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Why display data graphically?
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“I he purpose of computing 1s wnsight, not numbers.”

- Richard Hamming

o

> computers produce too much data

%

> bandwidth of human visual channel 1s high

o

= large portion of brain devoted to visual processing

%

= well developed languages for visual communication

o

> Al versus IA
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Uses of data visualization
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data exploration

hypothesis testing

steering of computations

rogram / performance debugging
resentation

education
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Steps 1n data exploration

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

thinking about the data
building a visualization
searching a parameter space
looking for patterns

looking for associations
finding errors

d

1scovering the unexpected




Visual metaphors
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data to be

analyzed \
oraphical /

primitives

visual metaphor

visualization

-,
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DST MBONEZ.NSI.NASA.GOV MOUNTAIN VIEW CA 37.39 -122.08

SRC IKI-GW.RSSI.RU MOSCOW RUSSIA 55.75 37.62

(T. Munzner)

@

< Some obvious metaphors
* World Wide Web = display ot globe
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DST MBONEZ2.NSI.NASA.GOV MOUNTAIN VIEW CA 37.39 -122.08
SRC IKI-GW.RSSI.RU MOSCOW RUSSIA 55.75 37.62

< ey

(T. Munzner)

Some obvious metaphors
World Wide Web = display ot globe

code profiing = temperature map

(S.G. Eick)

Al S e . ’ . .
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DST MBONE2.NSI.NASA.GOV MOUNTAIN VIEW CA 37.39 -122.088
SRC EI-GN.RSSI.RU MOSCOW RUSSIA 55.75 37.62

p——

(T. Munzner)

Some obvious metaphors S
World Wide Web = display of globe

code profiling = temperature map

Some non-obvious metaphors

i e e e A R e S A e e -

fluid flow over ime = 3D “strip surtace”
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T'he design of visualizations

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

/
X4

ore variables at once

M
Micro/macro readings

/
X

\/
L

Small multiples

\/
%

Graphic design
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T'’hings to avoid
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More vaniables at once

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

parallel plots

drop variables
combine variables
use more visual cues

compress scales
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More vaniables at once
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< parallel plots
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1613 Galileo

SUnspots
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Example: sunspots
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1630 Scheiner

# superimposed multiples,

showing path
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* horizontal extent dropped
* vertical extent displayed as scatterplot

* time axis compressed

* latitude transtormed to heliocentric coordinates

i
:
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i - non-linear latitude axis

time axis compressed more

i - sunspot area coded using color
|

- total area displayed as parallel plot




Micro/macro readings
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< motivations
* 1nterpretation arises directly from data

* allows personal readings

< techniques
* choose the right level of abstraction
*# caretul handling of line weights

+ subtle labeling

1

S
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Micro/macro readings

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

< motivations
* 1nterpretation arises directly from data

* allows personal readings

< techniques
* choose the right level of abstraction
*# caretul handling of line weights

+ subtle labeling

(from Tutfte)
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) 2 3 456 81
TEMPERATURE, K




1990 POPULATION DISTRIBUTION IN THE UNITED STATES

(U.S. Census Bureau)
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Small multiples

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

< motivations
* used to show the “outermost’” variable

* engages human ability to find differences

< techniques
* posttion slices within an eyespan
* distort non-critical aspects to allow this

* draw non-varying aspects identically
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Small multiples
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< motivations
* used to show the “outermost’” variable

* engages human ability to find differences

< techniques
* posttion slices within an eyespan
* distort non-critical aspects to allow this

* draw non-varying aspects identically

(Consumer Reports)
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Graphic design
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< layering and separation
* spatial separation
* yariations 1n density
* line weight

* color
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Graphic design

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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< color as a vaniable

* pseudo-color scales
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Graphic design

< layering and separation
* spatial separation
* yariations 1n density
* line weight

* color

< color as a vaniable

* pseudo-color scales

u“ \:;\:'ﬁ&f";%//
S AR
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Graphic design '
I 1 T 1O 1T 0 8 7D |

color as a variable

pseudo-color scales

|£ (from Tufte) = 2! 2\
i 3
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% 2D and 3D colorspaces
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* 2D and 3D colorspaces

* other shading parameters
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< clutter

A

> chartjunk

o

> vibrating

/
X4

o

¢
"
(D

tC.

T'hings to avoid

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

colors

poor choice of scales

> ITnappropriate use ot 3D
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T'hings to avoid

00000000000000000000000000000000000000000000000000000000000000

< clutter

A

> chartjunk

o

> vibrating colors

/
X4

poor choice of scales

o

> ITnappropriate use ot 3D

¢
"
(D

tC.

(from Tufte)

Percent of
total enroliment

721

b

AGE STRUCTURE OF COLLEGE ENROLLMENT

UNDER 25

25 AND OVER
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(Can we automate the creation of visualizations?
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(Can we automate the creation of visualizations?

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

Vs
* there are a limited number of datatypes
and visual metaphors for displaying them

* spectrum of solutions from menu-driven to completely automatic

* Excel does 1t

2 52 no
b

ettective visualizations must be designed

* the design process itself leads to insight
* Fxcel does 1t poorly
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Taxonomies of visualization techniques

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

< by data type
* number of independent variables (domain)
* number of dependent variables (range)
* discrete vrs continuous domain

* binary vrs multivalued vrs continuous range

< by visual metaphor

* Bertin’s Semziology
* Keller and Keller’s Visual Cues
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The 2005 Hurricane Season

Energy and Wind Speed by Time

Select Basin:
® Atiantic
() Eastern Pacific

() Western Pacific

Click to Highlight:
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B emiy
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LEE
MARIA
NATE
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Tableau Software
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[]
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A w f M/\M A A

Jun 105
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Bertin’s taxonomy

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

< 1mposition

\/
4

*

*

®

*

diagrams
networks
maps

symbols

retinal variables

*

*

S1Z€

value
texture
color
orientation

shape

R AT Y A A

e R ¥ e e

arrangement
rectilinear
circular
orthogonal
polar

assoclation
selection
order
quantity

S
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Keller and Keller’s taxonomy

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Actions

)
X4

)
X4

¢
X4

¢
%

/
X4

)
X4

)
X

¢
X4

)
X4

1dentify
locate
distinguish
categorize
cluster
rank
compare
assoclate

correlate

Data

< scalar

< nominal
< direction
< shape

< position
Sreirenion

< Sstructure
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/
X4

ID-> 1D
* graph

Functions of one vanriable

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ




Functions of one vanriable

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

<= |D->1D
* oraph

<= 1D ->2D
* parallel graphs
* parametric line on the plane

* animating arrow 1n the plane
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* parallel graphs

401 oY

Prearoon—

?

Nirctions.

W SE

i

¥ voaR309 14

OLYMPIC™

Q@ 3[4

Us-101

Paramount Ranch
National Park

James M
Wood Blvd 0.2~

Hotel
Figueroa

o

>

>
S
&/° %,
& Yo

* parametric line on the plane

* animating arrow 1n the plane

(M. Agrawala)
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Functions of one vanriable
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* more parallel graphs
# colored parametric line on the plane §;
* parametric line 1n space 1

* animating 3-vector

* etcC.

(from Keller)
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http://graphics.stanford.edu/ :
courses/cs178/applets/locus.html } i
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<= 2D -> 1D

Functions of two variables
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Functions of two variables

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

= 2D -> 1D
* grayscale image
* elevation map

* animating graph
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Functions of two variables

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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* color image

* grayscale + elevation map

*# vector field 1n the plane

* parametric warp of the plane

* animating parametric line 1in the plane
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Functions of two variables
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Functions of two variables

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

< 2D -> 3D
* 3-vector field in the plane
* parametric surface 1n space
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Functions of two variables
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< 2D -> 3D
* 3-vector field in the plane
* parametric surface 1n space
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Functions of three variables

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

o) = 1D <= 3D -> 3D, 4D
* volume rendering * 3-vector field 1n space
* animating grayscale image * parametric warp of space
* animating elevation map * ammating 3-vector field in the plane |
=30 > 9D * animating parametric surface in spacei;
s @17 07

* color volume rendering
* animating elevation + color map
* animating vector field 1n the plane

* animating parametric warp of the plane
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Higher dimensions

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

< domain
* multiples
* animation
* slices
* level sets
* projections
<> range

* selection

* texture attributes

* glyphs
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Discrete functions

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

sl =)
* bar graph

= 1D ->2D
* parallel bar graphs

* row of arrows

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

+ 9D -> 1D
* table of glyphs
* chartmaps
® cartograms

* animating bar graph

<= 2D -> 2D
* fancier glyphs

* elC.
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Wilder Penfield, sensory and motor humonculi (¢c. 1951)



map cartogram

Results of the U.S. 2004 presidential election
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Other 1ssues

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

D)

< computational versus physical space

A

>

1splaying context and labeling

o

d
> d

1splaying error bounds

D)

< controlling error

< 1nteraction
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