
Maps & Macroscopes: Envisioning Science, 
Technology, and Education 

Katy Börner

Victor H. Yngve Distinguished Professor of
Intelligent Systems Engineering & Information Science

Director, Cyberinfrastructure for Network Science Center
School of  Informatics and Computing

Indiana University Network Science Institute
Indiana University, USA

Third Annual Innovation Conference by JCITR
Memorial Union, Indiana University, Bloomington 

Thursday, April 6, 2017





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. 
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Jan 2005: create an exhibit. 10 years, 10 iterationsNot yet tenured – bad idea.
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Debut of  5th Iteration of  the Mapping Science Exhibit at MEDIA X in  
2009 at Wallenberg Hall, Stanford University.
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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
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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!
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Maps that show 

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



In Terms of  Geography - Andre Skupin - 2005



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



Maps that show 

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



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



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



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



Maps that show 

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



The Emergence of  Nanoscience & Technology - Loet Leydesdorff - 2010



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


IVMOOC.cns.iu.edu



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

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


Figure 1: Analysis types vs. user needs, taken from
Emmons, Light, and Börner. "MOOC Visual Analytics: Empowering Teachers, Students, Researchers, and Developers of 
Massively Open Online Courses". Journal of the Association for Information Science and Technology (in press).

http://cns.iu.edu/docs/publications/2016-emmons-jasist.pdf


Students’ Countries 

Proportional symbol map of the world showing the location of IVMOOC students from 2013 
(blue) and 2014 (orange). Circles are area size coded by the number of students per country.



Student Final Score vs. Hours Watched 

Scores vs. time invested watching course videos for students who took the 2013 (blue) and 
2014 (orange) IVMOOC midterm (left) and final exam (right) and got at least 50% correct.



Exam Scores by Question

Student scores per question for midterm (left) and final exam (right) for IVMOOC 2014.



IVMOOC Video Views

IVMOOC video views in 2013 
(blue) and 2014 (orange)



Student Client Projects: All Interactions



Student Engagement and Performance

Custom interactive visualizations of 2015 IVMOOC student engagement and performance 
data, explore functionality online at http://goo.gl/TYixCn

http://goo.gl/TYixCn


Student Flows – STEM Academic Career Pathways

Measuring and Visualizing STEM Pathways. NSF NCSE-1538763 Award (Adam Maltese, 
Katy Börner) Aug. 15, 2015 - Jan. 2017.

Interactive web site:  http://demo.cns.iu.edu/client/stem

http://demo.cns.iu.edu/client/stem


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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