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The Places & Places & Spaces: Mapping

Spaces exhibit has been created to
demonstrate the power of maps. g
An initial theme of this exhibit is to compare and : a science exhibit that introduces
contrast first maps of our entire planet with the

e L people to maps of sciences, their
makers and users.

Science

Come see with your own eyes the extent to which maps can be employed to help make
sense of the flood of information we are confronted with and how domain maps can be used
to locate complex and beautiful information.

This online part of the exhibit 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 supparts _ . .

the close inspection of high quality reproductions for display at conferences and education Dr_ [’\ﬂt\' B(’)rncr & bl[shg I ]g'rd\'
centers. It is meant to inspire cross-disciplinary discussion on how to best track and 4 4
communicate human activity and scientific progress on a global scale.




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)
i Science Maps for Scholars (2010)

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

Science Forecasts (2013)

The Power of Forecasts (2007) How to Lie with Science Maps (2014)

L%

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.

L MAPS J

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 23, 2009 by German Chancellor Merkel,

Computational Scientometrics:
Studying Science by Scientific Means

I' Visual Interfaces
i to Digital Libraries

Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge Domains.
In Blaise Cronin (Ed.), Annnal Review of Information Science & Technology, Medford, NJ:
Information Today, Inc./ American Society for Information Science and Technology, Volume 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).

Birner, Katy, Sanyal, Soma and Vespignani, Alessandro (2007). Network Science. In Blaise
Cronin (Ed.), Annual Review of Information Science & Technology, Information Today,

Ine.| American Society for Information Science and Technology, Medford, N|, Volume 41, Chapter 12,
pp. 537-607.

Borner, Katy and Scharnborst, Andrea (Eds.) (2009). Science of Science:
Conceptualizations and Models of Science. Special Issue of Journal of Informetrics, 3(3).

Places & Spaces: Mapping Science exhibit, see also




Science Maps

» For Science Navigation & Management (2005)
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Cosmographia World Map - Clandins Ptolemy - 1482




A New Map ;fch. WHOLE
.Acmm’u:, to g Latest and most Exact 0by-

In rﬁuﬂqw a tnreried 4 Wrwofj Suneral £ Consing Trade - & : The Signs of vhe Zodiack. MJW_YM ke st amForcthernfipms

winds, Monseons cr;’.f?ﬁrv apnds Note thet $.Arroims 7 :‘-irw T Maarich " Hl i November

amon. _pf.tmu shew § Courad of these General & Coasting winds . / == 5 :::; :-'I_:'Vf 2 : AL 3 Caprrcormies - Drecemh
,{n--w,m mdqumdmyrmng'j;ﬁmm& g R E [‘:vﬁwu-.l\wﬁ -

Aguarenis Tamisary
o Puces  Febroary

o Pawls ra«.».-&_,mg, dnedd Fohn. zmw b-m- mmqp JA#«- wt the 1mmmw Eornhil.
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In Terms of Geography - Andre Skupin - 2005




Math

Physies

MAPS OF SCIENCE

Chemistry

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

A Clie

CLicksTREAM MaP
OF SCIENCE

stream Map of Science — Bollen, Johan, Herbert Van de Sompel, Aric Hagber,

Luis M.A. Bettenconrt, Ryan Chute, Marko A. Rodriquez, Lyndmila Balakireva - 2008




Science Maps

>
» For Science Policy Makers (2009)
» For Scholars (2010)

>
» For Kids (2012)
>

2002 ‘Base Map’ of Science
Revin W. Boyack, Katy Borner, & Richard Klavans (2007). Mapping the Structure and Evolution of
Chemistry Research. 11th International Conference on Scientometrics and Informetrics. pp. 112-123.

» Uses combined SCI/SSCI l
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Science map applications: Identifying core competency
Revin W. Boyack, Katy Borner, & Richard Klavans (2007).

Funding patterns of the US Department of Energy (DOE)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Science Foundation (NSF)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Borner, & Richard Klavans (2007)

Funding Patterns of the National Institutes of Health (NIH)
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Topical Composition and Knowledge Flow Patterns in Chemistry Research for
1974 and 2004

Revin W. Boyack, Katy Borner, & Richard Klavans (2007)
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The Council for Chemical
Research (CCR)

Chemical Research & Development
Powers the U.S. Innovation Engine
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Science Maps

>
» For Science Policy Makers (2009)
» For Scholars (2010)

>
» For Kids (2012)

Mapping the Evolution of Co-Authorship Networks
Ke, Viisvanath & Birner, (2004) Won 15t price at the IEEE Infol”is Contest.
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Mapplng the Ev olutlon of Co- Authorahlp Networkq

o 9.
S\nnenmker U B Dantzich| Thial
AT erkeley e
o= 'w o u_ iken o bl;'u' Larson Fox
. axson_Tisnovsky — Landeyi obbing " a
U. Minnesota “l_GSpnldmg h .Mu"Emar =y W Virginia
o [ /i ehersten o Caerwinski',
Konstan 4 Woodf [ 72 Guimbretiers ec
Baldonado cEgoveE o \ °g
- @ Olston ;0 =" Deline——__ LY chulman
[} Kuchinsky - —— -
\ Nowell
Tanasse
OHEIzIer
. 0 o Tenev Whiney
Georgia . ]=" Chang Hewre
N Badrao ,J ’ s, .
\ erding garashi
Tech Zhang o Zelmegel | a
oPHca Slaskb’("’y‘"Er o Hopkins Senn
Cal\ahan

il Dun mire:

DGe:shon Goldstein G‘""be"i C M U

Siroﬂulmu

? jonssMukherea *eiser
Brown Harrald
0

s
Eagan

)
‘Weiland

Shﬁerm an

O — Ladls ch
‘Wathenber Jaln

Bell ./.E =
edarson
LabS g Fumas O/F!c\“ / Herrmsnn Duyal
sant

Fuoth
‘williamsen

| | O
e, ! Wyidoff Derthick
Zhang  * 3

| ul Milesh ind Harrison

| UM Of . fﬁ; l

¢ ar Ia‘nd riege

Zocks Y Oryin . arse Y
Carr Bew I “Wistrand oF Eerchtold Moore
Ankerst
Legend Node Color Code Edge Color Code
9-8 56-90 [ i i

AT e g et 53 - Mapping the Evolution of
Mode color ~ Number of citations 20-28 96-00 o-Authorship Networks

30-3% N o- Weimao Ke, Lalitha Visvanath & Katy Bormer
Edges ~ Co-authorship relations 40-40 InfoVis Lab @ Indiana nwemty
Edge color ~ Year of first co-authorship 50- e~ Displayed Year: 2004 200

23

Studying the Emerging Global Brain: Analyzing and Visualizing the Impact of

Co-Authorship Teams
Borner, Dall’Asta, Ke & Vespignani (2005) Complexity, 10(4):58-67.

Research question:

¢ Is science driven by prolific single experts
or by high-impact co-authorship teams?

Contributions:

* New approach to allocate citational
credit.

i

* Novel weighted graph representation.

sgez
ESI‘BE

* Visualization of the growth of weighted
co-author network.

2wy

BsEya®

1
}
|
i

¢ Centrality measures to identify author
impact. T
* Global statistical analysis of paper
production and citations in correlation
with co-authorship team size over time.

* Local, author-centered entropy measure.
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Spatio-Temporal Information Production and Consumption of Major U.S.

Research Institutions
Borner, Katy, Penumartly, Shashikant, Meiss, Mark and Ke, Weimao. (2006)
Mapping the Diffusion of Scholarly Knowledge Among Major U.S. Research

Institutions. Scientometrics. 68(3), pp. 415-426.

Research questions:

Stanford U

1. Does space still matter —ucairss
in the Internet age?
2. Does one still have to =

study and work at major research

1771
Q1,772 - 2,087
O 2,088 - 2.529
@ 2,530 - 3.039
& 3,040 - 4172

institutions in order to have access to

high quality data and expertise and to produce high
quality research?

10,000 ——————— ———r3 3

T 1982-1986: 1.94 (R*=91.5%)

\ = 1987-1991: 2.11 (R*=93.5%)
B —_— 1992-1996: 2.01 (R*=90.8%)
1997-2001: 2.01 (R*=90.7%)

3. Does the Internet lead to more global citation
patterns, i.e., more citation links between papers
produced at geographically distant research
instructions?

1000

Contributions:
» Answerto Qs 1+ 2is YES.
» Answer to Qs 3 is NO.

» Novel approach to analyzing the dual role of
institutions as information producers and
consumers and to study and visualize the diffusion
of information among them.

log of number of institutions citing each other

1 —— ' 100
log of geographic distance

Illuminated 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
B , illuminated via projector

e | .
5 or screen.
b

W. Bradford Paley
5 Ker

* What impact have scientists? tific Mapry

Interactive touch panel.

Contributions:

* Interactive, high resolution
interface to access and make sense
of data about scholarly activity.
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Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science. The majority of
current work in nanotechnology
takes places in physics, chemistry,
and materials science, at the upper
right portion of the map. However,
an increasing amount of nanotech-
nology is being applied in the bio
logical and medical sciences, at the
lower right.

Nanotechnology

Science on the tiny
scale of molecules
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Re-implementation of Illuminated Diagram Software
by Advanced Visualization Lab, Indiana University

Drives unlimited number of IID screens.

Touch screen for direct interaction.
Keyword and name search.
Selection of canned queries for

- interdisciplinary research areas

- famous people

- activity patterns, e.g., bursts, trends, etc.










Science Maps

>

» For Science Policy Makers (2009)
» For Scholars (2010)

>

> For Kids (2012)
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Teaching Children the Structure of Science

Borner, Katy, Palmer, Fileve, Davis, Julie M., Hardy, Elisha F., Uzzo, Stephen Miles & Hook,
Bryan J. (2009). Teaching Children the Structure of Science. In SPIE Conference on Visualization
and Data Analysis (1'ol. 7243, pp. 724307: 1-14), SPIE.

*  How can children start to understand the complex interplay of the different sciences?

*  How can they get an intuitive understanding of the importance of math and how much
it is needed to succeed in many if not all of the other sciences?

*  What does it mean for teaching, learning, and job opportunities if the biomedical
sciences account for 50% of all sciences?

¢ Can we make them see the central position of computer science and its evolving
symbiosis with all other aptly named ‘computational X’ sciences?

¢ Can we offer them a means to see the emergence and evolution of new sciences, e.g.,
nano* or neuro*?

*  How can we empower them to search for a certain expertise in the correct scientific
discipline?

*  How can we teach them to appreciate the very diverse cultures, research approaches,
and languages that exist in the different sciences and enable them to ‘speak’ more than
one science in order to collaborate across scientific boundaries?

¢ Last but not least, how can we engage children in the work of real scientists, have
them share the excitement of discovery, and allow them to find their own ‘place’ in
science?
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There are seven main fields of Earth scientists study the weather,
science. They are... plants and trees, marine life, insects,
and much more.

Earth Science

z

social science, mathematics, physics,
chemistry, earth science, medicine,
and psychalogy. T like fo study earth
science.

T like insects. They are interest-
ing to look at and study.

Color earth science green. Color in the insect.

ience for kide ar this
I {katy@imdiana cd) or
ory (nrobergindicna. ol of Libeary
end Infarmation Scienc

These maericls were compiled by Mikki Rokery in 2006,

Activities:
Solve the puzzle.
Navigate to ‘Earth Scie

Identify major inventions.

Place major inventors
I want to be an entomologist when L
There are many types of insects in grow up. Then T can study insects

Why is mathematics important? the world. Bees, butterflies, and all the time.
‘ beetles are just a few.

Find your dream job on the map.

My Favorite Scientist

ence! Who

What is St

What is

. b
a5
\\\\\A_Lm;; ( ',uh,‘ \‘ﬂ_.“ui:( ,,)r_ﬂ"s :
PRIZES
| year family membership &
Science Kit from AMSE
Science Kit from the AMSE y {
2 & \

Discovery Shop

ED Science Book from the AMSE
¢ opsent Discovery Shop Suomitting

Winners @ AMSE

JoHanna Sanders, age 12, a picture of someone enjoying

te

nature and a theme that science is all around us.

Sascha Richey, age 8, drew a picture of her mother and

plained why her mother is her favorite scientist.




Science Maps

» As Conceptualization and Model of Science

Borner, Katy and Scharnhorst, Andrea (Eds.) (2009). Science of Science:
Conceptualizations and Models of Science. Special Issue of Journal of
Informetrics, 3(3).

.| 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




Science of Science Cyberinfrastructures

Science of Science Cyberinfrastructures r 7

o Scholarly Database of 23 million scholarly records
¥ htip://sdb.slis.indiana.edu

James 8. MeDonnell Foundatior

® =

@15_ Information Visualization Cyberinfrastructure

¥ http://iv.slis.indiana.edu B

%{; Network Wotkbench Tool and Community Wiki o - e
¥ Over 120 plugins, ca. 45 Scientometrics plugins e N

http:/ /nwb.slis.indiana.edu

W%m Epidemics Cyberinfrastructure
% http:/ /epic.slis.indiana.edu/
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= !;h-f,\ ’5 R
= of Science Cyberinfy astry,.

PORTAL

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
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This talk draws on the works of several science map
makers, see for details.

W\m\\\\ '







