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About You



Goal

To learn how to
design effective visualization




Goal

To learn how to
evaluate visualization design




Today

Fundamental
1. Value of visualization
2. Design principles

3. Graphical perception



Tomorrow

Practical

1. Data model and visual encoding
2. Exploratory data analysis
3. Storytelling with data

4. Advanced visualizations



Tomorrow

Practical

1. Data model and visual encoding

2. Exploratory data analysis
Tableau

3. Storytelling with data

4. Advanced visualizations



The Value of Visualization



Big Data
Small Data
Data Everywhere






Separate Trips uberPOOL Trips

Transportation

https://eng.uber.com/data-viz-intel/
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C ri me Data | N Ca m b ri d ge https://www.trulia.com/real_estate/Cambridge-Massachusetts/crime/

Trulia uses crime reports to provide valuable information on the relative safety of homes in the U.S. Use the map below to learn more about crime activity in and around
Cambridge.
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90% of all data in the
world was created in

the last 2 years.
- IBM

DATA
CREATED

LAST S000 YRS LAST 2 YRS



The Industrial Revolution of Data

Joe Hellerstein, UC Berkley, 2008



Data Literacy

“The ability to take data — to be able to understana it,
to process it, to extract value from it, to visualize it, to
communicate it — that's going to be a hugely
important skill in the next decades ...”

Hal Varian, Google's Chief Economist
The McKinsey Quarterly, January 2009



A Poverty of Attention

“..Information consumes the attention of its
recipients. Hence ... a need to allocate that attention
efficiently among the overabundance of information
sources that might consume it.”

Herbert A. Simon
Economist & Psychologist




Visualization can help!

provides a powerful yet accessible way to
make sense of large and complex data



What is Visualization?



“Transformation of the symbolic into the geometric’
—McCormick et al. 1987

“... finding the artificial memory that best supports

our natural means of perception.”
—Bertin 1967

‘visual representations of data to amplify cognition.”
— Card, Mackinlay, & Shneiderman 1999



...to convey information through

graphical representations




Anscombe’s Quartet
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Linear Regression
Y=3+0.5X
R2 =0.67



15
11

15
11

®
®
o o °9® 4
o' ®
4 8 11 15
X
®
®
X
o000®?
4 8 11 15
X

15
11

15
11

‘!.““‘
®
3 11 15
X
|
a
@
@
10 15 240



1

...make both calculations and graphs.
Both sorts of output should be studieq;
each will contribute to understanding.

F. ]. Anscombe, 1973
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Why Create Visualizations?



Why Create Visualizations?

e Answer questions (or discover them)
e Make decisions

® See data in context

® [Xpand memory

e Support graphical calculation

® iNd patterns

o Present argument or tell a story

® |[Nspire



Three functions of visualization

1. Record
2. Analyze
3. Communicate



Record Information



6200 BC
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alileo Galilel
Sketches of the Moon

(November-December 1609)




Copyright, 1878, by MUYBRIDGE. (
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Support Reasoning
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Used map to hypothesize that pump on Broad St. was the cause. [from Tufte 83]
N‘L /
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HISTORY OF O-RING DAMAGE ON SRM FIELD JOINTS

Cross Sectional View

Perimeter  Nominal
SrM Depth Affected Dia,

No. _(in.) {deg)
61A LH Center/Field*™ None None
61A LH esszla FIELD®"® gg; NONE NONE

Top Yiew |
Total Heat
Max Erosion Affected Length

(in.) (in.) (in.)

(? 3 5% :1%';{&5 r? 3 g?s

rosion

“Length Of Clocking

Location

(deq)
339180

S1C LH Forward Field»» 15A 0.010

S1C RH Center Field (prim)***
S1C RH Center Field (sec)***

41D RH Forward Field
41C LH Aft Field®
418 LH Forward Field

STS-2 RH Aft Field

15B
158

138
11A
10A

28

0.038
Hone

0.028
None
0.040

0.033

154.0
130.0
45.0

110.0
None
217.0

116.0

0.280
0.280
0.280

0.280
0.280
0.280

0.280

4.25
12.50
None

3.00
None
3000

5.25
58.75
29.50

None

Hone
14.50

163
354
354
275
351

80

M

*Hot gas path detected in putty. Indication of heat on O-ring, but no damage.
**Soot behind primary 0-ring.

***Soot behind primary O-ring, heat affected secondary 0-ring.

Clocking Tacation of leak check port - 0 deg.

OTHER SRM-15 FIELD JOINTS HAD NO BLOWHOLES IN PUTTY AND NO SOOT
NEAR OR BEYOND THE PRIMARY O-RING.

SRM-22 FORWARD FIELD JOINT HAD PUTTY PATH TO PRIMARY O-RING, BUT NO O-RING EROSIOH
AND NO SOOT BLOWBY. OTHER SRM-22 FIELD JOINTS HAD NO BLOWHOLES IN PUTTY,.




~_History of 0-Ring Damage in Field Joints {Cont)
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Use a right visualization to make a right decision

O-ring damage
index, each launch

12 , 12

SRM 15

8 8
4 4
 26°-29° range of forecasted temperatures
" (as of January 27, 1986) for the launch
of space shuttle Challenger on January 28
O womsme 0:003 oo o3 oo o O
25" 30° 35 40° 45° 50° 55 60° 65" 70° 75" 80° 85

Temperature (°F) of field joints at time of launch

[Edward Tufte 1997]




Expand Memory: Feynman Diagram (1948)
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'since the middle of the 20th century, theoretical physicists have increasingly
turned to this tool to help them undertake critical calculations” — David Kaiser
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Convey Information to Others



DIAGRAM or rue CAUSES or MORTALITY
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Napoleon’'s March to MOSCOW [charles Joseph Minard 1812]
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[Joseph Priestley 1765]
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Exports and Imports to and from DENMARK &£ NORWAY from xoo 101780
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The Value of Visualization

Record information
Blueprints, photographs, seismographs, ...

Analyze data to support reasoning

Develop and assess hypotheses
Explore patterns and discover the unknown
Expand memory

Communicate information to others

Explain and persuade
Share and inspire



Goals of Visualization Research

Understand how people perceive/comprehend
visualizations

Develop principles and techniques for effective
visualizations
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s this good, bad or weird?

Data Visualization:
The Goodq, the Bad, the Weird
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