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Calculations

Relative Strengths

Pattern Recognition
Creativity
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“Interocularity”
(attributed to John Tukey)
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1983 2011 2012

The Classic Modern “How-to” Case Studies
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http://www.amazon.com/Visualize-This-FlowingData-Visualization-Statistics/dp/0470944889/ref=pd_cp_b_0
http://www.amazon.com/Visualize-This-FlowingData-Visualization-Statistics/dp/0470944889/ref=pd_cp_b_0
http://www.amazon.com/Visual-Strategies-Practical-Scientists-Engineers/dp/0300176449
http://www.amazon.com/Visual-Strategies-Practical-Scientists-Engineers/dp/0300176449
http://www.amazon.com/The-Visual-Display-Quantitative-Information/dp/0961392142/ref=pd_bxgy_b_img_z
http://www.amazon.com/The-Visual-Display-Quantitative-Information/dp/0961392142/ref=pd_bxgy_b_img_z


http://adsabs.harvard.edu/abs/2012AN....333..505G
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http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G


Data • Dimensions • Display

Linked Views

...a tribute to John Tukey
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Data • Dimensions • Display

Linked Views

...a tribute to John Tukey
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“High-dimensional Data”

figures reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”
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http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G
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GENERALLY
1D: Columns = Spectra, SEDs,  Time Series

2D: Faces or Slices = Images

3D: Volumes = 3D Renderings, 2D Movies

4D: Time Series of Volumes = 3D Movies

“High-dimensional Data”

figures reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”

Thursday, September 26, 13

http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G
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GENERALLY
1D: Columns = Spectra, SEDs,  Time Series

2D: Faces or Slices = Images

3D: Volumes = 3D Renderings, 2D Movies

4D: Time Series of Volumes = 3D Movies

“High-dimensional Data”

figures reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”

tableau
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http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G


Data • Dimensions • Display

Linked Views
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Linked Views
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http://www.gapminder.org/world/
http://www.gapminder.org/world/
http://www.gapminder.org/world/
http://www.gapminder.org/world/


Astronomy

Medicine

Linking Views “In 3D”

IDL “Dendroviz” screenshot, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy” (Dendroviz, created by C. Beaumont, available for download)

screenshot of  WEAVE from Gresh et al. 2000, 
reproduced as shown in Goodman 2012

Thursday, September 26, 13

http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G
http://projects.iq.harvard.edu/seamlessastronomy/software/dendrograms
http://projects.iq.harvard.edu/seamlessastronomy/software/dendrograms
http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G


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

Goodman et al. Nature, 2009 Elde et al. Nature, 2008
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d3po 

Setptember 2013
Thursday, September 26, 13

http://adrian.pw/d3po/
http://adrian.pw/d3po/


3D

2D

Data Abstraction

Statistics
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Linked Views of High-dimensional Data

figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”
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http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G


Tukey’s “Four Essentials” of Linked Views (c.1972)

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Tukey’s “Four Essentials” of Linked Views (c.1972)

Picturing

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Tukey’s “Four Essentials” of Linked Views (c.1972)

RotationPicturing

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Tukey’s “Four Essentials” of Linked Views (c.1972)

RotationPicturing Isolation

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Tukey’s “Four Essentials” of Linked Views (c.1972)

MaskingRotationPicturing Isolation

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Selection

Tukey’s “Four Essentials” of Linked Views (c.1972)

MaskingRotationPicturing Isolation

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Selection

Tukey’s “Four Essentials” of Linked Views (c.1972)

Brushing Linking

MaskingRotationPicturing Isolation

and these “need to work together” 
in a “dynamic display”

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Selection

Tukey’s “Four Essentials” of Linked Views (c.1972)

Brushing Linking

MaskingRotation

Results...
1. for immediate insight
2. as visual source of ideas for statistical algorithms (...relation to SVM)

Picturing Isolation

and these “need to work together” 
in a “dynamic display”

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Selection

Tukey’s “Four Essentials” of Linked Views (c.1972)

Brushing Linking

MaskingRotation

Warning 
“details of control can make or break such a system”

Results...
1. for immediate insight
2. as visual source of ideas for statistical algorithms (...relation to SVM)

Picturing Isolation

and these “need to work together” 
in a “dynamic display”

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html
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http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html


Linking views using SAMP
(Samp creator is Mark Taylor)

WWT

TOPCAT

Aladin
(cf. ds9)

figure, showing SAMP screenshot, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”
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http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G


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.  

worldwidetelescope.org

Expert led tours of 
the Universe
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http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA


Experience WWT at worldwidetelescope.org

Thursday, September 26, 13

http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org


glueviz.org
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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille

What is glue? 

[the film!]
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http://vimeo.com/53378575
http://vimeo.com/53378575


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

What is glue? 
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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille

What is glue? 
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Before Glue: Linked Dendrogram Views in IDL

Video & implementation: Christopher Beaumont, CfA/UHawaii; 
inspired by AstroMed work of Douglas Alan, Michelle Borkin, AG, Michael Halle, Erik Rosolowsky
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Before Glue: Linked Dendrogram Views in IDL

Video & implementation: Christopher Beaumont, CfA/UHawaii; 
inspired by AstroMed work of Douglas Alan, Michelle Borkin, AG, Michael Halle, Erik Rosolowsky
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GENERALLY
1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”
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GENERALLY
1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”

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

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

2D
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GENERALLY
1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”
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GENERALLY
1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”
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GENERALLY
1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”
3D
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GENERALLY
1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”4D
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Star Formation in Perseus
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Star Formation in Perseus 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)
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AstronomicalMedicine@
Thursday, September 26, 13



AstronomicalMedicine@

3D Viz made with VolView
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AstronomicalMedicine@

3D Viz made with VolView
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AstronomicalMedicine@

3D Viz made with VolView
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AstronomicalMedicine@

3D Viz made with VolView
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Reproduced from Visual and Statistical Thinking, ©E.R. Tu#e 1997, based on Snow’s drawing  
re: 1854 London cholera epidemic.

Epidemiology 
(in 1854)

Thursday, September 26, 13
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Epidemiology 
(in 1854)

Reproduced from Visual and Statistical Thinking, ©E.R. Tu#e 1997, based on Snow’s drawing  
re: 1854 London cholera epidemic.
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Epidemiology 
(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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Snow couldn’t “interact” with the map but we should be able to, 
with the right data linkages, and choice of dimensions & display.
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COMPLETE Perseus 
Outflow Candidates

Arce et al. 2010; inset based on Offner et al. 2011
Thursday, September 26, 13



3D Selection

Thursday, September 26, 13



What’s the 3D “magnetic lasso”?

3D Selection
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What’s the 3D “magnetic lasso”?

How do you use it with a mouse?

3D Selection

Thursday, September 26, 13

http://www.k-3d.org/wiki/Main_Page
http://www.k-3d.org/wiki/Main_Page


What’s the 3D “magnetic lasso”?

How do you use it with a mouse?

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

3D Selection
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http://www.k-3d.org/wiki/Main_Page
http://www.k-3d.org/wiki/Main_Page
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