


Figure 4.14 Example of achromatic contrast.All of the vertical stripes are physically identical but they appear 
different because of the light level in the surrounds. 

the Royal Manufactures at the Gobelins tapestry 
works in France, was charged with producing 
woolens of consistent color. He showed that a 
perceived difference in color between two iden­
tical but spatia]]y separated samples of material 
was caused by the context of nearby regions 
within which each sample was viewed, not by a 
difference between the two woolen samples 
themselves. 

Chromatic induction may result in chromatic 
contrast or chromatic assimilation. In chromatic 
contrast, the appearance of a light changes in a 
direction away from the color of the inducing 
light. For example, a patch that appears white 
when viewed alone becomes greenish when sur­
rounded by a light that appears red. In chromatic 
assimilation, on the other hand, the appearance 
of a light shifts toward the color of the inducing 
light. The direction of chromatic induction, 
toward contrast or assimilation, depends on the 
properties of the stimuli, particularly their spatial 
frequencies. 

Achromatic contrast: When stimuli are achro­
matic, introducing an inducing field can cause a 
light that appears white to become a brighter 
white, or to become gray or black. These are 
changes in brightness and/or lightness. When a 
patch is surrounded by light of somewhat lower 
luminance, the brightness of the patch is 
enhanced slightly compared to its brightness 
when viewed alone. As the luminance of the 
surround approaches and surpasses the lun,i­
nance of the patch, the brightness of the patch 
falls rapidly. A surround at twice the luminance 
of the patch induces a dark color, so that no single 
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light alone can match the appearance of the 
patch (Heinemann, 1955). Achromatic contrast 
is demonstrated by viewing an identical snipe 
within surrounds of various light levels, which 
range from well below that of the stripe to well 
above it (Figure 4.14). 

Chromatic contrast: The perceived hue and 
saturation of a given light also depend on adja­
cent stimuli. In most stimulus configurations, a 
dlromatic inducing field shifts the color of a 
patch away from the color of the inducing light. 
The specific change in color appearance depends 
on the chromaticities of both the inducing field 
and the patch, and on the spatial and temporal 
properties of the stimuli. Shifts in appearance 
can be substantial, as shown in Figure 4.15, 
which plots shifts in the perceptually matdling 
chromaticity caused by introducing an inducing 
light that appears red, yellow, green or biu 
(Ware and Cowan, 1982). Results with each 
color of inducing stimulus are in a separate 
panel; the solid circle is the chromaticity of the 
inducing field, which was presented in repeated 
18' wide stripes of a grating 2° wide by I. 5° high. 
The test color was presented between the induc­
ing regions, in 6' wide stripes. The test and induc­
ing lights were viewed by one eye while the 
observer matched the perceived color of the test­
within-inducing-stripes by adjusting a trichro­
matic mixture presented to the other eye 
(haploscopic matching). The tail of each arrow is 
the chromaticity of the test light alone (no 
inducer); the head of the arrow is the matching 
chromaticity with the inducing field. In generaL 
each inducing light shHts color appearance away 
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from its chromaticity (arrows pointing away 
from solid circle in each panel). There are several 
exceptions, however, particularly with a short­
wavelength 'blue' inducer (bottom panel) which 
shifts middle- and long-wavelength lights near 
the spectrum locus toward redness. Theories of 
chromatic induction are discussed in section 
4.3.4. 

Weaker contrast would be expected in natural 
viewing. The measurements in Figure 4.15 were 
made under conditions that optimize chromatic 
contrast: steady viewing, adaptation to the stim­
ulus for more than a minute, similar luminances 
of the test and inducing lights, and with optical 
correction for chromatic aberration of the eye. 

Achromatic and chromatic assimilation: 
Under some stimulus conditions, the appearance 
of a light shifts toward rather than away from 
the color of an inducing field. The phenomenon 
of assimilation was documented more than a 
century ago (von Bezold, 1876). We experience 
it when viewing a brick building: the perceived 
color of the brick depends on the color of the 
mortar. Achromatic assimilation is demonstrated 
in Figure 4.16, where two identical gray back­
grounds have a superimposed grid of either 
black or white. The background with the black 
grid appears darker than the background with 
the white one. A step plate above and below the 
backgrounds allows them to be compared to the 
appearance of uniform bars. The upper back­
ground has a gray level near step 2 or 3 (count­
ing steps from the left) while the lower one has 
an appearance near step 4 or 5. 

Chromatic assimilation is shown in Figure 
4.17. All three green regions (top halL center) 
are constructed from an identical uniform rec­
tangle at the chromaticity of the uniform bar on 
the left; grids that appear yellow, red or blue are 
superimposed (the grids alone are shown on the 
right). Chromatic assimilation results in the 
three regions of different perceived color (top 
halL center). Assimilation from the same grids is 
shown below for an orange background. 

Assimilation has been studied less thoroughly 
than contrast, despite its powerful influence on 
color appearance. In generaL assLmilation occurs 
with fields of relatively high spatial frequency. In 
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Figure 4. I S Shifts in color appearance caused by 
chromatic contrast (see text). (From Ware and 
Cowan, 1982, reproduced from Vision Research by 
permission of Elsevier Science.) 

transition from assimilation to contrast when the 
stripes become wider than about 3-6 cycles per 
degree (Helson, 1963; Fach and Sharpe, 1986). 

studies with gratings composed of interleaved This is a rough guide, however, because several 
contiguous inducing and test stripes, there is a factors affect the size of stimuli that result in 

166 



COLOR APPEARANCE 

Figure 4.16 Example of achromatic assimilation.AII of the small squares are physically identical but they shift 
in appearance toward the appearance of the black or white overlaying grid. 

assimilation, and the degree of assimilation that 
occurs. These factors include the relative widths 
and chromaticities of the inducing and test 
stripes, and the background field on which the 
grating is viewed. 

Assimilation is mediated by both optical and 
neural processes. Chromatic aberration and dif­
fraction contribute to blurring of light on the 
retina, which is a factor in assimilation (Wandell, 
1993; Marimont and WandelL 1994). Ware and 
Cowan (1982), in their study of chromatic 
contrast, collected some additional data without 
the achromatizing lens that was used [or the 
measurements shown in Figure 4.15. Removing 
the achromatizing lens substantially increased 
the blueness in the test field when tl1e inducing 
field appeared blue. Optical [actors, however, 
are unable to account completely for assimila­
tion. Fach and Sharpe's (1986) measurements 
did not show greatest assimilation from short-

wavelength light, which is the most defocused 
by chromatic aberration. Moreover, assimila­
tion is observed in some experimental condi­
tions with stimuli too large to be strongly 
affected by optical factors (Helson, 1963). Most 
investigators studying assimilation have con­
cluded that a neural process also contributes to 

these changes in color appearance. This con­
clusion is qualitatively consistent with the neu­
ral point spread function derived for chromatic 
pathways (Sekiguchi el aI., 1993; Williams et al., 
1993). 

4.3.4	 CHROMATIC ADAPTATION TO 
SIMPLE FIELDS 

In dlIomatic contrast and assimilation, the color 
appearance of a particular light depends on an 
adjacent light also in view. Contrast and assimi­
lation are special cases o[ chromatic adaptation, 
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(B) 

Figure 4.17 Examples of chromatic assimilation. (A) The three 'green' background regions in the center are 
physically identical, at the chromaticity of the uniform bar on the left. Overlaying grids that appear yellow, red or 
blue (shown alone on the right) shift the appearance of the 'green' background toward the appearance of the 
grids. (B) Assimilation from the same grids with a background that appears reddish-orange. 
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