A few points of clarification to add to my lecture, as there were
questions afterwards, and I wasn't sufficiently clear on a few points.

We know from Cleveland and McGill (https:/ /secure.cs.uvic.ca/
twiki/pub /Research /Chisel / Computational AestheticsProject/
cleveland.pdf p536, among others) that we're better at comparing

length (with a common or unshared baseline) than any other visual
quantity (area, angle, etc.).

They state their premise very well:

A graphical form that involves elementary perceptual tasks that lead to more
accurate judgements than another graphical form (with the same
information) will result in better organization and increase the chances of a
correct perception of patterns and behavior.

The practical result is that rectangular bars and stacked bars are
easier to accurately compare (because they're a linear comparison)
than graph types that involve areas of varying widths (rectangles
with similar widths can be compared linearly), and therefore should
be the preferred format when accurate interpretation of the data
matters.

Now, the Nightingale roses, and any similar radius-based stacked
bar graphs, are ostensibly fine, because the proposition is that the
radial distance matters, not area. This format includes the Facebook
vs Twitter graph I discussed.

Thursday, December 8, 2011

However, we perceive the area, not just height, and give
disproportionate wight to the outer portions of the slice. (Examples
of the original roses and less distorted variations are here: http:/ /
mbostock.github.com / protovis/ex/ crimea-rose.html)

Similarly, the hierarchical example shown later attempts to use
angular fractions of the whole to show relative volume, but we end
up seeing children and grandchildren with larger areas than the
parent, because the outer rings comprise so much more area then the
inner rings. This too is a huge distortion of the data.

All that said, circular layouts of data are totally valid in situations
where there is no requirement to compare relative area at different
distances from the center. Examples include formats such as:

http:/ /mbostock.github.com/d3/ex/tree.html and

http:/ /circos.ca/, both commonly used in the life sciences, as well as
representations of cyclical patterns.

I hope that helps to clarify the ambiguity around the circular formats
I claimed were inappropriate.

Thanks for the invitation to speak, I had an excellent time.

-Noah
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Effective Data Visualizations

Noah Iliinsky ¢ @noahi

UW Genome Sciences Combi ® December 7, 2011



https://twitter.com/noahi
https://twitter.com/noahi

Why Visualization?




Why visualization?

Anscombe's Quartet
I ! 1] v

X y X Yy X y X y

10.0 8.04 10.0 9.14 10.0 746 8.0 6.58
80 695 80 814 80 6.77 8.0 5.76
13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 881 9.0 877 9.0 7.11 8.0 8.84
11.0 8.33 11.09.26 11.0 7.81 8.0 8.47
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 724 6.0 6.13 6.0 6.08 8.0 5.25
40 426 4.0 3.10 4.0 5.39 19.0 12.50
12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
70 482 70 726 70 6.42 8.0 7.91
50 568 50 474 50 573 8.0 6.89

http:/ /en.wikipedia.org/wiki/ Anscombe%27s_quartet
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http://en.wikipedia.org/wiki/Anscombe%27s_quartet
http://en.wikipedia.org/wiki/Anscombe%27s_quartet

Visualization makes data accessible.
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Visualization leverages the amazing abilities of
our eyes and brains

Thursday, December 8, 2011



Visualization gives faster access to actionable insights
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http: / /complexdiagrams.com/2009/03/12/ tire-chart/
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Visualization allows access to huge amounts of data

Child survival (%)
99.7

$5 000 $50 000
GDP per capita ($) o
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http://www.youtube.com/watch?v=hVimVzgtD6w
http://www.youtube.com/watch?v=hVimVzgtD6w

Why Stories?




Stories make data relevant.

Child survival (%)

$5 000 $50 000
GDP per capita ($) o
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http://www.youtube.com/watch?v=hVimVzgtD6w
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Part One: Concepts & Definitions




Data Visualization vs Infographics




Data Visualizations are generated by software.

Tale of 100 Entrepreneurs

. Rocket Ship . Hot Company . Slow Burner

Growth History by Company
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QO

»

=

z

c

=

i

c

- S100m - . ' ¥

3 f

3 A1 | '

¢ 550m I A7 - ——=
SOm '

Year Number

hitp:/www.tableausoftware.com/public/gallery/taleof100
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Infographics are manually drawn.
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http://www.flickr.com/photos/xmasons/4841339241/sizes/l/in/photostream/
http://www.flickr.com/photos/xmasons/4841339241/sizes/l/in/photostream/

Data visualizations vs Infographics

1M+

Aesthetic treatment

Data volume
100K

10k

1k

100

How much Data or Beauty is feasable
(total data points or mH of beauty)

10

Not much Lots
(algorithmic) (all manual)

Manual drawing effort required
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Exploration vs Explanation




Visualization for exploration, when you don’t (yet)
have a story to tell.

rushing recelving tackiing team offense team defense O Regular Season search by name
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http://www.juiceanalytics.com/nfl-visualization
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http://www.juiceanalytics.com/nfl-visualization/
http://www.juiceanalytics.com/nfl-visualization/

Visualization for explanation, when you do have a story to tell.

Soft Drink Industry Structure, 2008

ON PEFPEN SNAFFLE GROUs
(180N
COCA-COLA A
- (42.8%) =
PEPSI —
(31.1%)
) _— - - == - = = /™

Prot Mowars, | Caris Duvall® & Kirk Goidibeery’ 1, Michigan State Usiversity. 2. Usiversity of New Mexico

https:/www.msu.edu/~howardp/softdrinks.pdf
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Education vs Persuasion




Visualization for education
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http://www.flickr.com/photos/xmasons/4841339241/sizes/l/in/photostream/
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Visualization for persuasion (or propaganda)
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Part 'Iwo: How 1o Do It




Make good choices.



Good Choices are Guided by
Three Inputs




Three mputs.

Designer

Thursday, December 8, 2011



You have goals.




You have goals.

Why are you here?

If you can’t concisely
articulate your goal,
you re doimng it
Wrong.



Three types of information products.

Designer

Thursday, December 8, 2011



Your Reader has Needs.




Your reader has needs.

Your success 1s defined by
your readers’ success.

Thursday, December 8, 2011



Your reader has needs.

Your success 1s defined b
B
your customers’ success.

If you can’t satisty their needs,

you have failed.

Thursday, December 8, 2011



ldentify your audience!

Understand their
hopes, dreams, and
favorite flavors!

Understand their jargon,
identity, and contexts of
use!
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Consider the contexts and
needs of:

+a lab mate

+a geneticist

¢ a scientist

+a member of the general

public
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Data has Propertes




Data has properties.
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Tire width §

/ .

Wheel size -

= Wheel size: numeric
(actually categorical)

s Tire width: continuous
# Price: continuous

* Anti-puncture: binary
** Foldable: binary



Now we start designing.




Statement of Goals




Statement of goals.

i
“Show IQ ults.”
t jb‘ict

“Show the specific effects of three
different drugs across the selected
mutations and a control.”



Define Desired Knowledge Before

Structure




Knowledge before structure.

DESKTOP VS. WEBMAIL VS. MOBILE ) DESKTOP MOBILE @ wesMAIL

A LOOK AT WHERE SUBSCRIBERS OPEN EMAIL.

8% 55% 35% 53% 7% 54% 40% 54%
JULY SEPT NOV JAN
2010 2010 2010 2011
7% 12% 9% 6%

MOBILE EMAIL IS STEADILY INCREASING, MOSTLY AT THE EXPENSE OF WEBMAIL CLIENTS, WHILE DESKTOP OPEN RATES HAVE STAYED
ABOUT THE SAME. OPENS IN MOBILE DEVICES HAVE EXPERIENCED A 150% INCREASE IN THE LAST SIX MONTHS, WITH WEBMAIL
SEEING A 20% DECLINE. EMAIL ACCESSED VIA DESKTOP CLIENTS HAS REMAINED FAIRLY STEADY WITH NEARLY A 2% DROP, PERHAPS
INDICATING OUR RELIANCE ON EMAIL IN THE WORKPLACE.

3 33% 55% 34% 51% 32% 53%

MAY
2011

12% 15% 15%

http:/ /litmus.com /blog/email-client-market-share-infograph
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http://litmus.com/blog/email-client-market-share-infograph
http://litmus.com/blog/email-client-market-share-infograph

Knowledge before structure.
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+
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Platform share %
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0 ! ! ! ! ! ! |
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Appropriate Eincodings




Data has properties.

Thursday, December 8, 2011

Tire width §

/ .

Wheel size -

= Wheel size: numeric
(actually categorical)

s Tire width: continuous
# Price: continuous

* Anti-puncture: binary
** Foldable: binary



Encoding well:
1. Position is everything.

2. Color 1s difficult.
- @moritz stetaner



Position 1s Kverything.




Position 1s everything.

http:/ /hipmunk.com
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‘?r ’ % SEA = NYC, Oct 11 + login
Sort By | Agony Price Duration Departure Arrival | Airlines v Non-stops Filter By Time A Show All v
Seattle / Tacoma, WA p 8am 8pm midn 4am 8am
New York City, NY 7pm 11pm 3am 7am 4

Buy $160 SEA — JFK
Buy $160 SEA — JFK
Buy $160  SEA — JFK 9]
Buy $180 SEA— JFK = Delta 1]
Buy $180  SEA—JFK 10 |
Buy $180 SEA—JFK 5 |
Buy $170 SEA—LGA ~ Continental JllUnited* 3
Buy $170  SEA — JFK 3]
Buy $170 SEA — JFK United
Buy $240 SEA—EWR 1]
Buy $240 SEA— EWR 1]
Buy $190 SEA—LGA | = Delta |l = Delta 2 |
Buy $190 SEA—LGA =Delta [Hz = Delta 1]


http://hipmunk.com
http://hipmunk.com

Position 1s everything.

| S > ,
Eix ) SEA = NYC, Oct 11 + | ogin
Sort By Agony Price Duration Departure Arrival Airlines ¥ Non-stops Filter By Time ShowAllw
WA D gan 8pm midn 4am 8am
7pm 11pm 3am 7am 4
Buy $160 SEA - JFK JetBlue
Buy $160 SEA —JFK
Buy $160 SEA - JFK 9]
Buy $180 SEA—JFK | = Delta 1]
Buy $180  SEA - JFK | =Delta | 10 |
Buy $180 SEA - JFK | = Delta 5|
Buy S$170 SEA—LGA 3 |
Buy $170 SEA — JFK Al 3,
Buy S$170 SEA - JFK United
Buy $240 SEA—EWR 1]
Buy $240 SEA—EWR 1]
Buy $190 SEA—LGA | =Deita [l = Delta | 2]
Buy $190 SEA—LGA =Delta [§H§ = Delta | 1]

Thursday, December 8, 2011

= absolute & relative departure time (continuous)

= absolute & relative arrival time (continuous)

s« absolute & relative length of trip (continuous)

= stopovers (binary)

= absolute & relative stopover duration (continuous)

s« absolute & relative stopover start & stop time (continuous)
s« sort order (ranked)



Axes give you information for free!

Northerly and Westerly! 1. about tar getS

| 2. when searching
T ¢ . %&g (think grouping)
North %

- South

\4

<— West - East >
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l.ack of axes gives you spaghetti!

http://commons.wikimedia.org/wiki/File:Spaghetti_alle_vongole.jpg mgmmo ®
Thursday, December 8, 2011



http://commons.wikimedia.org/wiki/File:Spaghetti_alle_vongole.jpg
http://commons.wikimedia.org/wiki/File:Spaghetti_alle_vongole.jpg
http://creativecommons.org/licenses/by/2.0/deed.en
http://creativecommons.org/licenses/by/2.0/deed.en

Color1s Difficult.




Color is difficult.

7o EUROPEAN

ALTITUDES. < B
Saurce: USGS HYDRO1K — . EURGIEAN S o

(1 km hydrologicaly correct Digital Elevation Model). § e ;1

Meters:

11
27
13
58
n
83
095
108
121
133
. 44
155
166
179
104
211
231
255
286
322
371
108
480
566
656
758
879

1044
1328
4453

w 0 130 660km g '

http://eusoils.jrc.ec.europa.eu/esdb archive/serae/GRIMM/erosion/inra/europe/analysis/maps and listings/web erosion/maps _and listings/altitude a3.gif
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http://eusoils.jrc.ec.europa.eu/esdb_archive/serae/GRIMM/erosion/inra/europe/analysis/maps_and_listings/web_erosion/maps_and_listings/altitude_a3.gif
http://eusoils.jrc.ec.europa.eu/esdb_archive/serae/GRIMM/erosion/inra/europe/analysis/maps_and_listings/web_erosion/maps_and_listings/altitude_a3.gif

Color i1s not
ordered.



Color is difficult.

Altitude [mt]

0

1-150
151 - 300

301 - 600
601 - 900

901 - 1350
1351 - 1800

1801 - 2500

(Mostly) Right!

http:/mapsof.net/uploads/static-maps/topographic_(altitude) map tamil nadu.pn
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http://mapsof.net/uploads/static-maps/topographic_(altitude)_map_tamil_nadu.png
http://mapsof.net/uploads/static-maps/topographic_(altitude)_map_tamil_nadu.png

Color is difficult.

EOWA Emperaturelylap 48hraPrecipitation -orecast
Thursday Saturday

Not bad...

hitp:/www.goldensoftware.com/gallery/gallery-11.shtml
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http://www.goldensoftware.com/gallery/gallery-11.shtml
http://www.goldensoftware.com/gallery/gallery-11.shtml

Color 1s
meaningful.

Gender ——
Nationality — mm
Politics -
Religion BN )
Morality .

Nature ]
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Appropriate encodings

Example Encoding Ordered Useful values = Quantitative  Ordinal Categorical Relational
' " position, placement yes infinite Good Good Good Good
1,2,3:A,B,C text labels optional infinite Good Good Good Good
(alphabetical
or numbered)
T length yes many Good Good
(s
. size, area yes many Good Good
e @
/ angle yes medium Good Good
""”l“l" Illl pattern density yes few Good Good
weight, boldness yes few Good

. . . saturation, brightness yes few Good
... color no few (< 20) Good

. . > shape, icon no medium Good

"l”@_ pattern texture no medium Good
‘ ._ . enclosure, connection no infinite Good Good
______ line pattern no few Good
r—p line endings no few Good
%: =
) O
line weight yes few Good
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Use defaults.



Use defaults.

270 elecloral voles needed to win

View map by

Geography

Electoral votes

http://elections.nytimes.com/2008/president/whos-ahead/key-states/map.html
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http://elections.nytimes.com/2008/president/whos-ahead/key-states/map.html
http://elections.nytimes.com/2008/president/whos-ahead/key-states/map.html

Unless...

270 elecloral voles needed to win

Mont. N.D.

View map by
Geography

Electoral votes

http://elections.nytimes.com/2008/president/whos-ahead/key-states/map.html
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http://elections.nytimes.com/2008/president/whos-ahead/key-states/map.html
http://elections.nytimes.com/2008/president/whos-ahead/key-states/map.html

Unless you've got
something better.



Design strategies

+ Limit the data you include

+ Use position for your most important
relationship(s)

+ Try ditferent axes

* Consider default formats

 Use color for categories, not rank

* Encode other data and relationships with
appropriate properties
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Tools

« D3.js / protovis: structured frameworks
= processing: flexible, great for data art

* R + ggplot2: stats & analytics

= Tableau: visual exploration & analytics
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http://mbostock.github.com/d3/
http://mbostock.github.com/d3/
http://mbostock.github.com/protovis/
http://mbostock.github.com/protovis/
http://processing.org/
http://processing.org/
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Visualization for persuasion (or propaganda)
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Visualization for persuasion (or propaganda)
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