Data Visualization (CSCI 627/490)

Design & Interaction

Dr. David Koop
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Tree Visualizations

[McGuffin and Robert, 2010]
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Reingold- [ lford Algorithm

@ _ . e Recurse on left and right subtrees

C ¢ e Shift subtree over as long as it
doesn’t overlap

e Place parent centered above the

QG o subtrees
¢ ® @ ™ e Originally, only binary trees, extended
. ' ' by Walker
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[Reingold and Tilford, 1981]
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Ireemap

e Containment marks instead of connection
marks —show hierarchy

® -Nncodes some quantitative attribute of the
tems as the size of the rectangles

e Not as easy to see the intermediate
rectangles (hierarchy)

I" w5 -- e Scalability: millions of leaf nodes and links
II possible
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|A. Cox and H. Fairfield, NYTimes, 2012]
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http://www.nytimes.com/imagepages/2007/02/25/business/20070225_CHRYSLER_GRAPHIC.html
http://www.nytimes.com/imagepages/2007/02/25/business/20070225_CHRYSLER_GRAPHIC.html

Treemap Layouts: Slice & Dice

e Split at each level into strips

e At each step, orientation of division
(horizontal/vertical) changes

e Better, but some rectangles still have
pbad aspect ratio
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https://observablehq.com/@dakoop/treemap
https://observablehq.com/@dakoop/treemap

Treemap Layouts: Squarity

¢ Slice & Dice and Strip can lead to
bad aspect ratios

e Solution: Strip only uses rows, allow
columns to be used, too

e Choose divisions (x/y) based on the
width/height of region in order to

B b
Mmaintain good aspect ratios I-.I
_ Use left and right side -III-

| ®om oy
- Process large rectangles first - =

e Ordering not preserved which may

SSSSSS
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cause Issues If the data Is updated N
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https://observablehq.com/@dakoop/treemap
https://observablehq.com/@dakoop/treemap

Squarified + Cushioned Treemaps
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(a) File system (b) Organization
[Brus et al., 1999]
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Set Visualization: Venn Diagram

Famous
VWomen Hillary Clinton
Mother Teresa
Richard Dean
Anderson
Matt Leblanc
Movie TV Stars

Stars

[http://askville.amazon.com/idea-Venn-diagram/AnswerViewer.do?requestld=842061 3]
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http://askville.amazon.com/idea-Venn-diagram/AnswerViewer.do?requestId=8420613
http://askville.amazon.com/idea-Venn-diagram/AnswerViewer.do?requestId=8420613

culer Diagram Variants

use edges

sabII tony
S =)

Christopher w
|Elizabeth Madison

4

split set info components

N

Elizabeth

Jayden

Abigail

split set info components

use a concentric layout

[B. Alsallakh et al., 2014]
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Bubble Sets: Overlay set membership
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Bubble Sets & Overlay Techniques

e (Given spatial layout is determined by other attributes, want to show set
containment without modifying spatial layout

® |dea of "spatial rights”

e Construct regions based on a potential field
 Draw using containment marks

e How do we compute these”

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 11




Bubble Sets & Overlay Techniques

e (Given spatial layout is determined by other attributes, want to show set
containment without modifying spatial layout

® |dea of "spatial rights”
e Construct regions based on a potential field
 Draw using containment marks
e How do we compute these”
- Marching Squares!
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Overlays

Region-based Line-based Glyph-based
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Vore...

e Node-Link Visualizations

e \Matrix-based techniques

0000000000

0000000000
o]e)

0000000

lvia B. Alsallakh et al., 2014]
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More... Parallel Sets

Survived Perished

Sex

Female

/

»duu/

\\\
X
\

Cla&:;: \
Second Class

Age
Chil

[Kosara et al., 2006, Example: J. Davies]
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Assignment 4

e (Geospatial Visualizations & Treemap

- Choose colormaps carefully
- Add legend

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 16



Project Design

o Start working on turning your visualization ideas into designs
e Feedback to Blacklboard soon
e Sketch (talk about today)
e Options:
- Try vastly different options
- Refine an initial idea

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 17




Guidelines for Visualization Design

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 18
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http://wtfviz.net
http://wtfviz.net
http://viz.wtf/post/154254744863/weapon-illegibility
http://viz.wtf/post/154254744863/weapon-illegibility

Tuftte: "The da Vincl of Data”™ —NY TIimes

T

. . - -

=
TUFTE: o BiEAlhf UL EVIDEMZE\;\\M

-

ﬁ The Visual Display of Quantitative Information secone comon

| — | ———

£ Envisioning Information : “_L :C f‘*/ . -
TUFTE VISUAL EXPLANATIONS i

[https://www.edwardtufte.com/tufte/, 2017}
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http://www.nytimes.com/1998/03/30/business/the-da-vinci-of-data.html
http://www.nytimes.com/1998/03/30/business/the-da-vinci-of-data.html
https://www.edwardtufte.com/tufte/
https://www.edwardtufte.com/tufte/

Bad: Data magnitude <z> Mark magnitude

IF BUSH TAX CUTS EXPIRE

8.01p E
r-q.v\\ F(.).s;smm(:x — -"’ s

UW 13008068 DA 3D ar 137932 298 NASDALD 2939.5¢ 0.3

[Flowing Data, 2012]
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https://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/
https://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/

Good: Data magnitude <=> Mark magnitude

If Bush tax cuts expire...

": BUSH TA.X CUTS EXP'RE Top tax rate
\A RS 40% 39.6%
35.0%
30%
20%
10%
8.01p B
qu\\ TOP STORIES " TECHMOM
DA :. 13:.@ 68 ‘,« 33 i;im 32 593 /‘.o'.w 52 © .32 ’ 0%

Now Jan. 1, 2013

[Flowing Data, 2012]
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https://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/
https://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/

Starting Scales at Zero?

Median household income in 2010 inflation adjusted dollars

$60,000 - - $54 000
$50,000 - - 553,000
- $52,000

$40,000 -
- $51,000

$30,000 -
- $50,000

$20,000 -
- $49,000
$10,000 - - $48,000
SO T T I T T I T T T T 547,000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

w—7ero-Based e==Non-Zero Based | -
[A. Kirebel, VizZWiz]
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Wavy baselines for non-zero starts

See also: "Tear Up Your Baseline" [RJ Andrews]

Per Cent
105 T T T B =il R % T

{00 {00 Per Cent

95

Quarters 3 g1 2 3% i 2 3 4
{914 | 1915 | {916 |

[W. C. Brinton via RJ Andrews]

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 24


https://medium.com/data-visualization-society/tear-up-your-baseline-b6b68a2a60f1
https://medium.com/data-visualization-society/tear-up-your-baseline-b6b68a2a60f1
https://medium.com/data-visualization-society/tear-up-your-baseline-b6b68a2a60f1
https://medium.com/data-visualization-society/tear-up-your-baseline-b6b68a2a60f1

Cherry-picking data

—

COST OF GAS

NATIONAL AVERAGE

T )

83,17

LAST YEAR LAST WEEK CURRENT

4 |/FOX
. NEWS

SOURCE: AAA FUEL GAUGE HREPON]
channel

45.79
[Fox News via Media Matters, 2012]
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https://mediamatters.org/research/2012/10/01/a-history-of-dishonest-fox-charts/190225
https://mediamatters.org/research/2012/10/01/a-history-of-dishonest-fox-charts/190225

Show all the data

—#%— National Avg —&— Wholesale —¢— Crude

212011 4172011 6172011 8172011 10M72011 1172012
[AAA via Media Matters, 2012]
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https://mediamatters.org/research/2012/10/01/a-history-of-dishonest-fox-charts/190225
https://mediamatters.org/research/2012/10/01/a-history-of-dishonest-fox-charts/190225

Tufte's Lie Factor

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

Fuel Economy Standards for Autos

1978 SN 18 o Set by Congress and supplemented by the
1880 - 20 Transportation Department. In miles per gallon.
1981 e 4

-
-—
1982 —

-
AN

1985 ‘

1983 26

This line, representing 27.5 miles per

INYTimes via Tufte, 1991]
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Tufte's Lie Factor

e Size of effect = (2nd value - 1st value) / (1st value)
* | ie factor = (size of effect in graphic) / (size of effect in data)
* |n the graphic:

Lie Factor= —— =148
27.5-18

18

This line, representing 18 miles per
gallon in 15978, is 0.6 inches long.

Fuel Economy Standards for Autos
18 Set by Congress and supplemented by the
Transportation Department. In miles per gallon.

197
1979

1985

This line, representing 27.5 miles per

[InfoVis Wiki]
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http://www.infovis-wiki.net/index.php?title=Lie_Factor
http://www.infovis-wiki.net/index.php?title=Lie_Factor

(Some of) Tufte's Integrity Principles

e Show data variation, not design variation
e Clear, detailed, and thorough labeling and appropriate scales

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

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University = 29



Avolid Chartjunk

15% II

i II II II

5% II II II
Jan Feb Mar Apr May Jun Jul Aug Sep

[T. Brey via A. Lex]

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 30


http://dataviscourse.net
http://dataviscourse.net

Avolid Chartjunk

1 5% B

10%

Jan Feb Mar Apr May Jun Jul Aug Sep |
[T. Brey via A. Lex]

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 31


http://dataviscourse.net
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Avolid Chartjunk

15%

10%

5%

Jan Feb Mar Apr May Jun Jul Aug Sep
[T. Brey via A. Lex]

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 32


http://dataviscourse.net
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Avoid Chartjunk®
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Data-to-Ink Ratio (Also Unjustified 3D)

700
925
350
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0
Females
B 0-$24,999 W $25,000+ 0-$24,999 B $25,000+

lvia A. Lex]
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Maximize Data-to-Ink Ratio
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350

| _II
0

Males Females [Vla A. LeX]
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No Unjustified 3D
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No Unjustified 3D

e Occlusion hides information

e Perspective distortion dangers

o [ilted text isn't legible

e Can help with shape perception
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Eyes Beat Memory

e Reduce cognitive load (using up working memory)
e Animation versus side-by-side views
e Change blindness
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‘Computer-based visualization systems provide visual
representations of datasets designed to help people carry out
tasks more effectively.”

— |. Munzner

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 39



Design Iteration
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Design Iteration

New York Giants EX Manning
Indianapolis Colts  Peyton Manning
San Diego Chargers DrewBrees  Drew Brees Phiip Rivers
Baltimore Ravens  Kyle Boller Steve McNair
New England Patriots  Tom Brady
Green Bay Packers  Brett Favre
New Orleans Saints  Aaron Brooks Drew Brees
Atlanta Falcons  Michael Vick Michael Vick
New York Jets Chad Penningtor
Cincinnati Bengals Carson Pain  Carson Palmer
Houston Texans  David Carr
Carolina Panthers  Jake Delhomme
Denver Broncos Jake Plummer Jay Cutler
Arizona Cardinals Matt Leins -
Jacksonville Jaguars Byron Leftwich David Garrard
Detroit Lions  Joey Harrington Jon Kitna

ampa Bay Buccaneers

Dallas Cowhoys Drew Bledsoe

Tony Romo

Chris Simms Bruce Gra: ¢ Jeff Garcia

Kurt Warner

Andrew Luck
Joe Flacco
Matt Cassel Tom Brady
Aaron Rodgers Aaron Rodgers Aaron Rodgers
Drew Brees
Matt Ryan Matt Ryan
Brett Favre  Mark Sanct : Mark Sanchez
Ryan Fitzp Carson Palmer Andy Dalton
Matt Schaub Matt Schaub
Jake Delhomme Cam Newton
Kyle Orton Tim Tebow Peyton Manning
David Garrard Blaine Gabbert
Matthew Stafford
Josh Freeman Josh Freeman
Tony Romo Tony Romo

K. Quealy, 2013]
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Design Iteration

PACKERS
COLTS
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PATRIOTS
EAGLES
CHARGERS
BILLS
DOLPEINS
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RAIDERS
JETS
BUCCANEERS
BROWNS
SEAHAWKS
PANTHERS
49ERS
STEELERS
FALCONS
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TEXANS

1970

1975 1580 1985

Ron Javorski (123)

Joe Ferguson {(110)

Joe Thessmann (79)
Jm Hart (79)

Richard Todd (76)
gran Spe (71)

Jim Zeen (69)

Terry Bradehaw (63)
Steve Bartkowski (S8)

Reoeer Staubach (S0)
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1950 1995 2000 2005 2010

Brett Favre (275)
Peyton Mannng (227)

Eli Manning (149) i

Tom Bragy (128)
Phitp Rivers (122)
Dar Marro (99)
Jo¢ Flaceo (95)
Jm tverent (91)

Aaron Brooks (84)
Trent Green (32)

Rich Gannon (78)

Trent Difer (72)
Jake Dehomme (66)
Joff Garcia (64)
Matt Ryan (S8)
John E.W.‘.y (52}
Jeff Blake (52) Carson Paimer (52)

David Carr (S0)

(K. Quealy, 2013]
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Design

e Unlike a math problem, there are many different approaches for the
visualization of some data

e Need to have some way to discuss how to determine whether a visualization
'S doing what we want

e \/alidation: Understand why a design Is effective
- What problems can be effective
- Do this at different levels

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 43




~our Nested Levels of Design

L Domain situation

@ Data/task abstraction

Visual encoding/interaction idiom

m Algorithm

[Munzner, 2014]
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Potential problems at each level

XL Domain situation
You misunderstood their needs

© Data/task abstraction
You're showing them the wrong thing

Visual encoding/interaction idiom
The way you show it doesn’t work

Algorithm
Your code is too slow

[Munzner, 2014]
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Valigation at each level

@ Threat Wrong problem

v Validate Observe and interview target users

@ Threat Wrong task/data abstraction

@ Threat Ineffective encoding/interaction idiom

« Validate Justify encoding/interaction design

@ Threat Slow algorithm

¥ Validate Analyze computational complexity

S

f Implement system

v Validate Measure system time/memory
4

Validate Qualitative/quantitative result image analysis
Test on any users, informal usability study

« Validate Lab study, measure human time/errors for task

L

¥ Validate Test on target users, collect anecdotal evidence of utility

 Validate Field study, document human usage of deployed system

« Validate Observe adoption rates

[Munzner, 2014]
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Five Design-Sheet Methodology

— NC

% Sheet 1 Sheets 2,3,4 Sheet 5
N

1 | Data Collection: "1 Synthesis: '\ Explore & Ideate: ' Prototype: i
8 . User Observation i " Sketching "' Quick sketching ' Refined Sketching i
= | Interviews i . Storyboarding 1 User scenarios i . Rendering i
5 | Workshops '\ 1 Improvisation '\ Animated sequences |
o | K |1 Videos, model making
e e o . P .
O Data | Visualizing Exploration Concept Prototyping Solution
& Collection Context & ideation Development
- - AN J J . AN J
7 ¥ i |
3:' Document solutions @ Validate Understand Explore lots of Communicate
8 Goals Requirements .+ existing solutions solutions Demonstrate
< N N \
LU
< COLLECT RELATE CREATE DONATE
S o J JAN AN y

[J. Roberts et al., 20106]
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Five Stages

Meet with client and consider task; or contemplate task on own.
|deate and sketch small ideas.

Sketch and plan three alternative designs.

Consider solutions with client; or deliberate on own.

Generate realization sheet, and implement prototype. Discuss with client
and re-iterate If necessary.

a s Wb~

[J. Roberts et al., 20106]
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Five Stages

[J. Roberts et al., 20106]
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The Five Sheets

Sheet 1 . Sheet 2,3,4 " Sheet5
ldeas : . :
Layout ~ Information Layout  Information
Filter .
* Operations - Operations
Categorize | |7 E N ‘
Combine & Refine Focus / Parti - Focus / Parti 4 o
Discussion 1
Question
[deation Alternative Designs Realization

[J. Roberts et al., 20106]
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Example: University Access for Disabled Students

D. Koop, CSCI 627/490, Fall 2020
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Prototype

O % Disabled Students Allowance Applications
B students in work after university
O % Of students not continuing past their first year

University : Glamorgan
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