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Common Vis Types
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“ Greens-EFA
W ALDE

Networks

Radar Chart Coxcomb Chart
W EPP
HECR
W EFD
“ Non-Inscrits
Radial Bar Chart Radial Tree Map
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W EUL-NGL

»

THE BIG QUESTION

\w,

 How do you decide how to map data to appearance?

* Image models and visual language
« Data - Visual feature

« Semiology [Bertin] : an image is perceived as a set of
signs and “retinal variables”
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Bertin's graphical language

Bertin’s Original Visual Variables

Position
changes in the x, y location

Size change in length, arca
or repetition

Shape
infinite number of shapes

Value
<changes from light o dark

Colour
changes in hue at a given
value

Orieniation
changes in alisnment

Texture
variation in “zrain’




Visual variables

« Position

« Size (length, area
volume)

 Value

 Texture

« Color

* Orientation

« Shape

« Transparency
 Blur/Focus.......

IAT 355 | Visual features

Variables of a Visual Image

XY
2 Dimensions
of A Chart

Size

Value

Points

x

Variables to Separate

Texture

Colour

Orientation

Shape




Marks and channels Munzner

« Marks are geometric primitives (items , tabular data)

> Points 3 Lines ) Areas
. .. o o o / //\/\ @ --
* Orlinks (3 Containment (3 Connection
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Channels control the appearance of marks

—— (3 Position (® Color
2 Horizontal = Vertical 2 Both

— 1 /77

@ Shape @ Tt

A ¥ / |/
3 Size

# Length * Area » Volume




A side trip into COLOUR
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How we see colour

AVAVAN VAYAYARRAYAYA

Brightness Red-Green Yellow-Blue
Achromatic Chromatic
System System
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2D Color Space
]

Normal




Colour deficiency

 Simulates color vision deficiencies
* Photoshop plug-in

Tritanbpe
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Color Design Terminology

* Hue (color wheel)
* Red, yellow, blue (primary)
« Orange, green, purple (secondary)
* Opposites complement (contrast)

* Adjacent are analogous
*See www.handprint.com for examples

 Chroma (saturation)
* Intensity or purity
» Distance from gray

— “Value”

* Lightness
» Dark to light
* Applies to all colors
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Colour spaces are not perceptually even

SFU

Corners of the
RGB color cube

Luminance values
(retinal response)

L* values

L from HLS
All the same
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Size matters

e As the stimulus becomes Small field tritanopia
small, we can’t distinguish
colour

e dichromat

* This is more problematic
with blue-yellows
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Spreading

« Spatial frequency
* The paint chip problem
» Adjacent colors blend

* The higher the spatial
frequency, the less saturated
the colour
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Redrawn from Foundations of Vision
© Brian Wandell, Stanford University



Two colour channels

3 Color

— /77

HUE

'
VALU
VAL



Channel typeS [Munzner]

|dentity

$220,000

$200,000

.5180.000

$160,000

$140,000

$120,000

$100,000

$80,000

$60,000

$40,000

$20,000

— $0

$0

$5,000 $10,000 $15,000 $20,000 $25,000 $30,000 $35,000 $40,000 $45,000 $50,000 $55,000 $60,000 $65,000
Profit
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Affect 2

Calm

Disturbing

Exciting

Negative

Playful

Positive

Serious

.| Avg. Score Mean .. Avg. Score Mean ... Avg. Score Mean .. Avg. Score Mean .., Avg. Score Mean ..

. Avg. Score Mean

core Mean

200

-200

200

-200

200

-200

200

-200

200

-200

200

-200

200

Magnitude

Affect 1

Calm

Exciting

Negative

Playful

Positive

Serious Trustwort..



Identity
Line mark, colour

Channels and marks (hue)
Country / Region \
120 Region
B Africa
: 100 . Asia
Infant mortality m B Europe
Magnitude = B Middle East
Line mark, = M Ocearia
He|ght = ¥ [l The Americas
(spatial position) * &
oIIIIIlII I _ country
P 53 P Identity

Czech Repub
Iran, Islamic R
Banglad

- Ethiopia

(horizontal position)
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Channels are limited

120

100

80

60 ‘

H: Infant mort/1k live births

40

®

20

; ®

0 5 10 15 20 25 30 35
P: Birth rate (per 1k)

H: Infant mort/1k live births

120

100

80

60

40

20

+ %

10

15 20
P: Birth rate (per 1k)

25

30

35
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Visual decoding tasks

1. Selection/Discrimination:
* |s A different from B?

2. Association:
* Are A and B similar in some way?

3. Order
 [s A before B?

|[dentity
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Visual decoding tasks

3. Order
 |s A before B?

4. Quantification: value
. How much is A?
. How much smaller is A than B? 0

Value

5. CapaCity [Carpendale]
« The number of distinctions possible using the variable
 How many different things can we represent?

IAT 355 | Visual features




Perceptual semantics

* Density (Greyscale)
 Size/Length/ Area

e Position
Leftmost -> first,
Topmost -> first

« Hue
no intrinsic meaning

« Slope / Shape
no intrinsic meaning;

—/ 1\
mkeo
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Visual variables: selectivity

Selectivity: Different values are easily seen as
different

“Is A different from B?”
preattentive principles
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Visual variables: Associativity

« Associativity: Similar values can easily be grouped
together

“Is A similar to B?”

Full selectivity / No selectivity /

associativity associativity

Position > {size, brightness} > {color, orientation } > texture > shape
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Visual variables: Order

Order: Different values are perceived as ordered

“Is A more/greater/bigger than B?”

« Size and brightness are ordered

» Orientation, shape, texture are not ordered
* Hue is “not really” ordered

« Some visual culture of progression

Avoidance (stay aweﬁ :) Escape (run away)
<—.

Noxious
heat

Innocuous
temperature
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Visual variables: quantity

Quantity: A number can be deduced from differences

« “How much is the difference between A and B?”
« Position is quantitative, size is somewhat quantitative
« QOther channels are not quantitative
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Example: Quantitative values and Colour

Map Satellite .

The 2014 Hallowe’en trick-or-treat counter

HUE is bad for magnitude !!

DUVET | ith rd E

9d StE

i

Stanley Park

@ - EAST SIDE

(o) Q RENFRE LINBWOoOL
Queen Eliza \

e E41s @ E41stAve
‘IDGE ‘ 9
(‘5
.Q

@ E 49th AvS 9 9 h Ave @ o

(=]

c

m @ E 54th Ave &

VAN R t &
.

ab
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Relative judgments can be supported by

large differences in colour value

Region
other I——
Africa [
asia [
Europe
Middle East I
Oceania [N
The Americas [T
$0.0K $5.0K $10.0K $15.0K $20.0K

F: GDP per capita (curr $)

H: Infant mort/1k live bi..

8.5 112.3

$25.0K
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Capacity (discriminability)

*The number of distinctions (“bins”) possible using the
variable

* “How many different things can we represent with this
variable?”

« Shape, Texture: infinite, but ...
« Brightness, hue: 7 (Association) ~ 30 (Distinction)
« Size: 5 (Association) -20 (Distinction)

* QOrientation: 4

IAT 355 | Visual features



Quantity: line mark and width channel

1,014 km

& 43km &% 58.7 km

@ P56.5km

:
0
«

01/Oct

02/0ct

& 3.9km &% 56.9km

03/0Oct

£ 3km

Distance | Duration
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Hue capacity for identity

Country / Region

o
I
R -1+
I sopei5ue
—
I -doy o1wels| ‘ues)
—
—
N -0
O
—
—
B co eisoo
B o0
l AieBuny
[l epeues
[l cuensny
[ spueisuyen
[l onandsy yoszo

. syewuaqg
o o o o o o o
N o @ O < N
& 2

SULIIG SAY] 3 L/HOW juejul :H
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Hue capacity for identity

Country I Region

I - 501
[ ———————

onoson

anandoy uesturoq
eowog

I -5 s>
i
I 15+ =45 33
[ e
s
I -5
[ [
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Fundamental principles

Expressiveness:

« the visual encoding should express all of, and only, the
information in the chosen dataset attributes

Consistency

« The properties of the image should match the properties of the
data

Effectiveness:

« the importance of the attribute should match the salience of the
channel

 Emphasize the critical. Most important gets most perceptually
powerful channel.
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Hierarchy

Bertin’s principles:

How encoding
methods support
common tasks
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Size

Value

Texture

Colour

Orientation

Shape

Selection Order

The marks are The marks are
perceived as
ORDERED

Quantity

The marks are
perceived as

PROPORTIONAL
to each other

Association
The marks can

be perceived as perceived as
SIMILAR DIFFERENT,
forming families




Visual channels are not created equal

Position Judging

More .
Accurate Magnitudes

Less — Large Gap
Accurate
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Quantitative Ordinal Categorical

-

(3

TRCRC R N
)

Figure 3.45 Mackinlay’s guidance for the encoding of quantitative, ordinal and categorical data
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Magnitude interpretation

Positions -

Angles -

Circular
areas |

Rectangular

areas
(aligned orina
treemap)

Cleveland & McGill's Results

[I:Il[][ll] ﬂl{lll ™ —e—
T1
g8 - —e—r
|=|= —, Lo —eo—
QE 1 f——]
[Lﬂ][h. T3 0g - i
| | T T |
1.0 15 2.0 2.5 3.0
D T4 Log Error
Crowdsourced Results
QE = [hl[[m Nk ® ! Heer & Bostock, 2010
ﬁ@ T2 —e—
Bl |i]
OF ——
%%) ¥/ BE - ——1
@ e —e—
O T8 %}) .
—eo—
- D ' f——]
T9 . e
| | | | 1
1.0 15 2.0 2.5 2.0

Log Error



Channels: Expressiveness and Effectiveness

Channels: Expressiveness Types and Effectiveness Ranks

(3 Magnitude Channels: Ordered Attributes @ ldentity Channels: Categorical Attributes
Position on common scale : o : : ; Spatial region - O .
o
=
Position onjunaligned scale ' 'l ! o—i Color hue HEE N
Length (1D size) e Motion o o ® *.°
G
Tilt/angle |/ Shape + O H A
Area (2D size) - u 0 - §
2
Depth (3D position) e F——e §
Color luminance el | | E_
o
Color saturation w1
Curvature | ) ) ) : 1
E k]
o
Volume (3D size) C v w iy ’ i‘




Combining visual channels

* Channels are not all independent from each other
* Qur decoding capacity is limited

« We cannot distinguish some channels

* Emergent effect
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Seperable vs integral (Munzner 2015]

Position Size Width Red
+ Hue (Color) + Hue (Color) + Height + Green
o o ® (] . . o o o
) °® ‘ — ot
o ] ° . ® ® ...
(=] o ‘ ° 3
® o . . — o %
Fully separable Mostly Some Full
separable Interference: Interference:
Small items Size is Hue is
are hard integral integral
to see percept percept
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Seperable vs integral (Munzner 2015]

Position Size Width Red
+ Hue (Color) + Hue (Color) + Height + Green
© o 'S ° ¢ O | ° °% "°®
® o® - :
. . ® .-
o o ‘ . o ‘o %

Two distinct groups

Three groups

Four groups
on hue
similarity

SFU
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Guidelines

« Use separable channels if you want the user to be able
to attend to and decode attributes separately
« Size, position, colour

Position
+ Hue (Color)
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Hue-Size are separable

Largest foreign-bom
group in each county

A B Coraca
.’ B \Western Europe
4 B Aso, Middlo East

B Latin America
Hl Russe, E. Euope
B Alica

@ zooM IN
&, Zoom ouT

[} ,. ¥ Bubble size
. - O

Hawall

Nole: Due 1o limEations in the Census data. foregn-bom populations are not availabie in all areas for all years

Sources: Social Explorer, www.socialexplorer.com; Minnesota Population Center; U.S, Census Matthew Bloch and Robert Gebelofi'The New York Times
Bureau
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Guidelines

« Use separable channels if you want the user
to be able to attend to and decode attributes
separately.

» Size, position, colour

« Use integral channels if you want to show a
single data attribute with distinct categories
or levels

« We see three groups distinguished by the shape
and size defined by x-size, y-size

Position

+ Hue (Color)
° )
= e ®
=]
® a
a
Width
+ Height
® |-
. —_—
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And ... ?

http://www.visualisingdata.com/index.php/2011/01/discussing-are-the-richest-americans-also-the-best-educated/

n @ce. HENNEPIN COUNTY, MN
°ze-¢ B @@

AND EARNING MONEY

(® HIGH SCHOOL GRADUATES o s ol

® cousceowouss N

BREATHITT COUNTY, KY
0% 9% 19t =

a ALACHUA COUNTY, FL
e-~-@
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Few’ s Table:

Attribute Quantitative | Qualitative

Line length ®

2-D position o

Orientation

Line width

Size

Shape

Curvature

Added marks

Enclosure

Hue

Intensity
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COLOR EMOTION GUIDE §

e
NBC
Nikon @ L= Google
: RS JIVER

FRIENDLY sorakicl ot

What about Colour?

Colour in Information Display

Lyn Bartram

OOOOOOOOOOOOOOOOOOO
TTTTTTTTTTTTTTT




What makes color effective?

Layer Properties

General | Source | Display ~ Symbology I Fields |

- - 4000

- 3500

- - 2800

- - 1800

21|

Show:
|Face elevation with graduated color ramp
Edge types S i
EI evati on alue rielda assification
Elevation Equal Interval
B fE T I- . LI Classes: |32 'I
Symbol I Range I Label I -
I 55226634 - 607.312317 592.866 - 607.312
I 575 420363 - 592.86634 578.420 - 532.866
I 562974387 - 578.420363 563.974 - 578.420 b
I 54952841 - 563.974387 549.528 - 563.974
Add.. I 1 I I 535.082433 - 549.52841 535.082 - 549.528
[ 520.636456 - 535.082433 520.636 - 535.082
Remove | ¥ | [ 506.19048 - 520.636456 506.190 - 520.636
[ 491.744503 - 506.19048 491.745 - 506.190
I” Show hilshade [ 477298526 - 491.744503 477.299 - 491.745
|"Um|[15t|0n effect in [ 407 OR9ER 477 2Q0RIC AC7 OR2 477 700 ;I
2D display [~ Show class breaks using feature values
0K Cancel I Apply I

“Good ideas

executed with
superb craft”

—E.R. Tufte
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A quick revisit of data characteristics

NATIONAL
SEASHORE

PACIFIC OCEAN

« What kind of task are you hoping to support? e
« What kind of data do you have?

* No single approach

T
€ o)

Sarden A A le
i 15/
Slow
»_lee traffic change o — %
2000 ft ° 2 @

23 00 o

02
FLANEUR 03
04

05




Color Design Principles

« Control value (lightness)
. Ensure legibility ‘?‘ = el
« Avoid unwanted emphasis s 3
+ Use a limited hue palette % e
« Control color “pop out” S -
« Define color grouping
« Avoid clutter (too many)

» Use neutral backgrounds
« Control impact of color
* Minimize simultaneous contrast

Flee g
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Fundamental Uses

To label (colour as noun)
To measure ( colour as quantity/value)

To represent (colour as representation)
* to imitate reality

To enliven or decorate (colour as beauty)
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Hue is great for nominal data (“labels”)

Pop out s EPTs 8
Colour helps us determine type ” ¢£

S 4
Only about six categories ?ﬁ' . -i

green H vellow pink
white , purple
black H red # blue H brovm# i *
yellowH green ETeY

Visual Thinking,Colin Ware
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Product Categories

Created by Tableau - Visual Analysis for Databases™

Bl (<)
6K +
+
+
5K —
o +0
o
o] N o °
4K B o, ‘g oo
o
+
&
& +
g o
(6]
+
Region
O CceENTRAL
O enst
+ west
2K = Product Category 1
o M FurRNITURE
[ OFFICE SUPPLIES
B TecHNOLOGY
ot
. 3K - =
IAT 355 | Visu | | = [ I [ | I [ | | I | |
1K 2K 3K 4K 5K 6K 7K 8K 9K 10K 11K 12K 13K 14K 15K

SFU

Sales Total




Grouping, Highlighting

X

Y

Z

X X

Z

X

Y Z

X

Y

Z

red
green
blue
gray
black

25.37
22.14
13.17
63.46

0.66

X

13.70
51.24
3.71
73.30
0.70

Y

0.05
0.35
74.89
78.05
0.77

Z

26.27 14.13
20.68 49.17
15.38 5.20
64.66 71.99
0.63 0.66

X )

0.04
0.44
86.83
90.08
1.09

18.41
21.11
11.55
52.96

0.47

10.16 0.05
46.00 0.20
3.37 65.53
62.49 67.99
0.58 0.70

Y Z

17.43
16.36
9.96
45.54
0.44

9.30
37.95
3.44
53.65
0.54

0.00
0.12
56.14
58.14
0.71

red
green
blue

gray
black

25.37
22.14
13.17
63.46

0.66

13.70
51.24
3.71
73.30
0.70

0.05
0.35
74.89
78.05
0.77

26.27 14.13
20.68 49.17
15.38 5.20
64.66 71.99
0.63 0.66

0.04
0.44
86.83
90.08
1.09

18.41
21.11
11.55
52.96

0.47

10.16 0.05
46.00 0.20
3.37 65.53
62.49 67.99
0.58 0.70

17.43
16.36
9.96
45.54
0.44

9.30
37.95
3.44
53.65
0.54

0.00
0.12
56.14
58.14
0.71
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Considerations for Colour Labels

» How critical? Unique specification or is it a “hint”?
* Quick response, or time for inspection?
» Is there a legend, or need it be memorized?

« Context
* Are there established semantics?
« Grouping or ordering relationships?
« Surrounding shapes and colors?
e Shape and structural issues
« How big are the objects?
 How many objects, and could they overlap?
« Need they be readable, or only visible (discernible)?
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Pop-out vs. Distinguishable

* Pop-out

« Typically, 5-6 distinct values simultane
« Up to 9 under controlled conditions

» Distinguishable
» 20 easily for reasonable sized stimuli
* More if in a controlled context

* Usually need a legend
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Radio Soectrum Mab (33 colors)

— UNITED

STATES
FREQUENCY

ALLOCATIONS
THE RADIO SPECTRUM

F
2
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http://www.cybergeography.org/atlas/us spectrum map.pdf
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AERONAUTICAL
MOBILE

AERONAUTICAL
MOBILE SATELLITE

AERONAUTICAL
RADIONAVIGATION

- AMATEUR
|:| AMATEUR SATELLITE
- BROADCASTING

BROADCASTING
SATELLITE

EARTHEXPLORATION
SATELLITE

e
- FIXED SATELLITE

ACTIVITY CODE

- Py Ry N
RADIO SERVICES COLOR LEGEND

D INTER-SATELLITE

LAND MOBILE

LAND MOBILE
SATELLITE

MARITIME MOBILE

MARITIME MOBILE
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RADIONAVIGATION

METEOROLOGICAL
AIDS
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RADIODETERMINATION
SATELLITE

RADIOLOCATION

RADIOLOCATION SATELLITE

RADIONAVIGATION

RADIONAVIGATION
SATELLITE
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SPACE RESEARCH

STANDARD FREQUENCY
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2201

MARITIME MOBILE
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0 MHz

RADIONAVIGATION

3
3
g
H,

ISM -2450.0 £ 50 MHz
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Cultural semantics

—

« The fact that certain colours are special is because they
are hard wired

* The meaning of those colours is culturally determined
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Summary: labeling

» Distinctiveness (perceptual distance)
 Unique hues
« Don’t choose colours from the same category!

« Contrast with background
* Luminance

« Compensate for colour deficiency
« Limited number of codes
« Size
* QObjects should not be too small
« Cultural conventions
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Colour scales

 Hue scale
* Cyclic (learned order)

* Lightness or saturation scales
« QOrdered scales
« Lightness best for high frequency
* More = darker (or more saturated)
« Most accurate if quantized (approximate with discrete values)
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Pseudocoloring « represent continuously varying

values with colour sequence
« Sometimes overlaid on
luminosity information

* Need to use an isoluminant
color map to avoid distortion

/ 1%

2 © [ ] ® 0O
R=ZODOOE

|

v

B ——

v /
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Lightness scale

Lightness scale
with hue and

chroma variation

“Rainbow” hue scale
Unordered hue, lightness
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Different Scales

Isomorphic
Colormap

i ¥y

Highlighting
Colormap

Visual features
Rogowitz & Treinish, “How not to lie with visualization”




Brewer Scales

Qualitative Scale

e Qualitative scales
e nominal

e Distinct hues, similar
emphasis

« Sequential scale

* Vary in lightness and
saturation

« Vary slightly in hue

Sequential Scale Diverging Scale

» Max Max < 0

» Max

« Diverging scale
« Complementary sequential
scales
* Neutral at “zero”

« Cross-fade through a
neutral color
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US Census Map

Age-adjusted

(U.S. rate = 205.0)

@ Rate per Comparative

100,000 mortality ratio
population (HSA to U.S.)
253.8-328.6 1.24-1.60
236.8-253.7 | | 1.16-1.24
215.2-236.7 1.05-1.16
5 0.010 4 b 199.9-215.1 0.98-1.05
‘g - 179.5-199.8 0.88-0.98
(o) I 1
og_ 0.005 - LN 166.7-179.4 0.81-0.88
I 112.4-166.6 0.55-0.81
00 - _ 1 | _

150 200 250 300

Distribution of HSA rates
per 100,000 population

Mapping Census 2000: The Geography of U.S. Diversity




Brewer Examples 2 dimensions

Sequentlal/ Sequentlial %D
Scheme

agricukure, 1960

<30 30-39 =40

Pem=nt of labor
fom= employed in

=30 20-39 =40
Percentof lsbor
force employed in
industry, 1060

Diverging/ Sequential
Scheme

ploved in

stry, 1980

=30 30-39 =40

Percent of labor
force am
indu

£-5 —4t04 =25

f(O:hange in pe&gen_t o(; labor
, meam in indu
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COlOI’ Brewer www.colorbrewer.org
oY . T

5-class sequential GnBu .

leatn more about the map pattetn m

L
1T
|
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i

[
[ ] =

more D AY
@D D @ E 6
@
=~ i
7

4 S

(%] - - ——-

2)

e Q map zoom 0 @ map borders @ @clty symbols @ @road network@
m background color border color (white Bl black] road netwo.rk .C°|°"
color specs B -G i mors cee
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Heat Maps

CONSU.. |CORPO.. |HOME . |SMALL..

FURNITURE
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-6,567 410,207
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OFFICE SUPP..
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Slide courtesy of Maureen Stone, Tableau Software

Skewed Data

Default Tableau
colour scale

Slightly negative

www.tableausoftware.com




Skewed Data

Divergent Tableau
FURNITURE colour scale

OFFICE SUPP..

TECHNOLOGY

FURNITURE

OFFICE SUPP..

TECHNOLOGY

FURNITURE

www.tableausoftware.com

OFFICE SUPP..

-6,567 410,207 TECHNOLOGY

=

Slide courtesy of Maureen Stone, Tableau Software



Skewed Data

Proc : E
CONSU. |CORPO. | HOME .. |SMALL . Stepped Tableau
FURNITURE - colour scale

CENT.. | OFFICE SUPP..

TECHNOLOGY

FURNITURE

EAST | OFFICE SUPP..

Square
TECHNOLOGY
SUM(Gro.. |~ FURNITURE
WEST | OFFICE SUPP..
-45,579 410,207 TECHNOLOGY
www.tableausoftware.com
|
Sheet 1

Slide courtesy of Maureen Stone, Tableau Software
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Color and Shading

* Shape is defined by lightness (shading)
« “Color” (hue, saturation) labels

Image col r of Siemens

CT image (defines shape) PET color highlights tumor

IAT 355 | Visual features



Can colour map multiple dimensions”?

Do people interpret color blends as
combinations of variables?

Using Color Dimensions to Display Data
Dimensions Beatty and Ware

S F U IAT 355 | Visual features




Color Weaves

6 variables = 6 hues, which vary in brightness

Additive mixture (blend) Spatial texture (weave)

Weaving versus Blending (APGV06 and SIGGRAPH poster)
Haleh Hagh-Shenas, Victoria Interrante, Christopher Healey and Sunghee Kim
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lllustrative Color: to represent or mimic
reality

Gray’s Anatomy of the Human Body Map of Point Reyes

® Petaluma

BAY

POINT REYE
NATIONAL
SEASHORE

PACIFIC OCEAN

0 10 Kilometers

0 10 Miles San Francisco %

WWW.Nps.gov

— www.bartleby.com/107/illus520.html
S F U IAT 355 | Visual features
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ThemeScae commermal

| 1 WP: Barak Seeks Security, Prosperity
| = WP: Syria: Israel Peace Accord Is Near
,.777" Fi ght Peace Plan

settlers inaugurated a new neighborhood
| inthe Golan Heights an Sunday, vowing to black

Courtesy of Cartia




Which has more information?

Which would you rather look at?

Visualization of isoelectron density
surfaces around molecules

Marc Levoy (1988)
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Get it Right in Black and White

* Value
» Perceived lightness/darkness
« Controlling value primary rule for design

* Value defines shape

* No edge without lightness difference

* No shading without lightness variation
« Value difference (contrast)

« Defines legibility

« Controls attention

« Creates layering

IAT 355 | Visual features



Get it Right in Black and White

Petaluma

POINT REYES
NATIONAL
SEASHORE

0 10 Kilometers

0 10 Miles San Francisco
Colour includes Grey

® Petaluma

BAY

POINT REYE
NATIONAL
SEASHORE

PACIFIC OCEAN

0 10 Kilometers

0 10 Miles San Francisco CC
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Why does the logo work??

Google

Value control

IAT 355 | Visual features
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Contrast defines Legibility

Primary colors on black

Drop shadow adds edge

Primary colors on black

Primary colors on black

Primary colors on white
Primary colors on white

Primary colors on white

IAT 355 | Visual features



Readability

you can't use color wi ely,
IS best to av Id it entirel
bove all, do no har

do no harm
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Value Contrast and Layering

colorusage.arc.nasa.gov
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What Defines Layering?

 enhance with hue

 (popout effect essentially pulls

forward)

Urgent Urgent ~

— ormal
Normal

B :




General guidelines ... or
from Tufte to practice [Stone, Ware]

Assign colour according to function

« Use contrast to highlight

« Use analogy to

« Control value contrast for legibility

 Break isoluminance with borders

IAT 355 | Visual features



Maximum hue separation
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Sequential
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Stephen Few'’s practical rules on charts

1. If you want different objects of the same color in a table
or graph to look the same, make sure that the
background—the color that surrounds them—is
consistent.

2. If you want objects in a table or graph to be easily seen,
use a background color that contrasts sufficiently with

th e O b 1 e Ct Lxrops Deskiop PCs Harddizk Flash Memary Screens Keyboards Printers Scamners PDAs Pmojectors Cameras
J «  Califorria 2218 4497 a8 3252 [asE 3418 8sa2 3891 233 1356 5450

Cdarado 3410 o 233 2678 1567 367 1381 3249 823 1272 141
Cannactiout 0 0 4 0 2993 1219 673 0 0 610 am
Flarda 0 0 583 765 2305 240 1,737 2727 0 1,344 497
gz o o EE 3405 43&2 2331 4495 3484 1388 0 1589
lowa 77 0 412 esTE 210 4487 a72 189 0 3468
Lotisiana 0 2 1455 1501 1133 0 @0 1349 0 0 291
Don’t do th|S| Massachusess 0 0 297 al 124m 707 0 0 0 492 367
. Mesoui 0 o 122¢ 169 983 367 1.011 1125 210 45 885
Nevada o a75 374 834 -«5 [ 410 210 4497 0TS 4355
New Hampehine 1.009 0 168 0 897 37 0 0 0 832 43
New Mesico 0 208 161 77 am 0 %9 883 0 0 2w
New York 0 o I o IasE 3254 0 0 3405 PECTI
0
o

Ohio

] 26T 495 87 2305 355 134 2724 0 705

Okishama 272 a@ 495 1274 0 2,305 700 EEE 0 571

Oregen = 357 a18 708 335 a7 2671 834 2310 2727 1269

| AT 355 Texas 1356 3415 808 5452 1] 2336 1567 1] 0 829

S F U Utsh 1.130 1008 1501 1,009 78 15 1222 a7a 367 208 a0s
Washington 763 433 2298 1661 1.4582 1418 584 a1a = 1141

Wizoonsin 0 1418 1450 576 916 %7 1740 2 0 1337

-
w
o

&
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Few (2)

3. Use colour only when needed to serve a particular
communication goal

4. Use different colours only when they correspond to
differences of meaning in the data

600,000
600,000

500,000 -
500,000

400,000

400,
300,000 300,000
200,000 - 200,000
100,000 I 100,000 I .
0 . . || 0 - _—

Russia  Finland  Slvakia Romania Sa.ld Egypt Russia  Finland  Skvakia Romania s‘" Egypt
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Manufacturing Production
Variance to Plan

B Califomnia MNew Jersey MLouisian
20%

Few (3) - . I l
-g = =g wey 5

-10%

Q1 Q2

5. Use soft, natural colors for most: bright and/or dark
colors to highlight.

6. When using color to encode a sequential range of
quantitative values, stick with a single hue (or a small
set of closely related hues) and vary intensity from pale
colors for low values to increasingly darker and brighter
colors for high values.
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Additional Resources on Color
A Field Guide to Digital Color

13 )

Even without the “u

Stone Soup web3|te
* http://www.stonesc.com/Vis06
* Final copy of slides, references

A Field Guide to Digital Color

« Maureen C. Stone
* Published by A.K. Peters

Stephen Few'’s articles on color
» http://www.perceptualedge.com

<
,’( /

B f‘m &M

MAUREEN C. STONE
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Fox News to the (lie) — what is this??

ooooooooo
..........
........
---------
--------
........
--------
oooooooo
........
........
........
----------
.........
........
ooooooooo
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The real story

If Bush tax cuts expire...

Top tax rate

40% 39.6%
35.0%

30%

10%

0%

Now Jan. 1, 2013

SFU
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Lies, Damn Lies, and Bad Graphs

Federal Spending as a Share of the Economy

24.00%
23.00%
22.00%
21.00%
20.00%
19.00% -
18.00% -
17.00% - | T

Average During the Clinton Average During the Bush Average Under the Democrat
Presidency Presidency Budget Blueprint 2009-2020

http://www.tnr.com/blog/jonathan-cohn/77893/lying-graphs-republican-style
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More honest

- Honest graph
100

Percent of GDP

http://www.tnr.com/blog/jonathan-cohn/77893/lying-graphs-republican-style
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Better

Clinton Bush Obama

28%

26%

24%

22%

o W
. I

16%

14%

12%

1096 LIS N O P RS L O R T L PR T I O O U O D T L P
I e AR B I o P & 2 B
G '»@Z@""\&”-\\@"

&, &
'\9\ '\9\' '»Q'Y

http://www.tnr.com/blog/jonathan-cohn/77893/lying-graphs-republican-style
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AU
3000 -
2000 4
1000 -

0 -
-1000 +

2000 (EURm) 2001 (EURm) 2002 (EURm)

Chart 8: Imagivafive nef profifs for Nokia 2000-2002, with x-axis af
-1000

4000
3000 |
2000 |
1000 |
0
11000

2000 (EURm) 2001 (EURm) 2002 (EURm)
Chart 7: Imaginafive nef profifs for Nokia 2000-2002

S F U IAT 355 | Visual features




Perspective as well as value scales

1600 1500
1500 500
1400 1400
1300 1300
1200 1200
1100 1100
1000 1000
900 500
800 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100

f¥a7 1998 1999 2000 2001

?997 1998 1999 2000 2001

Chart 20: Nef profifs for Sonera 1997 - 2001 (EURm), another perspective info
Charf 19: Nef profifs for Sonera 1997 - 2001 (EURm), nice 3d effect same 3d effect
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OPEC Qil Prices: After 18
Months of Stability, Prices Are
Due to Rise Again

Dotlars per barral

Moy 12 294%

niresse S

dan. o
Math

Ot 1, 2691%

1979
dorilo My
Jone Sect

Cet. o
Ove

The New Yook Times s Cec. 15, 1994

New York Times, December 19, 1978,
p. D=7,
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Changing Scale

Design vartation corrupts this display:

OPEC Qil Prices: After 18
Months of Stability, Prices Are
Due to Rise Again

Dollars per barrel

‘73 T4 '8 '76 '17 ‘18 <;»;;¥

Moy 12 294%
niresse -

Aprd 1,2.809%

noresse .

dan. o
Math

Ocr 1, 2601%

1979
Aorilo My
Jone Sect

Cet. 1o
Ove
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The New Yook Times s Cee. 15, 1994

I 0.5?

13

New York Times, December 19, 1978,
p. -7,



Changing s

Scale Incomes of Doctors
e
Vs. Other Professionals
(MEDIAN NET INCOMES)
SOURCE: Cauncil on Woage and Frice Stobiisy
Y279
OFFICED-BASED
NONSALARIED PHYSICIANS ey
505234
2,980
25,080
16,107
133
8.744
§3.267 PRQ O
3 DRED JK
1939 1947 1951 1953 1963 1945 1967 1970 1972 1973 1974 1975 1976
|AT 355 | Visual features Figure 13. Changing scale in mid-axis to make exponential growth
tinear (€ The Washington Post).



...with linear time scale

Physicians’ income has grown exponeniially since 1939
Whereas othet professionals? iocuiné has gone up linerely

»
‘5 @
3 ]
i

b~

s

° <
-

‘\g FER
=]

M

Q

-

v

§ =
v

-

V] A — v ' v — 1 - —rF v 9",
I 1 13390
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And more

SCHOOL OF INTERACTIVE
ARTS # TECHNOLOGY
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Umm, what's wrong here?

“We can't afford another four years of the kind of deficits we've seen during the last
eight. We can't afford to mortgage our children's future on another mountain of
debt. That's why I'm not going to stand here and simply tell you what I'm going to
spend; I'm going to tell you how I'm going to save when I'm president.”

Sen. Barack Obama, Remarks, Grand Rapids, MI, 10/2/08

Mitt Romney campaign infographic

Promise: L. Result:
“WE CAN'T AFFORD TO phi OBAMA HAS ADDED
MORTGAGE OUR $5.2 TRILLION ' $5.2 TRILLION—AND
CHILDREN'S FUTUREON (AN INCREASE OF COUNTING —TO
ANOTHER MOUNTAIN $16,000 PER THE NATIONAL DEBT.

OF DEBT.” AMERICAN.) DEPARTMENT OF THE
REMARKS IN GRAND TREASURY, 7/5/12
RAPIDS, MI,10/2/08
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Fox news again: best pie chart ever

.f
————————————t s p— [;

2012 PRESIDENTIAL RUN
|

,BACK PALIN | &5
70% R

63%

/ 50%

BACK HUCKABEE \BACK ROMNEY

S ——
' SOURCE:OPINIONS
v DYNAMIC

http://flowingdata.com/2009/11/26/fox-news-makes-the-best-pie-chart-ever/
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What about this?

‘78 19
804 .20 Fuel Economy Standards for Autos
8'[L ; \Q Set by Congress and supplemented by the Transpartation
ey 4 st 24 Department, In miles per gallon

/. |
of B 25

27
. 27V

New Yore Timere Anonet 6 1098 0 s

E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition

IAT 355 | Visual features



Lie factor

This line, representing 18 nules per

gallon in 1978, 15 0.6 inches long,

?3;'9 18
.L'/&QQ Fuel Economy Standards for Autos

80
y i
8'[L \Q Set by Congress and supplemented by the Transpartation

e [ . st 24 Department, In miles per gallon

N

27
\ 271/2

[his line, representing 27.5 miles per

gallon in 1985, 15 5.3 inches long.

Lie Factor=14.8

New Yore Timere Anonet 6 1098 0 s

E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition
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Lie Factor

size of effect shown in graphic _

Lie Factor =
size of effect in data
(5.3-0.6)
B 0.6 B 7.833 B
- (27.5-18.0) 0.528 14.8
18

Tufte requirement: 0.95<Lie Factor<1.05

(E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition)
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Tufte’ s Principles of Graphical Excellence

* Give the viewer
» the greatest number of ideas
* in the shortest time
« with the least ink in the smallest space.

 Tell the truth about the data!

E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition
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Two Principles

e The representation of numbers, as physically measured
on the surface of the graphics, should be directly
proportional to the numerical quantities represented

e (lear, detailed and thorough labeling should be used to
defeat distortion
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Size Encoding

___ THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice

Laor Angeles Tomes, August 5, 1979, p. 3.
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THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice
; 1975 1890

Los Angeles Times, August 5, 1979, p. 3.

1 22?%%& 0
8.023 Doctors




Size Encoding: height or area?
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Height or Area

* Height = value

Width = value
Area = value? Problem:
Using 2 dimensions to
represent 1 dimension.
or

* Area = value
height*width = value
height = width = value °-°

IAT 355 | Visual features



Height = value

I-m-r-m-ja-\-u ----ﬁ-@.

1997 1998 1999 2000 2001

Chart 15: Soneras resulf drawn with moneybags as bars
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With radius=value

1506

1997 1998 19939 2000
Chart 16: Moneybags that grow in both direcfions
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Area = value

o 60 66

1997 1993 1999 2000 2001
Chart 17: True 2-dimensional moneybags
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Design and Data Variation

e Show data variation, not design variation

OPEC Oil Prices: After 18 A
Months of Stability, Prices Are g1 ;-294%
_ _ Due to Rise Again o1, 3805% iy
* 1973-1978: one vertical inch Dollars per barre! e~ s
equals to $8.00. In 1979, e >
One vertical inch equals $3-4
] $12—
* 1973-1978: one horzontal inch 10— |
: rt

equals 3.7 years, while 1979 :- Quarterly
equals 0.57 year | |Yearty

a[..l*

o '73 °74 '75 '76 ‘77 '18 1979

SFU IAT 355 | Visual features | Rl Rl e



Example

e Lie factor: 9.5
e The price of oil is

inflated so needs to be
repaired.

Soft touch =
OECD area, 1972 = 100 -450]
= 400
Nominal price of
- imported oil* 350
300
[~ Real price of ]
imported oil* _____
———T NG 250
L Kt
B / 200
’ —
/
il Real price of energy 150
_/ to final users
—
100
-
Ratio of energy use to gdp
IE 1 ! ! ! N 1 50
1972 73 74 75 76 77 78
el

INTHE BARREL.
Price per bbl. of

- light crude, leaving
- Saudi Arabia '
ondan. 1
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7 _ 1 R L o

INTHEBARREL...
- Price per bbl. of .
_light crude, leaving
~ Saudi Arabia
on Jan. 1

Time, April 9, 1979, p. 57

Height?
Diameter?
Surface area?
Volume?

73 — 79 data difference = 5.5x
73 — 79 volume difference = 270x



Problem with size encoding

1 2 3 4

Height

Area

Volume
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Height & width,encading,

5

Height

Height & Width
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Solution: just use height

THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice

1975 1990
16.0% 12.0%

1: 4,232

6212

1: 2,247 RATG TO MOPLLATION

8.023 Doctors ]
IAT 355 | Visual features

1 247w 1; 3,167 1: 4,232

003 Daclors 6.694 6,212




THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice
1975 1890

&
S ’(3

IAT 359 | Visual features
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¢, August s,
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Visual Area and Numerical Measure

e Tricking the reviewer with design variation is to
use areas to show 1D data

Lie factor: 2.8

THE SHRINKING FAMILY DOCTOR

In California
Percentage of Doctors Devoted Solely to Family Practice
1964 ; 1975 1990

16.0%

IAT 355 | Visuafl

1: 2,247 RATIO TO POPULATION

Price per bbl. of
- light crude, leaving »
- Saudi Arabia




What's being used here?

Special Events
One-on-On_e Solicita.tion
of Major Donations
Direct Mail
Face-to-Face Fundraising

IAT 355 | Visual features
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Something more familiar

&
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Mercator projection

« Most maps use a version of the Mercator projection

« Designed for navigators to represent lines of constant
course as straight segments

* So what’'s wrong?
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Projections distort

* Greenland takes as much space on the map as Africa,
when in reality Africa's area is 14 times greater and
Greenland's is comparable to Algeria's alone.

« Alaska takes as much area on the map as Brazil, when
Brazil's area is nearly five times that of Alaska.

* Finland appears with a greater north-south extent than
India, although India's is greater.

* Antarctica appears as the biggest continent, although it
is actually the fifth in terms of area.
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More accurate ... but unfamiliar!
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And more

SCHOOL OF INTERACTIVE
ARTS # TECHNOLOGY
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Government Spending

e Tricks to exaggerate the growth of spending

This cluster of type emphasizes and
stretches out the low value for 1966
1967, encouraging the impression that
recent years have shot up from a small,
stable base. Horizontal arrows provide

il hasis.
similar emphasis Total Budget —

Total Aidto —
Localities*

*Varying from a low
of 56.7 percent of
the total in 1970-71
to a high of 60.7
percentin 1972-73

This squeezed-down block of type
contributes to an image of small,

squeezelrdowh Dy dgisd inlkaiatihees
good old days.

$107 $108

Fal4

$9.7

1966- '67- '68- ‘69- ‘70- n- 72- 13- ‘74- ‘75 76-
67 68 ‘69 ‘0 n 72 RE) 74 ‘5 ‘76 n
T U

Estimated Recommended
Arrows pointing straight up emphasize
recent growth. Compare with horizontal
arrows at left.



Real Government Spending

 Tricks to exaggerate the growth of spending

Per capita
budget expenditures,
in constant dollars

$400 = e @ -ooemee
/
/.\. L4 \ I 5%
® [ \ /
$380 - 0 D O .-
0/

$360 -
$340 -

[ J
$320 - /

[

$300 -

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
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Remember the perceptual issues of colour
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Contrast rules

* Rule 1: if you want objects of the same colour to look
the same, make sure the (surrounding) background is
consistent.

* Rule 2: if you want them to be easily see, use a
background colour that contrasts sufficiently.
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Be careful about implied meaning

« Certain representations impute meanings

« Cultural
* perceptual
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Verbal-visual conflict: the Stroop effect

Look at the chart and say the COLOUR not the word

YELLOW BLUE ORANGE
RED GREEN
PURPLE YELLOW RED
ORANGE GREEN
BLUE RED PURPLE
GREEN BLUE ORANGE

Left - Right Conflict
Your right brain tries to say the colour but
!_yok'ﬁsﬁgu!?fﬂ;ﬁl? insists on reading the word.




Spatial Channels Spatial Layouts
Values
Space — Express — Parallel | | | |
Regions y
S ¢ L] — |— Rectilinear |
— Separate
bara’e
— Radial
— order g [] : * .
— Align — Spacefilling I‘i-
— DB B = |
— 2D — Dense.
Given Use
Geographic
Fields
scalar - - - -
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