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In colorblind-safe documents, the contents are presented in a way that
the same information is conveyed to readers regardless of a potential
color vision deficiency. This package provides the tools necessary for
colorblind-safe typesetting in KXTEX. It provides color schemes for a wide
range of applications. The most commonly used schemes are qualitative
schemes, providing easily distinguishable colors for use in graphics, but
also for text coloring or highlighting. Additionally, diverging and sequen-
tial schemes are included which can be used for encoding quantitative
information using colors. This package incorporates colorblind-safeness
into the writing process, making it both less cumbersome and less error-
prone.
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1 Introduction

1.1 Package options

The colorblind package provides the color schemes by Paul Tol [1] and the Okabe
Ito color palette [2]. By default, no schemes are loaded. Providing one of the options
Tol or OkabeIto loads all corresponding schemes.

1.2 Overview

As an example for how to use the colors, we look at the bright qualitative color
scheme by Tol. fig. [I| shows the colors in the scheme

B 68 102 34 204 238 170 187
G 119 204 136 187 102 51 187
B 170 238 51 68 119 119 187
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Figure 1: Bright qualitative color scheme by Tol.

All colors in this model start with T-Q-B, indicating that it is a scheme by Tol, that
it is a qualitative scheme, and that it is the bright scheme. The colors in the scheme
are specified by a number following the scheme name, in this case ranging from
T-Q-B1 to T-Q-B6 for the non-grey colors. The additional color T-Q-BO provides a
color that can be used, e.g., to indicate bad data.

There are two reasons why color names are not based on natural color names (e.g.,
“blue”):

1. Certain colors (green, red) are often used by people with full color vision to
convey certain meanings (good, bad). This meaning is difficult for people
with color vision deficiencies to pick up. By not using natural color names,
it is easier to write colorblind-safe documents that do not make use of said
connotations.

2. Natural color names can be cumbersome, e.g., when multiple variations of a
primary color are used. It is annoying having to look up if a color is called,
e.g., blue or cyan.

These colors are used the same way as any other colors. To change the text color to
T-Q-B1 for example, use \color{T-Q-B1}.

2 Guidelines

On its own, using colorblind-safe colors is not sufficient for making a document truly
colorblind-safe. This section provides some general rules to follow for colorblind-safe
typesetting.



These rules apply to each visual unit of a document individually. A visual unit
may be a graphic, a table or a paragraph of text. It might be advisable to be
consistent also between different visual units (e.g., use the same color scheme for all
graphics), but this is more of an aesthetic argument and is not strictly necessary for
a colorblind-safe document.

The most important rules are:

1. Do not mix the colors in qualitative schemes!
The colors in each scheme are defined with the purpose of being easily distin-
guishable. Mixing of colors, e.g., T-Q-B1!50!T-Q-B5 interferes with this. A
special case of this is that qualitative colors should not be mixed in order to
convey quantitative information. In this case, a suitable non-qualitative color
scheme (i.e. a diverging or sequential scheme) should be used.

2. Only use colors from one color scheme for a given visual unit!
The colors between different schemes are not tuned to be distinguishable. Us-
ing colors from multiple schemes therefore defies the point of this package.

3. Do not use shades of colors!
Saturation and brightness are also used for distinguishability, so mixings in-
volving white and black should also be avoided.

The first two rules should be ensured in any visual unit. If the need for more
colors arises, a different color scheme should be used alltogether. While the third
rule should also be followed in most scenarios, there are some situations that might
allow for breaking this rule. As an example, consider fig. [2| where the error band is
colored with a lighter shade of the original color. This is ok because only few colors
are used in the plot and the colors are not necessary for conveying the message of
the plot.
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Figure 2: This plot breaks rule 3 by using the shade T-Q-B5!20 for the error band
of the reference, but it is still colorblind-safe.

There are additional guidelines that should be kept in mind when typesetting colorblind-
safe documents. Their importance may vary between different applications, so try
to follow them as best as possible, at your own judgement. In no particular order,
they are:

¢ Do not convey information only through color!
When possible, encode the information the color provides also in a different
way, e.g., through text, patterns or symbols.



e Do not use color for information and aesthetics simultaneously!
Color is often also used for aesthetic reasons, e.g., on a scientific poster. While
this is ok in principle, do not mix information and aesthetics within the same
visual unit, as this makes it more difficult to extract the encoded information.

e Do not use rainbow color schemes!
Due to the many different colors in a rainbow color scheme, they are very
difficult to distinguish for people with color vision deficiencies (even when the
scheme is tuned for this purpose). Therefore, it is best to avoid them. If
you insist on using them, Paul Tol provides both a sequential as well as a
continuous version, which are optimized to be as distinguishable as possible.

3 Provided color schemes

The color schemes provided are split into three groups:

e Qualitative schemes:
These schemes are used to convey qualitative information, such as different
data sources, countries or manufacturers. They should usually be used for
coloring text or distinguishing different lines/bars in a plot.

e Diverging color schemes:
When quantitative data ranges between two extremes, and the middle is being
considered “neutral”, a diverging color scheme should be used. Examples for
this kind of data might be test grades, temperatures or pH values.

e Sequential color schemes:
For quantitative data without an important midpoint, sequential color schemes
should be preferred over diverging ones. This is especially true for quantites
that start from 0. They can be used to denote for example velocities, concen-
trations or pressures.

For each type of schemes, this package provides a range of options. Section [3.1
shows the schemes designed by Paul Tol [1], which include qualitative, diverging and
sequential schemes (see sections to . In section the Okabe Ito color
scheme [2] is provided, which is probably the most famous qualitative colorblind-safe
color scheme due to it being mentioned in various articles in high-ranking journals.

All of the schemes are colorblind-safe, and some are optimized for printout or de-
signed for a particular purpose. This is denoted under the scheme name.



3.1 Paul Tol’s color schemes

3.1.1 Qualitative color schemes
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3.1.2 Diverging color schemes

For diverging schemes, when a continuous palette is needed, the colors are allowed
to be linearly interpolated. When using pgfplots (or TikZ), the interpolations are
available as colormaps with the names of their color scheme.

B 54 74 110 152 194 234 254 253 246 221 165 255
l 75 123 166 202 228 236 218 179 126 61 0 255
154 183 205 225 239 204 139 102 75 45 38 255
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Sunset
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Nightfall

l 32 67 146 209 247 253 244 214 178 255
102 147 197 229 247 219 165 96 24 238
B 172 195 222 240 247 199 130 77 43 153
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3.1.3 Sequential color schemes

For most sequential schemes, a continuous palette can be obtained again by linearly
interpolating the colors. The only exception to this is the discrete rainbow scheme,
which has an explicitly continuos variation, the smooth rainbow scheme. When using
pgfplots, the interpolations are available as colormaps with the names of their color
scheme.

When the discrete scheme is not shown, this is because there are too many colors in
them.
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Discrete Rainbow
Do not interpolate!

Smooth Rainbow

3.2 Okabe Ito qualitative color scheme

This is the qualitative color scheme commonly known as the Okabe Ito color palette [2].



l 230 86 0 240 0 213 204 0
159 180 158 228 114 94 121 0
B 0 233 115 66 178 0 167 0
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4 Provided commands

\drawScheme{. ..} The discrete visualizations of color schemes given in this documentation are created
with the command \drawScheme{...}. The name of the color scheme should be
provided to the command, e.g. \drawScheme{T-Q-B} to print the qualitative bright
scheme by Tol.

\drawSchemeC{. ..} The continuous visualizations of color schemes given in this documentation are cre-
ated with the command \drawSchemeC{. . .}. The name of the color scheme should
be provided to the command, e.g. \drawSchemeC{T-D-S} to print the diverging sun-
set scheme by Tol. Note that this command only works for color schemes that are
allowed to be interpolated.
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