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(5) The Future
The Evolution of Mashups & Customized/Homemade 
Applications (Gapminder, Google Docs Widgets)



In this Hour??

(1) Why VDQI?

(2) “Art of Numbers” class at Harvard 

(3) “Astronomical Medicine” Project, and the

(4) Online Data & Collaboratories 
(e.g. Many Eyes, Taste Testing, iSTEM, World Wide Telescope)

(5) The Future
The Evolution of Mashups & Customized/Homemade 
Applications (Gapminder, Google Docs Widgets)



January 31, 2008 Harvard QR46

VDQI=Visual Display of Quantitative Information=

Maps

Tables

Graphs

Charts

Illustrations

& Combinations Thereof
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What is VDQI for?

Data exploration

Hypothesis testing

Making a point

Demonstrating a concept

Condensing information

>1 of the above (BEST)

Biggest test: Does it pass the “interocular impact test”?
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✓Maps

✓Tables

✖Graphs

✓Charts

✓Illustrations

✓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


Relative Strengths

Pattern Recognition
Creativity

Calculations
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Visualization’s Value as a Reality Check
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In this Hour??

(1) Why VDQI?

(2) “Art of Numbers” class at Harvard 

(3) “Astronomical Medicine” Project, and the

(4) Online Data & Collaboratories 
(e.g. Many Eyes, Taste Testing, iSTEM, World Wide Telescope)

(5) The Future
The Evolution of Mashups & Customized/Homemade 
Applications (Gapminder, Google Docs Widgets)



“Core” Principles for the Best Visual Displays 
(of Quantitative) Information

1. Clarity
2. Tailor to Audience
3. Optimize Display Design
4. Maximum Information, Minimum Mess
5. Consider Delivery Method (hardcopy, 

blackboard, web, PPT, movie vs. still)
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QR46
The Visual Display of 

Quantitative Information

Concluding Lecture: 
“Core Principles of QR46”

Alyssa A. Goodman
Professor of Astronomy
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“Multifunctioning 
Graphical Elements”

(more than one kind 
of display at once)

Reproduced from Visual and Statistical Thinking, ©E.R. Tu#e 1997, based on Snow’s 
drawing .
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(Graphing,) 
Mapping & 

GIS
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Frequency Distributions
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Small 
Multiples

vs. 
Movies

“Compared to What?”

keynote:/Users/agoodman/Desktop/TempCollection/cholera_movie.key
keynote:/Users/agoodman/Desktop/TempCollection/cholera_movie.key
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The Lie Factor

Tufte, 1970
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The Potential of Tables

Table reproduced in Envisioning Information (E.. Tufte, 1990, p.31)
Originally used by B. Cutler and S. Kellman in Gotti Trial, 1987
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Composite 
Table

Goodm
an et al. N

RA
O

/VLA
 Proposal, 1994
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Ranks & 
Distributions

Source: http://wirthlin.webaxxs.com

http://wirthlin.webaxxs.com/publicns/report/990305.gif
http://wirthlin.webaxxs.com/publicns/report/990305.gif
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Discrete & Continuous Quantities

A pure 
mathematical 

function
e.g. a sine wave

Party Wins/Losses 
in an Election

Discrete Continuous
Apparently
Discrete

Apparently
Continuous
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Discrete & Continuous Quantities

A pure 
mathematical 

function
e.g. a sine wave

Party Wins/Losses 
in an Election

Discrete Continuous
Apparently
Discrete

Apparently
Continuous

Sometimes where one falls on this continuum is 
determined by measurement resolution.
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Drawing 
3D in 2D

Perspective, 
Shading & 
Occlusion
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Countour Map on Volumetric Rendering
…perspective, shading & occlusion…
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Modern Form Factor Options: Beyond Paper

3D rendering in 2D 3D in stereo 2D 

+ choices about: moving vs. non-moving, interactive vs. non-interactive & interaction “devices”

3D in 3D 
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Adding Dimensions
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How much is too much?
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A Trend?  
What are the Uncertainties?
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From: A Case Study: When do Infants Start to Crawl?

http://lib.stat.cmu.edu/DASL/Stories/WhendoBabiesStarttoCrawl.html
http://lib.stat.cmu.edu/DASL/Stories/WhendoBabiesStarttoCrawl.html
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The Value of Error Bars
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 The Value of Labeling
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Presentation 
Format Choices
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PowerPoint Doesn’t Kill 
Presentations, Bullets Do.



April 29, 2008 Harvard QR46

“General-
Specific-
General”
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“General-
Specific-
General”

106=95th

54=5th

98=90th

85=75th
73 lbs.=50th percentile
66=25th
59=10th

10-years old
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The Whole Babe Ruth’s Home Runs Story
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Babe Ruth on Wikipedia

http://en.wikipedia.org/wiki/Babe_Ruth
http://en.wikipedia.org/wiki/Babe_Ruth
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The Whole Babe Ruth’s Home Runs Story
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The Whole Babe Ruth’s Home Runs Story
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(Dynamic) Web of Possibilities

http://www.informmotion.biz/Database/Hurricane.html

http://www.certchannel.com/Hurricane.Lab.aspx
http://www.certchannel.com/Hurricane.Lab.aspx
http://www.informmotion.biz/Database/Hurricane.html
http://www.informmotion.biz/Database/Hurricane.html


In this Hour??

(1) Why VDQI?

(2) “Art of Numbers” class at Harvard 

(3) “Astronomical Medicine” Project, and the

(4) Online Data & Collaboratories 
(e.g. Many Eyes, Taste Testing, iSTEM, World Wide Telescope)

(5) The Future
The Evolution of Mashups & Customized/Homemade 
Applications (Gapminder, Google Docs Widgets)



Astronomical Medicine
2D “multi-modal” imaging is fascinating, but “easy”



Astronomy + Medicine = Understanding

Alyssa A. Goodman
Initiative in Innovative Computing @ Harvard

and 
Harvard-Smithsonian Center for Astrophysics

http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory


Real 3D space

3D rendering: GE Healthcare

H
ea

d 
“y

”

Dista
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om us

Head “x” 

http://www.gehealthcare.com/usen/ct/case_studies/products/brainimg.html
http://www.gehealthcare.com/usen/ct/case_studies/products/brainimg.html
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http://www.gehealthcare.com/usen/ct/case_studies/products/brainimg.html
http://www.gehealthcare.com/usen/ct/case_studies/products/brainimg.html


“Position-Position-Velocity” Space

3D rendering: AstroMed /N. Holliman (U. Durham), using VolView (ITK-based)

Sk
y 

“y
” (

D
ec

lin
at

io
n)

Velocity
 away fr

om us

Sky “x” (Right Ascension)



“Position-Position-Velocity” Space

3D rendering: AstroMed /N. Holliman (U. Durham), using VolView (ITK-based)
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“Keith” “Perseus”

“Slices”

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



“3D”=movies

Astronomical Visualization Tools are Traditionally 2D

IDL

DS9

Karma*

3D Slicer

GAIA

Aipsview



COMPLETE=COordinated Molecular 
Probe Line Exinction Thermal Emission

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)
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AstroMed@



AstroMed@

3D Viz made with VolView



AstroMed@
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AstroMed@

3D Viz made with VolView



44

Astronomy + Medicine = Understanding

Visualization created by Jens Kauffmann (CfA/IIC) using 3D Slicer



Generalizing & Sharing



Generalizing & Sharing

Open-Source code released, and 
explained, as it is developed.



Generalizing & Sharing

Changing the future of 
scientific publishing. 

Open-Source code released, and 
explained, as it is developed.



In this Hour??

(1) Why VDQI?

(2) “Art of Numbers” class at Harvard 

(3) “Astronomical Medicine” Project, and the

(4) Online Data & Collaboratories 
(e.g. Many Eyes, Taste Testing, iSTEM, World Wide Telescope)

(5) The Future
The Evolution of Mashups & Customized/Homemade 
Applications (Gapminder, Google Docs Widgets)

http://services.alphaworks.ibm.com/manyeyes/home
http://services.alphaworks.ibm.com/manyeyes/home
http://tools.google.com/gapminder
http://tools.google.com/gapminder


Data Viz at its Best: Baby Name Wizard’s Name Voyager from Martin Wattenberg

http://www.babynamewizard.com/namevoyager/lnv0105.html
http://www.babynamewizard.com/namevoyager/lnv0105.html


http://iic.harvard.edu/projects/stem.html
http://iic.harvard.edu/projects/stem.html


“Taste Tests”:
Simulations, 

Observations, and 
Delicious Insight

https://iic.grouphub.com/projects/700257/project/log
https://iic.grouphub.com/projects/700257/project/log
https://iic.grouphub.com/projects/700257/project/log
https://iic.grouphub.com/projects/700257/project/log
https://iic.grouphub.com/projects/700257/project/log
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World Wide Telescope
(ask for a demo, later)Graphics

Data Documentation
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(5) The Future
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Applications (Gapminder, Google Docs Widgets)

http://tools.google.com/gapminder
http://tools.google.com/gapminder
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The Current & Future “Web”
Now (“Web 1.5”)

1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

http://www.amazon.com/
http://www.amazon.com/
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The Current & Future “Web”
Now (“Web 1.5”)

1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

2. Interactivity! (NYT Tsunami Coverage, Name Voyager)

http://www.amazon.com/
http://www.amazon.com/
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://babynamewizard.com/namevoyager/lnv0105.html
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The Current & Future “Web”
Now (“Web 1.5”)

1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

2. Interactivity! (NYT Tsunami Coverage, Name Voyager)
3. Personalized Web (iGoogle), Social Web (facebook)

http://www.amazon.com/
http://www.amazon.com/
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://www.google.com/ig
http://www.google.com/ig
http://www.facebook.com
http://www.facebook.com
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The Current & Future “Web”
Now (“Web 1.5”)

1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

2. Interactivity! (NYT Tsunami Coverage, Name Voyager)
3. Personalized Web (iGoogle), Social Web (facebook)
4. Mashups (ufomaps.com, zillow.com) all about “api”s

http://www.amazon.com/
http://www.amazon.com/
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://www.google.com/ig
http://www.google.com/ig
http://www.facebook.com
http://www.facebook.com
http://www.ufomaps.com
http://www.ufomaps.com
http://www.zillow.com
http://www.zillow.com
http://www.programmableweb.com/howto
http://www.programmableweb.com/howto
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1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

2. Interactivity! (NYT Tsunami Coverage, Name Voyager)
3. Personalized Web (iGoogle), Social Web (facebook)
4. Mashups (ufomaps.com, zillow.com) all about “api”s

http://www.amazon.com/
http://www.amazon.com/
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://www.google.com/ig
http://www.google.com/ig
http://www.facebook.com
http://www.facebook.com
http://www.ufomaps.com
http://www.ufomaps.com
http://www.zillow.com
http://www.zillow.com
http://www.programmableweb.com/howto
http://www.programmableweb.com/howto
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The Current & Future “Web”
Now (“Web 1.5”)

1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

2. Interactivity! (NYT Tsunami Coverage, Name Voyager)
3. Personalized Web (iGoogle), Social Web (facebook)
4. Mashups (ufomaps.com, zillow.com) all about “api”s

The Future (“Web 2.5”)

http://www.amazon.com/
http://www.amazon.com/
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://www.google.com/ig
http://www.google.com/ig
http://www.facebook.com
http://www.facebook.com
http://www.ufomaps.com
http://www.ufomaps.com
http://www.zillow.com
http://www.zillow.com
http://www.programmableweb.com/howto
http://www.programmableweb.com/howto
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The Current & Future “Web”
Now (“Web 1.5”)

1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

2. Interactivity! (NYT Tsunami Coverage, Name Voyager)
3. Personalized Web (iGoogle), Social Web (facebook)
4. Mashups (ufomaps.com, zillow.com) all about “api”s

The Future (“Web 2.5”)
1. The Web without the Browser 

(Google Earth, World Wide Telescope)

http://www.amazon.com/
http://www.amazon.com/
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://www.nytimes.com/packages/khtml/2004/12/29/international/worldspecial4/20041229_eq_INDIA_GRAPHIC.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://babynamewizard.com/namevoyager/lnv0105.html
http://www.google.com/ig
http://www.google.com/ig
http://www.facebook.com
http://www.facebook.com
http://www.ufomaps.com
http://www.ufomaps.com
http://www.zillow.com
http://www.zillow.com
http://www.programmableweb.com/howto
http://www.programmableweb.com/howto
http://worldwidetelescope.org
http://worldwidetelescope.org
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The Current & Future “Web”
Now (“Web 1.5”)

1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

2. Interactivity! (NYT Tsunami Coverage, Name Voyager)
3. Personalized Web (iGoogle), Social Web (facebook)
4. Mashups (ufomaps.com, zillow.com) all about “api”s

The Future (“Web 2.5”)
1. The Web without the Browser 

(Google Earth, World Wide Telescope)
• The “Semantic Web” (See SciAm article, 2001)
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The Current & Future “Web”
Now (“Web 1.5”)

1. (Automated) Dynamic Content Creation 
(suffixes .php, .asp, .cfm, .cgi, .shtml, etc.) (Amazon.com)

2. Interactivity! (NYT Tsunami Coverage, Name Voyager)
3. Personalized Web (iGoogle), Social Web (facebook)
4. Mashups (ufomaps.com, zillow.com) all about “api”s

The Future (“Web 2.5”)
1. The Web without the Browser 

(Google Earth, World Wide Telescope)
• The “Semantic Web” (See SciAm article, 2001)
• “Services” in “The Cloud” (e.g. Amazon s3, ec2)
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“PLASTIC”

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  



Generalized nD Analysis, e.g. DataDesk
“3D Data Desk”  

Demo, Perseus file



The Future of 
High-Dimensional Data Visualization, 

and its Communication

Alyssa A. Goodman
Professor of Astronomy 

Harvard University





Visual Displays of Quantitative Information

Maps
Tables
Graphs
Charts

Illustrations
& Combinations Thereof
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Questions to Always Ask

What’s this “VDQI” for?
– Data exploration

– Hypothesis testing

– Making a point

– Illustrating/demonstrating an idea

– Condensing information

– >1 of the above (best answer)

Does my display pass the “interocular impact test”?



Data Exploration
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Making a Point

Days “predictor” 
dog had a cold are 

marked in pink
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Illustration

Area = (a x b)/2

Perimeter=a+b+c

a

b

c c=(a2 + b2)1/2



Illustration
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Condensing Information

http://www.dayah.com/periodic/Images/PeriodicTable.GIF
http://www.dayah.com/periodic/Images/PeriodicTable.GIF
http://www.dayah.com/periodic/Images/PeriodicTable.GIF
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Questions to Always Ask

What’s this “VDQI” for?
– Data exploration

– Hypothesis testing

– Making a point

– Illustrating/demonstrating an idea

– Condensing information

– >1 of the above (best answer)

Does my display pass the “interocular impact test”?



Tables

• When is a table better than a graph or chart?
• How many independent quantities are listed in a 

table?  
– Are any of the entries “correlated”? Should they be?

• Is the numerical accuracy shown appropriate (# 
of “significant figures”)?



Tables

http://lpo.dt.navy.mil/ems/weatherman/std_tbl/?rnd=

http://lpo.dt.navy.mil/ems/weatherman/std_tbl/?rnd=-
http://lpo.dt.navy.mil/ems/weatherman/std_tbl/?rnd=-


Tables



More Sample Graphics



 
“Small Multiples”

Galileo’s Moon



Data 
Exploration

Leonardo da Vinci

http://w
ater.usgs.gov/w

aterw
atch/

http://water.usgs.gov/waterwatch/
http://water.usgs.gov/waterwatch/


Hypothesis 
Testing

John Snow & the 
London Cholera 
Epidemic 1854

Reproduced from Visual and Statistical Thinking, ©E.R. Tu#e 1997, based on Snow’s 
drawing .



Critiques



http://www.zoobotanica.plus.com/GIF%20files/Medical/DNAimage.gif
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PowerPoint for Good & Evil

Good
• Forces good handwriting
• Animation/overlays
• Clear record of 

presentations
• Color
• Good graphics import
• Easy reorganization

Evil
• Gratuitous Graphics--too 

much glitz, no substance
• Bulleted list after 

bulleted list
• Poor graphics import (e.g. 

EPS)
• Random access Difficult
• Spinning things
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Radio Spectral-line Observations of Interstellar Clouds 

Spectral Line Observations



“Core” Principals for the Best Visual Displays 
(of Quantitative) Information

1. Clarity
2. Tailor to Audience
3. Optimize Display Design
4. Maximum Information, Minimum Mess
5. Consider Delivery Method (hardcopy, 

blackboard, web, PPT, movie vs. still)


