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Historical Quotes

Imagination or visualization, and in particular the
use of diagrams, has a crucial part to play in scientific
investigation. - René Descartes, 1637

The purpose of computing is insight, not numbers.
- Richard Wesley Hamming(Founder of the ACM), 1962

Graphics is the visual means of resolving logical
pr oblems. - Jacques Bertin, 1977




World University Ranking

17.99% 32.94% 19.63% 19.63% &. &, 40.00%

Rank School Name Country |f\cade Employer repu Faculty/ Citation _ Separator _ Rank 4 Academic reputati |

. Massachusetts Insti United States A 1
Harvard University United States 2
University of Camb United Kingdom
Imperial College L  United Kingdom
University of Oxfor United Kingdom
UCL (University Col United Kingdom
Stanford University United States

—

Yale University United States

Princeton Universit United States

University of Chica United States

ETH Zurich (Swiss F Switzerland

Columbia Universit United States
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[Partl, BioVis ‘12]
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Visualizing Hidden Content
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Best Paper Award

[Gratzl, InfoVis ‘13] Rankings
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1. Massachusetts Insti United States A A 1.
2. Harvard University United States 2.
3. University of Camb United Kingdom 3.
4. Imperial College L United Kingdom 4.
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9. Princeton Universit United States 9
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18. University of Toron Canada 18.
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20. National University Singapore 20.
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Goal

Intuitive
Interactive
Multi-Attribute

Ranking Visualization

To Create
Refine
Explore

13



10 Requirements



MIT, USA
Harvard, USA

Princeton, USA
Cambridge, UK
Oxford, UK

15



Encode Rank



Encode Rank



MIT, USA
Harvard, USA

1.

2.

3. Princeton, USA
4. Cambridge, UK
5. Oxford, UK

18



Encode Cause of Rank



Encode Cause of Rank
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Support Multiple Attributes



Support Multiple Attributes



Score = f(A, B, C)

-“-

MIT, USA T s

24



Combiner functions: f(A,B,C)

(Weighted) sum

—> Serial
Score=w,A+w,B+w_C
Maximum
Score = max(A. B. C) —> Parallel
Product

Combiners

25



Serial Combiner (as Stacked Bar)

w, A + w,B + w.C

-“-

MIT, USA R
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Serial Combiner (as Stacked Bar)

w, A + w,B + w_.C

e
-“-

MIT, USA
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Serial Combiner (as Stacked Bar)

w, A +w, B+ w_C

_
_ﬂ-

MIT, USA
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Interactive Refinement
and Visual Feedback




Interactive Refinement
and Visual Feedback
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Filter:

<None>

American University
"Arizona State University

Aston University

Birkbeck College, University of L
Boston College

Boston University

Brandeis University

grown University

Brunel University

California Institute of Technology
Cardiff University

Case Western Reserve University
City University London

College of William & Mary
Colorado State University
Columbia University

Cornell University

Cranfield University

Dartmouth College

Drexel University

Duke University

Durham University

Country
Filter:
2 outof 72
United States
United States
United Kingdom

United Kingdom
United States
United States
United States
United States
United Kingdom
United States
United Kingdom
United States
United Kingdom
United States
United States
United States
United States
United Kingdom
United States
United States
United States
United Kingdom

Faculty/student ratio

Employer reputation

Citations per faculty




Flexible Mapping of
Attributes to Scores



Flexible Mapping of
Attributes to Scores
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Columbia University United States
Princeton University United States
University of Edinburgh United Kingdom
University of Michigan United States
Cornell University United States
University of Pennsylvania United States
The University of Manchester United Kingdom
Imperial College London United Kingdom
University of Chicago United States




Compare Rankings




Compare Rankings




1.
2.
3.
4.
D.

Bump Charts

MIT, USA —F s
Harvard, USA

Princeton, USA
Cambridge, K |
Oxford, UK —F 0.

Score
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Bump Charts

Oxford, UK

41
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10 Requirements

1. Encode Rank 6. Compare Rankings

7. Encode Cause of Rank /. Scalability

3. Support Multiple Attributes 8. Filtering

4. Interactive Refinement 9. Handle Missing Values
and Visual Feedback 10. Optimization

5. Flexible Mapping
of Attributes to Scores



Demos, Videos & More:
http://lineup.caleydo.org
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A VERY SHORT VISUALIZATION
INTRODUCTION




The Ability Matrix

Data Storage

Insight is generated by the human

— not the computer!

Numerical
Calculations
Searching/Finding Planning
| Diagnosis
-08ic Prediction

Cognition

Performance of a Computer

Common Knowledge
Creativity

Performance of a Human



Pattern Discovery

outliers clusters

48



Can We Always Trust Statistics?

I I1 II11 IV
X v X Y X Y X v
10 8.04 10 9.14 10 7.46 8 06.58
8 ©0.95 3 8.14 8 6.7 8 5.76
13 7.58 13 8.74 13 12.74 8 1.71
9 8.81 9 8.77 9 7.11 8 8.84
11 8.33 11 9.26 11 7.81 8 8.47
14 9.96 14 8.1 14 8.84 g 7.04
o 71.24 o ©b0.13 6 0.08 8 5.25
4 4,20 4 3.1 4 5.39 19 12.5
12 10.84 12 9.13 12 8.15 8 5.50
] 4 K7 7Tl DA 7 A N0 S  7.91
5 5,<Mean x:9y: 7.50 . 6.890

Variance x: 11y:4.122
Correlation x - y: 0.816
Linear regression: y = 3.00 + 0.500x




Anscombe’s Quartett

Mean x: 9y: 7.50
Variance x: 11y:4.122
Correlation x - y: 0.816
Linear regression: y = 3.00 + 0.500x




Why Graphics?

Figures are richer; provide more Total Bandwidth

(millions of bits per second)

information with less clutter and in
less space.

Flgu res prowde the gestalt effect: they -
give an overview; make structure
more visible.

Figures are more accessible, easier to
understand, faster to grasp, more

comprehensible, more memorable,
more fun, and less formal.




Visualization Definition

Visualization is the process that transforms (abstract) data
into interactive graphical representations for the purpose
of exploration, confirmation, or presentation.
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* position

change in location

* size

change in length, area, repetition

* shape
change to the outer form

* value
change from light to dark

* orientation
change in alighment

* color
change in hue at a given value

* texture
change in pattern

(adapted from S.Carpendale)

Visual Variables

For Relationships:
Containment
Connection




Position

Strongest visual variable

Suitable for all data types



Good visual variable

Easy to see whether one is bigger

Grouping works

Judging differences

Good for aligned bars (position)
OK for changes in length

Bad for changes in area

Size & Length

o7



Great to recognize many classes.

No grouping, ordering.

58



Value

Good for quantitative data when length & size are used.

Not very many shades recognizable

Supports grouping

Is preattentive (stands out) if sufficiently different




Good for qualitative data

Limited number of classes!

Not good for quantitative data!
Is preattentive if sufficiently different.

Lots of pitfalls! Be careful!

60



How much longer?




How much longer?

A




How much steeper?



How much larger?

2x (diameter)



How much larger?

2Xx Area



How much larger?

A B

3X



How much darker?

A B

Opacity: A=0.2/B=04->
But: non-linearities of the human visual system



VISUALIZATION GUIDELINES &
PITFALLS




[Spotfire]

Cost -
Year -
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30D Scatter Plot
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3D Pitfall: Occlusion & Perspective

Which one is the tallest bar?
What is the pattern in the data!’

[Gehlenborg and Wong, Nature Methods, 2012}



3D Pitfall: Occlusion & Perspective

Which one is the tallest bar?
What is the pattern in the data!’

-
B

[Gehlenborg and Wong, Nature Methods, 2012}



Color Scales

Don‘t! Ever! use multiple hues for (continous)
quantitative data

Use multiple hues for meaningful intervals

150078 |-
2000 |
3500

Rainbow Colormap ' "Perceptual"CoIBrmap



SANFORD AND SELNICK
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Estimated fraction of precipitation
lost to evapotranspiration 1971-2000
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FIGURE 13. Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation (P) for the Conterminous U.S. for the Period
1971-2000. Estimates are based on the regression equation in Table 1 that includes land cover. Calculations of ET/P were made first at the
800-m resolution of the PRISM climate data. The mean values for the counties (shown) were then calculated by averaging the 800-m values
within each county. Areas with fractions >1 are agricultural counties that either import surface water or mine deep groundwater.
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Deuteranope Vision
“Red-Green Blindness”
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Bad Color Mapping
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Normal Vision
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Deuteranope Vision
(“Red-Green Blindness™)

Good Color Mapping
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Color is relative!
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Creating Color Scales

Quantitative range: go for one color

Quantitative range with “neutral” value:
use two colors (diverging)
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Creating Color Scales

For Ordinal Data: same principles

Continuous - -
Diverging -

For Categorical (nominal) Data:
use unique hue

Helpful Tool: http://colorbrewer.org 78



IF BUSH TAX CUTS EXPIRE

o.Ulp E

FOX\\

13008 b8

fOP STORIES —TT

b4 33 1379.34 ASDAL 2939.54

Scales

If Bush tax cuts expire...
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Context

Temperature Anomaly -- Annual Mean (°C)
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Context

Temperature Anomaly -- Annual Mean (°C)
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Wrong Visual Encoding

Year | Year 2
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Resources

Hanspeter Pfister’s
Visualization Class

http:/www.cs171.org/

Visualization on the Web:
http://d3js.org/

lUOd!OOU

An intraduction to the histores,
theories, and best practices behind
effective information wisualizations

Isahel Meirelles

Isabel Meirelles


http://www.cs171.org/
http://d3js.org/

Visualizing Multi-Attribute Rankings
A Very Short Visualization Introduction

Alexander Lex, Harvard University
alex@seas.harvard.edu
http://alexander-lex.com
@alexander lex

Marc Streit, Nils Gehlenborg, Hanspeter Pfister, Anne
Mai Wasserman, Mark Borowsky, Christian Partl, Denis School of Engineering
Kalkofen, Samuel Gratzl, Dieter Schmalstieg and Applied Sciences

Credits: * HARVARD
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