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How can we communicate the beauty, 
structure, and dynamics of  science to a 

general audience?

Presenter
Presentation Notes
Cannot simply photograph. Need to construct.




The Structure of  Science - Kevin Boyack, Richard Klavans - 2005



April, 2005: 101st Annual Meeting of  the 
Association of  American Geographer, Denver, Colorado. 

Presenter
Presentation Notes
Jan 2005: create an exhibit. 10 years, 10 iterations
Not yet tenured – bad idea.
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Kids maps, globes, ID





Debut of  5th Iteration of  the Mapping Science Exhibit at MEDIA X in  
2009 at Wallenberg Hall, Stanford University.
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Presenter
Presentation Notes
Universities, libraries, science museums, national academies, science foundations, conferences, …



Science Maps in “Expedition Zukunft” science train visited 62 cities in 7 months. 
Opening on April 23rd, 2009 by German Chancellor Merkel
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Ingo Gunther's Worldprocessor globe design on display at the Museum of  
Emerging Science and Innovation in Tokyo, Japan.



Places & Spaces Digital Display in North Carolina State’s Immersion Theater
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Exhibit Advisors 
and Ambassadors

Presenter
Presentation Notes
Need copyright
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CDC Opening Event: Maps 
of  Health
Tutorial and Symposium 
February 4-5, 2016

Places & Spaces 
Exhibit at the 
David J. Sencer
CDC Museum, 
Atlanta, GA 
January 25-June 
17, 2016.
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Places & Spaces Exhibit at Vanderbilt University, Nashville, TN. 
January 23-April 23, 2017  http://scimaps.org/vanderbilt

http://scimaps.org/vanderbilt


Maps



10 iterations over 10 years

equal

10 x 10 = 100 maps!

Presenter
Presentation Notes
Cannot simply photograph. Need to construct.





Cartographic maps of  physical 
places have guided mankind’s 

explorations for centuries. 

They enabled the discovery of  new 
worlds while also marking territories 

inhabited by the unknown. 

Without maps, we would be lost.

Presenter
Presentation Notes
Cannot simply photograph. Need to construct.



Cosmographia World Map - Claudius Ptolemy - 1482



Nova Anglia, Novvm Belgivm et Virginia - Jan Jannson - 1642



A New Map of  the Whole World with Trade Winds According to the Latest and Most Exact 
Observations - Herman Moll - 1736



Science maps of  abstract semantic 
spaces aim to serve today’s explorers 

navigating the world of  science. 

They can be used to identify objectively 
major experts, institutions, collections.
They allow us to track the emergence, 
evolution, and disappearance of  topics 
and help to identify the most promising 

areas of  research.



Ph.D. Thesis Map - Keith B. Nesbitt - 2004



In Terms of  Geography - Andre Skupin - 2005





Visual Elements Periodic Table - Murray Robertson, John Emsley - 2005



How would a reference system for all 
of  science look?

What dimensions would it have?

Presenter
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Cannot simply photograph. Need to construct.



HistCiteTM Visualization of  DNA Development  - Eugene Garfield, Elisha Hardy, Katy 
Börner, Ludmila Pollock, Jan Witkowski - 2006



TexArc Visualization of  “The History of  Science” - W. Bradford Paley - 2006





Tectonic Movements and Earthquake Hazard Predictions - Martin W. Hamburger, Lou Estey, 
Chuck Meertens, Elisha Hardy  - 2005



Impact of  Air Travel on Global Spread of  Infectious Diseases - Vittoria Colizza, Alessandro 
Vespignani - 2007



Can one forecast science?

What ‘science forecast language’ will 
work to communicate results?



Science & Technology Outlook: 2005-2055 - Alex Soojung-Kim Pang, David Pescovitz, Marina Gorbis, 
Jean Hagan - 2006



114 Years of  Physical Review - Bruce W. Herr II, Russell Duhon, Katy Borner, Elisha Hardy, 
Shashikant Penumarthy - 2007



Mapping the Universe: Space, Time, Discovery! Chaomei Chen, Jian Zhang, Michael S. Vogeley, J. Richard 
Gott III, Mario Juric, Lisa Kershner - 2007



Maps of  Science: Forecasting Large Trends in Science - Richard Klavans, Kevin Boyack - 2007





What insight needs do economic 
decision makers have?

What data views are most useful?



Europe Raw Cotton Imports in 1858, 1864 and 1865 - Charles Joseph Minard - 1866



Tracing of  Key Events in the Development of  the Video Tape Recorder - Mr. G. Benn, Francis 
Narin - 1968





Chemical R&D Powers the U.S. Innovation Engine - The Council for Chemical Research - 2009





A Clickstream Map of  Science. Johan Bollen, Herbert Van de Sompel, Aric Hagberg, Luís M. 
A. Bettencourt, Ryan Chute, Marko A. Rodriguez, and Lyudmila Balakireva - 2008





Diseasome - Mathieu Bastian & Sebastien Heymann - 2009



The Emergence of  Nanoscience & Technology - Loet Leydesdorff - 2010





Stream of  Scientific Collaborations Between World Cities - Olivier H. Beauchesne - 2012



History of  Science Fiction - Ward Shelley - 2011 







Manga Universe - Lev Manovich and Jay Chow - 2012



Khan Academy Library Overview - Benjamin Wiederkehr and Jérôme Cukier - 2012





Pulse of  the Nation - Alan Mislove, Sune Lehmann, Yong-Yeol Ahn, Jukka-Pekka Onnela, 
and James Niels Rosenquist - 2010



Who Really Matters in the World—Leadership Networks in Different-Language Wikipedias
Peter A. Gloor, Keiichi Nemoto, Samuel T. Mills, and David E. Polley - 2013







PREDICT: HealthMap - John Brownstein, Damien Joly, William Karesh, Peter Daszak, Nathan Wolfe, Tracey 
Goldstein, Susan Aman, Clark Freifeld, Sumiko Mekaru, Tammie O'Rourke, Stephen Morse, Christine Kreuder

Johnson, Jonna Mazet, and the PREDICT Consortium - 2014



Map of  the Internet - Martin Vargic - 2014



Exploring the Relationships between a Map of  Altruism and a Map of  Science - Richard Klavans
and Kevin W. Boyack - 2014



Science Forecast 
S1:E1, 2015



Explore the maps 
and background 
information at 
http://scimaps.org

http://scimaps.org/


Macroscopes



MAPS 
vs. 
MACROSCOPES
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Microscopes & Telescopes vs. MACROSCOPES



Iteration XI (2015): Macroscopes for Interacting with Science
http://scimaps.org/iteration/11



Earth – Cameron Beccario



AcademyScope – National Academy of  the Sciences & CNS



Mapping Global Society –Kalev Leetaru



Iteration XII (2016): Macroscopes for Making Sense of  Science
http://scimaps.org/iteration/12



Four new macroscopes debut at Vanderbilt University:

1. Smelly Maps: Features a “smellscape” of  12 cities mapped by smell 
using social media

2. HathiTrust: Highlights the diversity of  publications collected in 
digital form by HathiTrust.

3. Excellence Networks: Compares how research institutions, such 
as Indiana and Vanderbilt universities, collaborate with one another.

4. FleetMon: Shows how the amount of  shipping traffic that 
navigates the Strait of  Malacca compared to other major shipping 
lanes of  the world.

http://scimaps.org/vanderbilt
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http://scimaps.org/call

http://scimaps.org/call


Join the map makers & 
exhibit ambassadors.

http://vw.indiana.edu/places&spaces/nypl/nyplopening/nyplopening-Pages/Image6.html
http://vw.indiana.edu/places&spaces/nypl/nyplopening/nyplopening-Pages/Image4.html
http://vw.indiana.edu/places&spaces/nypl/nyplopening/nyplopening-Pages/Image14.html
http://vw.indiana.edu/places&spaces/nypl/nyplopening/nyplopening-Pages/Image12.html


IVMOOC.cns.iu.edu



Register for free: http://ivmooc.cns.iu.edu. Class started Jan 10, 2017.

http://ivmooc.cns.iu.edu/


The Information Visualization MOOC
ivmooc.cns.iu.edu

Students from more than 100 countries
350+ faculty members

#ivmooc
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Presenter
Presentation Notes
There exist MANY visualizations. 
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How to Classify Different Visualizations?

By
• User insight needs?
• User task types?

• Data to be visualized? 
• Data transformation?

• Visualization technique?
• Visual mapping transformation?
• Interaction techniques?

• Or ?

Presenter
Presentation Notes
Science often begins by grouping things. 
Zoologists classify animals so that tigers, lions, and jaguars end up in the family of “big cats”. 
Mendelejev grouped chemical elements in the periodic table according to chemical properties and atomic weights.
Also important for design and interpretation 
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Find your way

Find collaborators, friends

Identify trends

Terabytes of data

Descriptive &
Predictive

Models

85

Different Question Types

Presenter
Presentation Notes
Taking an engineering approach and 
Believing that anyone can be taught to design meaningful visualizations 

Different Qs – where, with whom, when
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Different Levels of Abstraction/Analysis

Macro/Global
Population Level

Meso/Local
Group Level

Micro
Individual Level

Presenter
Presentation Notes
Multi-level system, different data, approaches, dynamics, questions, 



Tasks

87See page 5



Needs-Driven Workflow Design

Stakeholders

Data

READ ANALYZE VISUALIZE

DEPLOY

Validation

Interpretation

Visually 
encode 

data

Overlay 
data

Select 
visualiz. 

type

Types and levels of analysis determine
data, algorithms & parameters, and 
deployment

Presenter
Presentation Notes
Focus on Visualization

Q type – when where 
Q level – micro to macro
Read = download, survey
Analyze = preprocess (annotate, clean, interlink, unify names, extract networks)
Iterative refinement
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IVMOOC App – More than 60 visualizations 

The “IVMOOC Flashcards” app can be downloaded from Google 
Play and Apple iOS stores.

Presenter
Presentation Notes
The same structure for each Chapter supports easy lookup of facts.
But also analogy between different vis.



See page 24

Visualization Framework

Presenter
Presentation Notes
Focus on Visualization

Q type – when where 
Q level – micro to macro
Read = download, survey
Analyze = preprocess (annotate, clean, interlink, unify names, extract networks)
Iterative refinement
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Visualization Framework



See page 24

Visualization Framework

Presenter
Presentation Notes
Focus on Visualization

Q type – when where 
Q level – micro to macro
Read = download, survey
Analyze = preprocess (annotate, clean, interlink, unify names, extract networks)
Iterative refinement
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Load One File and Run Many Analyses and Visualizations

96

Times 
Cited

Publication 
Year

City of Publisher Country Journal Title 
(Full)

Title Subject Category Authors

12 2011 NEW YORK USA COMMUNICATI
ONS OF THE 
ACM

Plug-and-Play Macroscopes Computer Science Borner, K

18 2010 MALDEN USA CTS-CLINICAL 
AND 
TRANSLATIONA
L SCIENCE

Advancing the Science of 
Team Science

Research & 
Experimental 
Medicine

Falk-Krzesinski, HJ|Borner, 
K|Contractor, N|Fiore, SM|Hall, 
KL|Keyton, J|Spring, B|Stokols, 
D|Trochim, W|Uzzi, B

13 2010 WASHINGTON USA SCIENCE 
TRANSLATIONA
L MEDICINE

A Multi-Level Systems 
Perspective for the Science 
of Team Science

Cell Biology 
|Research & 
Experimental 
Medicine

Borner, K|Contractor, N|Falk-
Krzesinski, HJ|Fiore, SM|Hall, 
KL|Keyton, J|Spring, B|Stokols, 
D|Trochim, W|Uzzi, B



Load One File and Run Many Analyses and Visualizations
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Times 
Cited

Publication 
Year

City of Publisher Country Journal Title 
(Full)

Title Subject Category Authors

12 2011 NEW YORK USA COMMUNICATI
ONS OF THE 
ACM

Plug-and-Play Macroscopes Computer Science Borner, K

18 2010 MALDEN USA CTS-CLINICAL 
AND 
TRANSLATIONA
L SCIENCE

Advancing the Science of 
Team Science

Research & 
Experimental 
Medicine

Falk-Krzesinski, HJ|Borner, 
K|Contractor, N|Fiore, SM|Hall, 
KL|Keyton, J|Spring, B|Stokols, 
D|Trochim, W|Uzzi, B

13 2010 WASHINGTON USA SCIENCE 
TRANSLATIONA
L MEDICINE

A Multi-Level Systems 
Perspective for the Science 
of Team Science

Cell Biology 
|Research & 
Experimental 
Medicine

Borner, K|Contractor, N|Falk-
Krzesinski, HJ|Fiore, SM|Hall, 
KL|Keyton, J|Spring, B|Stokols, 
D|Trochim, W|Uzzi, B

Co-author and 
many other 
bi-modal networks.



Course Schedule
Part 1: Theory and Hands-On
• Session 1 – Workflow Design and Visualization Framework
• Session 2 – “When:” Temporal Data
• Session 3 – “Where:” Geospatial Data
• Session 4 – “What:” Topical Data
Mid-Term
• Session 5 – “With Whom:” Trees
• Session 6 – “With Whom:” Networks
• Session 7 – Dynamic Visualizations and Deployment
Final Exam

Part 2: Students work in teams on client projects.

Final grade is based on Homework and Quizzes (10%), Midterm (20%), Final 
(30%), Client Project (30%), and Class Participation (10%).
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Forecasting S&T



Science Forecast 
S1:E1, 2015



Government, academic, and 
industry leaders discussed 
challenges and opportunities 
associated with using big data, 
visual analytics, and 
computational models in STI 
decision-making.
Conference slides, recordings, 
and report are available via 
http://modsti.cns.iu.edu/report

http://modsti.cns.iu.edu/report
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Replace
http://www.nasonline.org/programs/sackler-colloquia/upcoming-colloquia 

http://www.nasonline.org/programs/sackler-colloquia/upcoming-colloquia/
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All papers, maps, tools, talks, press are linked from http://cns.iu.edu
These slides are at http://cns.iu.edu/presentations.html

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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