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19 out of 22?



Calculations

Relative Strengths

Pattern Recognition
Creativity



“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



Reproduced from Visual and Statistical Thinking, ©E.R. Tu#e 1997, based on Snow’s drawing  
re: 1854 London cholera epidemic.

Craftsmanship 
(in 1854)



Craftsmanship 
(in 1854)

Reproduced from Visual and Statistical Thinking, ©E.R. Tu#e 1997, based on Snow’s drawing  
re: 1854 London cholera epidemic.

Displaying
“high-dimensional” data

with 

“multi-functioning 
graphical elements”



Data • Dimensions • Display



Craftsmanship 
(in 1854)

Reproduced from Visual and Statistical Thinking, ©E.R. Tu#e 1997, based on Snow’s drawing  
re: 1854 London cholera epidemic.

Displaying
“high-dimensional” data

with 

“multi-functioning 
graphical elements”



Elements...
✓Maps

✓Tables

✖Graphs

✓Charts

✓Illustrations

✓Combinations

What Computers Can Let us Craft (2008)
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http://www.nytimes.com/interactive/2012/06/11/sports/basketball/nba-shot-analysis.html?_r=0

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

[demo]
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...was easier before than now?
craftsmanship

...should be easier in the future?

modular craftsmanship, linked views



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



adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, 2009
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First, the past...



Galileo Galilei
(1564-1642)

Notes for & re-productions of Siderius Nuncius

G
al

ile
o



Experience WWT at worldwidetelescope.org

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


WWT at HarvardWWT Ambassadors
“T

ou
rs”

WWT in Research

milkywaybones.org
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adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, 2009
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Charles Joseph Minard, in color
(1781-1870)
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adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, in press (2008)
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“High-dimensional” or “Multivariate” Data 
and High(er) Dimensional Displays

www.princeton.edu/~rvdb/JAVA/election2004/Robert J. Vanderbei

http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://electoral-vote.com
http://www.princeton.edu/~rvdb/JAVA/election2004/
http://www.princeton.edu/~rvdb/JAVA/election2004/
http://www.princeton.edu/~rvdb
http://www.princeton.edu/~rvdb


“High-dimensional” or “Multivariate” Data 
(Astronomy=Biology)

Goodman et al. Nature, 2009 Elde et al. Nature, 2008



The Art of 
Numbers
Data Visualization 
in the 21st Century
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2007

The AstroMed (Back) Story

“Viz has failed 
the scientific 

community…”

Computer
Scientist

Computer
Scientist

Astronomer

Unsuspecting
Undergrad

2009

2011

Michelle Borkin is now a SEAS PhD Student, 
advised by Profs. Alyssa Goodman (Astronomy) 
and Hanspeter Pfister (SEAS), and IIC
+AstroMed became the bases for the Viz-e-Lab
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“Keith” “Perseus”

“Astronomical Medicine”

“z” is depth into head “z” is line-of-sight velocity

(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”)



AstronomicalMedicine@

3D Viz made with VolView

Perseus



Origins of the 

movie courtesy Daniel Wigdor, taken at MERL, Kendall Square, Cambridge, 2007





What’s the 3D “magnetic lasso”?

How do you use it with a mouse?

How can a human “steer” computer-aided selection?

http://www.k-3d.org/wiki/Main_Page
http://www.k-3d.org/wiki/Main_Page
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Jan Vermeer. The Astronomer. (1668)

Contextual, 
High-Dimensional 
View

Flat, 
Text-Based 
View

Link

 “Linked Views”



3D

2D

Data Abstraction

Statistics

0
25
50
75

100

“Linked Views”



Linked Views

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)



Generate patient geometries

Visualize/analyze data

Obtain patient CT data Segment arteries

Patient specific flow simulationClinical decision

Patients Troubled Hearts, in 3D



Borkin et al. 2011

How much does viz matter?



Strong effect of dimensionality on accuracy

39% percent low ESS regions found

And strong effect of color...

62%

ACCURACY

91%

Borkin et al. 2011



Participants more efficient in 2D.

Rainbow color map has greater detriment in 3D.

EFFICIENCY

5.6 sec/region 2.4 sec/region
10.2 sec/region

BUT–3D still essential  for sugical planning.

2.6 sec/region

Borkin et al. 2011



Borkin et al. 2011
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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille



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

What is glue? 

[the film!]

http://vimeo.com/53378575
http://vimeo.com/53378575


“modular craftsmanship, linked views”

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



http://vimeo.com/57078802

“modular craftsmanship, linked views”

http://vimeo.com/57078802
http://vimeo.com/57078802


The Art of 
Numbers
Data Visualization 
in the 21st Century
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ADSASS: History on the Sky
astrometry.net + flickr + WWT

astrometry.net

[published 1927]
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View and compare 
images from across the 

electromagnetc spectrum 

Finder Scope links to 
Wikipedia, 

publications, and data, 
so you can learn more

Context globe 
shows where 
you’re looking.

Microsoft® Research
WorldWide Telescope

Control time to study how 
the night sky changes 

Context bar shows 
items of interest in 
current field of view

Seamlessly explore 
imagery from the best 

ground and space-based 
telescopes in the world

Much more than “just” 
the sky at night!  

3D features can  take 
you to other planets, 

stars & galaxies.  

Experience WWT at worldwidetelescope.org

Expert led tours of 
the Universe
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WorldWide Telescope Ambassadors

wwtambassadors.org
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Gains in Student Interest and Understanding
(“Traditional Way” vs “WWT Way”)

“Cooler than ‘Call of Duty’”



JohnTukey
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