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Apology/Disclaimer 
Images of “The Radcliffe Wave” in this talk are 
embargoed by Nature until January 8, 2020.   
Please do not record or share them.  
Talks slides will be posted at Alyssa Goodman’s 
web site after January 8.



The Radcliffe Wave

talk by Catherine Zucker tomorrow at 2 PM



The Radcliffe Wave
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https://graphics.axios.com/2018-06-18-four-globes/index.html?initialWidth=848&childId=av-2018-06-18-four-globes-JZ3MQ&parentTitle=How%20much%20Earth%20has%20warmed%20since%20a%20NASA%20scientist's%20warning%2030%20years%20ago%20-%C2%A0Axios&parentUrl=https://www.axios.com/how-much-earth-has-warmed-since-hansen-testified-b6f8fdb4-484e-477f-b8b6-6ee320994dc0.html
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“…how traditional and modern approaches to visualizing information are 
best combined to leverage human creativity  in our quest to understand 

the world around us…”  

Alyssa 
Goodman

Felice  
Frankel

see Alves, Zucker, Goodman, Speagle, Meingast, 
Robitaille, Finkbeiner, Schlafly & Green 2020 

(January release in Nature) 

see felicefrankel.com

https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/radwave.html
https://felicefrankel.com


d3po/Authorea: Peek, Price-Whelan, Pepe, Beaumont, Borkin, Newton; PotF: Goodman, Peek;  
WWT: Wong, Fay et al.; Astrometry.net: Hogg, Lang, Roweis et al.
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https://authorea.com/users/23/articles/8762/_show_article


Fiducial 
M(gas)

Optimistic 
M(stars)

Optimistic 
M(gas)

Fiducial 
M(stars)

Figure Caption: The solid/
solid black line shows the 
optimistic case for M(stars)/
M(gas). The orange lines show 
the same quantities, for the 
fiducial case.  
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“…how traditional and modern approaches to visualizing information are 
best combined to leverage human creativity  in our quest to understand 

the world around us…”  

Felice  
Frankel

Alyssa 
Goodman

Galileo 
Galilei



Notes for & re-productions of Siderius Nuncius

Galileo Galilei 
(1564-1642)



Galileo’s New Order,  A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
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Galileo Galilei 



Galileo’s New Order,  A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010

WorldWide	Telescope

Galileo Galilei 



 
“DATA, DIMENSIONS, DISPLAY”



1D: Columns = “Graphs” 
2D: Faces or Slices = “Images” 
3D: Volumes = “3D Renderings”, “2D Movies” 
4D: Time Series of Volumes = “3D Movies”

1D
2D
3D
4D

 
“DATA, DIMENSIONS, DISPLAY”



WorldWide	
Telescope

 
“DATA, DIMENSIONS, DISPLAY”

http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=18.5163711997&name=Bar-pt1-pl003_sm&imageurl=https://farm4.staticflickr.com/3820/11760827015_cb3707ebfa_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3098782184&y=625&x=798&rotation=-179.802212007&dec=31.431266374&thumb=http://farm4.staticflickr.com/3820/11760827015_c769e30f70_q.jpg&wtml=true#/place=Open_Collections.Bar-pt1-pl003_sm.0&ra=3.62066&dec=31.43127&fov=19.44308
http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=18.5163711997&name=Bar-pt1-pl003_sm&imageurl=https://farm4.staticflickr.com/3820/11760827015_cb3707ebfa_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3098782184&y=625&x=798&rotation=-179.802212007&dec=31.431266374&thumb=http://farm4.staticflickr.com/3820/11760827015_c769e30f70_q.jpg


WorldWide	
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“DATA, DIMENSIONS, DISPLAY”

http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=18.5163711997&name=Bar-pt1-pl003_sm&imageurl=https://farm4.staticflickr.com/3820/11760827015_cb3707ebfa_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3098782184&y=625&x=798&rotation=-179.802212007&dec=31.431266374&thumb=http://farm4.staticflickr.com/3820/11760827015_c769e30f70_q.jpg&wtml=true#/place=Open_Collections.Bar-pt1-pl003_sm.0&ra=3.62066&dec=31.43127&fov=19.44308
http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=18.5163711997&name=Bar-pt1-pl003_sm&imageurl=https://farm4.staticflickr.com/3820/11760827015_cb3707ebfa_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3098782184&y=625&x=798&rotation=-179.802212007&dec=31.431266374&thumb=http://farm4.staticflickr.com/3820/11760827015_c769e30f70_q.jpg


 

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.)

Optical image (Barnard 1927)

 
“DATA, DIMENSIONS, DISPLAY”



AstronomicalMedicine@

3D Viz made with VolView

 
“DATA, DIMENSIONS, DISPLAY”



3D

2D

Data Abstraction

Statistics
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figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization 
in Astronomy”

LINKED VIEWS OF HIGH-DIMENSIONAL DATA
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http://adsabs.harvard.edu/abs/2012AN....333..505G


video by Tom Robitaille, lead glue developer 
glue created by: C. Beaumont,  M. Borkin,  P. Qian, T. Robitaille, and A. Goodman, PI 

LINKED VIEWS OF HIGH-DIMENSIONAL DATA, 
IN PYTHON

glue
multidimensional data exploration



video by Chris Beaumont, glue developer 
glue created by: C. Beaumont,  M. Borkin,  P. Qian, T. Robitaille, and A. Goodman, PI 

glue
multidimensional data exploration

LINKED VIEWS OF HIGH-DIMENSIONAL DATA, 
IN PYTHON
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1D, 2D & 3D 

plots

custom  
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pl
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Data 
File 2

Data 
File 1

Data 
File N

…

define new variables, 
import/export insights, 

interactive plots for the web, 
save state, all from GUIbu

ilt
-in
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link data files’ 
attributes

highlight live or 
algorithmic selections 

with Boolean logic

custom buttons, features

user config.py file 
(loaders, colors, plot types, +)+o
pti

on
s

access to all matplotlib functions 
through built-in IPython terminal

run & interact with glue from  
Jupyter notebook & other tools

glueviz.org 

http://glueviz.org
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GLUE PLOTS • GLUE DATA SETS • GLUE TOOLS



Experience WorldWide Telescope, free, at worldwidetelescope.org [demo]

WorldWide Telescope

WorldWide	Telescope



path-to.org — javascript by Francisco Ortiz
for more on the Prediction Project, see predictionX.org, and edX.org

The Path to Newton
WorldWide	Telescope

http://path-to.org
http://PredictionX.org
http://edX.org








path-to.org — javascript by Francisco Ortiz
for more on the Prediction Project, see predictionX.org, and edX.org

The Path to Newton
WorldWide	Telescope

+Ask me about the

timelineconsortium.org

http://path-to.org
http://PredictionX.org
http://edX.org
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10QViz.org	

http://10qviz.org
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“Seeing, Exploring, Explaining, and Sharing our Universe”



“Seeing, Exploring, Explaining, and Sharing our Universe”
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“…how traditional and modern 
a p p r o a c h e s t o v i s u a l i z i n g 
information are best combined to 
leverage human creativity  in our 
quest to understand the world 
around us…”  



Seeing, Exploring, Explaining, and Sharing our Universe

OPEN DATA OPEN CODE OPEN SCIENCE

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1003542


 More this 
afternoon…
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