
The three primary colors are
red, blue, and green.  Every spot
of pigment absorbs some wave-
lengths of light and reflects the
rest, sending out light that is
detected by the cones in the reti-
na. There are other light-sensi-
tive cells in the retina called
rods.  However, these cells are
not involved with color vision,
but allow for high light sensitiv-
ity under conditions of low,
nighttime illumination.  Other
cells in the human eye process
the information from cones and
code it as three signals:  redness
versus greenness; blueness ver-
sus yellowness; or blackness
versus whiteness.  The brain’s
interpretation of the combina-
tion of these signals, originating
from the cones in the retina,
results in the perception of
color.

Color can be created in two dif-
ferent ways.  Pigments, inks, or
dyes absorb certain wavelengths
of light from the color spectrum
and reflect light to the eye for
perception of color.  This is a
subtractive process, in which
colors are mixed in order to
remove particular wavelengths
of light from the visual spec-
trum through absorption, while
others are reflected back to the
eye.  The other way color can be
created is through an additive
process, in which various colors
(single wavelengths or mixtures
of wavelengths) of light are, in
turn, mixed to create other col-
ors.

A pigment-based color system
relies on the absorption of
unwanted colors of light and the
reflection of the perceived color
of light.  Artists use the tradi-
tional primary colors of red,
blue and yellow to mix all other
paint colors.  An even mix of
these three primary pigment col-
ors results in brown.  The dye
and ink colors used in the print-
ing process are slightly differ-
ent, and are the true primary
pigment colors:  magenta, cyan
and yellow.  Magenta absorbs
green light, cyan absorbs red
light, and yellow absorbs blue
light.  The remaining colors of
light are reflected back to the
viewer.  Thus, a magenta (red-
dish-purple) ink absorbs all
green light, reflecting only red
and blue light back to the eye.
The mixture of these two colors
on the retina is perceived as
“magenta”, not as a combination
of blueness and redness.  See
Figure 13. 

Similarly, cyan light is created
by mixing blue and green light,
and yellow light is created by
mixing red and green light.   See
Figure 14.

As you can see in Figure 15
below, a combination of any two
primary pigment colors absorbs
two of the three primary light
colors and allows only the
remaining primary light color to
come through.  For example,
magenta and yellow ink will
absorb green and blue light,
allowing only red light to be
reflected.  (Therefore, in terms
of light, red is “created” by
adding magenta and yellow.)
In theory, the use of all three
pigment colors would result in
the absorption of all light, creat-
ing the appearance of black.
Since inks and dyes are not per-
fect, however, printers use a sin-
gle ink that absorbs all light
(black), rather than relying on a
mixture of the three primary
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on a red square seems closer to
the viewer than the red.  But if
the yellow square is gradually
enlarged, there is a point at
which the illusion of depth will
be reversed, and the red will
stand out, or appear closer, as a
border. 

Depth perception also depends
on color chroma intensity and
value.  Generally, the more
intense, or pure, the color, the
more it stands out.  However, if
the value is darkened, the color
will appear to recede, whereas a
lightening effect will produce
the opposite result and it will
appear to advance and become
larger.  See Figure 21.

Impact of Color on
Conspicuity

Visibility and color have been
the subjects of several studies.
And nearly all of them have
concluded that contrast between
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colors.

Mixing lights of the primary
colors will produce a wide range
of colors.  This process is addi-
tive.  The broad range of colors
available on video board signs
provide one example of this
principle as applied to signage.
A close look at a typical video
board (Figure 16) will reveal a
matrix of pixels, each pixel
being made up of  tiny red,
green, and blue lights, or sub-
pixels (light emitting diodes,
perhaps).  At a normal viewing
distance, the eye cannot distin-
guish between the individual
sub-pixels.  The color of each
pixel is regulated by additive

mixing of the sub-pixel
primaries through
changes in their intensi-
ties.

Color’s Impact
on Legibility

Several years ago, the Outdoor
Advertising Association of
America (OAAA) undertook a
study of color contrasts on out-
door advertising signage.  Test
results were used to rank color
combinations according to their
effectiveness in terms of their
legibility from a distance.  The
rankings are listed in Table 5.

With some slight variation,

other studies have confirmed the
OAAA study, finding that the
most legible color combinations,
in descending order, are:  black
on yellow, black on white, yel-
low on black, and white on
black.1 See Figure 17.

Perceptions of distance vary
with color.  On a black back-
ground, for example, text or
graphics of equal size in hues of
yellow, orange, red, violet, blue
and green may appear to vary in

distance from both the viewer
and the background.  Thus, on
a black background, yellow
appears to advance, while vio-
let seems to blend or recede –
making it appear more distant
than any of the other colors.
Conversely, on a white back-
ground, violet pushes forward,
while yellow recedes.  See
Figure 18.

An overlap (or overlay) of col-
ors can produce effects that
are opposite to what might be
expected on the basis of color
alone.  In Figure 19, a violet
form overlapping a yellow one
on a black background appears
closer to the viewer than the
yellow form, even though yel-
low enjoys a much more opti-
mal contrast with black.  

The size and juxtaposition of
forms also affects depth per-
ceptions.  For example, in
Figure 20, note that a small
yellow square superimposed
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TABLE 5

Letter and Background Color Combinations
Ranked in Order of Optimum Legibility 

from a Distance*

1.  BLACK on YELLOW 9. WHITE on BROWN
2.  BLACK on WHITE 10. BROWN on YELLOW
3.  YELLOW on BLACK 11. BROWN on WHITE
4.  WHITE on BLUE 12. YELLOW on BROWN
5.  YELLOW on BLUE 13. RED on WHITE
6.  GREEN on WHITE 14.YELLOW on RED
7.  BLUE on YELLOW 15. RED on YELLOW
8.  WHITE on GREEN 16. WHITE on RED

*Atmospheric and ambient light conditions as well as type of
letter may  affect the legibility of color combinations listed.

Source:  Claus, K.E. and R.J., Visual Communication Through Signage, Vol. 1:
“Perception of the Message.”  Cincinnati, Ohio: ST Publications, 1974. 



(adding black) and tints (adding
white) of the same color.  As a
result, it provides limited bright-
ness contrast.  These schemes
decrease legibility significantly,
and should be avoided.   

The color of a sign can con-
tribute significantly to whether
or not it is noticed in its sur-
rounds, particularly if the sign is
located within the peripheral
visual field.  Because it is gener-
ally more luminous, white is the
most visible color to the
extremes of the peripheral visual
field, followed by blue, red, and
lastly, green.  Colors in the natu-
ral landscape are rarely in the
upper end of the spectrum (red),
and few of those that exist are
bright objects.  Signs with these
colors, therefore, tend to be more
conspicuous.  

Although red ranks next to last
as to peripheral field extent, from
a psychological point of view it
is perhaps the most conspicuous,
as it is associated with excite-
ment, heat and adventure, and is
often used for warning or alert.

Blue, on the other hand, is asso-
ciated with calmness, serenity,
and meditation (this is why blue
is often featured on institutional
signage such as that utilized by
banks and hospitals).  Green
denotes freshness, youth, and
nature’s vitality, while yellow
invokes cheerfulness, warmth
and novelty.  Although not
peripherally conspicuous, yellow
is often emphasized in restaurant
signage – the most famous, of
course, being the yellow arch
signage of McDonalds.  

Generally speaking, blue is the
most widely preferred color
among all European age groups.
Men prefer deep shades of color,
while women tend to prefer

lighter tints.  Pure hues or bright
shades and tints attract and hold
the attention of children, with red
and yellow being the most mag-
netic.  Fast food restaurants typi-
cally emphasize bold colors and
color contrasts on their signage
precisely to appeal to young age
groups.3

the background color and the
color of the lettering or symbol
plays an important role in attain-
ing optimum visibility, con-
spicuity, or legibility of signage
messages.

Pigment color can be described
in terms of hue, chroma, and
value.  Hue refers to the identity
of a color (red, blue, yellow or
green, etc.), chroma to its rela-
tive strength (that is, relative to
an achromatic color, white), and
value to its lightness or dark-
ness.  A tint results when white
is added to the original color.  A
shade results when black is
added to an original color.
Figures 22a and 22b show how
different colors and hues can be
represented around the circum-
ference of a circle, and variation

of chroma along the different
radii of the circle.  In Figure
22b, value is not consistently
represented, as are hue and
chroma.

Contrasting hues lend power to
visual communication.  The
strongest contrasts occur
between complementary colors
(colors, including their tints or
shades, that are opposite one
another on the color circle).
However, complementary colors
do not always provide the best
legibility.  For example, magen-
ta and green are complementary
colors, but while a magenta
message on a green background
may call attention to the sign,
the message will be difficult to
differentiate from its back-
ground.  

A combination of yellow and
purple is also easily visible, and
is certainly more legible.2 The
reason for this is that brightness
contrast has a greater impact on
legibility than does color.  The
eye, however, has separate sub-
systems for seeing color contrast
and brightness contrast.  Its abil-
ity to see brightness contrast
may be five times stronger than
its ability to see color contrast.
If a sign contains fine detail,
then it must also have a high
degree of brightness contrast.
Additionally, people respond
more quickly to signs with a
high brightness contrast.  As
seen on the left in Figure 23, if
brightness contrast is relatively
low, the legibility of the text is
reduced.  But the sign on the
right that contains both bright-
ness contrast and color contrast
is more legible.

A monochromatic color scheme,
as shown in Figure 24, consists
solely of different shades

Color

2. An earlier study showed that combina-
tions of red on green, orange on white, and
black on purple were quite illegible and rec-
ommended that they not be used (Peterson,
D.G., and Tinker, M.A.  “How to Make
Type Readable.”   Harpers, 1940).
3. For more information on color, see Itten,
J.  The Art of Color. New York; Reinhold,
1966; Griffin, John and Bailey, James.
Visual Science and Signage, Signtronix,
Torrance, CA, 2001; Bailey, James,
Dictionary of Visual Science, Signtronix,
Torrance, CA; Hofstetter, H.W.; Griffin,
J.R.; Berman, M.S.; Everson, R.W.,
Dictionary of Visual Science and Related
Clinical Terms, 5th Edition, Boston:
Butterworth-Heinemann, 2000; Norton,
T.T.; Corliss, D.A.; Bailey, J.E., The
Psychophysical Measurement of Visual
Function, Boston:  Butterworth-Heinemann,
2002.
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Fast food restaurants
typically emphasize

bold colors and color
contrasts on their

signage precisely to
appeal to young age

groups.
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FIGURE 30

An object’s background can
change its apparent color and
brightness.  Figure 25 shows
how yellow is affected by back-
ground color.  If the background
is blue, the object will appear
more yellow.  If the background
is red, the object will appear
more green.  When surrounded
by white, the hue of yellow is
not altered but its brightness is
somewhat reduced.

Considering Color
Blindness

A meaningful percentage of
people are color blind to some
degree, and have difficulty dis-
tinguishing certain combinations
of colors.  Actually, color blind-
ness may be a misleading term
because most “color blind” peo-
ple are merely color deficient.
The prevalence of abnormal
(deficient) color vision is about
8% in men and 0.4% in women,

and many variations of
color blindness exist.
One common form is
red color blindness, due
to a loss of retinal cone
cells that are most sen-
sitive to this color.  In
this condition the ability
to tell the difference
between hues in the
range from red to green
is significantly
impaired, making red,
yellow and green virtu-
ally indistinguishable.

We have all seen the
color blindness tests that are
given to assess vision.  Figure

26 is a single plate taken from
such a test.  Figure 27 shows a
sign using a color scheme simi-
lar to that used in the color
blindness test.  Persons with the
common forms of so-called red-
green color blindness that this
test was designed to identify
would have greater difficulty
reading such a sign, compared
to persons with normal color
vision.

Figure 28 shows a wide variety
of standard colors used in signs.
Figure 29 shows how those
same colors appear to a person
with common red-green color
blindness.  

It is, therefore, important to use
those combinations of colors
that retain color and brightness
contrast when viewed by color-
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blind people.  Blue and yellow, for exam-
ple, are a good combination, but blue-green
or aqua on white or gray, for example, are
very difficult combinations for a color
blind person to read (referring again to
Figures 28 and 29, compare the appear-
ances of the blue-green squares as seen by
normal and color-deficient persons).
Another difficult combination is magenta
or fuchsia on white or gray.  

Poor and good choices of colors, as well as
the importance of high brightness contrast,
are shown in Figure 30.

Red may be a bright color, but as this business
owner discovered, it won’t attract customers

unless it contrasts with its background.
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