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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.
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Domain maps of abstract semantic spaces aim to serve
today’s explorers navigating the world of science.

These maps are generated through a scientific analysis of
large-scale scholarly datasets in an effort to connect and make
sense of the bits and pieces of knowledge they contain.

They can be used to identify objectively major research areas,
experts, institutions, collections, grants, papers, journals, and
ideas in a domain of interest. Science maps can provide
overviews of “all-of-science” or of a specific area.

They can show homogeneity vs. heterogeneity, cause and
effect, and relative speed. They allow us to track the
emergence, evolution, and disappearance of topics and help to
identify the most promising areas of research.




artography of the Physical and the Abstract
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Places & Spaces: Mapping
Spaces eshibit . i EA Science

demon

a science exhibit that introduces
people to m f sciences, their
makers and users.

Exhibit Curators:
Dr. Katy Borner & Elisha Ha

Mapping Science Exhibit — 10 Iterations in 10 years

bttp:/ [ scimaps.org

The Power of Maps (2005) Science Maps for Economic Decision Makers (2008)
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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)

How to Lie with Science Maps (2014)

Exhibit has been shown in 52 venues on four continents. Also at

- NSE, 10th Floor, 4201 Wilson Boulevard, Arlington, VA.

- Chinese Academy of Sciences, China, May 17-Nov. 15, 2008.

- University of Alberta, Edmonton, Canada, Nov 10-Jan 31, 2009

- Center of Advanced European Studies and Research, Bonn, Germany,
Dec. 11-19, 2008.




Debut of 5% Iteration of Mapping Science Exhibit at MEDIA X was on May 18, 2009 at Wallenberg Hall,
Stanford University,
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Authors are mortal. Papers are immortal.
:; Monsters = ‘the unknown’ or voids.
| Impact of funding on science (yellow).
Good and bad years.

Hypothetical Model of the Evolution of Science - Daniel Zeller - 2007




Papers & Wikipedia Entries
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Wikipedia

JSTOR

Atlas of Science - Katy Borner - 2010
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Science as accumulation of knowledge.
“Scholatly brick laying”.
Standing on the shoulders of giants.

Densely knit communities.
The importance of weak links.

Hypothetical Model of the Evolution of Science - Danzel Zeller - 200/




MAPS OF SCIENCE  s22tenias
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Maps of Science: Forecasting Large Trends in Science - Richard Klavans, Kevin Boyack - 2007
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Hypothetical Model of the Evolution of Science - Daniel Zeller - 2007
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Atlas of Science - Katy Borner - 2010
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114 Years of Physical Review - Bruce W. Herr 11, Russell Dubon, Katy Borner, Elisha Hardy, Shashikant Penumarthy - 2007




Crust of science can represent “funding” or “usage”.

Hypothetical Model of the Evolution of Science - Daniel Zeller - 2007

CLicksTREAM MaP
OF SCIENCE

LEGEND

A Clickstream Map of Science — Bollen, Johan, Herbert Van de Sompel, Aric Hagh
Luis M.A. Bettenconrt, Ryan Chute, Marko A. Rodriquez, Lyndmila Balakireva - 2008




| This drawing attempts to shows the “structure” of science.
g p

Many are interested to understand the “dynamics” of science.

Hypothetical Model of the Evolution of Science - Daniel Zeller - 2007

Chemical Research & DEVEIOPment The Council for Chemical

Powers the U.S. Innovation Engine e

Macroeconomic Implications of Public and Private R&D Investments

FEDERAL
GOVERMMENT

T -
$1 Billion M $8 Billion

FEDERAL FUNDING TAXES
ST,

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

N

$1 B $1 B + $5 Billion ' $10 Billion $40 Billion

1 YEARS ——— R5— GROWTH IN GNP

:’r aL 5 X =¥ CHEMICAL INDUSTRY
OPERATING INCOME

+
e 22880

JOBS CREATED

U.S. ECONOMY

Council for Chemical Research - Chemical R&>D Powers the U.S. Innovation Engine.
Washington, DC. Courtesy of the Council for Chemical Research - 2009




INluminated Diagram Display
W. Bradford Paley, Kevin W. Boyack, Richard Kalvans, and Katy Birner (2007)
Mapping, Hluminating, and Interacting with Science. SIGGRAPH 2007 .

Questions:

* Who is doing research on what
topic and where?

* What is the ‘footprint’ of
interdisciplinary research fields?

Large-scale, high
resolution prints
illuminated via projector
or screen.

* What impact have scientists? Seientinic na R

Interactive touch panel.

Contributions:

THOEN: HPPHALTNLLWS

AERE: HTREswEE

* Interactive, high resolution
interface to access and make sense
of data about scholatly activity.
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Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months

12 coaches, 300 m long
Opening was on April 23t 2009 by German Chancellor Merkel
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Contact the map makers via the exhibit curators:
~] Katy Borner (. ) and Elisha Hardy




to Digital Libraries

Computational SCientometriCS: E Visual Interfaces
Studying Science by Scientific Means

Barner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge Domains. I
Blaise Cronin (Ed.), Annunal Review of Information Science & Technology, Medford, N]: Information
Today, Inc./ American Society for Information Science and Technology, 1 olume 37, Chapter 5, pp. 179-
255.

Shiffrin, Richard M. and Borner, Katy (Eds.) (2004). Mapping Knowledge Domains.
Proceedings of the National Academy of Sciences of the United States of America, 101 (Suppl_1).

Borner, Katy, Sanyal, Soma and V espignani, Alessandro (2007). Network Science. In Blaise
Cronin (Ed.), Annual Review of Information Science & Technology, Information Today, Inc./ American

Society for Information Science and Technology, Medford, NJ, Volume 41, Chapter 12, pp. 537-607.

Borner, Katy & Scharnborst, Andrea. (2009). Visual Conceptualizations and Models of
Science. Journal of Informetrics. V'ol. 3(3), Elsevier.

Places & Spaces: Mapping Science exhibit, see also

Cyberinfrastructures for a Science of Science F & |

; ;; Scholarly Database of 23 million scholarly records
YO http://sdb.slis.indiana.edu

r
L

o Information Visualization Cyberinfrastructure

Y http:/ /iv.slis.indiana.edu Bl

{x Network Workbench Tool and Community Wiki - i
% *NEW#* Scientometrics plugins e N

http:/ /nwb.slis.indiana.edu

W*’gm Epidemics Cyberinfrastructure

% http:/ /epic.slis.indiana.edu/
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Provided by the Cyvberinfrastructure for Network Science Center at Indiana University.

Introduction
E. 0. Wilson writes in Consflience: The Unity of Knowledge (1998): “Features that distinguish science from
pseudoscience are r bility, economy, mens , heuristics, and consilience.”

Flease see Borner's recent presentation at the A Deeper Look af the Visualization of Scientific Discovery NSE
Workshop for a general introduction of the needs and the resources provided here.

Needs Analysis

As part of the “TLS: Towards a Macroscope for Science Policy Decision Making” NSF SBE-0738111
award, interviews with science policy makers are conducted to identify what science of science’ research
results and tools might be most desirable and effective. So far, 30 formal, one-hour interviews have been
conducted with science policy makers at university campus level, program officer level, and division
director level for zovernmental, state, and private foundations. Data compilation will start in October
2008 and resulting report can be ordered by sending a request to Mark Price (maaprice@indiana.edu).

Conceptualization of Science

A ‘science of science’ requires a theoretically grounded and practically useful conceptualization of the
structure and evolution of science. A special journal issue entitled “Science of Scienc:
Conceptualizations and Models of Science” edited by Katy Bérner, Indiana University & Andrea
Scharnhorst, Royal Netherlands Academy of Arts and Sciences invites contributions on this topic. It will
be published in the Journal of Informetries 3(1) in January 2009.

Scholarly Database

The Scholarly Database (SDB) at Indiana University aims to serve researchers and practitioners
interested in the analysis, medeling, and visualization of large-scale schelarly datasets. The database
currently provides access te over 20 million pape: atents and grants. Resulting datasets can be
downloaded in bulk. Register for free access at https://sdb.slis.indiana.edu/.

Cyberinfrastructures
The Scientometrics filling of the Network Workbench (NWE) Tool provides a unique distributed, shared
resources environment for larze-scale network analysis, modeling, and visualization. Thomson

Scientific/IS1, Scopus and Google Scholar data, EndNote and Bibtex files, or NSF awards can be read and
diverse networks can be extracted and studied. Download User Manual with focus on Scientometrics.

http://sci.slis.indiana.edu
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cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Papers, maps, cyberinfrastructures, talks, press are linked from
bttp:/ [ cns.slis.indiana.edu







