
Colour
 

!"#$%&&'$ $ (]$

#1,/E1/1+./.1+*0+$/.$#1,/E1/1+.$-*1$HQ/1-*11+0$<.1+,.+1$i$%&KF'&'$S200+I$RF5$
$

$
$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

$

f0*#&6#)*>A
QS^Pm

(,&()"A#*$
f0*#&+*#9")6#)*>A

5L^Kmp,'B>)#*6#)*>A
P^Qm

M#"()>&A(+*#9")6#)*>A
Q^4m

M#"()>&A(6#)*>A
Q^=m

I)*0-)0)#&$A#A#&$
a*/#6#**#1/)(6#()"'

'>&A#&
3^Pm

(,&()"A#$I)*0-)0)#&
3K^4m

G#*6*#")>&A$
B,*&,A*0B/"(1/#*$

I1/*"-)#&$
WN*.#>A&"((#X

3^=m

$

<LF(! #1,/E1/1+.$-*1$+,;+80*:;+,$?8V$G3+,$[5./;-+$%&&'$>5$%&&b$
$
R8ST$ $ @6&0/'#&$#*-0(()#*$bR77#$$$ J>&0/'#&$#*-0(()#*$bR77#$

<=$=LK$

<53$S43$

<3Q$PQ3$

34$LQL

55$L4=

P$5P5

<P$4QP$

<P$5PK$

<QS$L3K$

P$=TK

S$354

54$4Q4

<T4$444 <Q4$444 <34$444 <54$444 4 54$444 34$444 Q4$444 T4$444

!"#6()0/7$"&(AH$"&l0>($\#>60>)#&$BBH

I01/6#(1/R9"A>&A

Z0A#(O,/&>&A(#"&6*>1/

!"#6()0/7$ "&(A#(H$"&l0>($;*0-)-0/*.#>A#&$

(,&()"A#$I01/6#(1/R9"A>&A$0>-$I)*08#&$BBH$

?#)*>A$'"))#7($!0 )#&$U,&$J0/7>&A(+0*)#&

!"#6()0/7$"&(AH$U,&b0/**R9#*&

M#"()>&A(#*(1/7#"1/>&A

!"#6()0/7$"&(AH$"&l0>($!"#&()*R>'#&

?#7#"9"A>&A

@&70A#6#)*>A

a*/#6#**#1/)(()*0-)0)#&

$

$
$
$
$
$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
!"#$J>&0/'#$"'$?#*#"1/$9#*$M#"()>&A(#*(1/7#"1/>&A$O>*9#$"'$f#(#&)7"1/#&$9>*1/$#"&$U#*R&9#*)#($
@&.#"A#U#*/07)#&$9#*$2")0*6#")#*$>&9$?#0>-)*0A)#&$9#*$!#>)(1/#&$?0/&$@[$6#()"'')H$!#*$0>8#*<
A#OY/&7"1/#$@&()"#A$6#"'$@&70A#6#)*>A$+0&&$>&)#*$0&9#*#'$0>-$#"&$>'-0&A*#"1/#($N*'"))7>&A(<
U#*-0/*#&$'")$=HLK5$N"&.#7-R77#&$.>*E1+A#-E/*)$O#*9#&H$

Bildung im Spannungsfeld veränderter Rahmenbedingungen

24

Immer weniger 
Familien 

mit Kindern

A
3

Wandel der Familien- und Lebensformen
Das soziale und familiäre Umfeld, in dem Kinder aufwachsen, hat entscheidenden 
Einfl uss auf einen erfolgreichen Erwerb von Bildung. Kinder und Jugendliche können 
durch wirtschaftliche und soziale Veränderungen in Risikolagen geraten, die ihre 
erfolgreiche Teilnahme am Bildungssystem negativ beeinfl ussen. Die bereits in den 
vorangegangenen Bildungsberichten beschriebene Veränderung der Familien- und 
Lebensformen !wie auch die verschiedenen Formen der Erwerbsbeteiligung haben 
Einfl uss auf die Bildungsbedarfe. Neue Angebote verändern ihrerseits das Zusammen-
wirken von Familien und Bildungseinrichtungen. 

Familien- und Lebensformen
Die immer noch bei weitem überwiegende Lebensform ist trotz Rückgang seit 1996 die 
Ehe (Abb. A3-1A, Tab. A3-8web). Gleichzeitig nimmt der Anteil von Personen, die ohne 
Kinder leben, in allen Lebensformen zu, was auf die Zunahme des Anteils der älteren 
Bevölkerung zurückzuführen ist. Mit Kindern lebt etwas mehr als die Hälfte der Be-
völkerung (51%), in Ostdeutschland sind es nur noch 45%; dabei ist im Vergleich zu 
Westdeutschland der Anteil an Lebensgemeinschaften höher (A1). In der Bevölkerung 
mit Migrationshintergrund ist der Anteil der Lebensformen mit Kindern deutlich 
größer als bei der Bevölkerung ohne Migrationshintergrund. In dem hohen Anteil 
der Ehepaare mit Kindern schlägt sich die von Personen mit Migrationshintergrund 
häufi ger gewählte Lebensform der Ehe und deren niedrigeres Durchschnittsalter 

Abb. A3-1:  Bevölkerung 1996 und 2008 nach Lebensformen, Ländergruppen und 
Migrationshintergrund (in %)

Quelle: Statistische Ämter des Bundes und der Länder, Mikrozensus
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Many Eyes Examples

manyeyes.alphaworks.ibm.com/manyeyes/
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The Electromagnetic Spectrum
• Visible light has wavelengths in a narrow band centred
on 600 nanometers (1 nanometre = 10�9 metres).

• Radio waves and microwaves have longer wavelengths
than visible light; UV radiation, X and Gamma rays
have shorter wavelengths.
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Wavelength and colour
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Stars seen by
the SDSS camera

Types of Stars
When astronomers look through their telescopes, they see
billions of stars. How do they make sense of all these
stars? How do they classify stars into types, and how do
they tell which types are common and which are rare?
Most importantly, how do they use the star types they see
to learn about stars?

The only information we have about a star is the light it
shines on Earth. No two stars are exactly alike, so you
might expect that we could tell them apart by closely
examining their light as it reaches us.

The "Fingerprints" of Stars
The best tool we have for studying a star's light is the star's spectrum. A spectrum (the
plural is "spectra") of a star is like the star's fingerprint. Just like each person has
unique fingerprints, each star has a unique spectrum. Spectra can be used to tell two
stars apart, but spectra can also show what two stars have in common.

The spectrum of a star is similar to the spectrum of colors you see in rainbows. Stars
give off light in a range of different colors. The spectrum of visible light - the spectrum
you see in a rainbow - is shown below.

The wavelength of light determines its color. The wavelength on the spectrum above is
measured in units called Angstroms; 1 Angstrom = or 0.0000000001, or 1 x 10-10,
meters.

Stars do not give off the same amount of light at every wavelength. If you made a
rainbow graph like the one above for a star, some parts of the graph would be much
brighter than others. Scientists used rainbow graphs for many years; but in the past 20
years, they have begun to use an x-y graph to show a star's spectrum. The x-axis shows
wavelength of light. The y-axis shows how bright the light is at that wavelength. Today,
when scientists say "spectrum," they usually mean this x-y graph.

A typical spectrum for a star has a lot of peaks and valleys. You can see a typical star's
spectrum below.

 

Colour blindness
• Deuteranopia (red weakness) 5% of males
• Protanopia (green weakness) 2.5% of males
• Tritanopia (blue weakness) 0.5% of all males

Color Oracle 

Wikipedia



Young-Helmholtz theory

• Red Green Blue colour receptors
• Relative abundance of cones

–  R  40
–  G  20
–  B    1

Colour and cone cells

• There are three different types of cone cell and they have 
different responses to light:
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Colour and Cone Cells
• It has been shown that the cone cells in the retina are
not identical in their spectral response to light.

• There are three different types of cone cell, which have
the relative sensitivities shown below.

Opponent colour theory

• The colour pairs red/green and yellow/blue are in 
opposition.

• A colour can be described by its values on three scales
– light/dark
– red/green
– yellow/blue

Perceptual colour parameters

• Hue – the property of colour corresponding to 
wavelength.

• Brightness – the same hue can exist in brighter or dimmer 
forms.

• Purity – colours can be pure (the hues found in the 
spectrum), or they can be a mixture of hues.  So pink is a 
mix of red and white.
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Perceptually Based Colour Parameters

Hue:

Brightness:

Purity:
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Perceptually Based Colour Parameters

Hue:

Brightness:

Purity:
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Perceptually Based Colour Parameters

Hue:

Brightness:

Purity:



RGB colour cube
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The RGB Colour Cube HSV colour specification 

• Hue is the “angle” around the 
colour hexagon to the colour.

• Saturation (Chroma) is distance 
from the central axis of the hexcone 
to the colour as a fraction of the 
horizontal distance from the central 
axis to the boundary.

• Value is the fraction of the distance 
from the base of the hexcone to the 
colour.

HSV in R
#Colour wheel
dev.new()
pie(rep(1, 36), col = hsv(h=0:35/36))

#Saturation ramp
dev.new(); plot.new()
plot.window(xlim=c(0, 12), ylim=c(0,1), asp=1)
rect(0:11, 0, 1:12, 1, col = hsv(s = 0:11/11))

#Hue ramp
dev.new(); plot.new()
plot.window(xlim=c(0, 12), ylim=c(0,1), asp=1)
rect(0:11, 0, 1:12, 1, col = hsv(h = seq(1/12, 3/12, length=12)))

HCL

• Hue dominant wavelength, colour
• Chroma intensity of colour (compared to grey)
• Luminance brightness (amount of grey)



Barchart colouring (equal impact)

• Each bar should have a different colour with the same 
impact => 
– equal chroma
– equal luminance
– different, equally spaced, hues

• Qualitative palettes:4 HCL-Based Color Palettes in R

dynamic harmonic

cold warm

Figure 1: Examples for qualitative palettes. Hue is varied in di�erent intervals for given
C = 50 and L = 70.

Figure 2: Examples for sequential palettes, varying only luminance (first panel), chroma and
luminance (second panel), and hue, chroma and luminance (remaining panels).

4 HCL-Based Color Palettes in R

dynamic harmonic

cold warm

Figure 1: Examples for qualitative palettes. Hue is varied in di�erent intervals for given
C = 50 and L = 70.

Figure 2: Examples for sequential palettes, varying only luminance (first panel), chroma and
luminance (second panel), and hue, chroma and luminance (remaining panels).

Equal impact in practice
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Equal Impact Colours In Practice

Rural Male Rural Female Urban Male Urban Female
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As suggested 
by Ross Ihaka

Interval colouring (sequential)

4 HCL-Based Color Palettes in R

dynamic harmonic

cold warm

Figure 1: Examples for qualitative palettes. Hue is varied in di�erent intervals for given
C = 50 and L = 70.

Figure 2: Examples for sequential palettes, varying only luminance (first panel), chroma and
luminance (second panel), and hue, chroma and luminance (remaining panels).

Vary
luminance (1)
chroma & luminance (2)
hue, chroma & 
luminance (3) - (5)

“Low values uninteresting, high values interesting”

Interval colouring (diverging)

Neutral value in the middle

Achim Zeileis, Kurt Hornik, Paul Murrell 5

Figure 3: Examples for diverging palettes with di�erent pairs of hues and decreasing lumi-
nance contrasts.

R> seats <- structure(c(226, 61, 54, 51, 222),

+ .Names = c("CDU/CSU", "FDP", "Linke", "Gruene", "SPD"))

R> seats

We choose colors that are rough metaphors for the political parties, using a red hue H = 0
for the social democrats SPD, a blue hue H = 240 for the conservative CDU/CSU, a yellow
hue H = 60 for the liberal FDP, a green hue H = 120 for the green party “Die Grünen” and
a purple hue H = 300 for the leftist party “Die Linke”. To obtain rather intense colors, we
set chroma to C = 60 and luminance to L = 75:

R> parties <- rainbow_hcl(6, c = 60, l = 75)[c(5, 2, 6, 3, 1)]

R> names(parties) <- names(seats)

The distribution of seats is depicted in a pie chart in Figure 4. showing clearly that neither
the governing coalition of SPD and Grüne nor the opposition of CDU/CSU and FDP could
assemble a majority. Given that no party would enter a coalition with the leftists, this lead
to a big coalition of CDU/CSU and SPD.

R> pie(seats, clockwise = TRUE, col = parties, radius = 1)

To take a closer look at the regional distribution, we load the Bundestag2005 data set con-
taining a contingency table with the number of votes for each party stratified by province
(Bundesland). Then, we re-order the provinces from north to south, first the 10 western
provinces (the former Federal Republic of Germany, FRG), then the 6 eastern provinces (the
former German Democratic Republic, GDR).



German election 2005 (1)

12 Escaping RGBland: Selecting Colors for Statistical Graphics

5. Illustrations

This section provides several more demonstrations of how HCL-based color palettes can be used to
produce statistical plots that are less “flashy” and more perceptually balanced, so that the viewer
can extract information from the plots more easily and more accurately.
Although problematic for many tasks, pie charts can be useful for visualizing whether a set of
pie segments constitutes a majority. A typical application is shown in the top row of Figure 7,
visualizing the distribution of seats in the German parliament “Bundestag” following the 2005
election. In this election, five parties were able to obtain enough votes to enter the Bundestag—
however, neither the governing coalition of SPD and Grüne nor the opposition of CDU/CSU and
FDP could assemble a majority. Given that no party would enter a coalition with the leftists “Die
Linke”, this lead to a big coalition of CDU/CSU and SPD. In graphical displays, the parties are
usually matched by using colors as metaphors: red for the social democrats SPD, black for the
conservative CDU/CSU, yellow for the liberal FDP, green for the green party “Die Grünen” and
purple for the leftist party “Die Linke”. The left panel shows fully saturated HSV colors as usually
found in the (German) media whereas the right panel uses less flashy HCL colors with the same
hues (except for the CDU/CSU where a blue hue instead of the extreme“color”black is used). The
advantage of the latter is again that they are easier to hold in focus for a longer time. Furthermore,
they are all balanced towards the same gray and have the same amount of color, resulting in a
perceptually balanced palette that does not introduce undesired graphical distractions. While it
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Figure 7: German election 2005 with HSV-based (left) and HCL-based (right) qualitative palette.
Top: Pie chart for seats in the parliament. Bottom: Mosaic display for votes by province.
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HSV HCL

German election 2005 (2)

HSV HCL

12 Escaping RGBland: Selecting Colors for Statistical Graphics

5. Illustrations

This section provides several more demonstrations of how HCL-based color palettes can be used to
produce statistical plots that are less “flashy” and more perceptually balanced, so that the viewer
can extract information from the plots more easily and more accurately.
Although problematic for many tasks, pie charts can be useful for visualizing whether a set of
pie segments constitutes a majority. A typical application is shown in the top row of Figure 7,
visualizing the distribution of seats in the German parliament “Bundestag” following the 2005
election. In this election, five parties were able to obtain enough votes to enter the Bundestag—
however, neither the governing coalition of SPD and Grüne nor the opposition of CDU/CSU and
FDP could assemble a majority. Given that no party would enter a coalition with the leftists “Die
Linke”, this lead to a big coalition of CDU/CSU and SPD. In graphical displays, the parties are
usually matched by using colors as metaphors: red for the social democrats SPD, black for the
conservative CDU/CSU, yellow for the liberal FDP, green for the green party “Die Grünen” and
purple for the leftist party “Die Linke”. The left panel shows fully saturated HSV colors as usually
found in the (German) media whereas the right panel uses less flashy HCL colors with the same
hues (except for the CDU/CSU where a blue hue instead of the extreme“color”black is used). The
advantage of the latter is again that they are easier to hold in focus for a longer time. Furthermore,
they are all balanced towards the same gray and have the same amount of color, resulting in a
perceptually balanced palette that does not introduce undesired graphical distractions. While it
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Figure 7: German election 2005 with HSV-based (left) and HCL-based (right) qualitative palette.
Top: Pie chart for seats in the parliament. Bottom: Mosaic display for votes by province.
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Colorbrewer
• Cindy Brewer’s “good” colour schemes for maps
• colorbrewer2.org/

Some conclusions

• Colour choice is difficult
• Combinations of colours have to be chosen
• Colour blindness may be an issue
• There are strong associations with individual colours
• Response to colour is to some extent subjective

• Offer alternative colour schemes
• Consider multiple views
• Use interaction!
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