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International Places & Spaces Exhibit Coming to Michigan
Mapping science like you've never seen

Ann Arbor, Michigan, February 8, 2011 — From March 7 through May 24, 2011, the University of Michigan
Library will host the exhibit Places & Spaces: Mapping Science in the Hatcher Graduate Library Gallery. An
opening reception will be held March 10 from 4:00-6:00 pm in the Library Gallery, with guest speaker Dr. Katy
Borner speaking from 4:00-4:30 pm.

Are you interested in seeing science from above? Curious to see what impact one single person or invention
can have? Keen to find pockets of innovation? Desperate for better tools to manage the information flood? Or
are you simply fascinated by maps?

The Places & Spaces: Mapping Science exhibit was created to demonstrate the power of maps to navigate and
manage physical places but also abstract topic spaces. It introduces knowledge mapping techniques to the
general public. It is meant to inspire cross-disciplinary discussion on how to best track and communicate
human activity and scientific progress on a global scale.

Several University of Michigan faculty created maps included in the exhibit: Santiago Schnell, Molecular and
Integrative Physiology; Lada Adamic, School of Information; M. E. J. Newman, Physics; Jeff Horon, Medical
School; Helena Buhr, Natalie Cotton, and Jason Owen-Smith, Socioclogy and Organizational Studies.

From March 7 through May 24 the Hatcher Graduate Library Gallery will display the exhibit, which has over 60
maps, interactive globes, illuminated diagrams, hands-on activities for children (and adults, too!), and a wealth
of information for researchers and map enthusiasts, alike.

Places & Spaces: Mapping Science
Opening Reception at the
University of Michigan

Dr. Katy Borner

Cyberinfrastructure for Network Science Center, Director
School of Library and Information Science

Indiana University, Bloomington, IN

With special thanks to Michael J. Stamper (exhibit co-curator),
members at the Cyberinfrastructure for Network Science Center,
the Mapping Science exhibit map makers, and the exhibit
advisory boatd.

Hatcher Graduate Library Gallery, University of Michigan, Ann Arbor, MI
March 10, 2011




How can we communicate the beauty,
structure, and dynamics of science to

a general audience?
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Debut of 5 Tteration of the Mapping Science Exhibit at MEDIA X was in 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 23'4, 2009 by German Chancellor Merkel,
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The Power of Maps

Four Early Maps of Our World
VERSUS
Six Early Maps of Science

(1st Lteration of Places & Spaces Exchibit - 2005)




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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How would a map of science look?

What metaphors would work best?
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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, papetrs, 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.
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Four Existing Reference Systems
VERSUS
Six Potential Reference Systems of Science

The Visual Elements Periodic Table

(2" Lteration of Places & Spaces Exhibit - 2006)
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The Big Dipper floots high fn the northeast these early spring
evenings, while Orion sinks low in the Southwest. These treJust o
few of the celestiol sights you con find on any clearevening ill.l':p{H
using o sky map like the one shown here. . ®

| gril 5-6 B | april 12-14
Shartly sfirr Lark Around 10 pom.

Liahing very bigh leward SW

' P

Larty Apefl 10 pm (deryiight-savieg time)
- Lotw Aprils Dusk

How would a reference system for all of

science look?

What dimensions would it have?
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Science can be thought of as containing themes and paradigms. Themes are areas of current
resvarch, while paradigms comprise the dominant tool sets and existing knowledge that

are used by today's researchers. This map shows 776 major paradigms in schence

along with the dominant between these igms are
shown a3 circles; strong between are by the
lirves connecting the circles, The map was created by recursively clustering

the 820,000 papers referenced most often in 2003, Clustering at each level

was done uting VxOrd, A force-directed graph Inyout routine. Thess
papers formed 53,000 clusters, 6,100 higher-leved clusters, and finalty
the 718 paradigms. Although each paradigm contains, on average,
1,000 papers, some are larger and some are smaller, a5 shown by
different sized circles on the map.

B

The ring-like structure that is formed by sclentific paradigms
Is very robust. We find similar structures for differént years,
and for maps generated from scientific journals. *The
Structure of Science”, a gataxy map shown in the first
itevation of Places & Spaces, 15 a map based on clustering
of scientific journals, with superimposition of papers
on the journal structure, whereas this map was gene-
C  rated directly from highly-cited papers. “The Structure
of Science™ shows current sclence in a disciplinary
context, while this map can show the breadth of

i that to single

A
¥ Electrical = 2
Englneering - =
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TT6 scientific paradigms within & referance sys-
tem containing 12 radial slices and & rings. This
aliows the position of each paradigm to be codified
and available for lookup; for nstance Fluld
Mechanics paradigms are in grid B3,

! ") Because of the robust nature of the structure of
h seiance and its paradigme, we have placed our
ANk

We have also calculated and displayed the vitality

of each paradigm. Vitality is a measure of the

speed at which a group of researchers reaches

D about majer gms are
constantly being improved, but it usually takes years

1o reach consensus about which improvements are

IS = Faradio £ major, The white eireles represent commuinities where
b consensus is reached relatively sowly. This is a common
phenomenon in the soctal sciences, ecological sciences,

computer sciences, and mathematics disciplines. The

red elrcles
‘consensus s reached relatively rapidly. This is more

common in physics, chemistry, biochemistry, and many medical
disciplines. Viery dark circles (such as thoss in Astrophysics, L5-6)
represent communities where comsensus is reached extremely quickly.

'-f'll . E The map of sclentific paradigms and fts reference system can be
-?I:';.-::_,,,:' used for multiple purposes. Countries, industries, companles, unfversities,
< and indvidual s can all locate within the map, cither

as single points, o as a specific collection of paradigms. Varlous metrics, such as
vitality, can be averlayed on this reference system to highlight spacific impacts.
Sclence education and personal discovery can also be enhanced by linking stories and
facts to the map that highlight scientific history, current advances and relationships
between scientific paradigma_




The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weather’ Forecasts

(3" Iteration of Places & Spaces Exhibit - 2007)

Named Storms, available online at
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Can one forecast sciencer

What ‘science forecast language’ will work?

INSTITUTE FOR THE FUTURE
Science & Technology Outlook: 2005-2055
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Papers & Wikipedia Entries

{181 8CI

Wikipedia

1900

Atlas of Science - Katy Borner - 2010

| Science as accumulation of knowledge.
] “Scholarly brick laying”.
Standing on the shoulders of giants.

Densely knit communities.
The importance of weak links.

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




Forecasting Large Trends in Science

MAPS OF SCIENCE

Science Maps for
Economic Decision Making

Four Existing Maps
VERSUS
Six Science Maps

= Rif

(4" Iteration of Places & Spaces Exhibit - 2008)
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What insight needs to economic decision

makers have?

What data views are most useful?
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Science Maps for
Science Policy Making

Four Existing Maps
VERSUS
Six Science Maps
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" Tteration of Places & Spaces Exchibit - 2




CLICKSTREAM MaP
OF SCIENCE

Bollen, Johan, Herbert Van de Sompel, Aric H
Lyudmila Balakireva.
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Council for Chemical Research. 2009. Chemical R&D Powers the U.S. Innovation Engine.
Washington, DC. Courtesy of the Council for Chemical Research.
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Science Maps for
Scholars

Four Existing Maps
VERSUS
Six Science Maps

(6" Iteration of Places & Spaces Exhibit — 2010)




Local Exhibit Curators

Tim Utter, Access and Information Services Librarian, <tutter(@umich. edu> and Rebecca Hill
<rebehilliumich. edu> at University of Michgan, Ann Arbor, ML

r.xumr-:m.-mnr ¥

Acknowledgments
Flaces & Spaces is curated Dr. Katy Bérner and Michael J. Stamper, School of Library and
Information Science at Indiana University. Places & Spaces also receives input from the Places and
Spaces Advisory Board. The exhibit is sponsored by the National Science Foundation under Grant
No. I15-0238261, CHE-0524661, IT$-0737783 and I18-0715303; the James S. McDonnell
Foundation; Thomson Scientific/Reuters; Elsevier; the Cyberinfrastructure for Network Science
Center, University Information Technology Services, and the School of Library and Information
Secience, all three at Indiana University. Some of the data used to generate the science maps is from
Thomson Scientific/Reuters.

John A. Walsh, Devin Becker
(2010) Map of Literary Empires: Mapping Temporal and Spatial Settings of Victorian Poetry.

2




The EMERGEPﬁ

ANOTECHNOLOGY

MAPPING THE NAND REVOLUTION
TH 9

American Society for Information Science and
Technology. 2010. The Emergence of Nanoscience & Technology.

Network Science Research

by | y at the University (

Several University of Michigan faculty created maps included in the exhibit: Santiago Schnell, Molecular and
Integrative Physiology; Lada Adamic, School of Information; M. E. J. Newman, Physics; Jeff Horon, Medical
School; Helena Buhr, Natalie Cotton, and Jason Owen-Smith, Sociology and Organizational Studies.
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Data as Art: 10 Striking Science Maps

By Dave MosherE March 8,201 | 7:00 am | Categories: A, Tech

Upcoming Iterations

Science Maps as Visual
Interfaces to Digital Libraries
(2011)

Science Maps for Kids (2012)
Science Forecasts (2013)

How to Tell Lies with Science
Maps (2014)

The computer age triggered a seemingly endless stream of scientific data, but such incoming mountains
of information come at a cost. The more data you amass, the tougher it is to comprenend what you're
dealing with.

In a push for better perspective, a group of information scientists in 2005 created a decade-long
competitive art exhibit called Places & Spa g Science. From artistic pop-culture plots to
ilustrations of the state of scientific collaboration (above), the founders hope winning entries inspire
researchers to present their troves of data in clever and digestible ways.

"Good science maps give you a holistic undersianding of how the data is structured,” said information
scientist Katy Bérner of Indiana University, a founder and curator of the exhibit. She is also author of the
Science, a collection of the maps gathered over the years. "You don't just have to use maps to
way home. They can be ways to get global overviews on topics."

Contact the map makers or the exhibit curators:
~‘Ka{)' Birner ( ) and Michael |. Stam,
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Mew Illuminated Diagram setup in action.
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