FUNDAMENTALS OF
DATA VISUALIZATION



“... and please let Mom, Dad, Rex, Ginger, Tucker,
me and all the rest of the family see color.”

The Far Side, Gary Larson









13 AIS LIGHTER THAN B
POP []Ulz’ HOTSHOT 2) BIS LIGHTER THAN A

3) AANDB ARE THE SAME
4) JUST TELL ME, ALLRIGHT?

Image from Colin Ware



Edward H. Adelson



Color names if
you're a girl...

Maraschino NN |

Cayenne NN

Marcon NN

Plum
Eggplant NN
Grape [N
Orchid [T

Lavender [T
Carnation [

Strawberry [N
Bubblegum [
Magenta [T
Salmon [T
Tangerine —
Cantaloupe |
Banana
Lemon
Honeydew | !
Lime | |
Spring |
Clover —
Fern N
Moss _

Flora |
Sea Foam | I
Spindrift |
Teal —
Sky |
Turquoise | l

Red

Purple

Pink

Orange

| Yellow

Green

Blue

Color names if
you're a guy...

Doghouse Diaries
"wWe take no as an answer."



Actual color names Actual color names
if you’re a girl ... if you’re a guy ...

I
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magenta [INEGE agenta
|r ] I
purple NN ouple
L —
blue N bive
L=
pink

hot pink—

——|
I, pink

| E—
hot pink-— I
L. o saimon
orange ' orange

yellow yellow
J
light green )
lime green I
neon green I
|
I
green NG
|
— B
aqua I
CEl 1“98'
~ |
blue blue

L I




WHAT IS COLOR?

: : Visual Mental
Physics Biology System Models

Light Cone Opponent Perceptual
Energy Response Encoding Models

Color

Wavelength L, M, S L, R-G, Y-B :
perception



SMALL FREQUENCY RANGE

THE HUMAN EYE

HUGE LUMINANCE RANGE



Gamma Ultraviolet Infrared
Rays X-Rays Rays Rays Radar FM| TV |Shortwave| AM

1x10% 1x101'2 1x 108 1x10* 1x 102 1x10% 1x10*

Wavelength (in meters)

Visible Light

4x107 5x 107 6x 107 7x107
Wavelength (in meters)
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High Energy Low Energy
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Relative Power |

o

Input Stimulus

Spectral Sensitivity

Cone Response Curves

Product » Response
Integrate

o

400 700

400 ~ 700



By Spigget - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=9022748



l[uminance (cd/mz)

—
o
o

1072

1074

1070

eye damage

outdoor, bright sun

outdoor, cloudy

indoors, lit room

streetlight

outdoor, full moon

outdoor, starlight

threshold for vision



l[uminance (cd/mz)

—
o
o

1072

1074

1070

eye damage

outdoor, bright sun

outdoor, cloudy

indoors, lit room

streetlight

outdoor, full moon

outdoor, starlight

threshold for vision

outdoor scene

print






luminance (cd/mz)

1072

1074

1078

eye damage

outdoor, bright sun

outdoor, cloudy

indoors, lit room

streetlight

outdoor, full moon

outdoor, starlight

threshold for vision

white

black

white

S

black

S




Image from http://ideas.etublogs.usj.edu.lb/



Colin Ware



1. Trichromatic Stage

Trichromatic cone cells respond positively
to one of three frequencies exhibited by
photons arriving on their surface.

@ et ®

P
[, [ .
| I | I I | 2. Opponent Process Stage
I I I The three color channels are discovered
R+G+B R+B-G R+G-B by nearby opponent cells.

Opponent cells tuned to luminosity are
. C excited by the red, green, and blue
Luminance 9 Co color signals.

® &b - @ & - @ @ Cg cells are excited by red and blue and

m .—:- EI inhibited by green. Cb cells are excited

by red and green and inhibited by blue.



® | uminance (L): Sum of Red and Green
® Red - Green: Difference between Red and Green

® Yellow - Blue: Difference between L and Blue

/D——\ » Red - Green

ifference

> Red + Green (L)

- m > Blue - Yellow



SPATIAL COMPRESSION

ADJUST LUMINANCE RANGE TO
NERVE S/N

EXTRACT REFLECTANCE (COLOR)

THE RETINA & COLOR

Image from Colin Ware



More

.. Brightness

Hue

Saturation

Less




Who 1n the rainbow can draw the line where
the violet tint ends and the orange tint begins?
Distinctly we see the difference of the colors,

but where exactly does the one first
blendingly enter into the other? So with sanity
and 1nsanity.

—Herman Melville, Billy Budd



Image from Wikipedia






GOOGLE THIS IS NOT YELLOW




Absorption
{arbitrary units)

445 nm

535nm  575nm

Image from hyperphysics.com

700 nm



Absorption
{arbitrary units)

445 nm 535 nm S5 nm

Image from hyperphysics.com



REAL WORLD: 570 NM

WHAT IS YELLOW? SCREEN: ADDITIVE (R+G)

PRINT: SUBTRACTIVE






Photo: Andrew Bain



SOME COLOR ODDITIES





















. W coéon EMOTION GUIDE

NBC
TRUST LOVE BOLD SOOTHING Nikon i Google
SMART IMMEDIACY RICH ECO-FREINDLY RE ,‘,, Db,
CAM ENERGY POWER vl FRIENDLY %%E&L ; ws W), DIVESID
FAITH SALE MYSTERY ENVY W  Ssion & B

NATURAL PASSION ELEGANCE JEALOUSY K _. Opovess g =0, Wl
STABLE ANGER EVIL BALANCE @m&z@ c ebY
POWER HUNGER STRENGTH RESTFUL CLWES

i s By - g
°M|m7©” %’@‘“@n@

orange p”'_k pwz,tzla J«»ockut@gm

CHEER HEALTH TENDERNESS ROYAL
ATTENTION ATTRACTION SENSITIVE MYSTERIOUS
CHILDISH STAND OUT CARING ARROGANT
FRESH THIRST EMOTIONAL LUXURY
WARMTH WEALTH SYMPATHETIC CHILDISH
ENERGY YOUTHFUL LOVE CREATIVE
OPTIMISM HAPPINESS SEXUALITY SADNESS

http://visual.ly/color-emotion-guide



COLOR: FORM & FUNCTION
QUALITATIVE

RULE OF THUMB

LUMINESGENGE: DEPTH
SLIGHTLY QUANTITATIVE



USING COLOR




NOMINAL







ORDINAL / SEQUENTIAL



DIVERGENT




SEQUENTIAL




INTEGRAL
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GE & COLOR IN GRAYSCALE



“Get It Right in Black and
Wh'te” M. Stone

Petaluma

3 N

| §
POINT REYES POINT REYES
NATIONAL \_ NATIONAL
SEASHORE SEASHORE
PACIFIC OCEAN
0 10 Kilometers \OF 0 10 Kilometers
0 10 Miles San Frar;-cis/co 0 10 Miles San Francisco

Hanspeter Pfister, quoting Stone



Colin Ware — Maps in B&W Beware! Fig 3.8



Number of data classes: 3 ~ i ow to
Nature of your data: i

@ sequential © diverging © qualitative

Pick a color scheme: u
Multi-hue: Single hue: |

T
bl

1=

i

i

]

7

Only show: i

[ colorblind safe
O print friendly
[C] photocopy safe

Context:

[ roads
O cities
borders

oS

Background:

B

@ solid color

" terrain

r—

color transparency

3-class GnBu
@HEJ 0O
HEX ~

#e0f3db

#a8ddb5
#43a2ca

1¥0dX3




& Adobe Color CC Create L SIGNIN  FaY Adobe

My Color Theme

Color Rule

© Analogous




& Adobe Color CC Explore

View

All Themes
¥ Most Popular Week Month Al

Most Used

Random

Watermelon

Aspirin C

sandy stone beach o...
Neutral Blue
1944mustang

Sea Wolf

Vitamin C

A SIGNIN

Firenze

Cherry Cheesecake

Honey Pot

Phaedra

Orange on gray

I\ Adobe




RESOURCES




COLOR ABUSE




B Large population increase
Equal to or more than U.S.
Iincrease of 13.2 percent and:

fqual to or morethan

1990 U.S. density of 70.3

Less than U.S. density
Loss or small increase

Less than LS. increase of 13.2
percent and:

fqual to or more than
1990 U.S. density of 70.3
Less than U.S. density

County colors:

Color hue represants 1950
populatien density:

yellow ceunties kad the
bwest densities. less than

Percent Change, 1990 to 2000
and
Population Density, 1990

T people per square mile
& {bottom 1ow in the legend);

ereen counties were

ks than 70.3, the U.S.

density ia 1990;

blue counties had the

tighest densities.

Calor lightness rapresents

populatien change from
24 1990 to 2000:
1 EE ight counties lost
[ populatien (left column
T n the legend);
- dark counties qrew the
00st, with gains equal to
u o more than the U.S.
T 1 change of 13.2 percent.
1
] = People per
H square mile
1990
Legend rows
e
) 70.3 or more
. 7.0-702
Less than 7.0
Percent change
in population
1990 to 2000
Legend caumns
@
= m -
° o
Data Sources: U.S. Census Bureau, Census 2000
Redistricting Data (PL 94-171) Summary Fils and
; 1990 Census. (
i Lt ’ i L= Cartography: Popdation Dwvisien, U.S. Census Bureau. > ¢ o




40%

35%

30%

25%

20%

15%

10%

5%

0%

Greece: 39.1%

Unemployment rate in the euro zone
Spain: 35.5%

Portugal: 24.7%

Cyprus: 23.3%
Slovakia: 20.9%

Italy: 18.9%
Ireland: 17.2%
7 Slovenia: 15.4%
- France: 15.4%

Belgium: 13.2%

Ny
w, 7 ~— f--—_ Finland: 11.4%

Netherlands: 8.2%

— '~ — wv.
—  r ;’dw Malta: 7.4%

 ——— n — “ - e —— = Germany: 6.0%
O\ ‘

— i —

2007 2008 2009 2010 2011 2012 2013 2014

Jim Wahl, 2014

M Greece

B spain

I Portugal
. Cyprus

I slovenia
o haly

B slovakia
B ireland

. France

[ Belgium

M Finland

' Luxembourg
I United States
I Estonia

W watta

[ Netherlands
B Germany
B Austria




COLOR USE:
QUASI QUANT




HUE:

LUMINESCENCE
SKITTLES

2
(5]
=
=]
:
(a]

HUE +
LUMINESCENCE

HUE:
BIVARIANT

Dobson Units

Rogowitz and Treinish, Why should engineers and scientists be worried about color?



COLOR USE:
FIELD NORMS







What’s your field norm?



What’s your field norm?
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