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Visualizing Networks
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Increasing Data Visualization Literacy



Data Visualization Literacy defined:

Data visualization literacy (ability to read, make, and explain data 
visualizations) requires 
• literacy (ability to read and write text, e.g., in titles, axis labels, 

legend), 
• visual literacy (ability to find, interpret, evaluate, use, and create 

images and visual media),
• and data literacy (ability to read, create, and communicate 

data).
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The course can be taken for free or for Indiana University credits as part of the Online 
Data Science Program or the ILS M.S. program. Register for free at 
http://ivmooc.cns.iu.edu. Next class starts January 10, 2017.

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


Tasks
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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 (10%), Midterm (20%), Final Exam (30%), 
Client Project (30%), and Class Participation (10%).
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Teaches timeless knowledge:
Visualization framework—
exemplified using generic 
visualization examples and 
pioneering visualizations. 

Teaches timely 
knowledge:
Advanced algorithms, 
tools, and hands-on 
workflows.

Books Used in the IVMOOC
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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
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many other 
bi-modal networks.
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Microscopes, Telescopes, Macroscopes Plug-and-Play Macroscopes



Sci2 Tool Interface Components
Download tool for free at http://sci2.cns.iu.edu
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Visualization Framework
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Descriptive Models



The Global 'Scientific Food Web'
Mazloumian, Amin, Dirk Helbing, Sergi Lozano, Robert Light, and Katy Börner. 2013. "Global Multi-Level 
Analysis of the 'Scientific Food Web'". Scientific Reports 3, 1167. 
http://cns.iu.edu/docs/publications/2013-mazloumian-food-web.pdf

Contributions:
Comprehensive global analysis of 
scholarly knowledge production and 
diffusion on the level of continents, 
countries, and cities. 
Quantifying knowledge flows 
between 2000 and 2009, we 
identify global sources and sinks of 
knowledge production. Our 
knowledge flow index reveals, 
where ideas are born and 
consumed, thereby defining a global 
‘scientific food web’. 
While Asia is quickly catching up in 
terms of publications and citation 
rates, we find that its dependence 
on knowledge consumption has 
further increased.
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http://cns.iu.edu/docs/publications/2013-mazloumian-food-web.pdf
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Long-Distance Interdisciplinarity Leads to Higher Scientific Impact 
Larivière, Vincent, Stefanie Haustein, and Katy Börner. 2015. PLOS ONE DOI: 10.1371.

Data: 9.2 million 
interdisciplinary
research papers published 
between 2000 and 2012.

Results: majority (69.9%) of 
co-cited interdisciplinary pairs 
are “win-win” relationships, 
i.e., papers that cite them 
have higher citation impact 
and there are as few as 3.3% 
“lose-lose” relationships. 
UCSD map of science is 
used to compute “distance.” 

31



32



33





Communicating STI to Different Audiences



Visualization Frameworks

Places & Spaces: Mapping Science Exhibit, online at http://scimaps.org

Presenter
Presentation Notes
Focus on Visualization
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Analyze = preprocess (annotate, clean, interlink, unify names, extract networks)
Iterative refinement

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

http://scimaps.org/call


http://scimaps.org/iteration/11

http://scimaps.org/iteration/11
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Places & Spaces Exhibit at the David J. Sencer CDC Museum, Atlanta, GA 
January 25-June 17, 2016



Maps of Health Exhibit
David J. Sencer CDC Museum
Atlanta, GA

Jan 25-Jun 17, 2016

Seeing for 
Action - Using 
Maps and 
Graphs 
to Protect the 
Public’s Health.
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Predictive Models



Modelling Advantage
Models are widely used in the construction of 
scientific theories as they help
• Make assumptions explicit
• Describe the structure and dynamics of systems
• Communicate and explain systems
• Suggest possible interventions
• Identify new questions 



Modelling Challenges

Comprise among others:
• Model utility and usability
• Model credibility and validation
• Model extendibility and reproducibility
• Model sharing and retrieval 

Presenter
Presentation Notes
languages



Modelling Opportunities:
Data-Driven Decision Making
Now available:
• high-quality, high coverage, interlinked data 
• cost-effective storage and computation
• validated, scalable algorithms
• visualization and animations capabilities



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


Special Issue of Scientometrics: 
Simulating the Processes of Science, Technology, 
and Innovation
Bruce Edmonds, Andrea Scharnhorst, Katy Börner & 
Staša Milojević (Editors)

• Rogier De Langhe: Towards the Discovery of Scientific Revolutions in 
Scientometric Data

• Sabine Brunswicker, Sorin Matei, Michael Zentner, Lynn Zentner and Gerhard 
Klimeck: Creating Impact in the Digital Space: Digital Practice Dependency in 
Scientific Developer Communities

• Johan Bollen et al.: An Efficient System to Fund Science: From Proposal Review 
to Peer-to-Peer Distributions

• Petra Ahrweiler: Agent-based Simulation for Science, Technology and 
Innovation Policy

• David Chavalarias: What's Wrong With Science? Modeling Collective Discovery 
Processes With the Nobel Game

• Jeff Alstott, Giorgio Triulzi, Bowen Yan and Jianxi Luo: Mapping Technology 
Space by Normalizing Patent Technology Networks



Atlas Trilogy
Börner, Katy (2010) Atlas of Science: 
Visualizing What We Know. The MIT Press. 
http://scimaps.org/atlas

Börner, Katy (2015) Atlas of Knowledge: 
Anyone Can Map. The MIT Press. 
http://scimaps.org/atlas2

Börner, Katy (2018) Atlas of Forecasts: 
Predicting and Broadcasting Science, 
Technology, and Innovation. The MIT Press. 

Upcoming Sackler Colloquium on "Modelling 
and Visualizing Science and Technology 
Developments" will take place in October 2017 
at the Beckman Center, Irvine, CA. 

Atlas of Forecasts

http://scimaps.org/atlas
http://scimaps.org/atlas2


Science Forecast 
S1:E1, 2015



All papers, maps, tools, talks, press are linked from http://cns.iu.edu
These slides are at http://cns.iu.edu/docs/presentations

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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http://cns.iu.edu/
http://cns.iu.edu/docs/presentations
http://www.facebook.com/cnscenter
http://www.facebook.com/mappingscience
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