Mapping Science
in Support of Knowledge Access,
Navigation, and Utilization

Katy Borner

Visiting Scientist in Dirk Helbing’s Group, SOMS, ETHZ
Cyberinfrastructure for Network Science Center, Director
Information Visualization Laboratory, Director

School of Library and Information Science

Indiana University, Bloomington, IN

With special thanks to the members at the Cyberinfrastructure for Network Science Center, the
NWB team, the Sci2 team, the EpiC team, and the VIVO Collaboration

FuturlCT's Meeting on the Innovation Accelerator

Eidgendssische Technische Hochschule
Ziirich, June 30, 2011

The Rise of Science
and Technology

Papers & Wikipedia Entries

T NFAIS
Abstracting_~"
| 181 Wos :
/ N ’_'{_'.’-'- Scopus S1 WoS._-A
1,000,000 | / M sisa bl
f ik A | CAS Chemical Abstract :-i;
1 wi
= '{ ikipedia 181 C \.\’Jhp:du
100,000 | - || Medtine Medling, | e
: S CAS Chemical bstracts.- I ;
s ‘ 151 SSC1 sk Az
10,000 - / l" —ARy o A\ 1ST A&H : ?A"
[ ISICes|™ [ A /N : = JSTOR// / — e
e e 7t
1,000 £ I/ \" JSTOR ol | i ar iy '
t = ': ; - f | y “'l. .JI: I
- J\J\A N
100 ¢ \ N
i M\W\W \“VJ‘L Royal Sociery| =
: A \JL J\/‘ e
IZAVAL AR,
10}
1 |
1k
]hlii] 1700 1750 1800 1850 1900 1950 2000

Year




Books Patents
per publication year (in millions)
1,000,000 =l
200
100,000 M |
WorldCar
| 150
10,000 ko )
Bookman/Publishers Weekly/Bowker, l- :\t-.,"
P /"
1,000 ¢ ¥
CAS :'r"h 100
: [
100 £
r United $talcsfvf‘\]
Million Book Project 50 Ve \’
; V,\/\_\,_,/.JV\I./ Iﬂf
Projoct Gutcnberg U ey o
3 (per year) Japan_/
L | | " ™Y o ¥ ,
1650 1700 1750 1800 1850 1900 1950 2000 1880 1900 1920 1940 1960 1980 2000
Year Year
3
U.S. R&D Expenditures People
Constant 2000 dollars (billions)
100,000,000 + U.S. Population
10,000,000 F
150 +
——== —
1,000,000 ¢ I':ngincm e G
/ - = 7~ Socal Sciensist
LI 3 sts . S "
100,000 hysical Scientists = Life Scientists
100 -
S0F
100 £
10
e — 1r
LI .
1950 1975 2000 1950 1960 1970 1980 1990 2000
Year Year




2005 World Population

The population map uses a quarter degree box resolution. Boxes with zero people are given in white. Darker
shades of red indicate higher population counts per box using a logarithmic interpolation. The highest density
boxes appear in Mumbai, with 11,687,850 people in the quarter degree block, Calcutta (10,816,010), and
Shanghai (8,628,088).

10,000,000 2005 World Population

Data from http://sedac.ciesin.columbia.edu/gpw/

2007 IP Address Ownership

This map shows IP address ownership by location. Each owner is represented by a circle and the area size of the
circle corresponds to the number of IP addresses owned. The larges circle denotes MI'T’s holdings of an entire
class A subnet, which equates to 16,581,375 IP addresses. The countries that own the most IP addresses are US
(560 million), Japan (130 million), Great Britain (47 million).
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GeoLite IP ownership database from MaxMind

http://www.maxmind.com/app/geoip_country




2003 Scientific Productivity

Shown is where science is performed today. Each circle indicates a geographic location at which scholarly papers
are published. The larger the circle the more papers are produced. Boston, MA, London, England, and New
York, NY are the top three paper production areas. Note the strong resemblance with the Night on Earth and
the IP Ownership maps and the striking differences to the world population map.
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2000 Night on Earth

This image shows city lights at night. It was composed from hundreds of pictures made by orbiting satellites.
The seaboards of Europe, the eastern United States, and Japan are particularly well lit. Many cities exist near
rivers or oceans so that goods can be exchanged cheaply by boat. The central parts of South America, Aftica,
Asia, and Australia are rather dark despite their high population density, see map to the left.
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Third Iteration of Exhibit
(2007): The Power

of Forecasts

Four Existing Forecasts
Versus
Six Science Forecasts

The third iteration of the exhibit compares and contrasts seismic hazard,
eConomic, resource d!.'P]‘:“l}n, jln\{ Ul“ll{{'[“it‘ T-Uﬂ,‘i.".lﬁl maps \\'i[}l maps '-Uﬂ.'l.”.l:\'[.l!'lg
the structure and evolution of science.
Real-time weather forecasts are served by the National Oceanic and
Atmospheric Administration (NOAA) or the \mnml \meullu tn(l
Space Administration (NASA). Computational r
tectonic plates help reduce losses due to earthqua
tsunamis. Epidemic models make us understand -
and how actions far away affect us right here. Ec R
catastrophic and sustainable futures for mankind| :
Daily science and technology forecasts would s| =
of top experts/institutions/countries, major activi s
frontiers, augmenting our knowledge and decisio
available on TV, in the press, and online?
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Science & Technology Outlook: 2005-2055
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A visualization of 7.2 million scholarly documents

between Jan, 2001 and Dec, 2005

MAPS OF SCIENCE

appearing in over 16,000 journals, proceedings or symposia
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Interactive World and Science Map of S&T Jobs
Angela Zoss, Michael Connover, Katy Borner (2070)

Visualization of Job Postings
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Scientific domains are highly
intereonnected. The boundaries betwes
different domains are often fuzzy. One
way of thinking about the relationships
between domans is to conceptuahize all
saentific domains as existing within a
large network of research

Creating a network of saentific research
can be accomphshed by looking at
saentific journals and their articles. The
UCSD Map of Science used here is the
product of a large study by researchers at
the University of California San Diego
using 7.2 millon papers and over 16,000
separate journals, proceedings, and
senes from Thomson Scentific and Scopus
over the five year period from 2001 to
2005, The researchiers used ctations
between the papers and journals to
cluster journals into small groups of
highly related journals,

Those clusters are represented by 554
individual nodes in the network, The links
between the dusters show that some
clusters are related to other clusters but
are not as bghtly connected as the
fournals that make up each duster, Then
the dusters are labeled both by the
content area shared by the journals in the
cluster and by the overarching scentific
domain for that duster (represented by
one of 13 colors).
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search for Jobs |
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| Biotechnology

Maps of science like this one can be used
to understand many different data sets
and how they can be represented by
topic. Here we are looking at the topics
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Interactive World and Science Map of S&T Jobs
Angela Zoss, Michael Connover, Katy Birner (2070)
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Geographic Map
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Science Map Maps Detail
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Chin Hua interacts with 6 foot diameter Wikipedia map on a tiled display, see also Gigapan map at
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arch & practice

Sci? Tool — “Open Code for S&T Assessment”
http://sci2.cns.iu.edu

OSGi/CIShell powered tool with NWB plugins and

many new scientometrics and visualizations plugins.
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Borner, Katy. (2011). Plug-and-Play Macroscopes. Communications of the ACM. Vol. 54(3), 60-69, ACM Press
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Sci? Tool—More then
200 Plugins/Algorithms
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All papers, maps, tools, talks, press are linked from http://cns.iu.edu

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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