986; de Weert & van
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Stimuli were presented on a colorimetrically calibrated Sony 21inch video display, which was controlled by a Macintosh G4
computer with an auxiliary Radius video board (10 bits per gun).
The resolution was 1360 3 1024 pixels and the refresh rate was
75 Hz noninterlaced. The stimuli were viewed through a haploscope (viewing distance 115 cm) so that the left (right) half of the
display was projected to only the left (right) eye. An adjustable
chin rest was used to maintain a stable head position.

rings were characterized by their width and repetition rate. In this
study, the rings were either 2 min of arc wide and repeated every
10 min of arc (6 cycles0deg) or 4 min of arc wide and repeated
every 12 min of arc (5 cycles0deg). The outermost inducing ring
had a diameter of 3 deg.
Experiments were conducted with test fields at 4 cd0m 2 and at
two different chromaticities specified in MacLeod and Boynton
(1979) l, s units: (0.665, 0.99), which was nearly isomeric to equal
energy white (EEW), and (0.62, 0.99), which appeared aqua. The
unit of s was arbitrary and scaled here to 1.0 for EEW. Inducing
rings at 6 cd0m 2 were tested at two chromaticities: (0.75, 0.99),
which appeared pinkish, and (0.665, 2.5), which appeared purplish.
The binocularly fused percept was the test with inserted inducing rings above the uniform comparison field. Binocular disparity
was introduced by shifting the inducing rings relative to the test
field judged in color (Fig. 1b). With 6 min of arc crossed disparity
(both sets of inducing rings shifted toward the center of the scene),
the inducing rings appeared in front of the test field; with 6 min of
arc uncrossed disparity (rings shifted away from the center of the
scene), the rings appeared behind the test. The perceived separation in depth between the rings and the test was conspicuous. With
no disparity, the test and inducing rings were perceived in the same
depth plane. The 3-deg diameter of the outermost inducing ring
ensured that the 2-deg-diameter test and its nearby dark area were
fully covered by inducing rings after the lateral shifts required for
binocular disparity.

Stimuli

Procedure

Separate test and comparison fields were viewed simultaneously.
The test field judged in color and its inducing light, which caused
assimilation, appeared above a uniform comparison field, which
was adjusted by the observer to match the appearance of the test
(Fig. 1a). The comparison field was a 2-deg-diameter circular disk.
The test field was a circle of the same diameter but with inserted
thin concentric rings composed of the inducing light. The inducing

The appearance of the test field with inserted inducing rings was
measured by asymmetric matching. Following 3 min of dark
adaptation, the observer adjusted the hue, saturation, and luminance of the comparison field to match the color appearance of the
test. Adjustments were made via a multibutton game pad sensed by
the computer. At the beginning of each trial, the comparison field
was assigned a random starting chromaticity and luminance. Within

If assimilation is mediated by only optical factors and peripheral neural processes (before signals from the two eyes are combined), then the binocular disparity and thus relative depth of the
test and inducing lights should not affect color perception. On the
other hand, the figure0ground hypothesis of Festinger et al. (1970)
and de Weert and van Kruysbergen (1997), which posits that
assimilation is strongest in the perceived background, predicts the
most assimilation when the inducing light is perceived nearer than
the test field. Finally, the perceptual grouping (or “belonging”)
theory of assimilation (Fuchs, 1923; King, 1988) predicts assimilation is strongest when the test and inducing lights are coplanar,
compared to when they are in different depth planes. Experiments
here distinguish among these hypotheses.
Materials and methods
Apparatus

Fig. 1. (a) Schematic of the fused percept from haploscopically presented test and comparison fields. The inducing rings were varied
in binocular disparity so they appeared nearer, farther away, or in the same depth plane as the test area. (b) Haploscopic stimuli
presented to the left and right eyes. Crossed disparity is shown, which caused the inducing rings to appear nearer than the test field.
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a session, the size of inducing rings and the chromaticity of the test
were fixed while the chromaticity of the inducing rings was varied.
Binocular disparity was varied between sessions. Each condition
was repeated four times within a session, in random order.
Each condition was repeated in four separate sessions on
different days. The order of sessions was randomized. Standard
errors were calculated using the mean value for each condition
from each of the four sessions.
Observers
Three observers participated in the study. Two were naïve regarding the design and purpose of the experiments, and one was author
D.C. All observers had normal color vision as determined by
Rayleigh matching. They signed an informed consent form before
participating in the experiments, which were approved by an
Institutional Review Board at the University of Chicago.
Results
Matches to the color appearance of the test-with-inducing-rings
showed clear chromatic assimilation. Measurements are shown in
Fig. 2 for the pinkish inducing chromaticity ~l, s 0.75, 0.99), which
differed from EEW along only the L0~L1M ! dimension. Each
panel shows results for a single observer for all combinations of
test chromaticity (EEW or aqua) and inducing-ring size (width 2 or
4 min of arc). In these conditions, the test and inducing chromaticities were identical along the S0~L1M ! dimension ~s 5 0.99)
but differed substantially in L0~L1M !. It was not surprising,
therefore, that the assimilation caused by the inducing light was
essentially along only the L0~L1M ! dimension. Measurements are
shown, therefore, for only the L0~L1M ! value (vertical axis,
Fig. 2).
Each open bar shows the match with no inducing light, for one
of the combinations of test chromaticity and inducing-ring size
(horizontal axis). Chromatic assimilation with inducing rings at
chromaticity (0.75, 0.99) is indicated by a higher setting of
L0~L1M ! than the value shown by the open bar. When the test and
inducing lights were perceived in the same depth plane (no binocular disparity), the measurements showed significant chromatic
assimilation for every observer in each condition (compare adjacent open and solid bars in Fig. 2; P , 0.001 by sign test).
Crossed (uncrossed) disparity caused the inducing rings to
appear nearer (farther away) than the test light but did not affect
chromatic assimilation (stippled bars in Fig. 2). Measurements
were very similar to those with no disparity. This too held for every
observer in each condition. A separate analysis of variance for each
observer (3-way crossed design, TEST CHROMATICITY 3
INDUCING-RING SIZE 3 DISPARITY) assessed whether the
test chromaticity, inducing-ring size, and disparity affected the
color matches. For every observer, the test chromaticity and
inducing-ring size significantly changed the appearance of the test
~P # 0.04 for each factor for every observer) but disparity or any
interaction with disparity never approached statistical significance
~P $ 0.42 for each of the four hypothesis tests that included
disparity as a factor, for every observer).
Measurements with the other inducing-ring chromaticity (0.665,
2.5) are shown in Fig. 3. This inducing chromaticity differed from
EEW along only the s dimension, and match settings are shown
only for s. With the EEW test field, which was identical to the
inducing chromaticity in l (0.665), the inducing light caused
virtually no shift in l; with the aqua test (0.62, 0.99), assimilation

Fig. 2. Asymmetric matching measurements along the L0~L1M ! dimension to the color appearance of the test, presented with no inducing rings
(open bar), inducing rings perceived in the same depth plane as the test
(solid bar), or inducing rings perceived in a different depth plane than the
test (stippled bars). The test chromaticity was either EEW or aqua ~l, s
0.62,0.99); the inducing chromaticity was pinkish ~l, s 0.75,0.99). Inducingring width was either 2 min of arc or 4 min of arc. Each panel shows results
for a different observer. Error bars indicate the standard error of the mean.

was observed in both the s and l directions with l shifts (not shown)
following the same pattern as the other results (Figs. 2 & 3). With
no disparity, the inducing rings caused assimilation for each observer in every condition (compare each adjacent pair of open and
solid bars in Fig. 3; P , 0.001 by sign test). Introducing binocular
disparity did not significantly change the color appearance of the
test. Analysis of variance again showed for each observer a reliable
effect of test chromaticity and inducing-ring size ~P # 0.03 for
each factor for every observer) but no significant effect of disparity
or any interaction with disparity ~P $ 0.14 for all hypothesis tests
that included disparity as a factor).
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however, no empirical support was found for a central mechanism
that follows binocular combination of neural signals from the two
eyes.
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