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Modeling & Mapping Science — Opportunities and Challenges

» Dynamic science and technology indicators (emerging research frontiers, evolving
networks, trends, feedback loops).

Y

Evolution of scientific communities/fields. Capacity limit to knowledge/skills
knowable by individual researchers.

Interplay of competition and collaboration.
Evolution of fields — birth, growth, mature, decline.

Interactions among fields. Optimal interdisciplinary collaborations?
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Comparison of different funding models, e.g., few large vs. many small grants,
teach the field how to fish or give them fish?

Y

Impact of publishing/collaboration/funding mechanisms on the dynamics of

fields.
» Diffusion of people, ideas, skills, etc.

» How to best communicate science modeling results/insights?

Ultimate goal:

Learn how to best increase, diffuse, and utilize our collective scholarly knowledge.

Overview

» Science of Science Conceptualization(s) & Inventories

» Modeling Science Futures (ANALYSIS AND SIMULATION)
» Mapping Science Futures (COMMUNICATION)

» Scalable Cyberinfrastructures — Open Data and Open Code




Modeling of Science
Learning from Epidemiology
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Impact of Air Travel on Global Spread of Infectious Diseases - Vittoria Colizza, Alessandro Vespignani - 2007

Modeling Science
Learning from Economics

NEWS FEATURE

Meltdown modelling

Could agent-based computer models prevent another financial crisis? Mark Buchanan reports.

Self amplifying downward spiral | ‘systemic’ meltdown with intertwined breakdowns |
‘war room’ analyses | market wind tunnel | power market test bed |
Regulators feel duty—bound to adhere to generally accepted and well-vetted techniques

“... while any new technical device or medical drug has extensive testing for efficiency, reliability and safety before it
ever hits the marfket, we still implement new economic measures without any prior testing.” Dirk Helbing




Modeling Science
Learning from Economics

Logicland Participative Global Simulation - Michael Ashauer, Maia Gusberti, Nik Thoenen - 2002

Patch-working Models/Studies/Maps of Science

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




Patch-working Models/Studies/Maps of Science

Learning from Astronomy

' Astrometry.net

home | project summary | people | gallery | news | related Bnkes | bibliography | data | use

Gallery of Solved Images

In the Images below, the red arcles are stars our algorithm automatically detects In the Image, and the green
cirches are stars from our master mdex which appear in e guery mmage. Mebulae, constelations and other

abjects can be automatically overlayed on the image after it has been solved.

A shot of the Great Nebula, by Jerry Lodriguss (c.2008], from astrapix.com

http://www.astrometry.net/gallery.html

http://cosmo.nyu.edu/hogg/research /2006/09/28 /astrometry google.pdf

Vol 4571 January 2009|doi:10.1038/nature07609
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A role for self-gravity at multij
process of star formation

Alyssa A, Goodman'~, Erik W, Rosolowsky™*, Michelle A. Borkin

Jens Kauffmann'~ & Jaime E. Pineda’

Self-gravity plays a decisive role in the final stages of star forma-
tion, where dense cores (size ~0.1 parsecs) inside molecular clouds
collapse to form star-plus-disk systems'. But self-gravity’s role at
earlier times (and on larger length scales, such as ~1 parsec) is
unclear; some molecular cloud simulations that do not include
self-gravity suggest that ‘turbulent fragmentation” alone is suf-
ficient to create a mass distribution of dense cores that resembles,
and sets, the stellar initial mass function®. Here we report a ‘den-

http://www.cfa.harvard.edu/~agoodman/
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Figure 2 | Comparison of the ‘dendrogram’ and 'CLUMPFIND' feature-
identification algorithms as applied to '*CO emission from the L1448
region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in ¢. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the leaves of the




Overview

» Science of Science Conceptualization(s) & Inventories

» Modeling Science Futures (ANALYSIS AND SIMULATION)
» Mapping Science Futures (COMMUNICATION)

» Scalable Cyberinfrastructures — Open Data and Open Code
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Mapping Science
Learning from Geology/Geography
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Mapping Science
Learning from Meteorology

Aug 30 2005

Named Storms, available online at http:

svs.gsfc.nasa.gov/vis/a000000/2003200/2003279

Interactive Maps of Science
People can read Gapminder maps
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Interactive Maps of Science — Journal-Level
Circular Hierarchy Maps
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Interactive Maps of Science — Paper-Level

MAPS OF | #%
SCIENCE

Overview Detail Disciplinary Maps

Competency Maps Paradigm Maps Posters

Education

Institutional Strateqy: The following color coding is used for the disciplinary map:

NIH W Math & Physics [l Biotechnology M Medical Specialties | Humanities
M chemistry M Earth Sciences |7 Brain Research
|| Computer Science & EE M Biclogy [7] Health Professionals

|| Other Engineering M Infectious Diseases || Secial Sciences

Wiew all

National Institute of
General Med Science

Nat. Cancer Institute

Nat. Heart, Lung &
Blood Institute

MNat. Inst Diabetes, Dig
& Kidney Disease

Nat, Inst of Meuro
Disorders & Stroke

National Institute of
Mental Health

National Institute of Allergy & Infectious Diseases. NIAID has a very tight core that centers on
Nat. Inst of CHild infectious diseases, virology, immuneclogy, endocrinology, and cytogenetics, They also incorporate some
HEa‘\th & Hum Dev plant and protein sciences.

http:/ /www.mapoftscience.com




Interactive Maps of Science — Paper-Level in Real Time
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Interactive Maps of Science — Paper-Level Downloads
CLicksTREAM MAP
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A Clickstream Map of Science —Bollen, Johan, Herbert Van de Sompel, Aric Hagberg, Luis M.A. Bettencourt,
Ryan Chute, Marko A. Rodriquez, Lyudmila Balakireva - 2008 18




Interactive Maps of Science — NIH Funding
Google maps with charts and tables
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Interactive Maps of Science — Philanthropy
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Custom Maps of Science — Institution Level
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Custom Maps of Science — People Level
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Depicting Dynamics, e.g., Feedback Loops
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Overview

» Science of Science Conceptualization(s) & Inventories

» Modeling Science Futures (ANALYSIS AND SIMULATION)
» Mapping Science Futures (COMMUNICATION)

» Scalable Cyberinfrastructures — Open Data and Open Code
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Context: Plug-and-Play Macroscopes

CIShell/OSGi is at the core of different Cls and a total of 169 unique plugins are used in the
- Information Visualization (http://iv.slis.indiana.cdu),

- Network Science (http://nwb.slis.indiana.edu),

- 8ci2 Tool (http://sci.slis.indiana.edu), and

- Epidemics (http:

epic.slis.indiana.edu) research communities.

Most interestingly, a number of other projects recently adopted OSGi and one adopted CIShell:

Cytoscape (http:/ /www.cytoscape.org) lead by Trey Ideker, UCSD is an open source bioinformatics
software platform for visualizing molecular interaction networks and integrating these interactions
with gene expression profiles and other state data (Shannon et al., 2002).

Taverna Workbench (http://taverna.sourceforge.net) lead by Carol Goble, University of Manchester,
UK is a free software tool for designing and executing workflows (Hull et al., 2000). Taverna allows
users to integrate many different software tools, including over 30,000 web services.

MAEVviz (https://wiki.ncsa.uiuc.edu/display/MAE/Home) managed by Shawn Hampton, NCSA is an
open-source, extensible software platform which supports seismic risk assessment based on the Mid-
America Earthquake (MAE) Center research.

TEXTrend (http:/ /www.textrend.org) lead by George Kampis, E6tvos University, Hungaty develops a
framework for the easy and flexible integration, configuration, and extension of plugin-based

components in support of natural language processing (NLP), classification/mining, and graph

algorithms for the analysis of business and governmental text corpuses with an inherently temporal
component.

As the functionality of OSGi-based software frameworks improves and the number and diversity of
dataset and algorithm plugins increases, the capabilities of custom tools or macroscopes will expand.




| Cartography. of the Physical and the Abstra

Home Browse Maps Compare & Contrast Maps Connect

The Places & Places & Spaces: Mapping
Spaces exhibit has been created to ¥ I 3 Science

demonstrate the power of maps. g

An initial theme of this exhibit is to compare and : a science exhibit that introduces
e L people to maps of sciences, their
Come see with your own eyes the extent to which maps can be employed to help make makers Zlfld users.

sense of the flood of infarmation we are confronted with and how domain maps can be used
to locate complex and beautiful information,

This online part of the ezhibit provides links to a selected series of maps and their makers EXhlblt Curators:

along with detailed explanations of why these maps work. The physical counterpart supports _ . .

the close inspection of high quality reproductions for display at conferences and education Dr_ [/\at\' B(')rncr & hhsha I Iﬂ.fd\'
centers. It is meant £o inspire cross-disciplinary discussion on how to best track and ’ <
communicate human activity and scientific progress on a global scale.

Mapping Science Exhibit — 10 Iterations in 10 years

]

The Power of Maps (2005)

Science Maps for Science Policy Makers (2009)
Science Maps for Scholars (2010)

Science Maps as Visual Interfaces to Digital Libraries (2011)
Science Maps for Kids (2012)

Science Forecasts (2013)

ExsnaeEs

How to Lie with Science Maps (2014)

Exhibit has been shown in 72 venues on four continents. Currently at
- NSE, 10th Floor, 4201 Wilson Boulevard, Arlington, VA

- Wallenberg Hall, Stanford University, CA

- Center of Advanced European Studies and Research, Bonn, Germany
- Science Train, Germany.

o)




1

Debut of 5% Iteration of Mapping Science Exhibit at MEDIA X was on May 18, 2009 at Wallenberg Hall,
Stanford University, ,

Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months

12 coaches, 300 m long
Opening was on April 2312009 by German Chancellor Merkel
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cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Cyberinfrastructures

All papers, maps, cyberinfrastructures, talks, press are linked
from http://cns.slis.indiana.edu




