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Practical Rules for Using Color in Charts

We can use color in powerful ways to enhance the meaning and clarity of data displays, but only when we

understandhow it wor ks, what it does well, and how to avoid
improperly. Many of the guidelines presented in this document are built right into Chart Tamer, which makes
it easy to follow best practices. In some cases, however,we 6 | | need to make informed ch

document will help us make.

This set of guidelines is intended for those of us who must understand color only insofar as it applies to
guantitative data displays. We are concerned with the practical use of color, not its use for artistic
expression. Becoming familiar with a few simple rules about color and its use will serve us well.

Color in Context

Letds begin with an important fact about color percepti
Like all aspects of visual perception, we do not perceive color in an absolute manner. Our perception of an

object is influenced by the context that surrounds it. In other words, although our eyes sense absolute
wavelengths of light, which we call color,weper cei ve an objectédés color in contr
that surround it. Visual perception is relative, not absolute. This can be illustrated using the small gray square

below:

Now look at four copies of this same square below as they take on different appearances in various locations
of the large rectangle that varies in color from white on the left along a progressive gradient of gray until to
reaches pure black on the right.
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No tricks have been played to alter the appearance of this image. Nothing has been done to alter the color of
the small rectangle. We perceive them as different from one another, because each is immediately
surrounded by a different shade of gray. When surrounded by light gray on the left, the small rectangle
appears darker than it does when surrounded by dark gray on the right.

So, what does this mean in practical terms? Two practical rules emerge from this observation:

One straightforward application of the Rule #1 to graphs is to avoid using gradients of color in the
background or varying the background color in any
graph in a way that undermines its ability to present data clearly.

Rule #2 cautions us to choose colors carefully, always making sure that they are easy to see and that they
effectively serve the purpose for which we are using them. This point can be illustrated using a display that is
becoming increasingly familiar, but is seldom done well. With Microsoft Excel and several other software
products, you can display quantitative data in the form of a heatmap. A heatmap is a visual display that
encodes quantitative values as color. We are all familiar with weather maps, which use colors to represent
varying amounts of rainfall or degrees of temperature. Heatmaps need not be arranged geographically; they
can also be structured as a matrix of cells, suchasatabular arr angement of values
a typical example of the heatmaps that people create with Excel:
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In this example, traffic light colors of green, yellow and red are being used to encode high profits (green), low
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profits or losses (yellow), and high losses (red) across several product types and states. It is probably true

that the values that are of greatest concern to the person viewing them are those in dark red and dark green,

but they are the hardest values to read, because there is not enough contrast between black text and dark

background colors for the numbers to stand out. We B | ¢ o me
on to other rules for using color in data displays.

Use Color Meaningfully and with Restraint
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The following graph illustrates one version of what we should avoid:

600,000

0

China

Russia

Practical Rules for Using Color in Charts

Finland

Slovakia Romania

Saudi
Arabia

Donodt

500,000
400,000
300,000
200,000
100,000 I
-

Egypt

use
p e o p B the datadiman wiorenatiéns

a bit | ¢
or gratuit
color to de

Page 3

mportal



What do the different bar colors in this graph mean? Not a thing. The labels along the X-axis tell us what the

bars represent. The colors add no meaning or value, but their presence suggests that they do. Consciously

or not, when people look at a data display and see visual differences, they try to determine the meaning of

those differences. Suggesting meanings, which arendét th
expend mental resources in a fruitless pursuit. This graph is supposed to help people compare sales

amounts associated with various countries. However, notice how much more your eyes are encouraged to

compare the bars when they look alike, as shown below, than when they look different, as shown above.
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Define Standard Palettes of Colors for Particular Purposes

Nature uses color more wisely than most people do in tables and graphs. In nature, what purpose do the

bright colors of flowers serve? They attract pollinatorsd birdsandbeesdt o t he f |l owers so theyd
pollen and thereby propagate the species. This same strategy applies to data displays as well. When

properly used, color can powerfully draw attention to particular data.

We can use color effectively for three fundamental purposes in a data display to promote communication:

1 To highlight particular data
1 To group items
1 To encode quantitative values

Wedre now ready for the next rul e:

Rather than taking time to select a color from a huge list of possibilities each time we need one, time will be
saved and the effectiveness of our choices will be improved by standardizing on a few good colors, which is
precisely what Chart Tamer provides. Bright, dark colors are primarily useful for highlighting data in graphical
displays, such as a particular set of bars, and they also come in handy for text. Colors are harder to see and
tell apart when objects are small or thin, such as text, thin lines, and small data points. Notice in the two
graphs below, that medium shades of color, which work well for bars, are harder to see and distinguish when
used for small data points.
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When objects are small or thin, colors that we use to encode them must sometimes be brighter and/or darker
than otherwise necessary. For this reason, we sometimes choose from a palette of bright/dark colors for
encoding thin lines or small data points. Another solution that can often allows us to stick with softer colors
for lines and data points is to simply thicken the lines or enlarge the data points, as shown on the next page:
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When color is used to organize data into separate groups (for example, a different color per sales region), we

want those colors to look very different from one another to clearly delineate the groups. We want them to be

distinct from one another, but not in a way that makes some stand out more than others. They should look

different without varying in perceived intensity. For this purpose, we need a collection of hues that are as

distant from one another as possible along the color spectrum, but similar in intensity (that is, from light to

dark and pale to bright). Her edés a palette of eight sample hues that

Notice that these colors are not only easy to distinguish, they are also well balanced. No one color pops out
more than the others. Her eds a (tbchnicglly black isinatrakue,patthe t t e of
complete absence of color), which could be used to highlight data:

Finally, h e e pafette that is loricagalgain,basedaoh the same hues.

If we choose colors for our standard palettes wisely, there is rarely a need to look further. Choosing wisely is

the key, and you donét need to be an esabiligytestingtm col or or
achieve this end. Instead, you can rely on the design expertise that went into selecting the colors that are

provided in Chart Tamer.
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Three types of color palettes are used for presenting data:

1 Categorical
M Ordered
9 Dual-ordered

Categorical palettes are the ones that are used to separate items into distinct groups. Ordered and dual-
ordered palettes are primarily used to encode quantitative differences. Quantitative values are arranged
sequentially, from low to high or high to low; they vary in a continuous manner, increasing or decreasing from
one end to the other in perceptually equal increments. Understanding this leads us to our next rule:

We can intuitively perceive colors of increasing i nt ensi ti es as numbers of increas
however, perceive differences of hue in this manner. To see for yourself, try putting the following hues in
order from low to high.

I f youbve studied col or t he o reyprdeadafilestalang thexspectrum offightme t o me
you might have been able to order the hues above by wave frequency, but not because you intuitively

perceived them in this order. Now, if you try to place the following colors in order from low to high, you will

have no trouble nor require any training.
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We could meaningfully assign these colors to the four sets of bars in the following graph to encode the order
in which four manufacturing facilities performed relative to the production plan during the course of the year
as a whole, from the worst (California, with the darkest set of bars) to the best (Montana, with the lightest).
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We could also use a set of ordered colors in the form of a heatmap to encode a large number of sales values
in a way that could be used to find out which products in which states sold the best, which sold the worst,
and which states or products did the best or worst overall.
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Notice that the values were not displayed as text in the cells of this heatmap. They were omitted, not only

because some of the text would not stand out well in contrast to the heatmap colors, but also because when
scanning colors to spot patterns in the data, we donodt
Keeping the numbers turned off (invisible) while exploring the data works best. If we want to look up precise

values at times, we could keep a second copy of these cells with the text values visible and no background

fill colors nearby in the spreadsheet for this purpose. If we only need a precise value rarely, and only one at a
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ti me, we woul dnot need the text values to be visible at
interests us and read the value in Excel b6s formula bar.

l'tds useful to maint ai nrderes cobors,such as thasardptebalowp al et t es of o

A single set of ordered colors, which progresses in perceptually equal intervals, such as the one above, is
what we call a sequential palette. A dual-ordered palette is one that consists of two sets of ordered colorsd
one that increases in intensity from the middle of the palette going one direction and another that increases
from the middle going the other directon. Her eds an exampl e:

B _J

Dual-ordered palettes represent a range of quantitative values that are above or below some logical

breakpoint in the middle. For example, a companyébés prof
ordered palette of colors: one set for profits and another for losses, with a zero midpoint. Another example

that could be displayed as a heatmap using a dual-ordered palette involves comparisons to an average, such

as the percentage difference for each U.S. state between actual incidences of violent crime and the national

average. Essentially, this is just another case of positive and negative values, with zero in the middle as the

national average.

Becausedualor dered palettes consist of two ordered palettes,
standard palettes of dual-ordered colors in addition to those that are ordered. We can easily construct a dual-
ordered series of colors from two of the ordered palettes that are provided in Chart Tamer.

Choose the Best Colors for Each Component

Tables and graphs are composed of some objecFors that rep
example, most graphs use bars, lines, or data points to display values. These data objects should dominate

our attention when we examine graphs. Other objects also encode information that is less central to the task

and more supportive in nature,suchas text (for exampl e, a graphoés titl e,
axes, which provide quantitative scales and names for the things being measured) and tick marks along an

axis, which tell us precisely where specific values are located along the scale.

In graphs, the most common non-data objects are axis lines, background fill colors, and borders (for
example, around the plot area or legend). Particular components of a graph, whether they encode data or
not, usually work best when displayed in partic ul ar ways. Herebs the next rule, w
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The colors we use to display non-data components should usually be light, so they carry little visual weight
(that is, salience). Here are a few best practices to keep in mind:

Component Default Color

Axis lines Use thin gray lines of medium intensity.

Borders Whether around the graph as a whole, its plot area, or a legend, when borders are
needed (and usually they are not), use thin gray lines of medium intensity.

Background Use white (or in Excel select ANoneo for

We want data components to dominate the landscape and be easily seen. Here are a few suggestions for a
good set of default colors:

Component Default Color

Bars Use a distinct hue of medium intensity for each data series.

Lines For thin lines, use a distinct hue of fairly high intensity for each; otherwise, use distinct
hues of medium intensity.

Data points = For small points, use a distinct hue of fairly high intensity for each; otherwise, use
distinct hues of medium intensity.

A Few Remaining Guidelines

Simple rules about the following two additional topics remain:

1 Deficiencies in color perception
1 Effects of light and shadow

Deficiencies in Color Perception

Some people cannot distinguish particular colors that most people distinguish quite easily. It might surprise

you to learn that approximately 10% of males and 1% of females suffer from abnormal color perception

commonly known as colorblindness. The vast majority of these folks cannot distinguish red and green. This

means that when we follow the popular conventi on t oday of <c¢color coding Apoord v
values as green, we are displaying this important distinction in a way that many people cannot discern.

Al t hough it wonét solve the problem for everyone, the f

A good substitute in a heatmap for distinguishing positive and negative values is blue and red, rather than
green and red.

Effects of Light and Shadow

Most software products that are used to produce graphs today, including Excel, provide an array of visual

effects to dress up graphs. Effects of light and shadow, especially those that are designed to make two-

dimensional objects such as bars, lines, and data points, appear three dimensional, are all the rage.

Unfortunately, these effects introduce problems that can undermine the clear communication that we aim for

in our graphs. Theyaddonl y superficial appeal, but rarely any real
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Which of the following two graphs is easier to interpret?
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In graphs, there is no need to make things look like objects in the real world. We should display data as
simply and clearly as possible.

Foll ow this simple set of nine rules and youdl|l i mprove
increasing your workIload. I f the isplajirgweiati on i s worth d
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