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Astronomy Scientific Computing Teaching

Who am I?
...my interest(s) in “Seeing Science”...

Art & Photography
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http://www.cfa.harvard.edu/COMPLETE/
http://www.cfa.harvard.edu/COMPLETE/
http://www.cfa.harvard.edu/COMPLETE/
http://my.harvard.edu:80/icb/icb.do?keyword=k19940&pageid=icb.page98462
http://my.harvard.edu:80/icb/icb.do?keyword=k19940&pageid=icb.page98462
http://my.harvard.edu:80/icb/icb.do?keyword=k19940&pageid=icb.page98462
http://iic.harvard.edu/
http://iic.harvard.edu/


Calculations

Relative Strengths

Pattern Recognition
Creativity
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“Interocularity”
(see work of John Tukey)

“Image and Meaning”
(see work of Felice Frankel, 
and imageandmeaning.org)
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Data • Dimensions • Display

Seeing Science
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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
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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”
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Elements...

✓Maps

✓Tables

✖Graphs

✓Charts

✓Illustrations

✓Combinations

What Computers Can Let us Craft
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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


adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, in press (2008)
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Galileo Galilei
(1564-1642)

Notes for & re-productions of  Siderius Nuncius

G
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o
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William Playfair
(1759-1823)
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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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Data Reduction

Data Display

Context (e.g. journals + online data)

Simulation Design

Statistics Design

Data Exploration (Visualization)

Yellow Arrow
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Data • Dimensions • Display
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“High-dimensional” or “Multivariate” Data 
and High(er) Dimensional Displays

This map displays 2 quantities as a function of 2 spatial dimensions.
...Is that 4 dimensions?
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Note: Computers make this Easy

+ =

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

Goodman et al. Nature, 2009 Elde et al. Nature, 2008
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What about Animation?
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“Keith” “Perseus”

How many dimensions at once?

Can/should time (animation) substitute for dimensions?

“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”)
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Alyssa Goodman (IIC/CfA/FAS)

Michael Halle (IIC/SPL/HMS)

Ron Kikinis (SPL/HMS)

Douglas Alan (IIC)

Michelle Borkin (IIC)

Jens Kauffmann (CfA/IIC)

Erik Rosolowsky (CfA)

Nick Holliman (U. Durham)

Astronomical Medicine
am.iic.harvard.edu
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The AstroMed Story

“Viz has failed 
the scientific 

community…”

Computer
Scientist

Computer
Scientist

Astronomer

Unsuspecting
Undergrad
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mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al. in prep.)

Optical image (Barnard 1927)

Perseus
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AstronomicalMedicine@

3D Viz made with VolView

Perseus
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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
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The “Easier” Future:
Modular Craftsmanship

The Future we can see from “now”...
 “live” interaction with data (DataDesk,  WWT)

more display modes available (3D PDF, touch tables/walls, stereo+)

re-usable tools/mashups (Many Eyes, UFOmaps.com)

Unsolved Questions...
(feasibility of) templates/language (e.g. Grammar of Graphics)

improved graphical representation of uncertainty
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“Data Desk”

If only DataDesk were >2D...??

interaction
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Mirage (Bell Labs)

cf. Avizo (Mercury Systems); some aspects of GenePattern; Taverna...

interaction
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3D PDF

display modes
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Off the 
desktop

http://spectrum.ieee.org/dec08/6999/9

display modes

http://iic.harvard.edu/research/scientists-discovery-room-lab-sdr-lab
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http://spectrum.ieee.org/dec08/6999/9
http://spectrum.ieee.org/dec08/6999/9
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The Scientists’ Discovery Room: Version 0.01

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

display modes
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...why we must 
explain that...

 
“This is not art.”
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Many Eyes: 
Martin Wattenberg & Fernanda Viegas (IBM)

re-usable tools
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http://manyeyes.alphaworks.ibm.com/manyeyes/
http://manyeyes.alphaworks.ibm.com/manyeyes/
http://manyeyes.alphaworks.ibm.com/manyeyes/


What Many Eyes thinks my “3D PDF” paper on self-
gravity in hierarchical star-forming regions is about...
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Gapminder: 
Re-usable, interactive graphical tools

http://gapminder.org

re-usable tools

Monday, April 27, 2009

http://graphs.gapminder.org/world/%23$majorMode=chart$is;shi=t;ly=2003;lb=f;il=t;fs=11;al=30;stl=t;st=t;nsl=t;se=t$wst;tts=C$ts;sp=6;ti=2006$zpv;v=1$inc_x;mmid=XCOORDS;iid=phAwcNAVuyj1jiMAkmq1iMg;by=ind$inc_y;mmid=YCOORDS;iid=phAwcNAVuyj2tPLxKvvnNPA;by=ind$inc_s;uniValue=8.21;iid=phAwcNAVuyj0XOoBL_n5tAQ;by=ind$inc_c;uniValue=255;gid=CATID0;by=grp$map_x;scale=log;dataMin=199;dataMax=42642$map_y;scale=lin;dataMin=25;dataMax=84$map_s;sma=49;smi=2.65$cd;bd=0$inds=
http://graphs.gapminder.org/world/%23$majorMode=chart$is;shi=t;ly=2003;lb=f;il=t;fs=11;al=30;stl=t;st=t;nsl=t;se=t$wst;tts=C$ts;sp=6;ti=2006$zpv;v=1$inc_x;mmid=XCOORDS;iid=phAwcNAVuyj1jiMAkmq1iMg;by=ind$inc_y;mmid=YCOORDS;iid=phAwcNAVuyj2tPLxKvvnNPA;by=ind$inc_s;uniValue=8.21;iid=phAwcNAVuyj0XOoBL_n5tAQ;by=ind$inc_c;uniValue=255;gid=CATID0;by=grp$map_x;scale=log;dataMin=199;dataMax=42642$map_y;scale=lin;dataMin=25;dataMax=84$map_s;sma=49;smi=2.65$cd;bd=0$inds=
http://gapminder.org
http://gapminder.org


Facilitating re-usabilty...
Mashups, Resource Hubs, APIs
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Exemplar
mashup
c. 2006

Google Maps’ 
“kml” format

(GIS)
Open Source 

user 
contributions

Re-usable, 
standard 

interaction tools

Massive online 
data repository 

Massive online 
data repository 

Seamless 
dataset 

integrationPortals to 
deeper 

information

Wikipedia!

“Social”
(community) 
tags & data

Wikipedia is all 
“social”

Easy information
contribution

Commercial, 
but open-source, 

“API’s”

Legal issues
addressed

openly

“Provenance”
Information

Interactive Data
Exploration

More on re-usabilty
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http://www.ufomaps.com
http://www.ufomaps.com


Google Gadgets & APIs
More on re-usabilty

Monday, April 27, 2009



“PLASTIC”
(SAMP)

between tools. The philosophy is that the astronomer should have a suite of interoperating tools at his
disposal, each of which does one thing well and which can be composed according to his particular
needs  

More on re-usabilty
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http://plastic.sourceforge.net/


What... 
...is easier now than before? 

fast computation, animation, 3D

...was easier before than now?
craftsmanship

...should be easier in the future?

modular craftsmanship
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Are we held back by 
confining tools?

Minard

“A computer”
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we must do better....
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April 29, 2008 Harvard QR46

The Future, Now

World Wide Telescope
(ask for a demo...)

Graphics

Data Documentation
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