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Synonyms

Chromatic contrast

Definition

Color contrast describes the perceptual effects of
colors’ adjacency in contexts, whether they occur
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and are observed in two- or three-dimensional
space. It is the relationship between the color of
a stimulus and that of its immediate surround.

Overview

The concept of color contrast is concerned with
the perception of color itself and is based upon the
idea that the eye – the visual system – evaluates, a
function of thinking. Light and color are therefore
not merely surface phenomena but are intrinsic to
human vision, to sight and insight. Light and color
contrasts are primary attributes of vision. They
signal the reactive eye to initiate and activate the
complex visual system to respond to the visual
world.

Fundamentally, the perceptions of the visual
world, in its enormous diversity – the environ-
ment, man made or natural; people; places; ani-
mals; and vegetal life-space itself – are
distinguished and contextualized by the glorious
capacity to see. The primary function of the visual
system evolved to react to this diversity of features
as complex contrasts of shapes and colors. These
formal attributes originate and are embodied in the
response of the human eye to gradients of light
and its absence, shadow. Gibson links the concept
of gradient to both formal and spatial effects, as
well as other incremental changes [1]. In the con-
text of color contrast, it is possible to use this
concept to express increments of light and color.
It is possible to think of this as a “quantification

without number.” Color originates in the environ-
ment and in the visual system, as a complex and
selective response to light.

Visual artists, as abstract or figurative painters,
are experts in defining the images they create on
two-dimensional surfaces by analyzing and
expressing them as shapes and areas of light and
color. All visual languages require this ability.
Figurative painting depends upon the narrative
orchestration of these components; for abstract
works of art, shapes and colors, with their strong
associative attributes, suffice as expressive forms.
Now, how does the visual system make sense in
the first place of the complexity of the visual
world? By responding to its gradients of light
and colors as areas of contrast (Fig. 1).

But color, as Josef Albers asserted, is the most
changeable component in art. And the painter
Delacroix boasted he could turn a mud color into
gold. It is all a matter of context. Chevreul, the
chemist, in the nineteenth century defined “simul-
taneous contrast” as the influence of colors in
backgrounds to affect the appearance of colors
within their boundaries [2]. Thus, for example, a
middle gray against a black background looks
light, while that same gray against a light back-
ground appears dark. Lights and darks are partic-
ularly susceptible to change (Figs. 2 and 3).

Josef Albers, in the twentieth century, explored
and exhaustively expanded the simultaneous con-
trast law, as well as the Bezold effect, the
Liebmann effect, Fechner’s psychophysical laws,
and Goethe’s perceptual concepts, by his and his

Color Contrast,
Fig. 1 Lois Swirnoff:
Santa Fe Rhythm, acrylic on
folded paper
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students’ experiments and in his great work, The
Interaction of Color [3]. In it, the empirical stud-
ies which entailed figure/ground relationships
were explored far beyond Chevreul’s. To the
extent that contrasts between color complements,
like a yellow and a violet, against opposing back-
grounds, could appear to be similar (Figs. 4, 5, 6,
and 7).

Underlying Albers’ discoveries is the function
of the visual system – the afterimage. The stimu-
lus of a bright red area, after 30–60 seconds of
exposure to the eye, will appear bright green. Just
as staring at the bright light of a window in a
darkened room appears as a dark window, when
the eyes are diverted or shut. Another was the
contrast boundary, the thin line at the edge of a

Color Contrast,
Fig. 2 The same gray
appears as two

Color Contrast,
Fig. 3 Scales of gray
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color figure which appears against a contrasting
background, initiating the reaction of a color
change. Application of gradients of colors as lin-
ear planes can cause mixtures between adjacent

color boundaries to appear as an additive third,
i.e., a combined effect which regenerates the
appearance of light. Changing the quantity of
this gradient between two colors in a painting
can cause many additive mixtures to be created.
The work of Julian Stanczak and Richard
Anuskiewicz, former graduate students of Albers,
explore these phenomena and created the move-
ment of Op Art in the 1960s in the United States
(Fig. 8). The researchers Leo Hurvich and
Dorothea Jameson describe this phenomenon in
their article “From contrast to assimilation; in art
and in the eye” [4] and attribute it to an opponent
response system in human vision, beginning at the
retina. They are proponents of the theories of
Ewald Hering, whose book Outlines of a Theory
of the Light Sense they translated into English [5].

Swirnoff’s experimental work with color
began with a question: What happens to color
interactions lifted from the two-dimensional
plane when they interact in space? Will contrast
boundaries prevail in adjacent colors when they
appear as sequences of planes in space, as they do
on the 2-D surface? Do the size and/or placement
of volumes appear different when their surfaces
reflect contrasting hues? How are clues to size and
distance influenced by color? What is the influ-
ence of reds (long wavelength) to blues (short
wavelengths) on the appearance of volumes in
space?

Beginning with Gestalt principles of form and
organization, size and placement, proximity,

Color Contrast,
Fig. 5 Reverse
ground: disc

Color Contrast, Fig. 4 Reverse ground: each X is the
same color
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clustering, and grouping, Swirnoff applied pri-
mary surface colors (Color-Aid) to cubes or float-
ing planes, differing in size and placement in a
space frame, and observed their effects through a
series of experiments. These findings are the sub-
ject of the paper titled “Spatial Aspects of Color,”
a thesis written for her Master of Fine Arts at Yale
University in 1956.

Since then, Swirnoff’s experiments with her
students of design, over more than three decades,
have explored contrast effects spatially, from
tabletop experiments to collaborations of environ-
mental scale, published in her book Dimensional

Color [6]. These experiments have resulted in the
assertion that color can be defined as a nonlinear
dimension.

A new phenomenon was discovered: color ste-
reopsis (Figs. 9, 10, 11, 12, 13, and 14). This
occurs when three interrelated colors, separated
sequentially in a space/frame, are observed fron-
tally through a square opening. In this study, the
contrast boundary between an intermediary color,
seen as adjacent to two, one placed behind, the
other in front, disappears. With the absence of the
middle intermediary, the visual system prefers to
see the two color planes, which are frontally

Color Contrast,
Fig. 6 Three colors appear
as two

Color Contrast,
Fig. 7 Complementary
colors violet and yellow
appear equal
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aligned in the space frame, appear to rotate to a
diagonal position, and as they appear to intersect,
trigger a strong stereoptic effect, analogous to the
experience of depth when two flat images of the
same subject, seen through a

“stereopticon” – differing slightly in their
position – fuse.

In a problem devised to test the degree of light
and shadow that defines a square pyramid, models
were placed against the walls of the teaching
studio to observe the patterns of light and shadow
which reflect from the four white triangles of its
faces (Figs. 15 and 16). The challenge – to see
what degrees of contrast produced the visual
effect of a pyramid – entailed placing gray papers
ranging from white to black against the model in
reversed order, to cancel the pattern of light and
dark, causing it to appear flat, without altitude. It
was found that the degree of change in the contrast
values perceived, with scales of gray papers,
between white to black was geometric – far
greater than anticipated. Once found, the
contrasting grays, applied to the four triangles in
opposed order to their original appearance,
matched. The contrast boundaries disappeared,
and the model took the appearance of a flattened
surface, a bisected figure or a pyramid of
increased altitude, when rotated against the wall
or in the hand. Thus, the response of the visual
system to contrasts of light and dark depends upon
ratios rather than measurable reflectances.

With a grant from the IIDA, Swirnoff was able
to conduct a room-sized experiment, with students
in the lighting studio of Parson’s School of
Design in New York. The issue was to test the
effect of colored light, projected on interior
surfaces. The room’s interior was constructed of
four nine-foot squares, three comprised the
walls – two lateral ones were connected by 90�

to the third back wall – all three joined to the
fourth square as the floor, an open cube. Using
theatrical gels, colored light was projected onto
these surfaces, and it was observed how they
affected the spatial appearance of the room
(Figs. 17 and 18).

Color generated by light greatly intensifies and
enhances the experience of color contrasts. Both
ends of the visual spectrum were tried (long wave,
reds and yellows, then short wave, blues) sequen-
tially, in separate experiments, and the differences
in spatial experience by the contrasts each
presented, as anticipated, were obvious. The “red
room,” however, provided more phenomena [6].

Color Contrast, Fig. 8 Julian Stanczak: Blue Squeeze,
acrylic on canvas

Color Contrast, Fig. 9 Color stereopsis: three colors fuse
as two, red/green
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Against the back wall adjacent to the lateral
wall planes, illuminated with red, a neutralized
yellow light was projected, to fill its square sur-
face. At the 90� juncture color contrasts intensi-
fied; when observed over time, a neutralized
yellow light was seen, reflected from the back
wall, adjacent to the red lateral wall, change at
their mutual boundaries, at first to a green edge
and then followed by the green filling in the entire
square! While the adjacent red wall increasingly

appeared warmer, and at the contrast boundary,
the 90� juncture with the green began to reflect a
yellowish light.

These changes were observed as they occurred
over a period of about 8–10 min, when surpris-
ingly, the green at its contrast boundary with the
yellowing red changed to blue/violet.

There had been a complete change in the colors
of the contrast boundaries, beginning originally as
a yellow-projected light, which changed the entire

Color Contrast,
Fig. 10 Diagram: their
spatial appearance

Color Contrast,
Fig. 11 Diagram: spatial
placement of three planes
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plane to green, followed by a contrast boundary
appearing gradually as blue/violet, now adjacent
to the red wall, whose contrast boundary appeared
yellow – a complete reversal of contrast from the
original stimuli of color.

Clearly, the intensity of the colored light pro-
vided a much greater stimulus to the visual system
than that of a surface color. The color of surfaces
induced to change by their adjacency on
two-dimensional surfaces contrasts mutually

(simultaneous contrast); once perceived, they
remain stable. This phenomenon, engendered by
the intense light projected in space, seems to have
extended to a sequence of perceptual changes
whichoccurredafter amuch longer time–8–10min
of observation. The experience all the observers
had was perceptual. The effect eluded all attempts
to record it, by film or digitally. To account for
these changes, elicited over a period of time,
Swirnoff named the effect “sequential contrast.”

Color Contrast,
Fig. 12 Color stereopsis
value sequence of three reds

Color Contrast,
Fig. 13 Diagram: their
spatial appearance
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Color Contrast,
Fig. 14 Diagram:
alternative appearance as
zig/zag

Color Contrast,
Fig. 15 Pyramids: left, the
white model; right, model
flattened by grays

Color Contrast, Fig. 16 Pyramid rotated 90� appears
bisected Color Contrast, Fig. 17 The room illuminated by LED
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To conclude, the evidence raised by these
experiments suggests that the issue of color con-
trast is fundamental to and an essential part of the
process of sight. Far beyond the purview of design
science to explain, however, they offer a challenge
now to neurology and brain science.

Effects in Perception

Contrast detection is the basic visual task from
which all other visual behaviors are derived. The
human visual system gives virtually no useful
information unless there is a contrast in the retina
(thus, also in the environment that is being
viewed). A small object, or a patch, can only be
seen on a larger one if the two differ in color.
These differences are known as contrast [7].

Sensation of color, or interpretation of color in
the brain, is not only effected by adjacent areas of
the stimulus, but also by the light under which the
stimulus is seen. Two examples of this are the
Helson-Judd effect and the Bezold-Br€ucke hue
shift. The Helson-Judd effect is the tendency of
lighter achromatic surfaces to take on the hue of
the illuminant under which they are viewed and
darker achromatic surfaces to take on the comple-
mentary hue. The Bezold-Br€ucke hue shift is a
shift in the apparent color of a stimulus toward
yellow or blue with the increasing intensity of
light. If a pair of long-wavelength lights differing
only in intensity is compared, the higher intensity

stimulus will look more yellow and less red than
the lower intensity light. For shorter wavelengths,
higher intensity lights look more blue and less
green than lower intensity lights [7].

Contrast perception also causes visual effects
that lead to variance in color sensation. This may
be caused by either the psychophysics of the eye
or by the interpretation of the brain. These effects
are: successive contrast, simultaneous contrast,
edge contrast, and assimilation (reversed
contrast).

Successive contrast is the visual effect which
occurs when eyes are fixed on a colored patch for
a sufficient period of time and then moved on to
another patch of a different color. It is likely that
the image of the first patch will be perceived upon
the image of the second with its afterimage [7]. An
afterimage is the visual effect that occurs after
light stimulus has been removed. In the case of
successive contrast, afterimage complementary
color of the initially viewed image will be
imposed on the lately viewed image.

Simultaneous contrast is the visual effect
which occurs when two different color patches
are viewed together, where both will exhibit
changes of appearance. Simultaneous contrast is
affected by the distance between two colors. If
two different color patches of equal size are placed
side by side, both will exhibit changes in color
appearance. When the patches are separated, the
changes decrease and eventually diminish, as the
distance between them is increased. Simultaneous
contrast effects the hue changes by roughly
superimposing the complementary color of the
background on the foreground patch. This hue
change is accompanied by changes in the per-
ceived saturation depending on the afterimage
complementary color produced. For example, if
a blue-green patch is viewed against a red back-
ground, the patch will be perceived as blue-green
again (the afterimage of red being a blue-green),
but with an increased saturation [8].

If two areas of uniform colors having the same
hue but slightly different luminance factor are
viewed, adjacent to the boundary between the
two areas, there is a relative enhancement of light-
ness of the lighter area and a corresponding dark-
ening of the adjoining area [8]. This is called edge

Color Contrast, Fig. 18 The room’s back wall changing
to green
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contrast. If a black line is drawn along the edge at
which two areas join, the effect of edge contrast is
lost. The edge contrast phenomenon is caused
psychophysically by interactions among nerve
cells in the retina. It is also referred to as the
Mach-band effect, the Mach contrast (named
after the physicist Ernst Mach), or the border
contrast [7].

Assimilation (reversed contrast) is the visual
effect which occurs when two distinctly perceived
colors seem to shift in appearance toward each
other. An example would be strips of colors,
namely, red, yellow, and blue. The red strips on
the yellow background appear yellowish, and on
the blue background, the same red strips appear
bluish. Assimilation is also known as the Bezold
spreading effect. Assimilation should not be con-
fused with simultaneous contrast. In simultaneous
contrast, a red area surrounded by a yellow area
would tend to look more bluish (not yellowish);
surrounded by a blue area, it would tend to look
more yellowish (not bluish) [8]. It is also impor-
tant to introduce a relation between the viewing
distance and the effect that will be perceived. As
the viewing distance is increased, producing reti-
nal images of finer detail would be more possible,
and a transition from simultaneous contrast to
assimilation will occur. Finally, when a distance
is reached beyond which the pattern is distin-
guishable, the visual experience of pointillism
takes over where colors put on a surface will be
perceived as a spatial mixture (optical
mixture) [7].

Sonia Delaunay’s Simultaneous Contrast

This concluding section focuses on Sonia
Delaunay’s and the early modernism’s application
of simultaneous contrast. For Sonia, and also for
Robert Delaunay, and the poets Apollinaire and
Cendrars, simultaneous contrast was a tool used to
express the new era’s speed, velocity, and move-
ment. In Paris, the Russian-French artist Sonia
Delaunay (1885–1979) worked with strong con-
trasts of color in her early expressionist painting
period around 1906. A few years later, she started
to work with simultaneous contrast in a

non-figurative way in several projects: paintings,
fashion, ballet costumes, textiles, prints, books,
and interior designs. As early as 1912, she created
one of the first painting techniques in an abstract
form with colors applied to large areas with the
aim of achieving an interaction of color contrast
[9]. She picked up the concept of simultaneous
contrast from Chevreul and called her style of
painting simultanée. Principally, she worked
with color contrast to add power and chromatic
strength to the tints.

Sonia – and her husband, the painter Robert
Delaunay – first observed Chevreul’s law in
nature. In Spain and Portugal, she writes: the
diffusion of light is the purest. The light is so
strong that the colors themselves become distinct
and their hues become robust. No haze or tones of
gray interfere and mix the colors; no achromatic
grayed effects appear. The quality of this light
allowed the artists “to go even further than
Chevreul in finding dissonances in colored light”
[10]. She explains “dissonances” as “rapid vibra-
tions, which provoked greater color exaltation by
the juxtaposition of specific hot and cold colors”
[10]. To create the color vibrations, the Delaunays
began to divide the shades of colors into hot and
cold. This meant working with complementary
colors and, to an even greater degree, with cold
and warm color contrasts. Sonia Delaunay states
that colors “agitated by hot and cold dissonances
provoke a stimulating response” to the
viewer [10].

Simultaneous Contrasts in Patterns

Sonia Delaunay’s patterns in pure colors and in
new color relationships are varied and have
abstract forms: arcs and circles, rectangles, and
triangles. For her, the circle was a symbol of the
sun and also of simultaneous action. Her patterns
change in rhythmic movements corresponding to
their movements in value (lightness) and hue.
Dresses and costumes are also inspired by the
natural movement of the body. She began from
the four basic colors – red, yellow, green, and
blue – and from black and white. The red hue is
often mixed with yellow to form an orange-red.
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The green is mixed with yellow to form a hue
similar to the color of a mimosa flower. The blue
is a medium blue, and the yellow is strong. In
addition, she uses gray [11].

Around 1912, standard fabrics usually had
large flowers against black or strongly colored
backgrounds [9]. Sonia Delaunay’s simultaneous
fabrics changed this custom; she manufactured
the same elements as those used in her paintings.
Her abstract patterns are simple and have clear
motifs in composition and color (quite similar to
some African patterns). The colors are often vivid,
but they harmonize most agreeably. Characteristic
of her textile design is that the forms and patterns
may well appear geometric, but the color surfaces
are “characterized by rhythm” [10]. Due to Sonia
Delaunay’s simultaneous placement of the colors,
they produce new and original effects “right
before your eyes” [10]. They are thus responsive
to the architecture of modern life, to the new
active way of living. In connection with this tex-
tile creation, she began to work with the first
“simultaneous automobile,” a Citroën B12
(1925), painted in the colors of the rainbow. In
this way, she was at the forefront in the showing of
art outside of the salons.

Simultaneous Contrast in Costume and
in Fashion

During the summer of 1913, Sonia Delaunay
began to design simultaneous dresses. She made
and mounted them in collages made of textile.
These dresses caught a new wave in fashion
corresponding with the latest popular dances of
the time, foxtrot and tango. In her abstract forms
of arcs, circles, rectangles, and triangles, she cre-
ated a movement of color. But the forms and the
contrasting colors also enhanced the natural
movement of the forms of the body, matching
with the rhythms of Latin music. In the dancehall
the Bal Bullier in Montparnasse, one could see the
action of the dancers united with the action of
color and light. Sonia Delaunay was commis-
sioned to design the costume for the ballet
Cléopâtre (1918). Working for the theater, she
could experiment with successive designs for

lengths of fabric: textiles wrapped around the
human form, the body set into action in dance,
all visual movements of the costume. Cleopatra’s
costume was built up of discs in pure colors dec-
orated with sequins and pearls. The ballet
established Sonia Delaunay’s name as an innova-
tor in both costume and fashion [12]. In 1922, a
textile manufacturer in Lyon, France, asked her
for a set of fabric designs and promptly ordered
50 designs for silk. For the commission, she began
to study color relations and introduced abstract
geometrical designs in printed silk. The subject
of textile studies refined her control of the inter-
action of colors [11]. A few years later, on Boule-
vard Malesherbes in Paris 1925, Sonia Delaunay
opened her own shop, the Boutique Simultanée.
There she offered simultaneous design in the form
of coats, dresses, handbags, and even interior
furnishings.
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Definition

In the study of linguistics, a corpus is a data set of
naturally occurring language (speech or writing)
that can be used to generate or test linguistic
hypotheses. The study of color naming
worldwide has been carried out using three types
of data sets: (1) corpora of empirical color-
naming data collected from native speakers of
many languages; (2) scholarly data sets where
the color terms are obtained from dictionaries,
wordlists, and other secondary sources; and
(3) philological data sets based on analysis of
ancient texts.

History of Color Name Corpora and
Scholarly Data Sets

In the middle of the nineteenth century, color-
name data sets were primarily from philological
analyses of ancient texts [1, 2]. Analyses of living
languages soon followed, based on the reports of
European missionaries and colonialists [3, 4]. In
the twentieth century, influential data sets were
elicited directly from native speakers [5], finally
culminating in full-fledged empirical corpora of
color terms elicited using physical color samples,
reported by Paul Kay and his collaborators
[6, 7]. Subsequently, scholarly data sets were
published based on analyses of secondary sources
[8, 9]. These data sets have been used to test
specific hypotheses about the causes of variation
in color naming across languages.

From the study of corpora and scholarly data
sets, it has been known for over 150 years that
languages differ in the number of color terms in
common use. Particularly, languages differ
greatly in how they name the cool colors that are
called “blue” and “green” in English (Fig. 1).
Some languages, such as English, use a word
BLUE that means only blue, in conjunction with
a word GREEN that means only green. Other
languages use a single term (here and elsewhere,
“GRUE”) that means green or blue, and still other
languages use a word (here, “BLACK”) that
means both black and blue, to name the cool
colors, in conjunction with WHITE, which
names the light and warm colors.

Scholars in the nineteenth century established
the two general explanations for this diversity of
color terms across languages, which still guide
much of the research on the topic today. The first
explanation was that the people who spoke lan-
guages with few color terms had deficient color
vision. This speculation was at first based on the
philological analysis of extinct languages and
arose in part because of general interest in the
theory of evolution in the latter half of the nine-
teenth century. Proponents of this view speculated
that humans and their color vision had evolved
since ancient times. The second explanation was
that people living at different times and in differ-
ent cultures need to differentiate between different
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