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Relative Strengths

Pattern Recognition

Creativity

\ 4

N

Calculations

-




“Interocularity”
(see work of John Tukey)




What...

...is easier now than before?

fast computation, animation, 3D

...was easier before than now?

craftsmanship

..should be easier in the future?

modular craftsmanship, linked views



“Easier”

2011
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Reproduced from Visual and Statistical Thinking, © E.R. Tufte 1997, based on Snow’s drawing
re: 1854 London cholera epidemic.
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Data ® Dimensions © Display
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What Computers Can Let us Craft (2008)

Elements...

v Maps
v Tables

®Graphs
v Charts

v llustrations

v  Combinations



http://www.nba.com/celtics/stats/live-scoreboard.html?gamecode=20080123/TORBOS
http://www.nba.com/celtics/stats/live-scoreboard.html?gamecode=20080123/TORBOS
http://www.nba.com/celtics/stats/live-scoreboard.html?gamecode=20080123/TORBOS
http://www.nba.com/celtics/stats/live-scoreboard.html?gamecode=20080123/TORBOS
http://www.nba.com/celtics/stats/live-scoreboard.html?gamecode=20080123/TORBOS
http://www.nba.com/celtics/stats/live-scoreboard.html?gamecode=20080123/TORBOS
http://www.nba.com/celtics/stats/live-scoreboard.html?gamecode=20080123/TORBOS

What Computers (D3) Can Let us Craft (2012)

UPDATED June 12,2012
N.B.A. FINALS

Where the Heat and the Thunder Hit Their Shots

The shooting patterns for the players on the Miami Heat and the Oklahoma City Thunder reveal where they are most dangerous on the court. Below,
compare each player’s strengths using court maps and analysis by Kirk Goldsberry, a geography professor at Michigan State. Related Article »

RECOMMEND w TWITTER [J LINKEDIN & SIGN IN TO E-MAIL SHARE

All Shots 3-Pointers Midrange Close Range r:wmb?r o f atgemp;zh t::vms per regio-n High
Miami Heat Oklahoma City Thunder
5,209 1.01 [4d% 5,228 1.03 47.1%

.’\ R »
ﬁ The Heat rely on player positioning to create isolation plays for LeBron James The Thunder are effective from almost any area on the court and shoot many
and Dwyane Wade, often on the left side. The Heat take many fewer 3-point more 3-point shots than the league average. Kevin Durant and James Harden

shots than the Thunder. are potent from the top of the arc.
Cad

T — R
nhttp:/Ilwww.nytimes.com/interactive/2012/06/1 | /sports/basketball/nba-shot-analysis.html?_r=0
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What...

...is easier now than before?

fast computation, animation, 3D

...was easier before than now?

craftsmanship

..should be easier in the future?

modular craftsmanship, linked views
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First, the past...

Milestones: Time course of developments
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adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, 2009
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Galileo Galilei /

(1564-1642)

12l LoudNUNCIVO

On the third, at the seventh hour, the stars were arranged in this
juence. The eastern one was 1 minute, 30 seconds from Jupiter

’ L'IUNC,\[ western one 2 minutes; And [hL‘ U(IICT western one wa

ist * O x> * We:

y minutes removed from this one. They were absolutely on tl

ime straight line and of equal magnitude

On the fourth, at the second hour, there were four stars arow

upiter, two to the east and two to the west, and arranged precise

Zast * . O * X We

on a straight line, as in the adjoining figure. 1

he casternmost wa
listant 3 minutes from the next one

, while this one was 40 second
rom Jupiter; Jupiter was 4 minutes from the nearest western one

d this one 6 minutes from the westernmost one. Their magnitude

:re nearly equal; the one closest to Jupiter appeared a little smalles

an the rest. But at the seventh hour the castern stars were only

2 seconds apart. Jupiter was 2 minutes from the nearer easten

ast * K O X x* West

me, while he was 4 minutes from the next western one,

and this
minutes from the westernmost one

They were all equal
and extended on the same straight line along the echptic.

On the fifth, the sky was cloudy.

one was 3

On the sixth, only two stars appeared flanking Jupiter, as 1s seen

-ast * O *x West

n the adjoining figure. The eastern one was 2
vestern one 3

minutes and the
minutes from Jupiter. They were on the same straight

fine with Jupiter and equal in magnitude

On the seventh, two stars stood near Jupiter. hoth to the east

Notes for & re-productions of Siderius Nuncius




-0 x '] )
v 3
TP T e TV T e %
[y —— T s " [ ———— B L
@ n e W N B e
- o= @ —e— oo s o T ] e

s

PRy,
o
&

—T" o pr—] Ty p——
T et ¥ e VO =" - T umaner o
[T,

-0 x =X -0 x
%m 1 & O o S 1 %mm |
CHEN B @& PO

oo o o

;‘
!/
7
/

i
:.I
1 3
4
L
i
i

WX
-

== [ e e .

- —- . = =
"W -aAS &Sy el a8 a6 s -

Conmctons » 48y s

e Y aSEE
o3 s | e

Gters eyt | | W35 VA lems. vt | | Wt 200y | | v | | S o Mg e

.
x 1
’
.
-
T ™ (s ey = [l T e
{ - S_— @ bl b L y . [—#.4 8 3
mg‘ e | |, . ....‘ ‘...! PPl | IR | ORI | M | TN e ——— L R 7o)

Experience



http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=9.32&name=perseus_optical&imageurl=http://farm8.staticflickr.com/7151/6791649829_d4f1e1421f_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3378035839&y=517&x=1071&rotation=179.64&dec=31.6779385177&thumb=http://farm8.staticflickr.com/7151/6791649829_b999152347_t.jpg
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WWT Ambassadors WWT at Harvard

6 WorldWide Telescope Ambassadors Search this alta:

Upcoming Events

Feb. 16 - Feb. 17
Feb. 28

Watch asVideo

astronomers and educa

the W\

»

o il

L

“Tours”


http://edx.org
http://edx.org
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/john-huchras-universe
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/eagle-nebula
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/dust-and-us
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/galileos-new-order
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/tours/ring-nebula
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://wwtambassadors.org/wwt/
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
https://vimeo.com/57078802
http://theastrodata.org/dvn/dv/complete;jsessionid=0ea9c4fccd4124d862670b3ea270
http://theastrodata.org/dvn/dv/complete;jsessionid=0ea9c4fccd4124d862670b3ea270
http://theastrodata.org/dvn/dv/complete;jsessionid=0ea9c4fccd4124d862670b3ea270
http://theastrodata.org/dvn/dv/complete;jsessionid=0ea9c4fccd4124d862670b3ea270
http://theastrodata.org/dvn/dv/complete;jsessionid=0ea9c4fccd4124d862670b3ea270
http://theastrodata.org/dvn/dv/complete;jsessionid=0ea9c4fccd4124d862670b3ea270
http://theastrodata.org/dvn/dv/complete;jsessionid=0ea9c4fccd4124d862670b3ea270
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
keynote:/Volumes/TerraNova/Users/agoodman/Google%20Drive/Nessie%20Paper/Talk%20Slides/aas_bones.key
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.cfa.harvard.edu/vizelab/
http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=9.32&name=perseus_optical&imageurl=http://farm8.staticflickr.com/7151/6791649829_d4f1e1421f_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3378035839&y=517&x=1071&rotation=179.64&dec=31.6779385177&thumb=http://farm8.staticflickr.com/7151/6791649829_b999152347_t.jpg
http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=9.32&name=perseus_optical&imageurl=http://farm8.staticflickr.com/7151/6791649829_d4f1e1421f_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3378035839&y=517&x=1071&rotation=179.64&dec=31.6779385177&thumb=http://farm8.staticflickr.com/7151/6791649829_b999152347_t.jpg
http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=9.32&name=perseus_optical&imageurl=http://farm8.staticflickr.com/7151/6791649829_d4f1e1421f_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3378035839&y=517&x=1071&rotation=179.64&dec=31.6779385177&thumb=http://farm8.staticflickr.com/7151/6791649829_b999152347_t.jpg
http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=9.32&name=perseus_optical&imageurl=http://farm8.staticflickr.com/7151/6791649829_d4f1e1421f_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3378035839&y=517&x=1071&rotation=179.64&dec=31.6779385177&thumb=http://farm8.staticflickr.com/7151/6791649829_b999152347_t.jpg
http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=9.32&name=perseus_optical&imageurl=http://farm8.staticflickr.com/7151/6791649829_d4f1e1421f_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3378035839&y=517&x=1071&rotation=179.64&dec=31.6779385177&thumb=http://farm8.staticflickr.com/7151/6791649829_b999152347_t.jpg
http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=9.32&name=perseus_optical&imageurl=http://farm8.staticflickr.com/7151/6791649829_d4f1e1421f_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3378035839&y=517&x=1071&rotation=179.64&dec=31.6779385177&thumb=http://farm8.staticflickr.com/7151/6791649829_b999152347_t.jpg

Milestones: Time course of developments

DenSity 1 1 1 1 1 1 1
| 1 | | | | |
g%r_ly maps : : Nev;/ graphic : Gq;lden ape RF-bir}h
_ A A | Measurement | il Begin modern Modern dark ,|,. '
0.005 : Theory : :gperiod : : ages : High-D Vis
| | | | | |
| 1 | | | | |
| 1 | | | | |
| 1 | | | | |
0.004 - | 1 | | | | |
| | | | | | |
| | | | | |
| 1 | | | |
| | | | | | |
: : . AR
0.003 7 | | | | | |
: : e e
- |
i i A e
0.002 | | z 9 | -
| 1 g' = | | |
: : ® 50 |
| | o 9 | A
| | 5 o) | |
0.001 7 | = v | | |
o) = o | L
Pl : £ EPE |
- : & k= | : |
e A I 1 =201 T 1
1500 1600 1700 1800 1900 2000
Year

adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, 2009



William Playtair
1759-1823)

Playfair, lithography
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Charles Joseph Minard, in color
(1781-1870)

Minard, color lithography
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“High-dimensional” or “Multivariate” Data
and High(er) Dimensional Displays

Robert J. Vanderbei www.princeton.edu/ " rvdb/JAVA/election2004/
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|II

“High-dimensional” or “Multivariate” Data
(Astronomy=Biology)
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Data Visualization
in the 21st Century
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multidimensional data exploration
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I E D ‘ al ks research awards process. I don‘t want to leave you with the impression, however, that the

state of information visualization research is bleak. Each year at VisWeek I find a few

Translations ) ) :
produced by thoughtful, well-trained information visualization researchers. They identified

potentially worthy pursuits and did well-designed research that prt ed useful results. While
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“Astronomical Medicine”
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(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”)






Slideshow: Tabletop Computers Continued
By Meredith Ringel Morris

First Published December 2008

EEmail & Print # Comments (1) EReprints [E Newsletters

m" Del.icio.us Diagq Jo Slashdot

PHOTO: HAO JIANG, DANIEL WIGDOR, CLIFTON FORLINES, AND CHIA SHEN

UBITABLE: Users can interact with surface computers through auxiliary
devices, such as laptops, phones, and PDAs. The display on the auxiliary device
can convey private or sensitive content to a single user, while group-
appropriate content can appear on the tabletop display. Chia Shen and her
colleagues at Mitsubishi Electric Research Laboratories, in Cambridge, Mass.,
have explored auxiliary interactions with surface computers in their UbiTable
project, in which two people with laptops collaborate over a tabletop display.
Recently, Shen expanded the UbiTable into an interactive room called the
WeSpace. People can share data on their laptops with other people in the
room, using both a table and a large display wall. Here, three Harvard
University astrophysicists discuss radio and IR spectrum images using the
WeSpace.

" ":Ni)"'\
\_J’
movie courtesy Daniel Wigdor, taken at MERL, Kendall Square, Cambridge, 2007
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What'’s the 3D “magnetic lasso™? @

How do you use it with a mouse?

How can a human “steer” computer-aided selection!?
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multidimensional data exploration
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“Linked Views”
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Linked Views
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Video & implementation: Christopher Beaumont, CfA/UHawaii;
inspired by AstroMed work of Douglas Alan, Michelle Borkin, AG, Michael Halle, Erik Rosolowsky



The (Medical) Value of Linked Views...

Michelle Borkin

Harvard School of Engineering & Applied Science Ph.D. student,
supervised by Alyssa Goodman (Astronomer) & Hanspeter Pfister (Computer Scientist)



Patients Troubled Hearts, in 3D
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How much does viz matter?
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ACCURACY

Strong effect of dimensionality on accuracy

And strong effect of color...
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EFFICIENCY

Participants more efficient in 2D.

Rainbow color map has greater detriment in 3D.
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BUT-3D still essential for sugical planning.
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multidimensional data exploration
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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille



Glue 0.1 documentation »
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What is glue?

9

Glue Documentation

lue

multidimensional data exploration

Glue is a Python library to explore relationships within and among related datasets. Its main features include:

» Linked Statistical Graphics. With Glue, users can create scatter plots, histograms and images (2D and 3D) of
their data. Glue is focused on the brushing and linking paradigm, where selections in any graph propagate to all
others.

» Flexible linking across data. Glue uses the logical links that exist between different data sets to overlay
visualizations of different data, and to propagate selections across data sets. These links are specified by the
user, and are arbitrarily flexible.

« Full scripting capability. Glue is written in Python, and built on top of its standard scientific libraries (i.e., Numpy,
Matplotlib, Scipy). Users can easily integrate their own python code for data input, cleaning, and analysis.

.
T —

[the film!]

& python

Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille
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What...

...Iis easier now than before?

fast computation, animation, 3D

...was easier before than now?

craftsmanship

..should be easier in the future?

modular craftsmanship, linked views



“modular craftsmanship, linked views”
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g Glue Demo: World Wide Telescope

from Chris Beaumont 1 month ago
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Principles of high-dimensional data visualization in astronomy

A.A. Goodman~
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Key words cosmology: large-scale structure — ISM: clouds — methods: data analysis — techniques: image processing —
techniques: radial velocities

Astronomical researchers often think of analysis and visualization as separate tasks. In the case of high-dimensional data
sets, though, interactive exploratory data visualization can give far more insight than an approach where data processing
and statistical analysis are followed, rather than accompanied, by visualization. This paper attempts to charts a course
toward “linked view” systems, where multiple views of high-dimensional data sets update live as a researcher selects,
highlights, or otherwise manipulates, one of several open views. For example, imagine a researcher looking at a 3D volume
visualization of simulated or observed data, and simultaneously viewing statistical displays of the data set’s properties
(such as an z-y plot of temperature vs. velocity, or a histogram of vorticities). Then, imagine that when the researcher
selects an interesting group of points in any one of these displays, that the same points become a highlighted subset in all
other open displays. Selections can be graphical or algorithmic, and they can be combined, and saved. For tabular (ASCII)
data, this kind of analysis has long been possible, even though it has been under-used in astronomy. The bigger issue
for astronomy and other “high-dimensional” fields, though, is that no extant system allows for full integration of images
and data cubes within a linked-view environment. The paper concludes its history and analysis of the present situation
with suggestions that look toward cooperatively-developed open-source modular software as a way to create an evolving,
flexible, high-dimensional, linked-view visualization environment useful in astrophysical research.

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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