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Next Week

Lecture 7: Homework 2 Design Studio

Lecture 8: Interaction
Guest Lecture, Jean-Daniel Fekete (INRIA)

Sections: D3 & JS: Data Structures, Layouts



Last Tuesday

The Uisualization Alphabet: Marks and Channels



How can | visually represent two numbers, e.q.,

4 and 8




Marks & Channels

Marks: represent items or links
Channels: change appearance based on attribute
Channel = Visual Variable




Marks for Items

Basic geometric elements

(® Points (® Lines (® Areas
® .O e ¢ O / /-/\/\ @
0D | D 2D

3D mark: Volume, but rarely used



Marks for Links

(® Containment

(® Connection
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http://bl.ocks.org/mbostock/4062045
http://www.apple.com

Channels (aka Visual Variables)

(® Position ® Color
COntrOI appearance 2> Horizontal = Vertical 2> Both

proportional to or — : -] / / /

based on attributes

® Tilt
A ¥ / I |/
(® Size
2> Length 2> Area 2> Volume

-——— o O]/ ] S T



Types of Channels

Magnitude Channels
How much?

Position

Length

Saturation ...

Ordinal & Quantitative Data

ldentity Channels
What”? Where?
Shape

Color (hue)

Spatial region ...

Categorical Data



Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
A
Position on common scale e '_: 7 Spatial region - . .
=
Position on unaligned scale ' ', e Color hue HEBE
. o - 9
Length (1D size) Motion o ® G
Tilt/angle Shape + O B A
Area (2D size) 4
g
Depth (3D position) —e | >0 g
Color luminance )
S
A
Color saturation
Curvature ) ) ) )
| -
Volume (3D size . 7 -
ume ( ize) v N N ) -




Position

Strongest visual variable
Suitable for all data types
Problems:

Sometimes not available
(spatial data)

Cluttering



Example: Scatterplot

Women's
median weekly
earnings

OCCUPATIONS: Show all

® Entertainment, education and law

® Science, computers and health care
@® Management, business and financial
® Production and transportation

® Service, sales and office

Roll over
dots for
information

Men's median weekly earnings
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http://www.nytimes.com/interactive/2009/03/01/business/20090301_WageGap.html

Length & Size

Good for 1D, OK for 2D, Bad for 3D
Easy to see whether one is bigger
Aligned bars use position redundantly




Example 2D Size: Bubbles

Four Ways to Slice Obama’s 2013 Budget Proposal

Explore every nook and cranny of President Obama's federal budget proposal.

All Spending Types of Spending Changes Department Totals

Largest Increases

How $3.7 Trillion Is Spent

Mr. Obama's budget proposal includes $3.7
trillion in spending in 2013, and forecasts a
$901 billion deficit.

Circles are sized according to the
proposed spending.

$100 billion

L ' $10 billion
$1 billion

Color shows amount of cut or
increase from 2012.

[ B
-25% 5% 0 +5% +25%

Largest Cuts



http://www.nytimes.com/interactive/2012/02/13/us/politics/2013-budget-proposal-graphic.html

Value/Luminance/Saturation

OK for quantitative data when length & size are used.
Not very many shades recognizable

Selective: yes

Associative: yes

Quantitative: somewhat (with problems)
Order: yes

Length: limited




Example: Diverging Value-Scale

PI‘eSident Map SHARE E-MAIL

BigBoard Map Electoral Explorer Obama: Victory Speech  McCain: Concession Speech  Exit Polls

~ Obama McCain
Electoral Votes Electoral Votes
Projected Winner

(O win

N
-
Q
Q
(&)

State winners “Q
County bubbles
County leaders

Voling shifts

Year

98 04 00 96 ‘92

Map key

Democral Republican


http://elections.nytimes.com/2008/results/president/map.html

Color <M <

Good for qualitative data (identity channel)  Selective:yes

Associative: yes

Limited number of classes/length (~7-101) Ouantitative: ng

Does not work for quantitative data! Order: no
Lots of pitfalls! Be careful! Length: limited
My rule:

minimize color use for encoding data
use for brushing | -



Color: Bad Example

Estimated fraction of precipitation
lost to evapotranspiration 1971-2000
" |0.0-000 B 05-059 B 10-1.09
b 01-019 [ 06-069 N 1.1-1.19
B 0.2-020 N 0.7-0.70 [ 12-1.29

B 0.3-039 0.8 - 0.89
B os-049| |09-099

FIGURE 13. Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation (P) for the Conterminous US. for the Period
1971-2000. Estimates are based on the regression equation in Table 1 that includes land cover. Caleulations of ET/P were made first at the

S00-m resolution of the PRISM climate data. The mean values for the counties (zhown ) were then calculated by averaging the S300-m values
within each county. Arcas with fractions >1 are agricultural counties that either import surface water or mme deep groundwater. Cliff Mass


http://cliffmass.blogspot.com/

Color: Good Example

Why Peyton Manning's Record Will Pare -
Be Hard to Beat rerare)

By GREGOR AISCH and KEVIN QUEALY OCT. 19, 2014

Dan Marino

, 400
The Broncos quarterback set the all-time N.F.L.
touchdown passing record — and is still going strong. _ Drew Brees
Tom Brady
Fran Tarkenton
300 touchdown
passes Johnny Unitas
/,J
Dan Fouts
Y.A. Tittl
e « John Hadl Drew Bledsoe ey Manning
200 / Tony Romo
/ » Aaron Rodgers

-+ Sammy Baugh /

100
Benny Friedman
.f/_.
ZZ

» Jay Cutler

» Joe Flacco
» Matthew Stafford

~ Andrew Luck
/" Russell Wilson

» Robert Griffin

1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010


http://www.nytimes.com/interactive/2014/10/19/upshot/peyton-manning-breaks-touchdown-passing-record.html?abt=0002&abg=1&smid=tw-upshotnyt

Shape

Great to recognize many classes.
NO grouping, ordering.

Selective: yes

Associative: limited

Quantitative: no

Order: no

Length: vast



Why are quantitative channels different?

Steven’s Psychophysical Power Law: S= M
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Physical Intensity



How much longer?




How much longer?

4x



How much steeper?



How much larger (area)?

5Xx



How much larger (area)?

. 3X




How much larger (diameter)?

2 & -
A B




How much darker?




How much darker?




Other Factors Affecting Accuracy

Alignment

Distractors

Distance
Common scale Unfames Jomed

MBIy |



Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
A
Position on common scale e '_: 7 Spatial region - . .
=
Position on unaligned scale ' ', e Color hue HEBE
. o - 9
Length (1D size) Motion o ® G
Tilt/angle Shape + O B A
Area (2D size) 4
g
Depth (3D position) —e | >0 g
Color luminance )
S
A
Color saturation
Curvature ) ) ) )
| -
Volume (3D size . 7 -
ume ( ize) v N N ) -




Separability of Attributes

Can we combine multiple visual variables?

Position Size Width Red
+ Hue (Color) + Hue (Color) + Height + Green
O O ‘ ® O ’ . O .. O
o o ©®
° O S . O ..‘
- - o
¢ O ‘ . — o %
Fully separable Some interference Some/significant Major interference

interference



Sins from the past... *©

90
Level 1 Level 2 Level 3
80
70
Cubic glyphs :
60
50 ;
Crystal glyphs 40 |
30
sam '_Ie"él: e
20 gl
Human Glyphs 10 '
Iocalis_‘_fétion

[Mueller 09, Mueller 14]



Common Mistakes



Death to Pie Charts

Networks/Hosting Investor 1% _PR 1% Cleantech 1%
1%

News 2%

Other 2%
Enterprise 2%

No Category 3% 4

Video 3%

Advertising 3%

Share of coverage
on TechCrunch

Entertain

“l hate pie charts.
| mean, really hate them.”

www.storytellingwithdata.com/201 1/07/death-to-pie-charts.html Cole Nussbaumer



http://www.storytellingwithdata.com/2011/07/death-to-pie-charts.html

Redesign

TechCrunch Coverage: 2005 - 2011

Bars are best!
TechCrunch Coverage: 2005 - 2011

A slightly better pie? General Consumer Web
Network/Hosting, 1% Investw/meantech, 1% Social Networks

News. 29 __Music, 12—_\\ | Search

Enterprise, 2% omer 2% ——= Mobile
Softward

No Category, 3% —

Entertainment
Video, 3% —

Hardware
Advertising, 3% General Consumer
Web, 23% E-Commerce

Advertising

E-Commerce, 5% Video

Hardware, 6% Social Networks, 12% No Category

Enterprise

Other

News

Entertainment, 6% e Search, 10% Music
8% Network/Hosting

Mobile, 9% Investor

PR

Cleantech



Can you spot the differences?

A B C
5 1 5 1 2 1
2 4
4 2
4 ¢
3 3 3




Can you spot the differences?

111111111111111




My favorite pie chart

B sky

Sunny side of pyramid

~ Shady side of pyramid




My second favorite pie chart

" Pie |l have eaten

" Pie | have not

yeleaten




Most important issues
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B Crime/Violence
- Race relations

10%

119%

i - 3%
2005 2006 2007

2004

o WL
& S . B
2010 2011

Fixing that:

o . 2002 2003 2004 200% 2008 2007
él:w -.1 j’
» ~ q
A
2010 2011

—

R. Cunliffe, Stats Chat


http://www.statschat.org.nz/2012/02/13/more-bubble-charts-your-feedback-please/

But is this visual encoding appropriate in the first place?

30%

25%

20%

15%

10%

0% - ' ' : ' ' ! ' ! Y ; \ .
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 I+ Cuniffe, Stats Chat


http://www.statschat.org.nz/2012/02/13/more-bubble-charts-your-feedback-please/

Graphical Integrity

IF BUSH TAX CUTS EXPIRE

8 01; £l
\ " TOPQYORI[S

DOW 1300868 0433 S&P 1379.32 5898 NASDAD 293952 b.37

Flowing Data


http://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/

Scale Distortions

If Bush tax cuts expire...
Top tax rate
0% 39.6%

Now Jan. 1, 2013

Flowing Data



What’s wrong?

How 2012 STACKS UP

THE VWARMEST YEARS ON RECORD
CONTIGUOUS U.S.

543 54.32
S

1999

538I

Source: NOAA's National Climatic Data Center - State of the Climate IO




Scale Distortions

JOB LOSS BY QUARTER

15 MIL
13.5 MIL

PDEC 07 SEPT 08 MARCH 09 JUNE ‘10

AOL /N
NCWD "ﬁ'ﬁ SOURCE: BLS W‘

COM




Scale Distortions

UNEMPLOYMENT LEVEL BY RANDOM QUARTER




Start Scales at 0?

Median household income in 2010 inflation adjusted dollars
560,000 - - 554,000
$50,000 - - $53,000

- $52,000

540,000 A
- $51,000

$30,000 -
- 550,000

$20,000 -
- 549,000
$10,000 - - 548,000
SO 1 1 | 1 1 1 1 | 1 1 547.000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Zero-Based Non-Zero Based

A. Kriebel,VizWiz


http://vizwiz.blogspot.com/2011/12/using-non-zero-based-axis-i-dont.html

Global Warming?

M}I&I{ORLD AVERAGE TEMPERATURE 1997-2012
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The Daily Mail, UK, Jan 2012


http://www.dailymail.co.uk/sciencetech/article-2093264/Forget-global-warming--Cycle-25-need-worry-NASA-scientists-right-Thames-freezing-again.html

Global Warming?

Temperature Anomaly -- Annual Mean (°C)

0.5

0.8 A

0.7

0.6 ¥
0.5 ‘/

0.4

0.3

0.2

0.1
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Mother Jones


http://motherjones.com/kevin-drum/2012/01/lying-charts-global-warming-edition

Global Warming - Frame the Data

Temperature Anomaly -- Annual Mean (°C)

0.8

N P

0.4 A

\J
A\
0.2

Mother Jones


http://motherjones.com/kevin-drum/2012/01/lying-charts-global-warming-edition

The Lie Factor

Size of effect shown in graphic

Size of effect in data

This line, representing 18 miles per

'i:'..i“l:'rl i 1'-,|T-'i'i, 15 0.6 '111‘]1:_"-. ||_l|:|-;1_,

Fuel Economy Standards for Autos |

| el by Congress and supplemented by the Transportation
tirmi T LR P & 2 24 Department. In miles per gallion.

= I S 26

This line, representing 27,5 miles per
Eiil'l.'lﬂ i !Il_iI:"nj-'., 15 5.3 it1l'.|||.'.=- ||.1||'_1.

Tufte,VDQI



The Lie Factor

0.3 —0.6 27.5—18

= 14.8
0.6 / 13

(Size of effect Ig graphlc)/(size of effect in data)

i rl'EWI;'*'.'I:'.HI:_, 13 II1ICS P
'i_'j-ll]l?fl m 1974, | wches la

Fuel Ei:nrmm:.r Stan dards for Autos

set by Cong d supplemented by tha Transportation

s ML T e Y
i Al ~. 27>

Tufte,VDQI



The Lie Factor

THE SHRINKING FAMILY DOCTOR ——————
In California "INTHE BARREL...
Percentage of Doctors Devoted Solely to Family Practice | qurilf'iacprﬁrdﬁ?;ﬂfﬂlﬁﬂ = |
" Saudi Arabea

1: 2.247 s 10 POPULATION
8,023 Doctors

Tufte,VDQI



Tufte’s Integrity Principles

Show data variation, not design variation

Clear, detailed, and thorough labeling and appropriate
scales

Size of the graphic effect should be directly proportional
to the numerical quantities (“lie factor”)



Uisualization
Design Principles



Maximize Data-Ink Ratio




Maximize Data-lnk Ratio




Avoid Chartjunk

Extraneous visual elements that distract from the
message

15%

10% [

5%

Jan Feb Mar Apr May Jun Jul Aug Sep


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chartjunk

15%

10% [

5%

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chartjunk

15%

10% [

5% —

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chartjunk

15%

10% [~
5% |- I

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chartjunk

15‘:‘!'5 s
10% —

5% —

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chartjunk

15%
10%

5%

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Which is better?

DIAMONDS WERE A GIRL'S BEST FRIEND DIAMONDS WERE A GIRL'S BEST FRIEND

Average price of a one-carat D-flawless “17 Avetage price of 4 one-carat D-flawless

560,000
' $60,000
$50.000
$50,000
$40.000
$40,000
$30.000

\ $20,000
$20,000

N

1979 1980 1981 1982

A A | | . )
1978 1979 1980 1981 1982

[Bateman et al. 2010]


http://infosthetics.com/archives/2010/04/why_chart_junk_is_useful.html

Which is better?

MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions

MONSTROUS COSTS
Total House and Senate campaign expenditures, in millions

$300

250

200

150

100

50

1972 74 76 ‘78 ‘80 ‘82 est.

[Bateman et al. 201 O] https://eagereyes.org/criticism/chart-junk-considered-useful-after-all



5.000.000
4,500,000
4,000,000
3.500.000
3.000.000 @
2.500.000
2.000.000 -
1.500.000
1.000.000

500.000

2§ i 1996
g £8 85 s .
38 358 @ 2 < 1904
ws 2 E § X 3 0
Or. Hochhaus : = g % 3 3 a g 5
TS S E ER RN N B
Daten ZMP S L? _g : & £
e X

- Ver. Arab. Emir.

Don'’t

10000

8000 | -
7000
‘ Vg |
=
6000 | :

4000

2000 |

:
J\) matplotlib gallery

2006 2007 2008

2004 2005

OE

L

B o of Sales

Excel Charts Blog



Design Critique



Design Critique

Four Ways to Slice Obama’s 2013 Budget Proposal

Explore every nook and cranny of President Obama's federal budget proposal.

All Spending Types of Spending Changes Department Totals h tt[ 2 ://g O O u g I/D A6 7 P G

Largest Increases

How $3.7 Trillion Is Spent

Mr. Obama's budget proposal includes $3.7
trillion in spending in 2013, and forecasts a
$901 billion deficit.

Circles are sized according to the
proposed spending.

$100 billion

- - $10 billion
$1 billion

Color shows amount of cut or
increase from 2012.

I —
-25% 5% 0 +5% +25%

Largest Cuts



http://www.nytimes.com/interactive/2012/02/13/us/politics/2013-budget-proposal-graphic.html
http://goo.gl/DA67PG

Tasks

Why are we using Visualization!?



Domain and Abstract Tasks

Infinite numbers of domain tasks
Can be broken down into simpler abstract tasks
We know how to address the abstract tasks!

ldentify task - data combination: solutions probably exist



Tasks

Analyze

high-level choices
consume vs produce

Search

find a known/unknown item

Query
find out about characteristics of item
by itself or relative to others



E x a m p I e 1 QS World University Rankings® WM and QS Stars

Filter by region v Filter by location v

Find good universities with a high i~
faculty student ratio. |

Ildentify high-ranked universities

In this subset: compare universities &
identify high faculty student ratio

OR

Derive a ranking with a high weight for
faculty student ratio



http://www.topuniversities.com/university-rankings/world-university-rankings/2014#sorting=rank+region=+country=+faculty=+stars=false+search=

E x a m p I e 2 QS World University Rankings® WIIZM and QS Stars

Filter by region v Filter by location v

Contrast Harvard’s re pu tation Ferby ety v | (T,

b | T
p
| | COMPARE
r W I t I M I T , RANK UNIVERSITY LOCATION & MEET | QS STARS ?
E Overall . | . . -
Score Search for universities... Show only

Clickon a
table row to

Match up Harvard with Yale Ty

Massachusetts Institute of Technology (MIT)

"

University of Cambridge

/N

First, find Harvard and Yale, then
compare their (two) reputation scores

Imperial College London

/N

Harvard University =
: e S

University of Oxford
. il

UCL (University College London)

)%
/N



http://www.topuniversities.com/university-rankings/world-university-rankings/2014#sorting=rank+region=+country=+faculty=+stars=false+search=

Example 3

Find a combination of weights and parameters where

Harvard Is better than MIT

Produce a new dataset by deriving from the input parameters

Rank

O & 0NN

© ® N ®

10.
11

12.
13
14.
15

School Name
Filter:
<None>
Massachusetts Institute of Technology (M
Harvard University
University of Cambridge
UCL (University College London)
Imperial College London
University of Oxford
Stanford University
Yale University
University of Chicago
Princeton University
California Institute of Technology (Caltech
ETH Zurich (Swiss Federal Institute of Te
University of Pennsylvania
Columbia University
Cornell University

Country
Filter:
<None>
United States
United States
United Kingdom
United Kingdom
United Kingdom
United Kingdom
United States
United States
United States
United States
United States
Switzerland
United States
United States
United States

d World University Ranking

d':' :]0::‘;|
4 Academic reputation

10.00%  20.00% 20.00%
Empl Faculty/stu Citations p

50 5.0
In In

QS Stars



Result

Rank School Name

Filter:
<None>

1. Massachusetts Institute of Technology (M

University of Cambridge

UCL (University College London)

Imperial College London

University of Oxford

Stanford University

Yale University

University of Chicago

10. Princeton University

11. California Institute of Technology (Caltech
12. ETH Zurich (Swiss Federal Institute of Te

“m Hlmbvimemibr D A

© O NSO O s

Country
Filter:
<None>

United States

United Kingdom
United Kingdom
United Kingdom
United Kingdom
United States
United States
United States
United States
United States
Switzerland

4 World University Ranking \

Il.....---l.l.-----_-- —
40.00% 10.00% 20.00% 20.00% 50 5.0

In In Rank

QS Stars

4 Academic reputation Empl Faculty/stu Citations p

B S ivl—

N
o

ISeparator

KRR Rk K
I ITR

I IT IR
WA
W IR
I ITR
W I IT R

© N SE; e D

r World University Ranking
I.-——---------——-- -— —
32.82% 821% 8.07% 50.90%
r Academic reputation Empl Facu Citations per faculty



High-level actions: Analyze

(®) Analyze

= Consume

Consume
discover vs present

= Discover > Present
classic split: explore vs explain -~ i, il
enjoy: casual, social T O b,
Produce > Produce

= Annotate = Record

I\

o |

Annotate, record
Derive: crucial design choice }Q

> Enjoy

©

= Derive

4



Example: Annotate

OCCUPATIONS: Show all Roll over

® Entertainment, education and law dots for
information

® Science, computers and health care
® Management, business and financial
Production and transportation

® Service, sales and office

Women's
median weekly
earnings

Male tenured professors,
many of whom earned their
Ph.D.’s decades ago, outearn
female professors, whose
numbers have grown more
recently.

Men's median weekly earnings


http://www.nytimes.com/interactive/2009/03/01/business/20090301_WageGap.html

Example: Derive

Boston Snow Accumulation Distribution by Month

Date — Feb-2015
7/1/1890 2/1/2015 o Snowfall: 59.10

(n))
o

40

10

Snowfall (inches)
r (D
o o
[
D Gaeel o i S e © — e ¢
® 0
o

October November December January February March April May



Example: Derive

Ronaldo
Lahm
Robben
Khedira
Phogba

Mess|

Country
Portugal
Germany
Netherlands
Germany
italy

Argentina

Club
Real Madrid
Bayern Munchen
Bayern Munchen
Real Madrid
Juventus

Barcelona

Club Continent
Europe
Europe
Europe
Europe
Europe

Europe



.mm
82
3 8
=
@



http://www.nytimes.com/interactive/2014/06/20/sports/worldcup/how-world-cup-players-are-connected.html

Actions: Mid-level search, low-
level query ® st

What dOeS user knOW? Target known Target unknown

target, location nonn o lookp (%) rowse
e @ e @ s
how much of the data
matterS? N (f)uledr:ntify > Compare > Summarize
one, some, all S mRmmcann

_/




Example Compare (& Derive)

I Greece’s GDP

Greek recession v others
100=start of economic crisis

110
o United States
Britain (1929-39)
(2008-13)
100
Euro area
(2008-14)
90
30
Greece (2008-14)
Lt vt e bvr e b v b dr v by e v brra b 70

1 2 3 4 5 6 7 8 9 1011
Years since start of the crisis

Change on a year earlier

%

i

L L L L L L L O 10

2008

09

10

11

Sources: Angus Maddison, University of Groningen; Greek National Statistics; Haver Analytics; IMF

12

13

14



Why: Targets

(®) NETWORK DATA

(®) ALL DATA
> Topology
> Trends = Qutliers > Features .
L Y VAR .
2 Paths
(3) ATTRIBUTES A
> One 2> Many
> Distribution > Dependency = Correlation > Similarity @ S PATIAL DATA
Al - S > Shape
V Extremes :



Examples

Trends: How did the job market develop since the
recession overall?

Outliers: Looking at real estate related jobs

A Long Housing Bust
Home prices have rebounded from their cnis


http://www.nytimes.com/interactive/2014/06/05/upshot/how-the-recession-reshaped-the-economy-in-255-charts.html?abt=0002&abg=0

How? A Preview

Encode
(® Arrange
> Express - Separate
— ;I....
= Order = Align

Manipulate

® Change

® Select

‘@ e

® Navigate
< T

Facet

(® Juxtapose

(® Partition
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(® Superimpose

Reduce

® Filter




[lext time: Evaluation

Professor Zapinsky proved that the squid is more intelligent than
the housecat when posed with puzzles under similar conditions




