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Maps of  Science & Technology

Using large scale datasets, advanced data mining and visualization techniques, and 
substantial computing resources. 



Maps of  Science & Technology 
http://scimaps.org

100 maps and 12 macroscopes by 215 experts on display at 354 venues in 28 countries. 

http://scimaps.org/


I.3 A New Map of the Whole World with Trade Winds According to the Latest and Most Exact Observations - Herman Moll - 1736



VII.3 Visualizing Bible Cross-References - Chris Harrison and Christoph Römhild - 2008 



VI.7 Literary Empires: Mapping Temporal and Spatial Settings of Victorian Poetry
John A. Walsh, Devin Becker, Bradford Demarest, Jonathan Tweedy, Theodora Michaelidou, and Laura Pence - 2010



VIII.2 Movie Narrative Charts (Comic #657) - Randall Munroe - 2009



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



X.2 Map of the Internet - Martin Vargic - 2014



III.10 Hypothetical Model of the Evolution and Structure of Science - Daniel Zeller - 2007



VII.10 History of Science Fiction - Ward Shelley - 2011 





100 Maps of Science on Display in Hörsaalzentrum (Augustusplatz), Uni Leipzig, July 13-30, 2018



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



Smelly Maps – Daniele Quercia, Rossano Schifanella, and Luca Maria Aiello – 2015



Megaregions of  the US –Garrett Dash Nelson and Alasdair Rae – 2016



FleetMon Explorer – FleetMon – 2012



Models of  Science & Technology

Using large scale datasets, advanced data mining, modeling, and visualization 
techniques, and substantial computing resources. 



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


#SacklerModVisST

Presenter
Presentation Notes
Thank sponsors Clarivate Analytics, MS Corporation



http://www.nasonline.org/programs/sackler-colloquia/completed_colloquia/modeling-and-visualizing.html

http://www.nasonline.org/programs/sackler-colloquia/completed_colloquia/modeling-and-visualizing.html


Science Forecast 
S1:E1 



Science Forecast 
S1:E1 

https://www.youtube.com/watch?v=lByX2_eb_QQ

https://www.youtube.com/watch?v=lByX2_eb_QQ





Making Science & Technology Visualizations

Using a theoretically grounded visualization framework that defines key 
terminology and processes together with valid workflows and data mappings.



Visualization Frameworks

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

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

http://scimaps.org/
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How to Classify (Name & Make) 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

34

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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Descriptive &
Predictive

Models

Different Question Types

• Monitor Data Quality
• Customer Complaints
• Customer/Supplier/Learner Churn
• Optimizing Supplier Chains
• Improving (Traffic/Communication) Network Resilience
• Optimizing Traffic/Communication Flows
• Optimizing Work Cells/Built Process
• Workforce Development

And other WHEN, WHERE, WHAT, WITH WHOM questions.

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

37See Atlas of Science: Anyone Can Map, 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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See page 24

Visualization Framework (Vis-FW)

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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Visual Analytics Certificate -

45

W1:4 Workflow Design

Interpret Deploy

Acquire Analyze Visualize

Stake-
holders

Workflow Design



Visual Analytics Certificate -
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W1:4 Workflow Design
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Interaction Types

Graphic Variable Types

Graphic Symbol Types

Visualization Types

Stake-
holders

Insight
Need
Types 

Workflow Design + Visualization Framework 



Visual Analytics Certificate -
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Visual Analytics Certificate -
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PNAS, 2019         
https://www.pnas.org/content/early/2019/01/29/1807180116

https://www.pnas.org/content/early/2019/01/29/1807180116


Sci2 Tool Interface Components Implement Vis Framework
Download tool for free at http://sci2.cns.iu.edu
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http://sci2.cns.iu.edu/


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



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.



Register for free: http://ivmooc.cns.iu.edu. Class restarts Jan 7, 2019.

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


The Information Visualization MOOC
ivmooc.cns.iu.edu

Students from more than 100 countries
350+ faculty members

#ivmooc

Presenter
Presentation Notes
 



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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2018 projects are at https://ivmooc.cns.iu.edu/clients.html
Submit your own 2019 client project via FORM by Dec 6, 2018. 

Presenter
Presentation Notes
Malte—German bibliography client project
Gerik—profiling musicians: 30k musicians


https://ivmooc.cns.iu.edu/clients.html
https://docs.google.com/forms/d/e/1FAIpQLScU2hFchxAw0hHrk-NRMDVyzbJcCUFrQwDeJ1azjGFGjP9MuQ/viewform
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http://ivl.slis.indiana.edu/km/pub/2003-borner-arist.pdf
http://www.pnas.org/content/vol101/suppl_1/
http://scimaps.org/atlas
http://scimaps.org/atlas2


https://cns-nrt.indiana.edu

https://cns-nrt.indiana.edu/
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Open Positions at CNS

• Postdoc as part of NIH: The Human Body Atlas  
https://commonfund.nih.gov/HuBMAP
https://projectreporter.nih.gov/project_info_descri
ption.cfm?aid=9687220

• Postdoc as part of NSF: Collaborative Research: 
Multi-Level Graph Representation for Exploring Big 
Data (with Stephen Kobourov)
https://www.nsf.gov/awardsearch/showAward?AW
D_ID=1839167

https://commonfund.nih.gov/HuBMAP
https://projectreporter.nih.gov/project_info_description.cfm?aid=9687220
https://www.nsf.gov/awardsearch/showAward?AWD_ID=1839167


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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http://cns.iu.edu/
http://cns.iu.edu/presentations.html
http://www.facebook.com/cnscenter
http://www.facebook.com/mappingscience
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